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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

r>>D
: —jBr . B B
2 D2 E(F):E(F,g,w)zfzi]e J 1(19,(0) l(g,go)—lg(zg,(p)lg+l(p(n9,(0)l¢
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1(9,0) =1, (19,(0)29 +1, (19,(0)12 effective length of the antenna
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Effective Length

r>>D

. e’
D> E(r):E(r,zS*,go):];’:1 er 1(9,0)
r >
A CH(F) =], xE(F)
r>>A
; —Jjpr
E(F)zjg]e Az sin 91,
Elementary electrical dipole 24 r

Small loop antenna
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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

r>>D
: —jBr . 2 2
2 D2 E(f)=E(7‘,z9,(0)=]zile J 1(19,(0) l(g,(ﬁ)—lg(g,@)l'g+l¢(19,(0)l¢
r>— 2
A CH(F) =i, xE(F) = L] =Sl
r>>A

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

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

90
1

180

270
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Radiation pattern

an example: the electrical elementary dipole

1(4,9) = Azsin 3

Horizontal plane (6=n/2)

electromagnetic dipole - polar representation

a0

1

270
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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
respect to the beam of an antenna.” Usually
it refers to a minor lobe that occupies the
hemisphere in a direction opposite to that of
the major (main) lobe.

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

three examples from the real life
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Radiation pattern

three examples from the real life

HPBW
HPBW (vertical) =60°

HPBW (horizontal) =360°

ZDAEW1900-3 Patterns

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC Corso di Campi Elettromagnetici 31 Maggio 2021



Radiation pattern

three examples from the real life

HPBW (vertical) = 6°

Howzontal Vertical

ZDASP5400-29-6 Patterns

HPBW (horizontal) = 6°
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Radiation pattern

three examples from the real life

HPBW (vertical) = 14° | _
Horizontal Vertical

HPBW (horizontal) =90°
ZDADJ800-13-90 Patterns
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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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Directivity

r>>D
N\ _jé’] e P
2D E(F)=E(r.9,0)=——1(%.9)
A CH(F) =3, xE(F)
r>>A

The directivity of an antenna is :

The directivity of an
L|E(,,, 9, ¢)|2 isotropic source is equal

_ 1 to 1 (that is, 0 dB)
D(4,0) = 1 ,
(%)= lm = .
Arr? rad
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Directivity of the elementary electrical dipole

The directivity of an antennais :

EC8.0)

D(3,p) = lim
r—>00 1

2 Pmd
r

A
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Directivity of the elementary electrical dipole

Far field expression

Az .

E(r)=Eg4(r,9)ig = ng_/IrSln

R 127 (AzY
Fexp(—jpfr)ig B=Fu=7 5( Z) j1]*

The directivity of an antenna is :

! E(r,9,0)
D(4,p) = lim
r—o0 1 P
Ayt rad
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Directivity of the small loop antenna

Far field expression

) . CBAST o 127 ( BASY | 2
E(r)=E,(r.9)1, :glzg/lr sin Jexp(—j fr)i, R=Fu =7 g’( - ) 7]

The directivity of an antenna is :

|2L|E(r, 9, g0)|2 ‘
D(3,p) = lim o —
P

rad

Elementary electric dipole

F—>00 |
2
4y
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Directivity of the small loop antenna

Far field expression

] A 12 AS )
E(r) =E,(r.9)i, = fj‘” sin Sexp(—jBr)i, R=PB, == ”:[ﬂ S) 11
r

The directivity of an antenna is :

2L|E(I",19, g0)|2

D(8,p) = lim =—
r—>0 P

471-7'2 rad Dmax = 1010g10 1.5 = 1.76 dB
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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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Directivity Gain P..,: radiated power
2 P;.: input power
L[Ef L
2 - )
D(4,p) = lim L6 G(4, @)= lim i 5
y—>0 1 P r—>0 P
4t 4rr® "

If one replace P, 4 with the input real power to the antenna P,, one finds the definition of

the Gain.
For a lossless antenna, P,,=P 4 and G=D. If losses are present P, ,>P ,,and G<D.

Note that both D and G are dimensionless.
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Gain

three examples from the real life
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Gain

three examples from the real life

(maximum) Gain =3 dB

ZDAEW1900-3 Patterns
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Gain

three examples from the real life

\ X : J / 150
/ ’/
R : g
\r w‘ 180"

(maximum) Gain = 29 dB

Horzontal Vertical

ZDASP5400-29-6 Patterns
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Gain

three examples from the real life

(maximum) Gain =13 dB

Horizontal Vertical

ZDADJ800-13-90 Patterns
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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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Radiation resistance

Associated to the far-field radiated power one can define the radiation Resistance R, _;:

|
Prad — ERmd |I|2
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Radiation resistance

Associated to the far-field radiated power one can define the radiation Resistance R, _;:

|
Prad — ERrad |I|2

Elementary electrical dipole

127 (Az) :
e L e
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Radiation resistance

Associated to the far-field radiated power one can define the radiation Resistance R, _4

|
Prad — ERmd |I|2

Elementary electrical dipole

127 (Az) :
e L e

Small loop antenna

12 AS
Pl :PMd :5 37[ (ﬁ J | | ‘ rad _—g(ﬂASJ
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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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Input impedance

Input impedance is defined as “the impedance presented by an antenna at its
terminals or the ratio of the voltage to current at a pair of terminals or the ratio of the
appropriate components of the electric to magnetic fields at a point.”

The input impedance of an antenna is generally a function of frequency.

The input impedance of the antenna depends on many factors including its geometry,
its method of excitation, and its proximity to surrounding objects.

Because of their complex geometries, only a limited number of practical antennas have
been investigated analytically. For many others, the input impedance has been
determined experimentally.
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Equivalent circuit of the Tx antenna
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Equivalent circuit of the Tx antenna

Tx Antenna
1 2
Prad = ERrad |I|
Prad < Pin Rrad = Rin Rin = Rrad D RQ
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Radiation efficiency

Directivity Gain
1[Ef 1[E[ Fraa
D(4,¢) = lim ? 5 G(9,4) = lim 21 G
7 —>00 : Pmd 5o 2 Pm
4rr Ay
R R
Radiation Efficiency: 7= rad — rad
Pin Rrad + RQ
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ERrad |I|2

1 1
P, =ERin |I|2 =§(Rrad +RQ)|I|2

e
D
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Parameters of the Tx Antenna

Effective length
- Radiation pattern

- Radiation pattern lobes
- Beamwidth
Directivity

All these parameters are
related each other

Gain
Radiation Resistance

Equivalent circuit of the tx
antenna

Input Impedance and Input

. E
Resistance L =
S —

b_:..
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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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Antenna Parameters

Parameters of the Tx Antenna

Parameters of the Rx Antenna
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Receiving mode

When an antenna is operating as a receiving antenna, it extracts a certain amount of power from an
incident electromagnetic wave.

Since an incident wave comes from a far distance may be thought of as a uniform (local) plane wave
being intercepted by the antenna.

Incident wave
The use of the antenna in the receiving mode is

shown in Figure.

The incident wave impinges upon the antenna, and it
induces a voltage V,at the input terminals .
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Parameters of the Rx Antenna

* Rx effective length \

S

* Equivalent circuit of the rx antenna
* Effective Area ‘“"
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Parameters of the Rx Antenna

\
* Rx effective length \\AA\‘

* Equivalent circuit of the rx antenna ‘

* Effective Area x -

B
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Rx effective length
Tx effective length ](19, ¢) =, (19, ¢) fg +1, (19, ¢) z; Elementary electrical dipole (9, ¢) = Azsin 91,
Small loop antenna 1(9,¢)=—jBAS sin 19120

Fraunhofer _ e e_jﬁrl 9
region E(r.8.0)= 21 r (%)

It can be shown that for an elementary electrical dipole or for a small loop antenna,
the following property is valid:

Vol = E; -]

] is the tx antenna effective length
E; istheincident, locally plane, field

V), is the voltage induced at the antenna terminals, which are assumed open-circuited
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Rx effective length

Vertical plane Horizontal plane
Elementary electrical dipole & °

o
8
&

1(4,9) = Azsin i

Vol =[E; -1 i

v
<
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Rx effective length

Vertical plane Horizontal plane

Elementary electrical dipole

1(4,9) = Azsin i

Vol =[E; -1

First example

=0

‘VO‘=O

v
<
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Rx effective length

Vertical plane Horizontal plane

Elementary electrical dipole

1(4,9) = Azsin i

il -l ]

Second example

7T T
2 i 2

Vo| = |AzE;]
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Rx effective length

Vertical plane Horizontal plane

Elementary electrical dipole

1(4,9) = Azsin i

il -l ]

Second example
T 5= T
2 2

9 l
7y|=0 =

9=
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Rx effective length

Vertical plane Horizontal plane

Elementary electrical dipole

1(4,9) = Azsin i

Vol =[E; -1

First example

=0

‘VO‘=O

v
<
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Rx effective length

Interestingly, this result can be extended to ALL the antennas by applying the RECIPROCITY THEOREM

It can be shown that for an elementary electrical dipole or for a small loop antenna,
the following property is valid:

Vol = E; -]

] is the tx antenna effective length
E; istheincident, locally plane, field

V), is the voltage induced at the antenna terminals, which are assumed open-circuited
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Rx effective length

Vol = |E; -1
Where
E.

. is the incident, locally plane, field

V, is the voltage induced at the antenna terminals, which are assumed open-circuited

1($,0)=1,(3,9)i,+1,(9,0)i, can referred to as receiving effective length of the antenna
(and not only transmitting effective length)

Note that this means that the behavior of an antenna when transmitting and when receiving
are related.
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