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Electromagnetic Coupling between Two 
Half-space Regions Separated by Two 

Slot- Perf orated Parallel 
Conducting Screens 

Absrruct -The problem of electromagnetic coupling between two half- 
space regions separated by two slot-perforated parallel conducting planes is 
investigated. A general moment solution for the problem is obtained. This 
moment solution is then specialized to the case of narrow slots and to a TE 
(transverse electric to the slot axis) excitation. Attention is given to the 
power transmitted from one half-space to the other through the slots and to 
its functional dependence on various problem parameters involved. 

I. INTRODUCTION 
HE PROBLEM OF coupling between regions via T apertures and slots in conducting walls has been the 

subject of interest to researchers for many years. Problems 
of this nature arise in many practical situations in EMP 
studies and in the areas of electromagnetic compatability 
and interference [l]. Another application field is mi- 
croscopy, where superresolution based upon near-field 
imaging is investigated [2], [3]. Once extended into the 
visible frequency regime, this technique will give birth to 
enormous practical applications. For example, this tech- 
nique is likely to permit nondestructive imaging of surfaces 
for use in biophysical research with a resolution compara- 
ble to that of scanning electron microscopy. Finally, in the 
area of microfabrication, the near-field behavior in the 
vicinity of a photolithographic mask is of unquestionable 
importance to engineers designing ever smaller devices. 

In this paper attention is focused on the problem of 
electromagnetic coupling between two half-space regions 
separated by two slot-perforated parallel conducting 
planes. We specialize our discussion to the case of electri- 
cally narrow slots which can be of particular relevance to 
the areas of microscopy and microfabrication. For exam- 
ple, it would permit an assessment of the power transmis- 
sion pattern that is expected to result when one moves a 
narrow slot along an adjacent opaque test object carrying a 
pattern of fine transparent lines. Ths  problem clearly falls 
into the general classification of problems with three re- 
gions [4]-[8]. We will thus follow a formuk tion procedure 
similar to [8]. 
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The basic approach is to first use the equivalence princi- 
ple [9, sec. 3-51 to divide the problem into three equivalent 
situations. We close each slot with a perfect conductor and 
attach magnetic current sheets to both sides of the covered 
slot to provide for the tangential electric field originally 
present in the slot region. Subsequently, we require the 
continuity of the tangential magnetic field across each slot 
and readily arrive at the functional equations for the 
problem. These equations are in turn reduced to matrix 
form via the method of moments, where the various con- 
stituents are interpreted in terms of generalized network 
parameters [lo], [ l l ] .  

For narrow slots, the equivalent magnetic current in 
each slot can be expanded, in general, in terms of the four 
quasi-static distributions. While these distributions apply 
specifically to the canonical problem of a narrow slot in a 
plane screen, we assume that the form of the field in each 
slot in our case remains almost the same as in the canoni- 
cal problem. The amplitude and the phase of each slot 
field, however, would not remain the same. In other words, 
as far as the form of each slot field is concerned, we 
neglected the electromagnetic interaction between the two 
slotted screens, but for calculating its amplitude and phase, 
we fully take these interactions into account. 

Representative numerical simulations of transmitted 
power patterns as functions of the various geometrical 
parameters are given in the numerical results section. 
Associated interpretations are suggested and major conclu- 
sions are summarized thereafter. 

11. FORMULATION OF THE PROBLEM 

The geometry of the problem under study is shown in 
Fig. 1, together with the coordinate system used. Here, we 
consider the coupling between two half-space regions sep- 
arated by two slotted parallel-plane conducting screens. 
The left screen is in the z = 0 plane. The right screen is in 
the z = d plane. The left-hand half-space ( z  < 0) is called 
region u ,  the region between the screens is called region b. 
The boundary condition at x = + 00 and x = - 00 in re- 
gion b is the radiation condition. The right-hand half-space 
( z  > d )  is called region c. The slot connecting regions a 
and b is called slot S,. The slot is infinite in the y 
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