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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 =14z 5(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,

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

E, :é/IZL:Z-Z :2 +j181r3jcoslgeXp(_jﬂr)
E(F)=E, (r.9), +Eg(r,8)ig raz(jg 1 1)
. A s Eg=¢ ey +r2+jﬂr3]51n196xp(—j,8r)
H(r):H¢(r’19)l¢ 1Az (B 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: far field

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

= A | 1Az . .
E(r)zEg(r,S)zg Eg = ji——sindexp(—jpr)
< 2Ar
H(r)=H,(r,9)i H, =18
(F) =H, (r.9)i, »"
® the e.m. field propagates along 7,
; e the e.m. field lies on the plane
. ;”, . orthogonal to the propagation direction
( o s e =) " :
memo...the radiation condition at infinity ® |E| and |H| exhibit the decaying factor 1/r
® |E| and |H tional through
E~0(é] ﬁ~0[%} E—Q’I:Ixi:.puo[%) [andgﬁ—f,.xi:r-o(%n PR PD |E| and |H| are proportional through ¢
\, E=i,-H=0 / _ J cH=i.xE
= 1 =24 24
S=—1IE ir=£ L.
24 2
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MEMO.......Uniqueness (PD-Exterior Problem)

A =
-————— ﬁxE(or ﬁxH)

\ =N o
|f P . E(r),H(r)
\ @™

S o - |

—_—

| Consider a source distribution J(F) with its associated electromagnetic field E(f),ﬁ(f)

Il Consider a (smooth) surface A with an everywhere defined unit normal n

|V Consider the values of the tangential component of the electric (or magnetic) field upon the surface A; that is,
consider nx E (or n x Hj on the boundary

The Uniqueness Theorem states that the electromagnetic field produced by the source in (I) within the infinite volume V outside
the surface Ain (ll), enforcing the boundary condition in (IV) as well as the radiation condition at infinity is unique.



Elementary electrical dipole: far field

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

==\ A [ Az . ,
E(F)=Eg(r.9)ig Eg = j¢ == sin exp(~jpr)
) 2Ar
—_— A E
r)= / H ==2
H(r) =H, (r.9)i, ?=
A ® the e.m. field propagates along 7,
: e the e.m. field lies on the plane
. orthogonal to the propagation direction
9 r,% . " .
. - 0\ |E| and |H| exhibit the decaying factor 1/r
J=14z06(r)i, \’a’ Vg =
r _ ® |E| and |H| are proportional through &
"""""""""""""""" P’ (H=i.xE

. . =1 =
Unigueness is guaranteed S= 7
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Small loop antenna

N>
™~

a << A

A simple and inexpensive antenna type is
the loop antenna
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Small loop antenna

J=15(z)6(r-a)i,
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1.1

V’A+ kK A=—ud  Vector Helmholtz equation
Hfone ",
A(r)="—1J(r')——ar
l (r) 471"[ (r ) ‘l'—l""
1 VV-A

H=—VxA and E=—joA+

u

joeu

l E(r)

H(r)
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Small loop antenna

J=15(z)6(r-a)i,

2,

VA+KRA=—ud

Vector Helmholtz equation

4 r

: v iPr n
1 Az]ﬁl,u,d&e {1+ 1 ]singi,p
jpr

1

H=—VxA and E=—joA+

y7,

VV-A

joep

.. by assuming that the current /in
X  the small loop is constant and that
the radius of the loop a<<A

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC

E

1

H

Corso di Campi Elettromagnetici 27 Maggio 2022



Small loop antenna

The E.M. field radiated by the the small loop antenna

g 145 GA”| 1

J cos Fexp(—jLr)

— n A r . +

H(F)=H, (r,9)i +Hg(r,9)is 2z \Jbr gl

. . _14S (jp)° 1 1. .

E(F)=E, (. 9)i, K “,-w[,.ﬂ,,]z}mg“p( 7
p __ S48 GB)’

= [1+ _1 }singexp(—jﬂr)
jpr

14 47 r

Because of the problem symmetry there is no dependence on the azimuth angle ¢.
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Small loop antenna: far field

The E.M. field radiated by the the small loop antenna

—_—

H(r)=H, (r,9)i, + Hg(r,9)ig

—

E(F)=E,(r,9)

N

Lo

.. forr>>A (fr>>1) simplifies as

Hg

E

5 148 B | 1

+
2 r | jPr [j,[},/]2

_ 148 (jp)’ 1

J cos Fexp(—jLr)
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1+ + ! ]singexp(jﬁr)

4r  r jpr [jﬂr]z

CI14S (jP)°

_ [1+ _1 jsin&exp(—jﬂl’)
Jbr

iy r

H. =0
_E
SHg = _pAsd sin Yexp(—j fr) =—2
r g
Ep - 45?:1 sin Jexp(—j fr)

Corso di Campi Elettromagnetici 27 Maggio 2022



Small loop antenna: far field

In the far-field case (r>>A) the small loop antenna behaves as follows

r

—

Hg

.
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SpAsI

E(F):qu(’”»‘g)fco Ep =
 pasl

sin$exp(—jpr) =——

sin$exp(—jpr)

_E¢

4

® the e.m. field propagates along 7.

® 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 £
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Small loop antenna: far field

In the far-field case (r>>A) the small loop antenna behaves as follows

(

(BAST |
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E(F)=E,(r.9)i, Ey === sin Jexp(~j i)

® 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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Small loop antenna: far field

In the far-field case (r>>A) the small loop antenna behaves as follows

(

E(f) =E, (r"g)fw

g o PAsI

2 2Ar
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sin $exp(—jpr)

® 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
. 7 _ 12 .
§=_L i,,=£ i
20 2
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Small loop antenna: power flux

-

_ 145 (py’| 1 I »
H, = e jﬁr+[jﬂr]2Jcos.9exp( Jjpr)

Vo _14S (B’ 1 1. .
Hgy = p— Ijﬂr+[jﬂr]2]31n9exp( Jjpr)

. 2
B == gi jS ( f ) jllgr)singexp(— iBr)
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Small loop antenna: power flux

HrzlAS UB): _1 + 1 2Jcos&exp(—jﬂr) P=h+Jjh
2z \JPr [jpr] ) o 5
70 2
: P =— I
<H3=IAS /0 _1 + : sin $exp(—jBr) 23 (( A ) | |
4  r jpr [ ¥
. 127 (BASY 1
148 GA' (1, 1 ). . p=-= ( j 1
Sy == e ]r jﬁrjsmgexp(—]ﬂr) 2= 53 4 1 (,Br)3| |
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Small loop antenna: power flux

. o |
H, _145 (A) .1 ! - |cos Gexp(—jBr) P=Hh+ jb
2 r | jPr [jﬂl”]

127 (BASY | 12
) P =— 1
4H3:]AS UP) 1+ .1 + 1 - |sin Gexp(—jBr) 723 g( A j ‘ ‘
dr r jpr [j,Br] ;
: 127z _( pAS 1 2
c1as GAYP (1), | p_1 i
E == e Jr [1+jﬂr}sml96xp(—]ﬂr) 279 3 g( 2 j (,Br)?" ‘

* 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. The reactive part depends on r. Its sign is positive showing that there
is an excess of stored magnetic energy in the neighbor of the magnetic dipole (see Poynting’s

theorem)
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Elementary electrical dipole vs. small loop antenna

Elementary electrical dipole Small loop antenna
" p-R+p N [ popssm N
12z (42 p 12z (pASY | o
1%—234[2)\1\ 3_534(1jm
127 (4z 1 | p 2
=~ 127 (pasY |
g 234(/1)(&)3‘]‘ %:Efg(ﬂ/‘tj |11
N vl € By
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Small loop antenna

WHY?
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Small loop antenna

Elementary electrical dipole

J=1Az5(F)i,

+ Why are we interested in such a radiating
element?

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

How can we physically approximate an
elementary electrical dipole?

J =14z 8(v)i,
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Small loop antenna

Elementary electrical dipole

J=1Az5(F)i,

J =14z 8(v)i,
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Elementary electrical dipole vs. small loop antenna

Elementary electrical dipole Small loop antenna

J =14z 5(F)i, J=15(2)8(r-a)i,
Eg = C% %+ri2+jﬁ%]sin9exp(—jﬂr) H :%jﬂt%f%ﬁjﬂlr3]5in’96"p(_jﬁr)
H, - %{% ; rizj sin Jexp(—j ) £y = ip L o sesnt-ipn

J = 1Az 5(F)i,

AS = a’
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Elementary electrical dipole vs. small loop antenna

Elementary electrical dipole

J=1Az5(F)i,

for r>> %
T . o
E:]év exp( ]'Br)Azst ig
24 r
(H=i xE

J =I1Az 5(F)i,
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Small loop antenna

J=15(z)8(r-a)i,

for r>> A
E= gﬂASI eXp(—],Br) Siﬂlg i;o
24 r
(H=i xE
a< A ¥ :

Iy

AS = a’
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Elementary electrical dipole vs. small loop antenna

P:%C‘ﬁ)[ExH*]frdS

S
Elementary electrical dipole Small loop antenna
" p-p+jp N porajp N
R (%) i R L2 (2O
. P3¢ @) (/31)3 i L e -2 (22 ] ( ,Bi)3 if
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Small loop antenna

WHY?
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Magnetic Sources

VxE =—jouH
VxH=jwsE+J
V-cE=p
V-uH=0
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Magnetic Sources

VXE=—jouH-J_
VxH=jwsE+J
V-cE=p

V-uH=p,
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Magnetic Sources

What is the relation between sources and
fields in this case?

(VXE=—joud—-J_
VxH=jowcE+J
V-cE=p

V-uH=p,
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Magnetic Sources

What is the relation between sources and
fields in this case?

Let's simplify the question. What is the (VXxE=—jouH—-J
relation between sources and fields in this 4
case? VxH = jowcE
<
V.cE=0
\V-uH=p,
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Magnetic Sources

What is the relation between sources and
fields in this case?

Let's simplify the question. What is the
relation between sources and fields in this
case?

/ \ / I P {Souch

J,.,p,,(Sources) m

| |

1 A 1 @ (Potentials)

E H (Fields)

N /

\ E I’ H (Fieldy
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(VXE=—joud—-J_
VxH = jocE

< V-¢cE=0
V-uH=p,

In principle, we could
replace the same approach
as that exploited for the
electric sources
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Magnetic Sources

What is the relation between sources and
fields in this case?

Let's simplify the question. What is the (VXxE=—jouH—-J
relation between sources and fields in this .
case? VxH = jowcE
<
V.cE=0
V-uH=p,

In practice, we follow an easier way, provided by the duality theorem
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Magnetic Sources

What is the relation between sources and
fields in this case?

Let's simplify the question. What is the (VXxE=—jouH—-J
relation between sources and fields in this .
case? VxH = jowcE
<
V.cE=0
V-uH=p,

In practice, we follow an easier way, provided by the duality theorem

J p Jo==¢J p,=—¢p
| — by
E,H E’IgH ,H’Z—ZE
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Duality Theorem

sz—é/J pmz

—Gp ‘

\/

E.H E'=¢H ,H':‘lil

)

J P (Sources)

|

E H (Fields)

A 4

a

A

J P (Sour'ce}

l

A

E

@ (Potentials)

H {Fleldv
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Elementary electrical and magnetic dipoles

Elementary electrical dipole

J=1Az5(F)i, = 1Az 5(x)0(»)d(2)1,

1Az = jwQAz = jowU

Elementary magnetic dipole
J =1 Az5(F)i=1 Az5(x)0(»)S(2)i.

[ Az = joU
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Elementary electrical and magnetic dipoles

Elementary electrical dipole

J=1Az5(F)i,

J = 1Az 5(F)i,
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Elementary magnetic dipole

J =1 AzS(F)i
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Duality Theorem

Jp Jn=—CJ p,=—¢p

s \ K J P [Souroe}

J P (Sources)

| |

A | @ (Potentials)

E H (Fields)

g

\ E"H {Fleldy
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Elementary electrical and magnetic dipoles

Ampere equivalence theorem

By applying the Duality theorem it turns out that the small loop antenna is equivalent
to an elementary magnetic dipole, provided that:

U =ulAS
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Elementary electrical and magnetic dipoles

Elementary electrical dipole

J=1Az5(F)i,

J = 1Az 5(F)i,

- Why are we interested in such a radiating
element?

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

How can we physically approximate an

elementary electrical dipole?
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Elementary magnetic dipole

J =1 AzS(F)i

- Why are we interested in such a radiating
element?

* Why is such a radiating element referred to as
elementary magnetic dipole?

How can we physically approximate an
elementary magnetic dipole?
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