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4. Field equivalence theorem in vector electromagnetic waves.

The previous results show that the surface integral produces the contribution with (-) sign of the
direct contribution from the source inside. This will be verified.
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These are verified as follows.
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Similarly,

For observer outside, canceling effects.

Q.E.D.

Field equivalence theorem for EM fields

E= %f (—J‘aw I-T xVg+Vg 3) dv *1,*2, *3 (Three terms)
T &
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*4, *5, *6(Three terms)

+-= (-~ joep(AXE)—(Ax H)x V-V (A-H)}ds

4 o

If there are no source outside of V., *4+*5+*6 =0 for observer inside of V.
If there are no source insideof V., *4+*5+*6 =0 for observer outside of V.

For observer outside of V, *1+ *2+ *3+ *4 + *5 + *6 = 0,
irrespective of environment outside of V.
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Introduction of equivalent surface currents defined by tangential electric
and magnetic fields.
n

After substituting

We have followings.
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We can conclude that
Fields can be uniquely determined by the Sources inside Vand on Sonly.
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J,J
NxE,nxH

ds,dv,V

J;=H_xn p. =—un-H
n

J.=nxE_ p, =—en-E

if there are no source in V
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Ref. Duality
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VxH = jos +J
VxE =-jouH

Vector potential
uH =V xA

Vector Helmholtz Equation
VEA+K*A=—1

Solution

e—jkr

W I N I D
A_47zJJTdV+47zganA as 47ng on ds

r r

If r{iA+ jkA} -0
é,r r=o0

Free space Green's Function

4 r

Fields are expressed in terms of vector potential A as:

H =£V><A
Y7,
] V(V-A)
E=—joA+——~
Jogu
J
~V¢

When only the far fields are considered, we have a TEM wave.

Ir| > oo TEM
E=—jo(A-F(A-F))

H=%(fxE) n:,/% ~1207
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Appendix

Al

A2

A3
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V-(AxB)=B-VxA-A-VxB
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Q.E.D
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Q.E.D
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By the way
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