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Abstract: Monochromatic waves near the first band gap in a 1-dimensional Kerr 
grating are usually described by the Coupled Mode equations [1] for the, slowly 
varying, mode amplitudes +A  and −A  of two counter-propagating modes 

)exp( zikB± . Here dkB /π=  is the Bragg wavenumber of a grating with period d. In 
this paper we compare the analytical results of this CM model, with numerical 
calculations on the basis of the full Helmholtz equations. 

We consider a specific case: standing waves in a grating consisting of units of two 
layers with index contrast ε , and with frequency in the band gap (mid-gap). One 
conclusion is that waves with period (of the envelope) longer than (the order of) 

2−× εd  show irregular features both in phase and in wavelength, that are not 
covered by the CM equations. A second conclusion is that for 

 
values  the CM equations do not apply at all. 

These results are interpreted as follows: the Helmholtz equations can be 
transformed exactly into a set of coupled differential equations of the first order for 
the amplitudes +A  and −A . These equations depend explicitly and periodically on 
the propagation direction z. The vector field consists of two parts, a z-independent 
part and a part that depends on z and that has zero average. The CM equations are 
obtained if one neglects the latter part. The use of these approximate equations can 
be justified for a shallow grating by the Averaging Theorem [2], which provides an 
estimate of the error in terms of the small parameters in the problem. 

The CM equations are Hamiltonian and autonomous, and their trajectories are 
equilibria, or periodic. The separatrices represent solitons. The trajectories of the 
full equations however show irregular, chaotic [3] behavior. Consequences of this 
property will be explored. 
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