Notizen 921

Brewster Condition for Planar Interfaces
of Natural Optically Active Media

Akhlesh Lakhtakia

Department of Engineering Science and Mechanics,
The Pennsylvania State University, University Park,
PA 16802-1484, USA

Z. Naturforsch. 47a, 921-922 (1992);
received April 25, 1991

Reflection of planewaves at the planar interface of two
natural optically active media has been examined in order to
obtain the Brewster condition.

Sir David Brewster published [1] in 1815 the results
of his experiments on the reflection of unpolarized
light from planar dielectric-dielectric interfaces; his
work gave rise to the Brewster angle and was con-
densed by him into the Brewster law: If unpolarized
light is incident under this angle, the reflected light is
plane-polarized. During the 1950s, however, it ap-
pears [2] that the original definition of the Brewster
angle as the polarizing angle was superseded by a new
one: a zero-reflection angle. In my opinion, the in-
creasing use of complex (but homogeneous) materials
strongly suggests a return to the original definition,
and even a broadening of the concept behind the
Brewster angle.

Plane waves propagating towards (or away from} a
planar interface can be expressed in terms of two dis-
tinct and orthogonal eigenmodes [3]. It is conjectured
that a condition may exist when the ratio of the ampli-
tudes of the two eigenmodes of the reflected wave is
independent of the ratio of the amplitudes of the two
eigenmodes of the incident wave.

This condition, to be called after Brewster, may be
easily quantified in terms of the horizontal wavenum-
ber x that comes in as a consequence of Snel’s laws.
For the fulfilment of the Brewster condition, the value
of the wavenumber » depends on the relative proper-
ties of the two homogeneous media occupying either
side of the planar interface. This conjecture has been
tested for the planar interfaces of (i) a natural optically
active [4] and an isotropic dielectric-magnetic medium
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(5], (i) a natural optically active and an uniaxial
dielectric medium [6], and (iii) an isotropic dielectric-
magnetic and a general uniaxial medium [7]. In this
brief communication, the conjecture will be shown to
hold true for the planar interfaces of two natural opti-
cally active media (chiral) also.

Consider the material interface z = 0. The half-space
z>0 is filled with the homogeneous, chiral medium
characterized by

D=¢,E+¢,,VXE, B=pH+p, ,V+H;

while the half-space z<0 is filled with another chiral
medium [D=¢,E+¢,5,VXE, B=y,H+yu,,V xH].
An exp [—iwt] time-dependence is implicit thorough-
out; the wavenumbers

Via ™= ka/(1 '-ka ﬁa)’ V2a = ka/(l +kaﬁa)s
V1o = Ko/ (1 =Ky Bo), V25 = kp/(1 + Ky By)

are defined for the two media, with k, , =@}/ (1, 5 €4 )
being shorthand notations; and the impedances are
given by 1, 5 =/ (Ha,5/€a,5)-

In a natural optically active medium, the electro-
magnetic fields, E and H, can be expressed in terms of
Beltrami fields Q, and Q, [4, 8]; thus,

Ea,b = Qla,b - ina,b QZa,b
H, »= Qa0 — (/14,5) Qua,»

in the two regions. Without loss of generality, let z>0
be the zone of incidence and reflection, while the zone
z<0 be that of transmission. Consequently the
planewave representation for the two chiral media can
be set up as [5, 6]

and

Q=4 le,+ilx, e +xe)/y,,]explilxx—ay,z)]
+R e, +i(—a, e +xe)/y,]expli(ex+o,2)];
(1a)
Q,. =4, [ey“‘i(azcz e, +xe.)/y,,]expli(x—a,,z)]
+Ryle,—i(—ay, e +xe.)/y,,] expli(xx+as,2)];
(1b)

z>0,

z=>0,

Q=T le,+ilxy,e,+3xe)/yy,] explilex—oy, 2]

z2<0, (1c)
Q= Tole, —iluyy e+ e.)/ o] expliGe x—ay, 2)];
z<0, (1d)
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The coefficients 4, and A, are the complex ampli-
tudes of the planewave eigenmodes incident on the
interface, R, and R,, of the planewave eigenmodes
reflected off the interface into the zone z>0; while T;
and T, are for the planewave eigenmodes transmitted
into the zone z <0. Finally, x is the horizontal wave-
number required by Snel’s law to satisfy the phase-
matching condition of the interface z=0;

Oygp =T (Y%a,b —%%) and
OC2a,b =+ I/ (yga,b - %2) >
and e, e

.» €, and e, are the unit Cartesian vectors.
The boundary value problem is solved by ensuring
the continuity of the tangential components of the E
and the H fields across the interface z=0. For a given
x, the resulting solution is best stated in matrix nota-
tion as follows: (2a,b)

<R1> . ("11 7’12) <A1) (T1> — (tn t12> <A1>
R, o1 T2/ \Az T AT ty f22) \A4

The various Fresnel reflection and transmission coeffi-
cients involved in the foregoing matrices are given as

ryy=(u_+v)/(uy +04), (3a)
rip=2w &ouling)/(us +v4), (3b)
ria=2w &/ n,) e +04), (3¢)
rap=(u_—v_)/(uy +v,), (3d)
tyy = 4ny (1, + 1) E1p(Caat E2p)/ (s +04), (4a)

t,=—4in, 16— 1) £2a(£1a—51b)/(u+ +v,), (4b)
t21:4i('7a_’7b) ‘f1a(‘:2a"fzb)/(u++v+): (4¢)
Loy = 40,1, + M) E2al€ra + E1p)/ (s +04). (44d)
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The following functions have been used in (3a—d) and
(4a-d):

Us = 4,110 C2a 16 E20) > (5a)
w = (12— n3) 1y + &), (5b)
Ve =, =) (€14 E1p £ 20 Ea0)

F e+ 1) Cra bt 82 liy), (59
Ctap = %105/ Viab> (5d)
€20.b = %24,5/ V24,6 - (5¢)

In order that the reflection amplitude ratio (R/R,)
be independent of the incidence amplitude ratio
(A4,/A,), the equality

Pi2T21=T11722 (6)

must be satisfied. For the condition (6) to hold, » must
satisfy the relation u, =v,, ie,

An,ny(Eyp &g+ L1y Eap)
= (1, = Mp)* (140 E1p + €20 E2p)
‘*'(’L:‘H’lb)2 (Craéapt&,Cip) - N

It is to be noted that interchanging the symbols a and
b in the subscripts of the quantities appearing in (7)
does not alter that equation; ergo, (7) broadens the
concept of the Brewster law for planar interfaces be-
tween two natural optically active materials, regard-
less of which half-space the incidence is from. Hence,
(7) should be called the Brewster condition for chiral-
chiral interfaces.

The conjecture mentioned at the beginning of this
communication, and verified in three earlier instances
[5~7], thus holds true for yet another case.
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