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Interference methods are used to measure the 3'**

and ¥

1122

3'?* components of the nonlinear susceptibility

tensor in a single experiment with a satisfactory relative accuracy. Since the results of measurements
are not consistent with the purely orientational concept of the mechanism responsible for the nonlinear-
ity, it is suggested that other mechanisms such as that of an electronic nature play a significant role

in the investigated phenomenon. This is further confi
vestigate the variation of the dielectric constant of m

PULSED lasers today can readily produce directed
light beams with intensities of the order of

10°—~10° W/cm?®. The conditions of propagation of such
beams in transparent media significantly depend on the
nonlinear properties of the media. As an example we
note the self-focusing phenomenon''? that is due to the
dependence of the refractive index on the intensity of
the transmitted light wave.

In media with symmetry inversion the variation of the
refractive index depends on the third order nonlinear
polarization of the electric field intensitym. If the fre-
quency of the high intensity field coincides with the fre-
quency used in the measurement (weak field) we have
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Here yx3K! are components of the nonlinear susceptibil-

ity tenssor of the fourth rank (see (1) in'%), E(w) is the

intensity of the strong electric field, n is the refractive
index of the medium at the frequency w, and én; and én
are the variations of the refractive index for the cases
of parallel and perpendicular mutual orientations of the
strong and weak field polarizations.

According to the current theory the principal mech-
anism responsible for the variation of the refractive
index is the orientation of anisotropically polarized
molecules'®?. This theory is supported by the fact that
the relationship
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based on currently available experimental results yields
a value close to 7 = 3 which follows from the orientation
theory'®>®!, The components x3;?*! and x32'? of this rela-
tionship were measured experimentally for certain lig-
uids in terms of the rotation of the polarization ellipse
and the magnitude of birefringence induced by the high
intensity field'®®. The magnitude of the x3;'** component
was determined from y3;'*! which in turn was evaluated
from the self-focusing threshold. Thus (2) contains
quantities determined from various experiments with a
low absolute measurement accuracy (about 50%). For
example, there is a significant difference between the
results obtained in'® and'”. Furthermore, the validity

of determining y3''! from the self-focusing threshold is
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rmed by theory and experiments designed to in-
aterials in a variable field.
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doubtful since a full explanation of the self-focusing
phenomenon is not yet available. There are liquids for
which the value of 17 determined by this method is 1.5
and even 1.0 rather than 3. Hence it follows that the
available experimental results do not yet permit us to
draw unamibguous conclusions concerning the mechan-
ism of variation of the refractive index.

In the present work interference methods were used
to perform direct measurements of the y3*'' and x3'*
components in a single experiment yielding a satisfac-
tory relative accuracy. The obtained results are not
consistent with the concept of a nonlinearity mechanism
that is based on molecular orientation only. We thus
propose that along with this mechanism others may also
play a significant role in this phenomenon, such as the
electron mechanism whose relevance is further suppor-
ted by theory.

THE EXPERIMENT AND THE RESULTS

The optical setup for absolute measurements of dny
is shown in Fig. 1. We used a pulsed ruby oscillator
with saturable filter consisting of mirrors M; and M,
rod R, and saturable filter SF. The oscillator output
emitted through an opening in mirror M; was focused by
lens L; with a focal length of 25 cm within the investiga-
ted object O, (strong field).

The investigated specimen was placed in one of the
arms of a Michelson interferometer formed by mirrors
M;s and M; and the splitter plate. The measuring beam
(weak field) used to photograph the interference patterns
was represented by the emission of the same oscillator
emerging from fixed mirror M; and directed to the
interferometer by mirrors M., M,, and M,. The delay
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of the measuring pulse caused by the geometry of the
system was 2—3 nsec. Lens L; was used to compensate
for the angular divergence of the measuring beam. The
ratio of intensities of the strong to the weak fields at the
interaction site was of the order of 10°.

The interference pattern was projected on film F by
lens L4. To block the strong field from fogging the film
the longitudinal axis of the interferometer was inclined
to the beam axis by a small angle (~ 3°) and diaphragm
D, was inserted in the focus of L, to admit only the
measuring beam. The entire system was aligned with
light beam LB of a He-Ne laser that was additionally
collimated with diaphragm D; and lens L.

The power density of the strong field was measured
locally at the site of the specimen through a 1 mm dia-
phragm according to a method described in'®'. The light
beam diameter at this point was about 3 mm and occu-
pied merely a portion of the interference field. The in-
homogeneity of field intensity distribution over the gen-
eration disc limited the absolute accuracy of measure-
ment of 6ny. In our case the accuracy was ~ 50%.

The maximum power averaged over the generation
disc and measured in this manner in the interaction reg-
ion was 350 MW/cm?; this value was well reproducible
from pulse to pulse. In order to avoid self-focusing and
multiphoton absorption during measurements the maxi-
mum power was attenuated to the required level by fil-
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FIG. 2. Examples of interference patterns for the case of absolute
measurements of x5 '!'!. a—o-xylene; b—TF-7 glass.
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FIG. 3. Optical diagram for measuring the ratio x5 !'!! /x; 1'?? (de-
signations in text).

ters calibrated in the strong field of the same equipment.

The effect in liquids was measured in cells 2—10 cm
long and rectangular specimens 2—6 cm long were used
for measurements in the solid state. In computing on
we did not use the entire length of the specimen but ra-
ther the portion where the strong and weak fields over-
lapped each other; this was a length of about 4 cm.

Figure 2 shows photographs of interference patterns
obtained from the experiment. The arrow shows local
distortion of the straight horizontal bands of equal opti-
cal paths at the site of field interaction. We could com-
pute 8n; from the magnitude of the distortion and know-
ing the power P ~ E? we could find x'*' from (1).

The results of the measurements are given in the
table. The error limits for y;''! indicated in the table
are relative and valid when the results of this work are
compared to one another.

In a separate experiment we measured the ratio
ony/6n, = x3'''/x5'**. The experimental setup is shown
in Fig. 3. Here R, M3, M4, and SF are the elements of
the pulsed ruby laser used in the preceding experiment.
The light beam (P = 50 MW/cm?) emerging from mirror
M; was focused on the investigated sample O by the
cylindrical lens CL. The sample was placed in the arm
of the interferometer consisting of mirrors M;, M;, and
splitter plate SP. The measuring light beam was direc-
ted to the interferometer by mirrors M; and Ms. The
directions of the weak and the strong light beams were

FIG. 4. Examples of interfer-
ence patterns for quinoline.
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mutually perpendicular within the specimen in the field
interaction region. The weak field polarization was var-
ied with plate Q of rotating quartz and polaroid P. The
interference patterns were photographed in two consecu-
tive generation pulses under the same conditions but
with different mutual orientations of polarization:
parallel and perpendicular. Figure 4 shows one pair of
patterns obtained in this manner.

According to Fig. 4 a bending of the interference
bands indicated by arrows can be observed at the site of
field interaction. The sought ratio was determined by
measuring the magnitude of this bend on each pair of

X111, Xqiit,
Substance 10-1¢ CGSE| XaMY/XH® Substance 10-1% CGSE| XA M

Acetone 1834 — Toluene | 4845 1.40+0.15
Benzene 3745 1,09+0,20 {|Quinoline 6947 1.28+0,25
Water 7+3 —_ Ethyl alcohol 14+3 —_
‘Glycerine 1445 1.0340.23 ||Ruby (ordinary ray) <20 —
Fused quartz 484-9 —_ Ruby (extraordinary ray) <20 —
o-Xylene 4449 1,214:0,21 {|K-8 glass 15+3 -
Nitrobenzene 82+10 1,414-0.30 ||TF-7 glass 3047 1.024+0.17
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photographs. The results are given in the table. The
error is much lower in this case since the indeterminacy
due to the absolute measurements of field distribution is
eliminated.

Correct interpretation of the results requires that the
experiments be free of macroscopic changes in the med-
ium density due to striction, i.e., that a > v7, where a
is the size of the interaction region, v is the velocity of
sound in the medium, and 7 is the generation pulse
length. In our case a= 107 cm, v~ 10°~10° cm/sec,
and 7~ 107 sec and the above condition is satisfied by
a large margin. On the other hand microscopic changes
of density, due to self-focusing for example, are not
registered in our system because the average medium
density in the interaction region remains constant.

The total change of the refractive index is propor-
tional to the integral of the strong field intensity along
the interaction length, i.e., to the input power. Hence it
follows that the presence of self-focusing should not af-
fect the final result if there are no additional nonlinear
effects such as multiphoton absorption. The latter effect
can influence the validity of the absolute measurements
of x3'**. To avoid this in our experiment we used sub-
critical input power and cell lengths. We also checked
the linear dependence of 6n; on power. Under these con-
ditions we observed a saturation of the effect at maxi-
mum powers in such media as nitrobenzene and toluene.

DISCUSSION OF RESULTS

The table shows that the ratio x;''/x3'** determined
by the experiment is always positive and corresponds to
an increase of the refractive index in both polarizations.
This contradicts the orientation mechanism of nonlinear-
ity which calls for a negative ratio'*”. Furthermore the
observed absolute magnitude of x3''! in liquids is of the
same order of magnitude as in glasses where orientation
is not possible. Consequently orientation seems insig-
nificant also in liquids.

We also attempted to determine experimentally the
magnitude of the orientation effects. The experimental
setup is shown in Fig. 5. The pulsed ruby laser beam
was focused by a cylindrical lens between the plates of
a plane capacitor immersed in the investigated medium.
The capacitor was charged up to 4 kV. The electrical
circuit of the capacitor is shown in Fig. 5 below. Here
Rs and Cy constitute the charging circuit with a large 7.
The time constant CyR; was of the order of 1 msec. The
signal across the load resistor was allowed to enter the
input of the oscilloscope whose second beam was im-
pressed with the generation pulse signal from the photo-
multiplier. The fast reversible change of the dielectric
constant 6 of the medium due to molecular orientation
(the polarizations of the variable and constant fields
should be parallel) should produce a short signal across
R; coinciding with the generation pulse.

We investigated benzene, toluene, and nitrobenzene.
The oscilloscopic traces showed a long signal corre-
sponding to the change in 6 due to increasing tempera-
ture of the medium in the capacitor. The effects due to
a change in the magnitude of charge in the capacitor
(breakdown and photoeffect) also yield a long signal but
of the opposite sign. The length of such signals corre-
sponds to the time constant CyR,. Short signals however
were not observed at any generation pulse power. Using
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FIG. 5. Setup for the detection of molecular orientation in a vari-
able light field.
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the equipment sensitivity, field strength, and the rela-
tion between the orientation part of polarization and the
dielectric constant'®’ we can find the upper limit for the
orientation part of xglkl. This proved to equal

~ 107" cgs esu, i.e. it was almost by two-three orders
of magnitude smaller than the values of x3'!! given in
the table.

We also consider other possible mechanisms. The
contribution to xglkl from the nonlinear electron polar-
ization is proportional to d*N/hi*w?, where d is the dipole
moment, N is the number of molecules per cm?, and w
is the average frequency of optical transitions'''. If we
consider that the oscillator strengths of the permitted
optical transitions equal 0.01—0.1 and that consequently

— 18 in yd
d~ (1-3) x 107" cgs esu then we obtain X electron

~ (1—10% x 107 cgs esu for w =~ 10" sec™ and
N =~ 10?* cm™3. A similar computation performed by

Fai’nl‘ 121 31s0 yields the value of 107*? cgs esu for
ijk
Xslelectron'

It should be noted that nonlinear electron polarization
should also give a signal in a constant field. However in
contrast with the orientation mechanism this signal
should be approximately two orders of magnitude
smaller than that occurring at optical frequencies be-
cause of the absence of summed near-resonant frequen-
cies in the denominator of the expression for x§]kl.

In conclusion we give our sincere thanks to M. D.
Galanin for useful remarks and discussion.
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