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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 vs. small loop antenna

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

s jﬁlr3 JCOSSGXPU o) e %jﬂ[%ﬁ jﬂlr3 Jcos'gexp(_jﬂr)

Eg =C%Z %+%+ﬁ}singexp(—jﬂr) o :%jﬂt%f%ﬁjﬂlr3]5in’9€"p(_jﬁr)

H, = %{% N rizj sin Sexp(—j fr) By==S i iP ( s ,,sz sin Jexp(~/5r)

J = 1Az 5(¥)i,
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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 =1z 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)

-~

k EYH (Fieldy
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Extended antennas

1 J(r)

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

—j BT (r')2
dr’ ‘F—F':I"—I"’COS]/-F

Sin” y + -+

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

—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

\F—F’ 7 A 7

TV NMIIAAaccin N FParna’ -
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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 ++-+-
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Extended antennas

—j BT ( ,/)2
dr’ F—F|=r--r'cosy -+

sin” y 4+

2r
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Extended antennas

—j BT ( ,/)2
dr’ F—F|=r--r'cosy -+

sin” y 4+

2r
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Extended antennas

—

— i & ’.,.\
=r--Y -i_+

(ff
_\_Sinz _|_
2r 4
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Extended antennas

A(r)= £ r’ e_Jﬂ|r_r| r = = =y 2 (r’)2 . 2
(r)———jJOO dr h—r =r—r-i + 2rsm7/+--~-

For all the antennas, if the distance from the observation point is sufficiently large

—jpr

e—jﬂlf—f’l e—jﬂrejﬁf'-i, - A (F)z L e j J (F,)ejﬂ;:r.gr Jt
‘f_F A r
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Extended antennas
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Extended antennas
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Extended antennas
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Extended antennas
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Extended antennas

For all the antennas, if the distance from the observation point is sufficiently large

—jpr

e—jﬂlf—f’l o IPr ejﬁf’-i, - A (F)z L e j J (F,)ejﬂ;:r.gr Jt
‘f_f’ A r
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Extended antennas

r>>0D

For all the antennas, if the distance from the observation point is sufficiently large

e—jﬂIF—F’I e—jﬂrejﬂf'.i, - A(F)z L o IPr J,J(F,)ejﬂfr.,; Jt
F—F r 4 r

U

.......
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Extended antennas

r>>0D

For all the antennas, if the distance from the observation point is sufficiently large

e—jﬂIF—F’I e—jﬂrejﬂf'.i, - A(F)z L o IPr J,J(F,)ejﬂfr.,; Jt
F—F r 4 r

U

.......

Campi Elettromagnetici 27 Maggio 2021



Extended antennas

r>>PpD
—

For all the antennas, if the distance from the observation point is sufficiently large

—jpr

e—fﬂlf-f’l e—jﬂrejﬁf'-i, - A (F)z L e j J (F,)ejﬂ;:r.gr Jt
‘* r 47 r
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Extended antennas

r>>PpD
—
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Fraunhofer region

r>>PpD
—

Fraunhofer region
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Radiation problem for extended antennas

l J(r)

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

—]k‘r r‘

H:nd E:—ja)A+

/ 1 E(r)

—jBi xA H(r) -f A,
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e P

r>>D JaE)e ae =M(s.0) b A(F)~LEM(5.0)
T

r

VV-A(F)~-p 4,(F)i

VxA(F)z—jﬂixA(F)
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e P

r>>D JaE)e ae =M(s.0) b A(F)~LEM(5.0)
T

r

VV-A(F)~-p 4,(F)i

VxA(F)z—jﬂfrxA(i")
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e P

r>>D JaE)e ae =M(s.0) b A(F)~LEM(5.0)
T

r

VV-A(F)~-p 4,(F)i

VxA(F)z—jﬂfrxA(i")
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e P

r>>D IJ(f')efﬁ'-idf':M(3,¢) —) A(i")z% M(3,9)
T

r

gH(F) Zi\ XE(F) r>>A VV'A(F)z_ﬁZAv(F)’i

VXA ()-8 A(F)
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Fraunhofer region

J‘J(i;;)ejﬂf’-frdf':M(lg,gp) - A(f)"' £c M(Q,q))

F)~—f" 4.(F),

r»’l ‘ {VV-A(

Fraunhofer region 1

—Jjpr

e

. c —jpr A
M (6.0) S, (210)i | =22 v (9,) 1, (9,0)1

v 4 r



r>>0D

2D°

r>> A

Fraunhofer region

E(r)=

CH(F) =i, xE(

at
~

Fraunhofer region

j J(¥)e”™ d¥' = M(4,0)




Fraunhofer region

g —Jjpr n _ = ejﬁf’-fr =
r>>D E(f):E(r,S,go):—]:j’[uer [M(8.0)-M, (4,0)i ] M(8,p)=[I(F)e" dF
2
r>2i CH(F) =1, xE(F)
A
r>>A

~

® the e.m. field propagates along ;i

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

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

\\ ® |E| and |H| are proportional through ¢ j
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Field regions

Far-field (Fraunhofer) region is defined as “that region of the field of an antenna
where the angular field distribution is essentially independent of the distance from
the antenna. If the antenna has a maximum overall dimension D (D>A), the far-field
region is commonly taken to exist at distances greater than 2D?/A from the antenna,
A being the wavelength”.

In this region, the field components are essentially transverse
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Fraunhofer region

g —Jjpr n _ = ej/?f”'-fr =
r>>D E(f):E(r,S,go):—J:j’[uer [M(8.0)-M, (4,0)i ] M(8,p)=[I(F)e" dF
2
r>2% CH(F) =1, xE(F)

~

® the e.m. field propagates along i

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

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

\\ ® |E| and |H| are proportional through ¢ J
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The radiation condition

g —Jjpr n _ =1\ _Jpri. =0

r>>PpD E(f):E(r,,Q,(p) _]Asz,fler [M(zg,(ﬂ)—Mr(g,(D)lr] M(9,¢)—IJ(r)e dr
2D* N
r>"— CH(F) =1, xE(F)

r>>A // \\

E-0| -
r
1 as v —» o
H~O| -
r
Fraunhofer region X 1
{H—ier~0(—j
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Fraunhofer region

r>>D . _ joue” ~1 | joue A .
2 E(F)= E(r.8.0)=="=——|M(8,0)-M, (8,0)i, |- - My (8.0l + M, (9.0)1,
2D s _
r>T ‘4’H(r)=i,,><E(r)
M(9,0)=[I(¥)e " d¥
r>> A (8.0)=[I(F)e" d¥

Fraunhofer region
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Fraunhofer region

r>>D . _ Jjoue” ~1 joue” A .
: E(F)=E(r,9,¢)=- ir 7 [M(9’¢)_Mr(99¢)lr]:_ P [M3(8,¢)19+M¢(19,(p)1¢]
2D N2 _
I/'>7 é’H(r):l,,XE(l‘)
M(8,p)=[J(F)e" " dF
r>>A / ® the e.m. field propagates along ;i \

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

Fraunhofer region
u gl ® |E| and |H| exhibit the decaying factor 1/r

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

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC Corso di Campi Elettromagnetici 27 Maggio 2021



Fraunhofer region
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Fresnel region

~ IL[ ~ e—jﬂ|F—F'| ~ X (}"’)2
A(r):EJ‘J(r') ‘i;_i:r dr' ‘i:—i:'=7"—i:"l.r+ 2, Sin27-><

Fresnel region
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Fraunhofer region

r>>D . _ joue” 1 joue” . .
. E(F)=E(n8.0) ==~ ——[M(8.0)-M.(9.0)i, |- LE [ a1, (3.0)i, +M,(8.0)i, ]
D N a o
r>7 CH(T) =i, xE(T)
S R g I8 M(9,¢)=J‘J(F')efﬂf"frdf'
r>>A S=Z‘E zr=5‘H P

Fraunhofer region
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Fraunhofer region

r>>D . _ Jjoue” - G o A A
2 E(F)=E(n8.0) ==~ ——[M(8.0)-M.(8.0)i | =--2—[ 11, (8,0)i, + M, (3.9)1, ]
2D 4 _
r>——  ¢H(F)=i xE(F)

M(8,p)=[J(F)e" dF

Fraunhofer region
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Fraunhofer region

r>>D . _ Jjoue” : JC eI A .
2 E(F)=E(r89)=—7"— [M(S,qo)—Mr(S,(p)zr]:_g - | My (8.0)i,+M,(3.0)i,
2D N\ )
r>——  CH()=ixE(F)
_ L2, a2 M(9,0)=[J(F)e " dF’
r>> A S:%‘Ezl}zg‘Hzl‘r ( (0) _[ (l‘)e r

Fraunhofer region
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Fraunhofer region

r>>D . _ Jjoue” 21l e A A
2 E(F)=E(r.8.p) == === M(%.0)-M,(9.0)i | = L2E—[-m,(8.0)i,~M, (8.0)1, ]
2D L\ B,
]">7 ;H(r):l,,XE(l')
_ L2, Cimp2e M(4,0)=|I(¥)e” " dF’
r>> A S:%‘Ezl}zg‘Hzl} (%.9) j(r)e r

Fraunhofer region
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Fraunhofer region

. —jBr ) _ By _ r A
r>>D E(F)=E(r8.0)=—LZ L M(8,0)-M, (8,0)7 | = 46.¢ | Mo(8.0)1s M, (S:0)
5 47 r 214 7 ]
2D S
> 7 é'H(r) =1 xE(r) I is the phasor associated to the input current at the antenna input terminals
. 0. . M(4,0)=[J(F)e"d ¥
r>> A Szé‘Ezz}:%‘sz‘r ( (0) j (r)e r

Fraunhofer region
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Fraunhofer region

r>>D E(f):E(I”,g,(D): =]4ejﬂr[ _M9(9’¢)19_M¢(‘9’¢)l¢
. 24 7 1
2D A
> 7 é'H(r) =1l X E(r) I is the phasor associated to the input current at the antenna input terminals
B} 2. 0. M(4,0)=[I(F)e”"d ¥
r>> A SZLEzirzg‘Hzir ( (0) _[ ( )
28 2 p

[F—F

Fraunhofer region
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Fraunhofer region

r>>D - Jjol e’ M, (‘9’(0);9_M¢(‘9’¢)i¢ Jjél e
E(r)=E = = 1( 9,
(F)=E(rd0)=72— \ I 2 89
2D’ IO
> 7 {H(r) =1L X E(r) I is the phasor associated to the input current at the antenna input terminals
= 1 =2: Ci=2- M(9,¢)=J.J(F')ejﬂf"f’df’

r>>A S=Z‘E z,,=5\H P
~-M,(8,9)i,—M,(9,9)i . . . .

9 91 4 o _ 1(19’(0) =1, (9’¢)19 4 l¢ (19, (0)1(0 is said effective length of the antenna

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC Corso di Campi Elettromagnetici 27 Maggio 2021



Fraunhofer region

E(F)= E(r.0.0) = 1 (3.0) 1(8.0)=1,(9.0)i, +1,(8.0)1,
r
(H(r):f,,xE(f) gZL‘Ezfrzé‘ﬁzfr
2 2
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