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Abstract-The problem  of  electromagnetic  coupling  from one region 
to  another through an aperture-to-cavity-to-aperture  system  is 
specialized to  the  case  of  electrically  small  circular  apertures on the 
axis  of a  cylindrical  cavity  of  circular cross section  for the transverse 
electromagnetic  (TEM)  and transverse  electric  (TE)  cases. A simple 
equivalent circuit for the  coupling  system  is  developed. It is  found that 
for  certain cavity  depths an exceptionally  large  amount of electro- 
magnetic energy can be transmitted,  and  that for identical  apertures 
the transmission cross section  of  the  system  is  independent of the 
common radius of  the apertures as well as the  radius  of  the  cavity. 

T 
I. INTRODUCTION 

HE COUPLING of electromagnetic  energy  from  one  region 
to  another is an  important  problem  in  many  areas  of elec- 

tromagnetic engineering. Some  examples  are leakage from mi- 
crowave  ovens,  electromagnetic penetration  into vehicles,  and 
electromagnetic  pulse  interaction  with  shielded  electronic 
equipment. 
Our approach is to obtain  first  the  functional  equations  for 

the general  aperture-to-cavity-to-aperture  coupling  system 
using the equivalence  principle [ 1, sec. 3-51 and  then to re- 
duce  these  equations to a  matrix  form via the  method of  mo- 
ments [ 21. The various  matrices  are  interpreted  in  terms  of 
generalized network  parameters  such  as  voltages,  currents,  and 
admittances [ 21, [ 3 I .  The  formulation of the general  problem 
is similar to  the  formulation of  Harrington  and  Auckland,  who 
solved for coupling  through  narrow  slots  in  thick  conducting 
screens [ 41. 

Subsequently,  the  problem is specialized to  the case of elec- 
trically  small  circular  apertures on  the axis  of  cylindrical  cavity 
of circular  cross  section  and it is assumed that  the  excitation is 
due to a  plane wave transverse  electromagnetic  (TEM) to the 
cylinder axis. The  aperture  admittances  are  obtained using the 
concept of polarizability  of  apertures  developed by  Bethe [ 51, 
[6] ,  and the radiation  terms  introduced  by  Hamngton [7] .  In 
general, an electrically small aperture  can  be described  in terms 
of a  moment  solution,  where  at least three  expansion  func- 
tions  must be  used to express the equivalent  magnetic  current. 
However,  in  view of the  excitation  and  thanks to the sym- 
metry, we  presume that  one expansion  function will suffice. 

The  cavity  region can  be  viewed  as  a  short-circuited  cylin- 
drical  waveguide [81.  Thus,  waveguide  theory  can  be  applied 
and  the field in  this region  expanded  in  terms of circular wave- 
guide  modes. Furthermore, we assume  that all waveguide 
modes  except  the  dominant transverse  electric (TE, ,) mode 
are  in  the  cut-off  condition,  thereby  obtaining relatively  simple 
formulas  and  a  simple  equivalent  circuit  for the coupling  prob- 
lem. 

Manuscript  received  October  22, 1981; revised May 17, 1982.  This 
work was supported in part by Rome Air Development  Center  under 
Contract  F30602-79-C-0011 and in part by the  National  Science  Foun- 
dation  under  Grant  ECS-79-21354. 

The authors are  with the  Department of Electrical  and  Computer 
Engineering,  Syracuse  University,  Syracuse, NY 13210. 

REGION a 

Pm*Ca 

Y 

PLANE CONDUCTORS 

//----- 

REGION b 

pb S c b  

REGION e 
PC I C C  

APERTURE  A, r/ 
. 1 2 

CYLINDRICAL /J 
CAVITY /I 

CONDUCTING  WALL 

Z = O  2 . d  

Fig. 1.  Geometry of the  coupling  problem  between two half-space 
regions  through a cylindrical  cavity. 

Special attention  has  been paid to the case  of TE  (trans- 
verse  electric to  the cylinder  axis)  oblique  incidence upon  the 
structure  and  to  the  effects of cavity losses, both  due to lossy 
material filling the cavity  and to  finite  conductivity of the 
cylindrical  conductor, on  the transmission  coefficient. 

Finally,  our  discussion is extended to the case  in  which 
two waveguide  modes,  namely, the  TE, 1 and  the transverse 
magnetic  (TM, ,), propagate.  TMol  and  TE2 ,, and TEol 
modes  can  propagate  but  are  not  excited. 

11. FORMULATION OF  THE PROBLEM 

The  problem to be  considered is that of  coupling  between 
two half-space  regions through  a  cylindrical  cavity. Fig. 1 il- 
lustrates  the cross  section of the  geometry of the problem. 
The  left-hand half-space (z < 0) is called  region a, the cylin- 
drical  cavity  region is called  region b ,  and the right-hand half- 
space (z > d )  is called  region c. The  boundary  common to re- 
gions (I and b is called the  aperture A 1. The  boundary  common 
to regions b and c is called the  aperture A 2 .  Regions (I, b,  and c 
are  each filled with  homogeneous  media of constitutive pa- 
rameters (pa ,  E = ) ,  &, ~ b ) ,  and (pc, eC), respectively. We are 
not considering  dissipation and  therefore  each p and  each 
are real. The  excitation is due  to  known  sources J' and M', 
with  exp ( ju t )  time  dependence,  in region a. 

The  equivalence  principle [ 1, sec. 3-51 is used to divide the 
original  problem into  three  equivelent  problems, as shown  in 
Figs. 2-4.  In  region a,  the field is produced  by  the original 
sources J', M', plus the equivalent  magnetic  current -Ml ,  
where 

MI = i , X E  
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