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Summary of the past lecture
Radiation problem
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Summary of the past lecture
Elementary electrical dipole

J=1Az5(F)i, =142 5(x)5(y)d(2)1.

P

* Why are we interested in such a
radiating element?

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

J=1Az56(r)i * How can we physically approximate

an elementary electrical dipole?
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Summary of the past lecture
Elementary electrical dipole
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Summary of the past lecture
Elementary electrical dipole
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Summary of the past lecture
Elementary electrical dipole
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. for r>>) simplifies as
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Summary of the past lecture
Elementary electrical dipole

J =14z 5(r)i,

In the far-field case (r>>)\)

-

Eg = j¢ 2 sin Sexp(—jpr)
2Ar

1Az E
H =i—"Zsin%exp(—jfr)=—-2
0 =I5 p(—jpr) -

4 N

® 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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Summary of the past lecture
Elementary electrical dipole

In the far-field case (r>>)\)
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E=E A
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and the Poynting vector:
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Summary of the past lecture
Elementary electrical dipole
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Small loop antenna

£ >
™~

a << A

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

Electrically small antennas are those whose overall length

(circumference) is usually less than about one-tenth of a wavelength (C <
A/10).
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Small loop antenna

J=15(z)5(r - a)i,
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Small loop antenna

J=15(z)5(r - a)i,

I I = R S
A(r)_EIJ )‘f_? dr :Ejdgol‘F_F,‘azw

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

J=16(z)o(r-a)i,
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Small loop antenna

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

IAS(jf 1] ,
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Because of the problem symmetry there is no dependence on the azimuth angle ¢.
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Small loop antenna

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

In the far-field case (r>>)\)
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Small loop antenna

In the far-field case (r>>)\)

o _SPAST
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BASI -E,
Hq=- sin Jex P =—2
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sindexp(—jpr)

a : N

® 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

In the far-field case (r>>A), we have

e
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and the Poynting vector is:
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Small loop antenna

 Similarly to the elementary electrical dipole, to
further characterize the small loop anntenna
behavior one can evaluate the Poynting vector and
the associated power over a sphere centered in the

origin:
2 Vg
PZ%@[EXH*]'Z’;CZS =—%J.d(pj.d19rzsin19E¢H;
q 0 0

)  dS=r’sin $d9dyp
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Small loop antenna
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Elementary electrical dipole vs.
Small loop antenna

Elementary electrical dipole Small loop antenna
4 P=R+jh e P=PR+ /P, I
127 (AzY 127 _(pASY |
P=="ZcZ2| 1 ==
1234@%‘ 3234(/1)\1\
127 (4z) 1 | 2
P =—— I 127 (pASY 1
i 23g(zj(m)3H szf((ﬂlj |1
\_ VAN (pry )

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC — Corso di Campi Elettromagnetici — 17 maggio 2019



Small loop antenna

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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Small loop antenna

WHY?
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Elementary electrical dipole vs.
Small loop antenna

Elementary electrical dipole Small loop antenna

J=14z5(F)i. J=15(z)8(r—a)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=IAz5(F)i,

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC — Corso di Campi Elettromagnetici — 17 maggio 2019



Elementary electrical dipole vs.
Small loop antenna

Elementary electrical dipole Small loop antenna
J=14z5(F)i. J=15(z)8(r—a)i,

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

Elementary electrical dipole Small loop antenna
J=14z6(F)L, J=15(z)6(r—a)i,
14z(1 1 , _148(jB Lj _
8 24/2—7: r—2+jﬂr3Jcos96xp(—]ﬂr) H, Py (rz +r3 cos dexp(—jfr)
: _IAS( (B B ). .
El9=é’£ £+L2+ 1 Jsinﬂexp(jﬂr) HS—EL ; +r—2+r—3]sm3€xp(—]ﬂr)
4z r B3
; SI1AS( (G | JB .. .
H :%(]—+Ljsin96xp(—jﬁr) Ep=- ppe ( P +—2JSIII196Xp(—]ﬂI”)
e 4 r rz i
i o< XA K "

">

Io

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

Elementary electrical dipole Small loop antenna
J=14z5(F)i. J=15(z)8(r—a)i,
for r>> A\ for r>> A\
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Elementary electrical dipole vs.
Small loop antenna
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Small loop antenna

WHY?
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Magnetic Sources
James Clerk Maxwell 1831-1879

(VxE =—jouH
VxH = jocE+J
V-cE=p
V-uH=0
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Magnetic Sources
James Clerk Maxwell 1831-1879

VxE=—joul-J_
VxH = jocE+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=—jouH—-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 (VxE=—jouH-J
relation between sources and fields in this T
case? VxH=josE
]
V-¢E=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 (VxE=—jouH-J
relation between sources and fields in this . "
case? VxH=josE
3
V.-¢E=0
/ Jmpm(Sourcg / Jo P (Sources} V . ILlH — pm
| 1 ‘
Al @otentiaty In principle, we could
1 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 (VxE=—jouH-J
relation between sources and fields in this T
case? VxH=josE
]
V-¢E=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 (VxE=—jouH-J
relation between sources and fields in this T
case? VxH=josE
]
V-¢E=0
V-uH=p_

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

J p Jo==¢J p,=—¢p
| ) b
E.H E'=CH ,H’=—EE
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Duality Theorem

Jp Jn==¢J pn=—Cp

| — b

E,H E'=¢H ,H’:—EE

e oL N | !
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p: _lp 1 AJ @ (Potentials) . 1
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Elementary electrical and magnetic dipoles

4 Elementary electrical dipole D
J=1Az5(F)i, = Az 5(x)8(y)d(2)1i.

[Az = jwQAz = joU
" )

/

4 Elementary magnetic dipole

J =1 Az8(F)i=1 Az5(x)5(»)5(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=IAz5(F)i, 3= 1Az 5(v)i,
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Duality Theorem

Jp Jn==¢J pn=—Cp

| — b

E,H E'=¢H ,H’:—EE

e oL N | !
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p: _lp 1 AJ @ (Potentials) . 1
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Elementary electrical and magnetic dipoles

Ampere equivalence theorem

By invoking the Duality
theorem it is possible to
demonstrate that the small
loop antenna is equivalent
to an elementary magnetic 1_
dipole, provided that: ooyl e 6%

U =ulAS
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Elementary electrical and magnetic dipoles

Elementary electrical dipole

J=14z5(F)i.

J =14z 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?

Elementary magnetic dipole

J =1 AzS(F)i.

3=z 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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