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Elementary electrical dipole

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

J=1Az5(F)i, = 1Az 5(x)0(»)d(2)1,

- 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

J=IAz 5(F)i, an elementary electrical dipole?
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Elementary electrical dipole: far field

The E.M. field radiated by the elementary electrical dipole
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Elementary electrical dipole: far field

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

—

E(F) =Ey(r.9)ig

ﬁ(f) =H, (rv'g){¢

!:;0
9 ’—'r’: I}.
J =14z 5(v)i, \,,’:' iiﬁg
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r

Eg = j(ﬁsinl%xp(—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
- — 12 A~ — 12 A
S-_L|& irzi\H i
26 2
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Elementary electrical dipole: power flux
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Elementary electrical dipole: power flux

f Az( 11
E =¢ s >+ T [cosdexp(—jfr)
22 \? jpr
A 1 1 :
§ Eg = e >+ T [sindexp(—jfr)
4z re jpr
1Az 1
H, =—- — [sin Yexp(—jfr
0= 2, rzj p(—jpr)
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Elementary electrical dipole: power flux

E,,=§IAZ 12+ 13 cos dexp(—jpr)
27 \ r jpr

1 1 : ‘ : ‘
— . 2 + jﬂr3 Jsm& xp(—jpr)
iz) in slsxp(—j/m
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Elementary electrical dipole: power flux

IAz| 1 1
E =¢ s >+ T [cosdexp(—jfr)
27\ r jpr
A 1 1 :
§ Eg = e >+ T [sindexp(—jfr)
4z re jpr
1Az 1
H, =—- — [sin Yexp(—jfr
0= 2, rzj p(—jpr)
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Elementary electrical dipole: power flux

f 4z(1 1
E = + cosdexp(—jfBr
P =6 o (rz jﬂr_,,J p(—jpr)
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Elementary electrical dipole: power flux

' A
E =¢ s 12 + 1 T [cosdexp(—jfr)
27 \ r jpr
A :
§ Eg = e L2+le1n,9exp(—j,Br)
4r r
A :
H,= et sin $exp(—jfr)
47

P=R+jP,
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Elementary electrical dipole: power flux

1Az | 1 1
E =7 z >+ 3jcos&exp(—j,ﬁ’r)
27 \ r jpr
Az | j 1 1 :
s Eqg=¢ s ]'B+ >+ 3 sin $exp(—jpr)
47 r 7 ] 7
A
H, = Z(]’B jsm&exp( jpr)
472' r r

P=P1+J'Pz

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

* 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

8>
~

o <€ A

A simple and inexpensive antenna type is
the loop antenna

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC Corso di Campi Elettromagnetici 22 Maggio 2020



Small loop antenna

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

lJ

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

——jk‘l‘ r‘

. y lA(r) & jJ(r) ‘r ri

H-lvxA and E——joA+YY A
H joeu
l E(r)
" x H(r)
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Small loop antenna

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

.

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

~ y 1 AzjﬁI'UAS e [14-;] sin 4 fw
47 r jpr
H:leA and E:—ja)A+V_V.A
H Joeu
.. by assuming that the current /in 1
X  the small loop is constant and that EYH

the radius of the loop a<<A
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Small loop antenna

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

. 22

. R . Hr=IAS(]'B) _1 + 1 2]cos$exp(—j,8r)
H(F)=H, (r,9)i, + Hg(r,9)ig 2\ JPr ]
_ . 14S (jB) 1 1. ;

) — ; X = 1 4 -
E(F)=E, (n9)i, e e W

_ S1AS A (L 1) »
By = e . (1+jﬂrjsm,96xp( jpr)

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)i,

\

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

<H19

E

5 148 GB)*| 1

+[ ﬁl ]2}cosgexp(—j,8r)
jpr

<
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Small loop antenna: far field

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

-

R

E(f)=E,(r,9)i, E,=

H(r)=Hg(r,9)ig Hg =~
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Cﬂﬂsl

sin$exp(—jpr)

—£,

sm gexp(—jpr)=——

4

® 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 22 Maggio 2020



Small loop antenna: far field

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

_ ] f As]
E(f)=E, (r9)i, B, == sin Sexp(- )

® 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

. Gpasl
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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:@xE
s=L[E[7 =%
2¢
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