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efficiently pumping dyes emitting at wavelengths out to 800 nm
or more. Excitation transfer in mixed-dye solutions [8] is known
to extend the lasing range and increase the efficiency of dye
lasers.

Preliminary experiments with rhodamine 6G have also been
carried out using a diffraction grating to provide spectral
narrowing and wavelength tuning. These experiments have
yielded up to IOO-mJ/pulse output at 570 nm with a 0.7-nm spec-
tral linewidth. This represents a spectral narrowing by a factor of
20 with a corresponding decrease in the pulse energy by a factor
of 1.5.

In summary, we report the use of a high-peak-power
frequency-doubled Nd:YAG source to pump laser dyes having
outputs in the wavelength range 550-760 nm. Dye outputs have
been obtained with peak powers of 20 MW, average powers of
1.4 W, and pulse lengths of 8 ns. This type of dye laser perform-
ance does not presently seem attainable by other means.
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INTRODUCTION

In recent years, considerable amount of work has been
reported on the propagation of electromagnetic waves in a
medium whose dielectric constant varies in a direction transverse
to the direction of propagation. Such.studies are relevant to com-
munication and integrated optics. However, most of the
theoretical treatments are based on the use of the scalar wave
equation [I]-[4]

+ £f + = ( i )

where 9 is taken to represent a component of the electric field, e
the dielectric constant, w the angular frequency, and c the speed
of light in free space. The vector equations which are obtained
from Maxwell's equations, however, have an additional term
that, for inhomogeneous media, depends on grad e, and in
general, the field components are coupled. In a recent paper,
Marcuse [5] has considered electromagnetic wave propagation
through a one-dimensional medium characterized by the dielec-
tric constant variation

- ••[' ' < l (2)

and has noted that use of (1) effectively represents the E, compo-
nent for a TE mode in which no y variation of the fields exists.
For the corresponding TM modes, a term proportional to grad e
must be considered. For a dielectric comtant variation given by
(2), he then calculates1 (by a perturbation method) the change in
the propagation constants, for the TM modes, due to the
presence of the term that depends on grad e. It should be noted
that the fields are then given by an infinite series [6].

In this correspondence we have shown that for a one-
dimensional medium (i.e., as long as € depends on x only), the
wave equations for E, and H, are decoupled and can be reduced
to ordinary second-order differential equations. In general, TE
and TM modes are not obtained except for the special case when
the fields are independent of the y coordinate. Further, it has
been shown that for a medium characterized by the dielectric
constant variation given by (1) and 6 « 1, it is possible to solve
the wave equation explicitly.

Propagation of Waves in a Medium Varying Transverse to the
Direction of Propagation

THEORY

For an inhomogeneous, isotropic, linear, and nonconducting
medium, the vector wave equations satisfied by the magnetic and
electric field vectors are given by
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v xi - x (V x H) + = 0 (3)

and
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= 0 (4)

where the MKS system of units has been used and the time
dependence of the fields has been assumed to be of the form exp

Clearly, for c depending on x only, the equations for E, and

1 Again assuming no y dependence of the fields.
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H, are decoupled and one obtains

and

= 0

E, + W‘EME, = 0. (6)
e dx E

The y and z dependence of the fields are obviously of the form

It can easily be seen that TE and TM modes will exist for the special
. case of y = 0. It is worth noting that if 6 is not a constant, TEM
^ ' modes cannot exist.

Till now the treatment is valid for arbitrary x dependence of 6.
Explicit solutions can easily be obtained for a square-law medium
characterized by the dielectric constant variation given by (2). For
H, # 0, the modes are given by

(7)

and one obtains
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and
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where

f = -~2~

(X) and H,(E) are the Hermitepolynomials of order n. The propagation
constants are given by

/ 2 r.

(14)

n = 0, 1, 2, 3, •

where we have introduced the transformation

(10)

Notice that (9) does not involve the first derivative of q5 [cf. (6)] and
is therefore solvable for a variety of dielectric constant variations.

Thus, for E depending on x only, it is convenient to consider
modes in which either E, =OorH, =0. Clearly, in general, both E,
and Hz will exist, and all the field components will have a Y
dependence of the form exp [—iy~]. We may consider two special
cases without anv loss of generalitv.

Case I: If E, is known aid H, is issumed to beO, the other field
components are given by
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For 0, the equation for $ becomes
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where terms of O(6s(x/a)4) have been neglected. The modes are
given by

Ex - -T- 0 = exp ( - (16)

Further, the propagation constants are given by

(3n + 7 = co n«i 2 — (2n + 1) —2 r- 4 - j ,
a L a a J

n = 0, 1, 2, 3, (17)

(1Id) Since y is arbitrary, the result describes a wave propagation in any
direction perpendicular to the direction of variation of E.

C~se2: Similarly, when H, is known and E, is assumed to be 0, In ( 1 % i f a binomial expansion is made and terms UP to 0(6/a2)
the other field components are given by are retained, then one would get the results obtained by Marcuse
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Correction to "Coupled-Mode Theory of
Unstable Resonators"

LEIGH-WEI CHEN and LEOPOLD B. FELSEN

In the above paper,’ a printer's error was noted on page 1109.
Fig. 6(a) was printed twice, once as Fig. 5 and once as Fig. 6(a).
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Fig. 5. Resonance curves for lossless resonator without mode coupling; m o l
with even symmetry about resonator axis (y = 0.4, h = 100).

The correct Fig. 5 is shown here.


