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Potentials
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Elementary electrical dipole

* A d-source radiating element is also known as elementary electrical dipole.

J=1Az5(F)i, = 1Az 5(x)8(»)d(2)1,

- Why are we inferested in such a
radiating element?

- Why is such a radiating element
referred to as elementary electrical
dipole?

- How can we physically approximate

J=IAz5(F)i, an elementary electrical dipole?
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Elementary electrical dipole

* A d-source radiating element is also known as elementary electrical dipole.

J=1Az5(F)i, = 1Az 5(x)8(»)d(2)1,

1J

V?A+K A=—ud  Vector Helmholtz equation

Jkr

l A=L 145 ]
4 r
H-lvxA and E——joa+YY A
H Jogu
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H
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Elementary electrical dipole

* A d-source radiating element is also known as elementary electrical dipole.
J=1Az5(F)i, = 1Az 5(x)8(»)d(2)1,

The E.M. field radiated by the elementary electrical dipole

E, :é/IZL:Z-Z :2 +j181r3jcoslgeXp(_jﬂr)
E(F)=E, (r,9)i, +Eg(r.9)ig raz(jg 1 1)
. A s Eg=¢ ey +r2+jﬂr3]51n196xp(—j,8r)
H(r):H(p(r,S)z¢ 4l 8 1

H,= 47[( » +r2jsingexp(—jﬂr)

\

Because of the problem symmetry there is no dependence on the azimuth angle ¢.
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Elementary electrical dipole

* A d-source radiating element is also known as elementary electrical dipole.

J=14z5(F)i, = Az 5(x)0()d(2)1,

All  the quantities, included the
expressions of the fields, can be ~F
provided in ferms of dipole moment U

[Az = jwQAz = joU

It can be easily shown that this electric current density is
the same as that of an electrical dipole such that:

1) the two charges, of opposite sign, have equal time
variation;

. 2) in the spectral domain, the relation between / and the
y time-varying charge Q is:

X JoQ =1
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Elementary electrical dipole

The E.M. field radiated by the elementary electrical dipole

-
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1Az 1 1
g, =L : >+ T [cosdexp(—jfr)
2 \ r jpBr
1Az j 1 1 :
s Eg=¢ a ]'B+ & sin exp(—jLfr)
4z \ r * B
IAz(jB 1. :
H,= +— |sindexp(—jfr)
4z \ r r

JoQ =1
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Elementary electrical dipole: static case

The E.M. field radiated by the elementary electrical dipole

E, =§]wQAZ 1 + : cos Fexp(—jpr)
27 2 jﬂr3 .
JoQ =1
_ L JjoQAz[jp 1 1 . .
s Eg=¢ e » +r2 +jﬂr3 sin Jexp(—jfr)
H, = J”Qﬁz(m+ ! jsin&*exp(—j,b’r)
4 roop?

... for ®=0 simplifies as
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Elementary electrical dipole: static case

The E.M. field radiated by the elementary electrical dipole
E, :gj(zgjz X+ ;)3jcos.9|exp(—j,8r)

jQAZ
T Eg=¢ % X ]sm%exp( jpr) — i
(XK

Az 1
Q Z—cosS

" 2 7

.. for ©=0 simplifiesas |k, = ¢ RAz1 g
NI

H,=0

joQ =1
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Elementary electrical dipole: static case

The E.M. field radiated by the elementary electrical dipole
E, :gj(zgjz X+ ;)3jcos.9|exp(—j,8r)

jQAZ
T Eg=¢ % X ]sm%exp( jpr) — i
(XK

Az 1
Q Z—cosS

" 2 7

.. for ©=0 simplifiesas |k, = ¢ RAz1 g
NI
H,=0 g

4

joQ =1
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Elementary electrical dipole: static case

The E.M. field radiated by the elementary electrical dipole
E, :gj(zgjz X+ ;)3jcos.9|exp(—j,8r)

jQAZ
T Eg=¢ % X ]sm%exp( jpr) — i
(XK

joQ =1

E 4 QAZLC <9 Q4az 1

.= ——cos 9
\/E 27 3 27 e’
.. for ®=0 simplifiesas | g,--% QAZ%sinS Qﬁz%smg
1/Iug 4 r 4 Er
H,=0 =)
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Elementary electrical dipole: far field

The E.M. field radiated by the elementary electrical dipole

E, =¢

N

Eg=¢

H

1Az

1

27

1”2

+ j,81r3 J cos Fexp(—jpr)

144

1 1

4|r

I 2 o j,Br3 ]Isin@exp(—jﬂr) =

Jﬂ

IAZ(
¢47z

r

j sin $exp(—jfr)
7

IAz jf

1
27 r (],Br [],Br]

Jcos gexp(—jpr)

é’gﬂ( + ! + ! 2Jsin&exp(—jﬂr)

r

_1Az jp

jpr | jpr]

4 r

(1 F— 1 Jsin Fexp(—jpr)
jBr
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Elementary electrical dipole: far field

The E.M. field radiated by the elementary electrical dipole
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IAz jp

- +
jpr|jpr]
1Az jp

> ] cos dexp(—jpr)

Az

_1Az jp

r Az(1 1
g, =L ‘ >+ T [cosdexp(—jfr)
22\ 2 jpr
1Az j 1 1 :
SEg=¢ = ]'B+ + sindexp(—jpr) =4
4z \ r * B
IAz(jB 1. :
H,= +— |sindexp(—jfr)
4z \ r r

+ : 2 Jsin gexp(—jpr)
7]

(1 + j;r j sin dexp(—jpr)
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Elementary electrical dipole: far field

The E.M. field radiated by the elementary electrical dipole

N

.. for gr>>1 simplifiesas | g, = j¢ IAZEin.Qexp(—jﬂr) =j§%sinz9exp(—jﬂr)
r T

_ H, = s exp(n = 2 =1/
] r 4r 4
A=clf
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r z IAz j 1 |
E =¢ 124; :2 4 j,81r3 ]cosgexp(—jﬂr) = {g%[%+ %J cos dexp(—jpr)

z( j 1 1 : i :
E, 24144:[ Jf+r2 +jﬂr3j31ngexp(—jﬂr) :g%%[l+%+%]sm9exp(—jﬂr)

dr \r r 4 r

relESET N ool

2rf =w

z(J 1 . '
H(p:IA (]’B+ 2js1n196xp(—j,8r) =££(1+%)singexp(—jﬂr)

E =0




Elementary electrical dipole: far field

The E.M. field radiated by the elementary electrical dipole

( Iaz(1 1 . _ 1Az jB I i

E =¢ > r2+jﬂr3jcosl9exp(—]ﬂr) —{27[ » {}B{+%]cosgexp( jpr)
L, -gl2(iB, 1, .13jsin196xp(—j,8r) _ 18z jp 1+%+% sin Sexp(—j r)

A\ r r° jBr 4 r [j
14z(jB 1) . . IAz | 1) . .
H(P: 47[( 7 +r2j81ngexp(_]ﬂr) ZE%(I‘F%jSlngexp(_]ﬂr)
0 2rxf 2r
PEONHESTUST0 | Pofus
E =0

.. for fr>>1 simplifies as | k, =j§£4ﬁsingexp(—jﬁr) :jg%singexp(_jlgr) 2nf=w
r T r

IAz B Eg c=1/Jue

H, = j—-=—sindexp(—jfr) =—
r 4r
A=c/f

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC Corso di Campi Elettromagnetici 24 Maggio 2022

pr>1 = 277rr>>1 =>r>>A



Elementary electrical dipole: far field

The E.M. field radiated by the elementary electrical dipole

-

H(p:mz(m+ 1
Az \ r r

L

... for r>>)\ simplifies as

1Az | 1 1
g, =L ‘ >+ T [cosdexp(—jfr)
22\ jpr
1Az 1 1 :
s Eg=¢ a ]'B+ >+ T [sindexp(—jfr)
4\ r jpr

> j sin $exp(—jfr)

E. =0

r
Az . .
Eg = J§ S sin9exp(~j )

E
H,=-%

7 ¢
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Elementary electrical dipole: far field

—_—

H(F)=H,(r,9)i,

;‘P
19 ’E% L,
J =14z 68(v)i, \,,;;;’ N
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In the far-field case (r>>A) the elementary electrical dipole behaves as follows

Eg = jg'%singexp(—jﬂr)
2Ar

® the e.m. field propagates along i,

® the e.m. field lies on the plane
orthogonal to the propagation direction

® |E| and |H| exhibit the decaying factor 1/r

® |E| and |H| are proportional through ¢

Corso di Campi Elettromagnetici 24 Maggio 2022



Elementary electrical dipole: far field

In the far-field case (r>>A) the elementary electrical dipole behaves as follows

E(f) =Egq (I”,l9)lig Eg = j{%sin&exp(—jﬂr)
S —
H(r) =H,(r.9)1, H,=~%

® the e.m. field propagates along i

® the e.m. field lies on the plane
orthogonal to the propagation direction

® |E| and |H| exhibit the decaying factor 1/r
® |E| and |H| are proportional through ¢

(H=i xE
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Elementary electrical dipole: far field

In the far-field case (r>>A) the elementary electrical dipole behaves as follows

E(¥)=Eg4(r,9)ig

—_

H(F)=H,(r,9)i,
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Ey = j¢ 22 sin Sexp(— j )
2Ar

® the e.m. field propagates along i

® the e.m. field lies on the plane
orthogonal to the propagation direction

® |E| and |H| exhibit the decaying factor 1/r
® |E| and |H| are proportional through ¢

cH=i.xE
— =12 A - 12 A
S=_L|E i,,:é‘ i
20 2
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Elementary electrical dipole: far field

—_—

H(F)=H,(r,9)i,

J=1Az5(v)i,

A 4
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e

In the far-field case (r>>A) the elementary electrical dipole behaves as follows

Eg = ¢ 2% sin Sexp(—jBr)
2Ar

® the e.m. field propagates along i,

® the e.m. field lies on the plane
orthogonal to the propagation direction

® |E| and |H| exhibit the decaying factor 1/r

® |E| and |H| are proportional through ¢

(H=i xE
— —12 A~ - 12 A
S=_L|E irzé‘H i
20 2
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Elementary electrical dipole: power flux
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f Az(1 1
E =0 a >+ T [cosdexp(—jfr)
27\ r jpr
1Az | j 1 1 :
1 Eg=¢ = ]’B+ >+ 3 sin $exp(—jfr)
47 r 7 ]ﬁr
1Az j 1.
H,= Z(J’B+ 2jsm196><p(—j,b’r)
47Z' r 7
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Elementary electrical dipole: power flux

E =¢ 14z 12 + : T |cosdexp(—jpr)
22 \? jpr
s Eg = 14z 12 + 1 T [sindexp(—jfr)
an rejpr
1Az 1
H =— —- |sinYexp(—jfr
0= 2, rzj p(—jpr)
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Elementary electrical dipole: power flux

1 1
E = + cos dexp(—jpr
g 2 jﬂrg,) p(=jfr)

1Az 1 1 : ‘ : ‘
o . 3 + ITE jsm& xp(—jfr)
Sin éfxp(— jpr)

ie
|
T
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Elementary electrical dipole: power flux

E =¢ 14z 12 + : T |cosdexp(—jpr)
22 \? jpr
s Eg = 14z 12 + 1 T [sindexp(—jfr)
an rejpr
1Az 1
H, =——- — [sin exp(—jpr
0= 2, rzj p(—jpr)

2r
jd¢=27r
0

4

T
Id&sin39=—

3
0

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC Corso di Campi Elettromagnetici 24 Maggio 2022



Elementary electrical dipole: power flux

IAZ( 1 + : 3)cos&exp(—jﬂr)
r

27\ jp
s Eg = Q’E iz+.}sinn9exp(—jﬂr)
4r r
H, = 14z sin $exp(—jfr)
4
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Elementary electrical dipole: power flux

E =¢ ( 12 F— : 3)cos&exp(—jﬂr)

re jpr

A 1 :
S Eg = 22 —2+.}smn9exp(—j,8r)
4r r
A :
H, — = sin $exp(—jfr)
4

P=H+jb

127 (AzY 1 .2
— 4(1) (ﬁr)slll

127 (Az Y
P=— I
A Z]w

A
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Elementary electrical dipole: power flux

-

1Az 1 1
E =0 = >+ 3 cos Fexp(—jpr)
2\ r°  jpBr
1Az | j 1 1 :
T Eg=¢ £ J’B+ -+ 3Jsml96><p(—j,6'r)
47 r 7 J 7

H _ 14z (J’B jsm&exp( jpr)

2 47Z' r r

\

P=H+jb

12—”4{ j 1P

127 4z 2
i
2 3 QV( j (ﬂr)S‘ ‘

* Note that in the far-field case only the first active power term exists and it does not depend onr

* Note that the real part of the power, in lossless medium, is independent of r, therefore if one
consider two different spherical surfaces one gets the same result. Only the so-called radiative terms

contribute.

* The reactive part depends on r. Its sign is negative showing that there is an excess of stored electric

energy in the neighbor of the electrical dipole (see Poynting’s theorem)
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