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Comment on “Direction of Optical Energy Flow
in a Transverse Magnetic Field”

In a recent article [1] Rikken and van Tiggelen pose
the question whether the direction of the energy transp
of light is always given by the direction of the Poyntin
vector, S ­ E 3 H. They performed two experiments
the first one was to show the sensitivity of the measuri
experimental equipment, the second to give evidence
the fact that the direction of the energy flow in an absor
ing, circular dichroic material was not directed along th
calculated direction ofS, knowing the various elements o
the dielectric tensor. Our Comment concerns mainly t
first experiment. There the deflection of a light beam w
measured while traversing a nonabsorbing material, w
a nonzero Verdet constant, subject to an external m
netic field perpendicular to the direction of the incomin
light beam. The deflection in the direction of the magne
field was monitored. The authors state for this geome
that circularly polarized waves are the eigenmodes of
system, and therefore, measured the difference in defl
tion between two circularly components. We assert th
for a Hermitian dielectric tensor and exactly perpendic
lar alignment of magnetic field with respect to the wav
vector (the Voigt symmetry) the two eigenmodes are bo
linearly polarized, one parallel and one perpendicular
the magnetic field, and furthermore, that the light will un
dergo no deflection. This latter point already follows from
symmetry considerations: the wave vector and its defl
tion are polar vectors, while the magnetic field is an ax
vector. Applying inversion symmetry with respect to
plane parallel to the wave vector but perpendicular to t
magnetic field will change sign while the magnetic fie
itself and the linear polarizations of the eigenmodes
main unchanged. This deflection must therefore be ze
This is consistent with the fact that the Cotton-Mouton e
fect is quadratic in the magnetic field strength.

Solving the Helmholtz equation for a system with ang
f between magnetic fieldB and the wave vector, and
calculating the angleu between the Poynting vectors o
the two eigenmodes, one arrives at

u ­ 2 arctan
b sinf cosfp

b2 sin4 f 1 4 cos2 f
, (1)

with b ­ gBy´, and whereg is the parameter describing
the strength of the Faraday effect, and´ the isotropic,
field-free dielectric constant. When the external magne
field lies, e.g., in theyz plane and the wave vector point
along thez axis, the exact expression for the electr
displacementD ­ ´ ? E of an eigenmode readsD ~

s22i cosf, b sin2 f 1
p

b2 sin4 f 1 4 cos2 f, 0d. For
the other mode thex andy components are interchanged
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It should be noted that the Poynting vector describ
the energy flow correctly for nonabsorbing media with
Hermitian dielectric tensor (see, e.g., Ref. [2]). In th
case the Poynting vector gives the same result as
group velocity. From Eq. (1) it is seen that for anglesf

not too close topy2, i.e., cosf ¿ b sin2 f, the resulting
deflection angle simply becomes

u ø
gB
´

sinf . (2)

In this approximation the eigenmodes resemble clos
circularly polarized waves, the deviations being only
the order ofsgBy´d sinf.

Exactly in the Voigt symmetry, however, not the cir
cularly polarized but the linearly polarized waves are t
true eigenmodes of the system, in contrast to the ar
ments of Rikken and van Tiggelen, who considered on
the first order ingBy´. For one mode the electric dis
placementD is parallel to the external magnetic field. Fo
the second modeD is perpendicular to both the externa
magnetic field as well as the wave vector. For this la
ter mode the electric field has a small component (of t
order of gBy´) along the direction of the wave vector
Furthermore, cosf ­ 0 , gBy´. Consequently, the de-
flection angleu is zero. The measurements of Rikke
and van Tiggelen could be explained, if the magne
field and the wave vector were not exactly perpendic
lar, but instead had a misalignment of at leastgBy´. For
their experimental conditions this misalignment is rath
small, about1027 rad. This exemplifies the difficulty
in obtaining correctly interpretable experimental observ
tions concerning optical energy flow in anisotropic medi
Energy transport in absorbing media, where no relati
between Poynting vector and group velocity has been
rived, poses even more difficulties.
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