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Integral Expression of EM Fields Summary

In terms of tangential and normal component of £ and H on S as
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Alternatively, in terms of tangential components only as
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We can conclude that fields can be uniquely determined by the Sources inside V and on S only.

v J,J
S NxE,an}
ds,dv,V
J,=H xn 0. =—un-H
n
J. =nxE_ p =—¢cn-E

It seems that one has to calculate 6 terms by integration independently. Practical calculation, on the
contrarty, is rather straightforward. Once two types of potentials, that is for electric line current and for
magnetic line current, are obtained, six terms can be derived systematically, referring to the formula

using vector potentials under Lorentz condition.



5 Integral Expression of EM Fields.doc 08/07/01 5-2
How to calculate the fields from engineering point of view??

Two types of sources. (7: normal into inside V)

1) Electric currents J in V and equivalent surface
electric currents J, =nxH on S.

2) Magnetic currents (non-physical) J* in V and
equivalent surface magnetic currentsJ,*=E xn

on S.

3) Vector potentials

_H _ & *x_ T *
A= . iw (J+J g )pdv, B= py §S+V (J*+J ¢* )pdv are calculated.
Volume and surface integrations.
4) With reference to the vector field derived in terms of potentials (on the next page),

duality is utilized and six terms are calculated by two potentials A and B as well as
their simple derivatives.
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5) If the observer is in the far field of the source and the surface, further simplification
applies which dispenses with derivatives.

From electric currents
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From magnetic currents
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Finally, we get
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Explicitly, fields are given by

E =—jo(4,0 + 4,0) - jon(-B,p+ B,0)
H =~ jo(B,0+ B,p) - ja)%(AQ(B —~4,0)
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Vector potential
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Vector Helmholtz Equation
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Fields are expressed in terms of vector potential A as:
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When only the far fields are considered, we have a TEM wave.
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®  Duality in Maxwell's Equations
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Fields are expressed in terms of vector potential A as:
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When only the far fields are considered, we have a TEM wave.
H=-jo(B-f(BI))
E=-n(rxH)
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Application to practical as well as approximate calculation of fields.

Fields on the surface are approximated and the fields in the volume will be calculated in
terms of vector potentials for them. Scattering effects are not exactly but approximately
taken into account.

1. Physical optics : Reflected waves are approximated by geometrical optics assuming
the frequency is high enough and surface is replaced with infinite plain one.
J=2nxH, m=20

2. Aperture antennas or scattering through apertures: Perturbation of fields due to

scattering from finite size of window are neglected and fields on S are assumed to be
identical with the incident ones.J =nxH', m=E'xn

Problems

1. Suppose that a plane wave is incident from —z axis. Derive the equivalent surface
electric and magnetic currents on the x-y plane at z = 0 and calculate the fields from
these surface currents in the region z > 0 and z < 0. Prove and explain the field
equivalence principle.

2. Suppose that a plane wave is incident from —z axis. At z = 0 and in the x-y plane, a
rectangular square plate of electrical conductor (2a x 2b) is reflecting it. Derive the
approximate surface electric and magnetic currents on plate and calculate the fields
from these surface currents in the far field region for z > 0 and z < 0. Predict
qualitatively the geometrical optics behavior of the total field. (Reflection, Standing
wave, shadow etc.)



5 Integral Expression of EM Fields.doc 08/07/01 5-6

Maxwell equations duality
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