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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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Horn antenna Dipole antenna
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Microstrip antenna
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Radiation problem

 We approach the radiation problem of an antenna assuming that the sources are known and the
media in which propagation occurs is simple.

' Mathematically we exploit the potentials solution.

ano Perna - Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC Corso di Campi Elettromagnetici 20 Maggio 2



Radiation problem

 We approach the radiation problem of an antenna assuming that the sources are known and the
media in which propagation occurs is simple.

' Mathematically we exploit the potentials solution.

Phasor domain

Medium: linear, isotropic, V X E:_ijuH
homogeneous (time-invariant _
and space-invariant), non- J VxH=josE+J
dispersive in space and time V.-cE= D

V-uH =0
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Symbols and notations

: N

vectors

\ )

{E(f) E(r) E(r) Vector fields }

L #(r) ¢(r) Scalar fields }
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Radiation problem

 We approach the radiation problem of an antenna assuming that the sources are known and the
media in which propagation occurs is simple.
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Radiation problem & potentials

VxE=—jouH

VxH=jocE+J
V-eE=p
V-uH =0

-

J P (Sources)

}

-

1

E H (Fields)

/
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“mathematical tools that we will exploit today..

VxC=0 = 1o : C=Vo

V-C=0 = JA : C=VxA
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Radiation problem & potentials

[vxE=—jouH |
< VxH=jowcE+J
V.-¢E=p |V-C=O = JA : C=VxA |

jV-szO |

|ch=0 = 10 : C=Vo |
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Radiation problem & potentials

J P (Source}

[VxE=—jouH |
< VxH=jowcE+J
V-cE=p

jv-szo |

-

.

A | @ (Potentials)

E

H

(Fieldy
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Radiation problem & potentials

Jr (Sourceh

[VxE=—jouH |
< VxH=jowcE+J
V-cE=p

jv-szo |

-

A | @ (Potentials)

E'H (Fieldy
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Radiation problem & potentials

Jr (Soume}

r VxE=—jouH

< VxH=jowcE+J
V-cE=p

jV-szO |
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A | @ (Potentials)

.

EIH

(Fieldy

VA+EA=—1d+V(V-A+ jou

o s =k’

Vx(VxA)=VV-A-Y
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Radiation problem & potentials

-

|V>< E=—jouH \

VxH=jowcE+J

Jr (Soume}

A | @ (Potentials)

V-cE=p
V-uH =0

EIH

(Fieldy

VA+EA=—1d+V(V-A+ jou

VO + k20 =L — joo(V- A+ joue
&

o s =k’
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Radiation problem & potentials

-

|V>< E=—jouH \

VxH=jowcE+J
V-cE=p
V-uH =0

J P (SOUWQ

A | @ (Potentials)

VA+EA=—1d+V(V-A+ jou

VO + k20 =L — joo(V- A+ joue
&

o s =k’

E'H (Fieldy
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Potentials

J P

f J P (sou ,GQ
}

A | @ (Potentials)

\ EYH (Fieldy
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Potentials

. J P
K le (Sou rcg

A | @ (Potentials)

\ E"H (Fieldy
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Mathematical tools

C=C, (x,y,z)fx +Cy (x,y,z)fy +C, (x,y,z)z;

D = @(x,y,z)

2 2 2
vz@:v-(wb):a <2b+a fﬁ (f
o’ By &

V*C=V’C.i +V°C,i, +V’C. i
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Potentials

le (Sourcz%} J lp

V?A+ K A=—ud+V(V- A+ joe D)

Veo+i2o=-L —jo(V-A+ josu®)
£

ale

A 1 @ (Potentials)

!

2 PN
EVH  (Fieds) ) : : Vid +k'A, =
V' A+k"A=--- ‘ Vsz+k2Ay=

VA +k*A. =

V’C=V’C_i +V°C, i +V°C.i ) )
Y VO+ED=--
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Mathematical tools

C=C, (x,y,z)fx +Cy (x,y,z)fy +C, (x,y,z)z;
A=A, (x,,2)i + Ay (x,y,z)fy +A, (x.p.2)L,

D = QD(x,y,z)

) V.C=0 = JA : C=VxA

1)) VxC=0 = 1@ : C=VO
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Potentials & uniqueness

1) V-C=0 = A : C=VxA

Let us suppose that a vector A, exists such that VXA, =0

VX(A+AO) =VxA+VxA,=VxA
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Potentials & uniqueness

m  VxC=0 = 1@ : C=Vo

Let us suppose that a scalar @, exists such that V&, =0

V(@+D)=VO+VP =VP
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Potentials

Amongst the infinite couples of potentials, is it
possible to find a couple such that

/ J P (Sources} V-A+ja)g,u(D=O ?
}

J p

A 1 ® (Potentials) l

V’A+K A=—uJd+V(V - A+ josu®)

| V2D + k=L — jo(V- A+ wsud)
\ E'H ¢

9 (Fieldy
A 1@
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Potentials

V- A+ ja)gluq) =0 Lorentz gauge

/ J P (Sou rces}

| J P

ViA+ EA:—HJ+V(V>@)

Vo +kto=-L - ja)(VMM)
£
alo
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Potentials

J P

K J P (Sou rc-g

A | @ (Potentials)

\ EYH (Fieldy
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Potentials
V- A+ josud =0 J lp

2 2 c
Note that OnCN V'A+k"A=—ud  Vector Helmholtz equation
calculated by solving the g o,

(vector) Helmholtz A V2 — _ I~ Scalar Helmholtz equation
equation involving A and J, .
subsequent calculation of
@ can be straightforwardly A @
achieved by means of the
1 :
VA H=—VxA E=-jof -VO®
D=— 7

thus rendering unnecessary the V-A
solution of the (scalar) Helmholtz E H V
equation relevant to @

WE,
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Potentials

s v ) ]

A | @ (Potentials)

\ E"H (’Fieldy
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Potentials

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

.

(V2Ax +k*A =—-puJ

X

VA +kA =—pd

y

\VzAZ +k*A =—pJ.

ano Perna - Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC Corso di Campi Elettromagnetici 20 Maggio 2



Potentials

(VA +k*A =—uJ

2 2
VA +k"A, =—pJ,
VA +k*A =—pJ

A

.

Let us address the solution of the following scalar Helmholtz equation

VA +k*A =-uJ

X
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Potentials
VA +k°A =—uJ

X
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Potentials
VA +k°A =—uJ

X
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Potentials
VA +k°A =—uJ

X
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Potentials
VA +k°A =—uJ

X
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Reference systems: Cartesian

e

I

2
G

)=E, ()i, + E, (F)fy +E, (F),

r = (x,y,z)
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Reference systems: Spherical
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Potentials
VA +k°A =—uJ

X
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Potentials
VA +k°A =—uJ

X
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Potentials
VA +k°A =—uJ

X
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Potentials

— jkr — jk[F
5(F) -t Le
4 r 4r |r
— jk|E-F|
S(r-r'") > - ! eﬁ —
4z|r—r1
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Potentials
VA +k°A =—uJ

X

—Jk|r r|

A, (F)=[-pt (F)g(F-F)dF jJ ‘r 7 dF
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