Reflection of plane waves from an amplifying medium
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It is shown that the coefficient of reflection of light from an unbounded amplifying medium is a continuous
function of the angle of incidence, and its modulus is always larger than unity.

PACS numbers: 42.10.F

Experimental’*? and theoretical’®*’ investigations of
the reflection of light from an amplifying medium have
shown that in the region of total reflection the modulus
of the reflection coefficient can be larger than unity.
Outside this region, the modulus of the reflection co-
efficients obtained in'®*! is less than unity, and at the
critical incidence angle the reflection coefficients are
not uniquely defined and experience a discontinuity.
These last results raise definite doubts, and we there-
fore consider this problem anew.

The determination of the reflection coefficients for
an unbounded medium entails the choice of one of two
possible refracted waves. '® For a correct choice of the
refracted wave, we consider first the reflection of a
plane monochromatic wave from a plane-paraliel am-
plifying layer of thickness I. The reflection coefficient
for a wave polarized perpendicular to the plane of in-
cidence is
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Here py, and p,3 are the usual reflection coefficients for
the front and rear layers, and & is the phase shift of the
refracted wave after one passage through the layer. In
an amplifying medium, when the layer thickness in-
creases, the value of {exp(2i{®)| increases without
limit, so that expression (1) for an unbounded amplifying
medium takes the form
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Here k,,> 0 and %,, >0 are the components, normal to
the layer, of the wave vectors of the incident and re-
fracted waves, respectively. Formula (2) differs from
the usual one in the sign of k,,, a fact corresponding
formally to a refracted wave propagating from the inter-
face at an angle 7 - 6,, where 6, is the ordinary refrac-
tion angle. This result means that the Sommerfeld ra-
diation principle cannot be used for an amplifying
medium.

The reflection coefficient p, for a wave polarized in
the incidence plane is obtained from the usual formula
by replacing 6, with 7~ 0,:
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Here n=n,/n; =n,(1 - ix), and « >0 is the relative re-
fractive index. We express the quantity %,, in the form
kh:konl[nz(l - k% - nin201-2|'xn2°]‘“, 4)
where k&, =w/c and 6, is the incidence angle. The phase
shift of the radicand lies in the interval (0, - 7) at all
values of 8;, and therefore Rek,,> 0 and it follows from
(2) and (3) that the reflection coefficients are continuous
functions of §; at all incidence angles, and their moduli
are always larger than unity. In the region of total
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reflection, expressions (2) and (3) coincide with those
obtained int?~4,

Substituting k,, from (4) in (2), we easily find that
[p,(8,)! reaches its maximum value In,+1/(n,~1)| at
6,=0, and decreases monotonically with increasing 6.
More interest attaches to the function Ip,(6;)!, which
has one maximum at 6; =0 and a second maximum,
much larger in magnitude, when 6, becomes equal to
the Brewster angle 85
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Consequently, natural light incident at the Brewster
angle on an amplifying medium becomes polarized in
the incidence plane upon reflection. We note also that
when the sign of k is reversed, formulas (2) and (3) do
not go over into the formulas that describe reflection
from an absorbing medium.

Thus, the region of total reflection is not singled out

P (8) = , k<<'1. (5)

from the point of view of the reflection coefficient. In
this case, a special role is played by the Brewster
angle, when it is possible to obtain large reflection
coefficients at small values of k.
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