Chapter 3 : Vector potential and
radiation integrals

e Vector potentials
e Far-field radiation
e Duality theorem



; origin

Problem : given electric and magnetic currents (J,M)

find electric and magnetic fields (E, H)

First, evaluate electric and magnetic vector

potentials (Z\, F )



Vector differential equations

Excitation:
voltage/current source
or incident field

>

Analytic or
numerical

techniques 1nte gration
Assuming Lorentz gauge:
, = 13 L Vector potential
VA+k"A=—u

dlfferentlatlon

Radiated fields

V2 F +k’F =—eM

Inhomogeneous Helmholtz equations




Solution for unbounded
homogeneous regions

For volume currents:
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For surface currents:
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Solution for unbounded
homogeneous regions (2)

For line currents:
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Once the vector potentials are found, the fields can be obtained
from
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Solution for unbounded
homogeneous regions (3)

From (1) and (2), it can be shown that

E(7) = ]‘”“j[RxRxJ(f')]El—ké—(k;) ]QR (3)
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when there 1s only electric current source.



Far-field radiation
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the following approximation can be applied:

In far-field: R > max[34,
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Far-field radiation (2)

Retaining only 1/R terrgcls in (3) and (4) yields
hiyps
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Note that in far-field, - rxE il
J)

nH x r
and 7"E=r-H=0=E-H

1.e., electric field and magnetic field are perpendicular to
each other and to the direction of propagation. Thus,

Poynting vector becomes
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Table 3.1 DUAL EQUATIONS FOR ELECTRIC (J) AND MAGNETIC
(M) CURRENT SOURCES

Electric Sources (J # 0, M = 0) Magnetic Sources (J = 0, M # 0)
VXEA — —jw}.LHA VXHF:waEF
VXHA=J+j(UEEA _VXEF:M+jCU]LHF
VZA + KA = —ul VF + K°F = —eM
ik — kR
M e M ' {zijijej Ay’
A_Z;TJ.UJ B dv py R )
v %
1 1
H,=—-VxA Be=—=Y¥%F
L 5
1 _ 1
E, = —joA — j——=V{VA) Hr = —joF — j—V (V' F)

WNLE WJLE

Copyright©2005 by Constantine. A. Balanis

Chapter 3
All rights reserved

Radiation integrals & auxiliary potential
functions




Table 3.2 DUAL QUANTITIES FOR ELECTRIC (J) AND MAGNETIC
(M) CURRENT SOURCES

Electric Sources (J # 0, M = 0) Magnetic Sources (J = 0, M 5 0)
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