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Radiation problem
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An antenna (or aerial) is an
electrical device which
converts electric power into
radio waves, and vice versa.
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Potentials
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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,

lJ

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

—jkrA
lA—iIAze ;

z

A r
H-lvxA and E——joa+YY A
H Josu
1 .
H

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC Corso di Campi Elettromagnetici 24 Maggio 2021



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)
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H,= 47[( » +r2jsingexp(—jﬂr)
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Because of the problem symmetry there is no dependence on the azimuth angle ¢.
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Elementary electrical dipole: far field
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In the far-field case (r>>A) the elementary electrical dipole behaves as follows

Eg = jé’gsingexp(—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 ¢

(H=i xE
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Elementary electrical dipole: power flux

f 421 1 | |
E =0 o r2+j F3Jcosl96xp(—]ﬁr) P=P + jP,
: 127
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* 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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Small loop antenna

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

1J

V’A+k'A=—ud  Vector Helmholtz equation
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Small loop antenna

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

g 145 GA”| 1

J cos Fexp(—jLr)
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Because of the problem symmetry there is no dependence on the azimuth angle ¢.
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—

E(¥)=E,(r.9)

Small loop antenna: far field

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

Ly
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E, = o sin$exp(—jpr)
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Hg=- sin Jexp(— =—=
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® 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 ¢
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Small loop antenna: power flux

. e '
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* 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
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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 5(F)i,
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Small loop antenna

Elementary electrical dipole

J=1Az5(F)i,

J =14z 5(F)i,
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Elementary electrical dipole vs. small loop antenna

Elementary electrical dipole Small loop antenna
J=1Az5(F)i, J=15(z)8(r—a)i,

s jﬁlr3 JCOSQGXP I e %jﬂ[%ﬁ jﬂlﬁ Jcosgexp(_jﬂr)

Eg =C%Z %+ri2+jﬁ%]sin9exp(—jﬂr) o :%jﬂt%f%ﬁjﬂlr3]5in’96"p(_jﬁr)

H, = %{% N rizj sin Sexp(—j fr) By==S i iP ( s ,,szsm Sexp(=jfr)

J =14z 5(F)i,
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Elementary electrical dipole vs. small loop antenna

Elementary electrical dipole Small loop antenna
J=1Az5(F)i, J=15(z)8(r—a)i,
forr>>A for r>>\
i —7 A AST exp(—7 . A
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24 r 24 r
(H=i xE (H=i xE
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J = IAz 5(F)i,
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Elementary electrical dipole vs. small loop antenna

P:%C‘ﬁ)[ExH*]frdS
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Elementary electrical dipole Small loop antenna
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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 (VXxE=—jouH—-J
relation between sources and fields in this "
case? VxH = jowcE
<
V-¢E=0
/ Jmpm(Source) / J P (Source} kv 'ILIH — pm
| |
A] @ Gotonias In principle, we could
l replace the same approach
E H (Fields) as that exploited for the
\_ J 1 electric sources

K EYH (Fieldy
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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

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC Corso di Campi Elettromagnetici 24 Maggio 2021



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 Jn==6J p,=-¢p
| b
E,H E’IgH ,H’Z—ZE
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Duality Theorem

Jm=—§JI pm=—§p‘

| ) !

E.H E'=¢H ,H':‘lil
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A | © (Potentials)
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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 Elementary magnetic dipole
J =14z 5(F)i. J =1 Az5(F)i,

J=IAz 5(F)i,
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Duality Theorem

Jp Jon=—CJ p,=—¢p

[ \ / J P (Source}

J P (Sources)

| !

A | © (Potentials)

E H (Fields)
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k EYH (Fieldy

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC Corso di Campi Elettromagnetici 24 Maggio 2021



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=TAz5(¥)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

J =1z 5(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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Small loop antenna

WHY?
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Outline

e Radiation problem for extended
antennas

* Field regions
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Extended antennas

1 Jr)

V’A+kK'A=—ud  Vector Helmholtz equation

H-'VxA and E——joA+YY 2
p jooes

1 E(r)

H(r)

Is it possible to simplify the expressions of the fields, possibly via
proper approximation of the vector potential A?
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Extended antennas

b C c=\/a2+b2—2abcosy
Y
d
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Extended antennas
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Extended antennas

_jﬂ|F—F'| (I"')z
dr' ‘f—?’zr—r'cosy+

sin” y 4+

2r
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Extended antennas

_jﬂ|F—F'| (I"')z
dr' ‘f—?’zr—r’cosy+

sin” y 4+

2r
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Extended antennas

_jﬂ|F—F'| (I"')z
dr' ‘f—?’zr—r’cosy+

sin” y 4+

2r

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC Corso di Campi Elettromagnetici 24 Maggio 2021



Extended antennas

— —/

r—r

=r—r'cosy+
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Extended antennas

—j BT (,/)2
dr’ ‘f—?’zr—r’cos7+

sin” y 4+

2r
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Extended antennas

—j BT (,/)2
dr’ ‘f—?’zr—r’cos7+

sin” y 4+

2r
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Extended antennas

—jﬂ|¥—i~"| 2
A(F)zﬁjJ(F')TF_F d¥’ ‘f—i’:r—r%}/+(z>l<--..

When the antennas are small with respect to the wavelength and to the distance
from the observation point

—j Bl _ipr —Jjpr
¢ ¢ ) AR~ ¢ [a(F)ar
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Extended antennas

—j BT (,/)2
dr’ ‘f—?’zr—r’cos7+

sin” y 4+

2r
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Extended antennas

.\ M e A L, , (r’)2 ,2
A(r)z—jJ(r )‘—dr ‘r—r =r—r'cosy+ > Sin? y ++-+-

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC Corso di Campi Elettromagnetici 24 Maggio 2021



Extended antennas

—j BT (,/)2
dr’ ‘f—?’zr—r’cos7+

sin” y 4+

2r
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Extended antennas

—j BT (,/)2
dr’ ‘f—?’zr—r’cos7+

sin” y 4+

2r
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