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By classical theory it is shown that light intensity-dependent changes in natural and magneto-optical rotation
should be accessible to observation by appropriately applied available laser techniques.

Extending the usual optical rotation theory of
dense isotropic media [1] to the case of an in- Ag

_27i <n 2,2
tense light beam of intensity /, we obtain the fol-

lowing change in optical permittivity tensor
(omitting the diagonal part accounting for the op-
tically induced birefringence discussed previous-
ly [2]):

2
AnOT:(A0+A11+A212+...)€kay; (1)

ky is the light wave propagation vector compo-
nent and €y the Levi-Civitd extensor.

The constant Ay accounts for natural optical
rotation in the absence of the intense beam

the extensor Byg, defines the optical polariza-
bility tensor of the medium of volume V due to
the gradient of the optical electric field; the sym-
bol { ) denotes appropriate statistical aver-
aging.

The constants Ay, Ag,... in (1) describe de-
parture from usual optical rotation (2) due to
strong light. The explicite form of Aj is
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where 8= 1/BT and the extensor €apy6e consists
of 50{3 and €yg¢ -

The tensors Ayg, Byg,and Dyg5¢ which
characterize the macroscopic optical properties
of the medium, can obviously be expressed in
terms of appropriate polarizability tensors of in-
dividual molecules. As we see, Aj consists of
two terms; the first, temperature-independent
results from the nonlinear change in extensor
Ap gy due to the square of the optical electric
fiech?, whereas the second temperature-dependent
term arises from the statistical molecular orien-
tation effect, with AO!B denoting the linear pola-
rizability tensor.

Expression (3) holds for molecules of orbi-
trary symmetry. For spherically symmetric
molecules the constant (2) and the temperature-
dependent term in (3) vanish, but not the tempera-
ture-independent term, which exist owing to the
activity induced in a spherical molecule by the
strong optical field. This is the case of optically
induced optical rotation. In the absence of mole-
cular interaction in the medium the temperature-
dependent term in (3), like the constant (2), exists
only for optically active molecules.

In the case of incidence along the Z axis, we
obtain by (1)

n}zz-n%=2(A0 +A1]+A212+...)kz (4)

for the difference in refractive indices for right
and left circularly polarized light.

Since for anisotropic inactive molecules the
temperature-dependent term in Ay is predomi-
nant, the ratio Ay /Ag is of the order of 10-10;
hence by (4) the change in ng -7, due to intense
light is of the order of 10-107 and is accessible
to measurement at 7 ~ 10% esu. It is noteworthy

Similarly, applying the semi-macroscopic
theory of magneto-optical phenomena [4] we ob-
tain for the case when the isotropic medium is
acted on simultaneously by a weak magnetic field
Hand a strong optical electric field:

An2 = (Fg +F1l +Fal? « .. ) egr  Hy. (5)

Here, F( is the Faraday's constant in the ab-
sence of intense light, whereas the constants F'q,
F9, ... account for the change in magneto-opti-
cal rotation due to strong light. The explicite
form of F is analogous to (3) and, on certain
assumptions, can be simplified to a form resem-
bling the constant D discussed recently by
Graham and Raab [5] in their theory of the strong
magnetic field Faraday effect in diamagnetic
gases.

Numerical evaluations of A1 /Ag and F1/Fg
show that in some optically inactive substances
present laser techniques are adequate for the de-
tection of light intensity-dependent changes, both
in natural and magneto-optical rotation. Investi-
gation of these new nonlinear optical processes
will provide information on the structure of indi-
vidual molecules as well as on the forces with
which they interact in dense media.

References

1. R.H.Terwiel and P, Mazur, Physica 30 (1964) 625;
W.J.A,Maaskant and L.J.Oosterhoff, Mol. Phys.
8 (1964) 319.

. S8.Kielich, Proc. Phys. Soc. 90 (1967) 847; Phys.
Letters 24A (1967) 383.

. P.D.Maker, R, W.Terhune and C,M.Savage, Phys.
Rev, Letters 12 (1964) 507.

[\

[

o . 4. S.Kielich. Acta Phys. Polonica 31 (1967) 929.
that m.eas.urc'aments of a similar effect in some 5. C.Graham and R. E.Raab. Proc. Phys. Soc. 90
organic liquids have been performed by laser (1967) 417.
techniques [3].
* k ok k ok

518



