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Outline

e Radiation problem for extended
antennas

* Field regions
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Extended antennas
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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
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Extended antennas
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When the antennas are small with respect to the wavelength and to the distance
from the observation point
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Extended antennas
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For all the antennas, if the distance from the observation point is sufficiently large
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Extended antennas
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For all the antennas, if the distance from the observation point is sufficiently large
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Extended antennas

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

~ ]G),Ll e—jﬂr

E(r)= [M(&,(p)—Mr(S,(o)fr]

dr r

CH(F) =i, xE(T)



Fraunhofer region
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® 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
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The radiation condition
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Fraunhofer region
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Fraunhofer region
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Fraunhofer region
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Fraunhofer region
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Fresnel region
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Fresnel region
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Fraunhofer region
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Fraunhofer region
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Fraunhofer region
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Fraunhofer region
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Fraunhofer region
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Fraunhofer region
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Fraunhofer region
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Fraunhofer region
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Antenna Parameters
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Introduction

* To describe the performance of an antenna, definitions of various
parameters are necessary.

« Some of the parameters are interrelated and not all of them need be
specified for complete description of the antenna performance.
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Antenna Parameters

Parameters of the Tx Antenna

Parameters of the Rx Antenna
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Parameters of the Tx Antenna

* Effective length
- Radiation pattern
- Radiation pattern lobes
- Beamwidth

* Directivity

* Gain

e Radiation Resistance

e Equivalent circuit of the tx
antenna

* Input Impedance and Input
Resistance
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Effective Length
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Effective Length
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Parameters of the Tx Antenna

* Effective length
- Radiation pattern
- Radiation pattern lobes
- Beamwidth

* Directivity

* Gain

* Radiation Resistance

e Equivalent circuit of the tx
antenna

* Input Impedance and Input
Resistance
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Radiation pattern
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An antenna radiation pattern or antenna pattern is defined as “a mathematical function or a graphical
representation of the radiation properties of the antenna as a function of space coordinates”.

In most cases, the radiation pattern is determined in the far- field region and is represented as a
function of the directional coordinates.

We can describe the angular behavior of the field radiated by the antenna by representing its effective
length.
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Radiation pattern

a. field pattern (in linear scale) typically represents a plot of the magnitude of the
electric or magnetic field as a function of the angular space.

b. power pattern (in linear scale) typically represents a plot of the square of the
magnitude of the electric or magnetic field as a function of the angular space.

c. power pattern (in dB) represents the magnitude of the electric or magnetic field, in
decibels, as a function of the angular space.

Often the field and power patterns are properly normalized, yielding normalized field
and power patterns
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Radiation pattern

an example: the electrical elementary dipole

1(4,9) = Azsin 3
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Radiation pattern

an example: the electrical elementary dipole

1(4,9) = Azsin 3

Vertical plane (¢=0)

electromagnetic dipole
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Radiation pattern

an example: the electrical elementary dipole

1(4,9) = Azsin 3

Vertical plane (¢=0)

electromagnetic dipole
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Radiation pattern

an example: the electrical elementary dipole

1(4,9) = Azsin 3

Vertical plane (¢=0)
electromagnetic dipole - polar representation
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Radiation pattern

an example: the electrical elementary dipole

1(4,9) = Azsin 3

Vertical plane (¢=0)
electromagnetic dipole - polar representation
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Radiation pattern

an example: the electrical elementary dipole

1(4,9) = Azsin 3

Vertical plane (¢=0)
electromagnetic dipole - polar representation  blue:field green: power density
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Radiation pattern

an example: the electrical elementary dipole

1(4,9) = Azsin 3

Vertical plane (¢=0)
electromagnetic dipole - polar representation in dB
90

180

270

Stefano Perna — Universi ymagnetici 31 Maggio 2022



Radiation pattern

an example: the electrical elementary dipole

1(4,9) = Azsin 3

Horizontal plane (6=r/2)

electromagnetic dipole - polar representation
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Parameters of the Tx Antenna

* Effective length
- Radiation pattern
- Radiation pattern lobes
- Beamwidth

* Directivity

* Gain

* Radiation Resistance

e Equivalent circuit of the tx
antenna

* Input Impedance and Input
Resistance
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Radiation pattern lobes

* |In some very specific directions there are zeros, or nulls, in the pattern indicating no radiation.

* The protuberances between the nulls are referred to as lobes, and the main, or major, lobe is in the
direction of maximum radiation.

* There are also side lobes and back lobes.

* A back lobe is “a radiation lobe whose axis >
makes an angle of approximately 180° with : main lobe
respect to the beam of an antenna.” Usually LR k
it refers to a minor lobe that occupies the =
hemisphere in a direction opposite to that of / h
the major (main) lobe. ek ok

* Side lobes and back lobes divert power
away from the main beam and are
desired as small as possible.
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