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Abstract

The recently introduced concept of the Measured Equation of Invariance
(MEI) [1, 2, 3] is used to solve the problem of radiatioa and scattering by
flat surfaces. Because on flat surfaces the electric currents are confined to two
dimensions, a simple vector potential formulation can be used. The problem
of radiation and scattering by rectangular strip dipoles is solved. including the
transversal variation of the current across the dipole width. Also of interest
are the currents induced on antennas with step variations in width, and with
bends and T-junctions,

The MEI is an equation that can be used to terminate « Finite Difference (FD)
mesh arbitrarily close to the object of interest, avoiding the use of absorbing bound-
ary conditions, which require the mesh to extend beyond the region of interest, with
an increase in computation time and storage meiory.

The mesh used to solve a strip dipole is a rectangular mesh which extends only a
few cells (typically 2 to 4) in each direction. The points of this mesh fall into three
categories: exterior points or points on the mesh boundary, points on the surface of
the dipole. and interior points not on the surface of the dipole. For each category a
different type of FD equation will be used. The unknown is chosen to be the vector
potential A defined as H*' = ¥ x 4 ( factored in for simplicity). If the flat surface
is parallel to the @y plane. only 4, and A4, need to be considered, and their values
at each mesh point are the unknowns of the FD problem. Since two unknowns are
associated with cach mesh point, two equations need to be written also.

For tlie interior points not on the metal surface, the standard FD approximation
of the wave equation is used for cach of the two potentials

(V242 du=0 d=ay (1)
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For the points on the metal surface, the condition that Esct = _Finc jg used,
yielding the equations
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This equations can easily be put in FD form. Special care needs to be taken at the
edge of the flat surface. For the component of the vector potential that is parallel
to the edge, a slight variation of the above equations needs to be used, and for the
normal component, we use the fact that the normal current vanishes at the edge
(see [4] for more details).

Finally, for the poiuts at the mesh boundaries, we write an equation of the form

N-1
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=

where 449 is the value of the vector potential at the boundary point and Agj are the
values at the ¥V -- 1 neigliboring points (¥ may be 4, 5, or 6 depending on whether
the point is ou a side, an edge, or a corner of the meshj. The coefficients ¢; are
calculated to make Equ. 4 a least square error fit for the M potentials (which we
call measuring functions)

—gkolF—7|
AY(F) / #). & 48" d=uy i=1..M=M.xM,>N—1(5)

“ar [1 — 7|

where Ji, J; are two sets of linearly independent currents, which we call metrons.
For a rectangular plate of length / and width w, these metrons are

m,Tr (my — L)Ty
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Figure 1 shows the longitudinal current on a strip dipole of length and width
I = 18.5w = 1.42A, when fed off-center at //4, and the input admittance of a center-
fed thin strip dipole. Figure 2 shows the currents in the two directions when the
twisted dipole is fed at the center. Both the longitudinal and transversal variations
of the currents are obtained, as well as a clear picture of how the currents behave
near the 90 degree bend. Figure 3 shows the monostatic radar cross section of a
square plate of side @, compared to the measurements reported in [6].
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Figure 1: Current on an off-center fed strip dipole antenna with [ = 18.5w = 1.42),
fed at [/4 (top) and input admittance of a center-fed strip dipole antenna with { =
18.5w versus frequency, compared with the MOM result presented in [5] (bottom).
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Figure 2: Currents on a twisted dipole, for A = 4« (vertical current on the left, and
horizontal current on the right).
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Figure 3: Monostatic radar cross section vs. frequency for a square plate of side a,
for normal incidence. compared to the measurements reported in [6] (the calculation
is for a zero-thickness plate, and the measurements are for a plate of thickness
0.000127 ).
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