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Fig. 1°' case: A z-directed  Fig. 2" case: An arbitrary Fig. 3™ case: An arbitrary
current carrying element  oriented current carrying oriented magnetic current

carrying magnetic current element carrying magnetic  density M is flowing in a volume
m Of length dl at the origin current |, of length dl at the V' positioned at 7/
position 7/
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Table: Procedure Electric Sources (f =0, M = 0) Magnetic Sources (f =0, M + 0)
to find the

radiated fields
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 When two equations that describe the behavior of two different variables
e are of the same mathematic form,
* their solutions will also be identical

* The variables in the two equations that
e occupy identical positions are known as dual quantities and
* a solution of one can be obtained by a
e systematic interchange of symbols to the other

* This concept is known as the duality theorem
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Electric Sources (f * 0, M= 0) Magnetic Sources (fz 0, M+ 0)

Table: Dual

quantities for Hy > “Er
electric (/) and y > Hp
magnetic (M) j i
current sources — R
A » F
€ » U
U > €
B > f
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A

* Far fields of VMD: z
7 directed magnetic current carrying element
 of infinitesimally small length dl and
* carrying magnetic current | d| |
* Apply duality theorem y

X

jBI,dle=IBT

sin0d Fig. A z-directed current
4nr carrying element

_ i carrying magnetic
_1jpLy,dle T~ current | of length dl at
= — sin66 m

4mtr n 4mtr the origin
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A
* Far fields of HMD: z
 § directed magnetic current carrying element of
* infinitesimally small length dI
e and carrying magnetic current Im I .
* Apply duality theorem ~_—7 ‘ y
_,  jPlydleIPT jBl,dle=IBT d
H=—"——"—— | Y S A — X
Amtr Amtr _ _
{cosOsinpd — cosph} {cosOsinpd + cospp} Fig. A y-directed
current carrying
HMD N\ jBIL,dle IBT > 1jBI,dle /BT element carrying
= ATrT ol = 7 AT magnetic current | _ of
{cosHSingog’a‘ — cosgo@} {Cosgsin(pg length dl at the origin
+ cosgog’a‘}
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Electromagnetic Theorems and Concepts
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For both HED,, 2" term has y-component

But they cancel each other (due to opposite direction)

For both HED,, we have 73 X ; X J(#") in 1%t term
For HED;,,

T‘d X iy X J (7

r—z S (—x%9 + xyX — yd2 — d?*9)
d

>/ xX+yy—-dz xX+yy—dz A~
) B rd X ( rd X on)

Io r ~n o~ . A e
=é(xx+yy—dz)><(xz+dx)=
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- 2 ]
. EMED1 -2 {B e‘fﬁ’”d(—l— SRR )IOE xy+xyx—d2y)}]dl

tan janwe (rg JjB a  B2ry*) vk

For HED,,
f'd Xf'd X]_)(FI) —

% (%9 — xyx — yd2 + d29)
d

— 2 . A
o 5 o {ﬂ e-Jﬁrd(—1— 3,3 )’—‘;:xzy—xyfmzy)ﬂdl

tan janwe (rg jiBra ﬁzrdz r

xX+yy+dz xX+yy+dz A
yy x( vy x —I, )

=22 (x® + Y9 + d2) X (—x2 + d&) =
rd rd L]

Therefore EgiDl + EgliDz =0
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]47tws
;dg)](F’)} dv

For both VED,, 2"? term has only z-component

JBTqd rq3

fffvl {_e_]ﬁrd( 1-— > + ﬁzg )Td X T'd X](T' ) —2e” JBTa (__ —

But we are interested in tangential components

For both VED,, we have 7; X 74 X J(7") in the first term
For VED,,

TA'd Xf'd Xf(?l) —

I o 27A ~ ~
r—‘; (—x?%Z —y=2 — ydy — xdX)
d

xX+yy—dz v (x9?+y37—dz“ % I Z)
0
Td

-2 (X +yy—d2) X (yx —x9) =
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S, 2
-EfaiD1=.1 {B e‘fﬁ’”d(—l—,3 +—> )I—OE—ydy xdx)]}dl

jamwe jBra " B2rg?

rd d
* For VED,,
o« fy X Py X J(F) = xx+3;z+dz X (xx+ii’+dz X 102) = i—‘;(xa? +y9 +d2) x (y% — x9) =
d

I ) 4 - .

é (—x?Z — y*Z + ydy + xdX)
e FVED2 _ _ 1 (B® —jprq(_q__3 3 Vlo|vdo 5

E, .°= o {Td e 1 T + ) 12 ydy + xdx)tdl

Therefore E;fcngl + EZ;;IDZ =0
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