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Small loop antenna

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

.

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

~ y 1 AzjﬂIﬂAS e [1+_L] sin 4 ;';,
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)
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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
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Small loop antenna: far field

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

s

R

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

H(r)=Hg(r,9)ig Hg =~
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cpAsI .
A

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 ¢

¢H=i xE
- —12 A — 12 A
S-_L|& irzi\H i
26 2
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Small loop antenna: power flux

L _asGR[1 1 »
H, = e jﬂr+[jﬂr]2]cosﬂexp( jpr)

14S (jB)* 1 1 : .
‘Hg = - Jlf Ijﬁr+[jﬂr]2Js1n,96Xp(—],Br)

p S48 GB)’
? 4 r

JBr

L] sin $exp(—jpr)
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Small loop antenna: power flux

I—Ir:IAS UB)” .1 + ! 2]cos,96xp(—j,3r) P=H+jb,
2z |\ JPr [jpr] ) s )
T 2
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Small loop antenna: power flux

- . 5 .
H, _ 448 UE) _1 + 1 2]cosgexp(—j,8r) P=Hh+jh
2z |\ JPr [jpr] ) 5 )
T 2
. 2 P=——"¢C—||I
<H9:IAS (P 1+ .1 + 1 2]Sinélexp(jﬂr) "2 3 g( j ‘ ‘
4 r jpr [j,Bl” ,
; 127 _( pAS 1 2
CIAS (jB)° 1) . P, =— I
E(DZ_ e Jr [l—kﬁjsmge){p(—]ﬂr) 2 2 3 é/( /1 j (ﬂ]")3‘ ‘

* 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=Rjp N\ [ P-Rresm R

l2_7z e 12z (BASY | o

g( j\l\ 3_534{ A jM

127 (A} 1 )
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Small loop antenna

WHY? |
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Small loop antenna

Elementary electrical dipole Small loop antenna

J=1Az5(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 =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=16(z)0(r—a)i,
JAN 1 1
1Az ] 1 . Hr:—jﬂ[—+ ]cos&exp(—jﬂr)
o e % i
, a8 . (jp 1 1 . .
Az 1 : , 4H3=—],B[—+—+—Jsm.9exp(—]ﬂr)
Eg—gﬂ(7+r—2+jﬂr3JSIHI93XP(—JﬂV) 47 roorjpe
1Az ( 1

_IAs (B 1) »
sin $exp(—j fr) e 'B( - +r2j5m196XP( Jpr)
r r

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

Elementary electrical dipole

J=1Az5(F)i.

for r>> A
E= Jo L exp(=jpr) Azsin 3 ig
24 r
(H=i xE

J =14z 5(F)i,
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Small loop antenna

J=15(z)6(r—a)i,

for r>> A
E = ;ﬂAS] eXp(—],Br) Siﬂlg f¢
2A r
(H=i xE
a <& A : g

s

Iy
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Elementary electrical dipole vs. small loop antenna

P:%ﬁ')[ExH*]-frdS

S

Elementary electrical dipole Small loop antenna

: N

P=R+jh P=R+jP
2
12_”;( j 1P H:%??(ﬁﬂ i
12z (A2 1 2
2 = 235(/1)@?)3\1\ Pz:%%zg(msj 13‘]‘2
\_ / )
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Small loop antenna

WHY? |
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Magnetic Sources

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

VXE=—jouH-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=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?

Let's simplify the question. What is the (VxE=—jouH—-J
relation between sources and fields in this m
case? VxH = jocE
%
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 (VxE=—jouH—-J
relation between sources and fields in this "
case? VxH = jocE
3
V-¢E=0
4 J,,,,om(Sources\) / I (Sourcg V- /JH = Pm
} ' ‘
Al @otentae In principle, we could
1 replace the same approach
E H (Fields) as that exploited for the
\_ ) 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 .
case? VxH = josE
%
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 (VxE=—jouH—-J
relation between sources and fields in this .
case? VxH = josE
%
V.-cE=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’:—ZE
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Duality Theorem

In==6d pn==¢cp

| —)p —

EaH E,:é/H ,H,:——E

/ \ / J P (Source}

J P (Sources)

| |

A | © (Potentials)

E H (Fields)

./

K EH (Fieldy

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC Corso di Campi Elettromagnetici 25 Maggio 2020




Elementary electrical and magnetic dipoles

Elementary electrical dipole

J=1Az5(F)i, = 1Az 5(x)0(»)d(2)i,

1Az = jwQAz = jowU

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

[ Az = joU
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Elementary electrical and magnetic dipoles

Elementary electrical dipole

J=1Az5(F)i.

J =14z 6(F)i,
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Elementary magnetic dipole

J =1 AzS(F)i

J=1Az5()i,
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Duality Theorem

J p Jon=—CJ pn=—Cp

K \ / J P (Source}

J P (Sources)

| |

A | © (Potentials)

E H (Fields)

-/

K EH (Fieldy
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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=IAz5(r)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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Outline

e Radiation problem for extended
antennas

* Field regions
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Extended antennas

1 J

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

H-VvxA and E=—joA+Y "
4 joeu

l 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
a
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Extended antennas
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Extended antennas

—j BlF-F| 1\ 2
‘l’—l‘ ‘ =r—-r 0087/+

Sin” y 4+
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Extended antennas

o 2
. JBjF—r| , (I"')
=r—r CoSy+

dr’ ‘f—f’ Sin2y+....
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Extended antennas

o 2
. JBjF—r| , (I"')
=r—r CoSy+

dr’ ‘f—f’ Sin2y+....
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Extended antennas

r H 2! e_Jﬂ|r_r' =/ = =y ’ (7"')2 . 2
A(r)z—jJ(r )‘—dr ‘l’—l' =r—r CoSy+ 2, sIn” y 4.
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Extended antennas

—j BlF-¥ \2
=r—r'cosy+ (r )

dr’ ‘f—f’ Sin2y+....
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Extended antennas

—j BlF-¥ \2
=r—r'cosy+ (r )

dr’ ‘f—f’ Sin2y+....
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Extended antennas

—j,B|F—F'| 2
A(F)zﬁjJ(F’)e‘F_F dv’ ‘F—f':r—r><7+(z>x<--..

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

—j ¥ _ipr —Jjpr
e‘f _ L& ‘ A(F)~ = ¢ [3(¥)ar

Q

4 A r
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Extended antennas

o 2
. JBjF—r| , (I"’)
=r—r CoSy+

dr’ ‘f—f’ Sin2y+....
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Extended antennas

r - 3! e_Jﬂ|r_r| =/ = = ' (7"’)2 - 2
A(r)z—jJ(r)‘—dr ‘ —l"=l’—r Ccosy + 2, sIn” y 4.
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Extended antennas

—j BlF-¥ \2
=r—r'cosy+ (r )

dr’ ‘f—f’ Sin2y+....

\
\ \
\ .
\

* r'cosy =r'-i,
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Extended antennas

—j BlF-¥ \2
=r—r'cosy+ (r )

dr’ ‘f—f’ Sin2y+....

\
\ \
\ .
\

* r'cosy =r'-i,
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Extended antennas

A(r)= £ r’ e_J'B|f_F| r = = —=r 2 (7")2 . 2
(r)——jJ(r) dr ‘r—r =r—r-i + SIN™ y 4+

r

2r

\
\ \
\ .
\

* r'cosy =r'-i,
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Extended antennas

A(r)= £ r’ e_J'B|r_r| r = = —=r 2 (7")2 . 2
(l’)——J-J(l’) dr ‘r—r =r—r-i + > SIN™ y 4+

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

—jpr

e—fﬂli’-i’l N o /P ejﬂf’-fr - A (f) N U e j J (iz,)ejﬂi-".fr Jt
‘* r 4 r

l

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—fﬂli’-i’l N o /P ejﬂf’-fr - A (f) N U e j J (iz,)ejﬂi-".fr Jt
‘* r 4 r

l

r
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Extended antennas

r>>pD

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

—jpr

e—fﬂli’-i’l N o /P ejﬂf’-fr - A (f) N U e j J (iz,)ejﬂi-".fr Jt
‘* r 4 r

l

r
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Extended antennas

r>>pD

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

—jpr

e—fﬂli’-i'l N o /P ejﬂf’-fr - A (f) N U e j J (i:,)ejﬂi-".fr Jt
‘* r 4 r

l

r
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Extended antennas

r>>pD

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

—jpr

e—fﬂli’-i'l N o /P ejﬂf’-fr - A (f) N U e j J (iz,)ejﬂi-”.fr Jt
‘* r 4 r

l
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Extended antennas

r>>pD
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Fraunhofer region

Fraunhofer region
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Radiation problem for extended antennas

1 J(r)

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

—jk‘r—r"
A :i J ! e d !
l (r) 4ﬂj (f)‘r_r,‘ r
H-lVxA and E——joA+ YA
u josu
1 E(r)
H(r)
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Radiation problem for extended antennas

1 J(r)

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

—jpr A
lA(r) S 3(#) e dF

A r

H :nd E=—ja)A+

—jBi x A H(r) -f A,
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Fraunhofer region

r>>pD

2D°

r>>A

Fraunhofer region




r>>D

2D°

F>>A

Fraunhofer region

E(F)-

=l
~

CH(F) =i, xE(

Fraunhofer region




Fraunhofer region

‘ —Jpr n _ = LY. 7=
r>>DpD E(f):E(r,9,¢):—]:;;Ller |:M(.9,¢)—Mr(19,¢)lr:| M(19,¢)—IJ(F)QJ d
2D’ P
r>— CH(T)=1. xE(F)
A
r>>A4
/ ® 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 ¢ /
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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

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC Corso di Campi Elettromagnetici 25 Maggio 2020



Fraunhofer region

: —jpr =1\ _JPYi 320
r>>D E(f)=E(r,,9,(0):—jj7)’ruer [M(3.0)-M, (4,0)i | M(8,p)=[J(F)e" d¥
2
1¢>%§L CH(F) =1, xE(F)

r>>A // \\

® the e.m. field propagates along i,

e 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 ¢ /
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The radiation condition

J —JjBr =\ B gt
P B E(ae) L M) m (90)] MO
2
r>2i CH(F) =1, xE(F)

1} as v —> o

Fraunhofer region
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