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Summary of the past lectures

TX Antenna Parameters

* 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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Receiving mode

* When an antenna s
operating as a receiving Incident wave
antenna, it extracts a \
certain amount of power \\‘.
from an incident \
electromagnetic wave. ‘ S

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

Incident wave
e The use of the antenna

in the receiving mode is \\‘.\A
shown in Figure. \

e The incident wave ‘
impinges upon the e
antenna, and it induces

a voltage V,at the input
terminals .
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Rx Antenna parameters

RN
O

* Rx effective length \

* Equivalent circuit of the rx antenna o
* Effective Area Kra ¥
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Rx Antenna parameters

RN
O

* Rx effective length \

* Equivalent circuit of the rx antenna
* Effective Area

¥ — » -
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Rx effective length

/ Tx effective length \
I(Q,go): l, (Q,go)i; —|—|¢ (Q,go)i;

Elementary electrical dipole |(9’§0):A25in‘9i9

\_ Small loop antenna I(S,gp):—jﬂAS Sin19i:0 %

E’r can be shown that for an elementary electrical dipole ch
for a small loop antenna, the following property is valid:

Vo| =|E; -

| is the tx antenna effective length

E; is the incident, locally plane, field

V, Is the voltage induced at the antenna terminals, which are assumed

\cﬁen-circuited /
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Radiation pattern of the electrical elementary dipole

1(9,p) = Azsin 9i,

Vertical plane (¢=0)

electromagnetic dipole - polar representation in dB
90

180

270

Stefané io 2019



Rx effective length

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

ﬁ’r can be shown that for an elementary electrical dipole ch
for a small loop antenna, the following property is valid:

Vo| =|E; -

| is the tx antenna effective length

E; is the incident, locally plane, field

V, Is the voltage induced at the antenna terminals, which are assumed

\cgen-circuited /
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Rx effective length

‘Vo‘ - |Ei ' ||
Where

E; is the incident, locally plane, field

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

1(3,0)=1,(3¢)i,+1,(9,9)i, canreferred 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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Rx effective length

three examples from the real life
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Rx effective length

1807

Horzontal

ZDASP5400-29-6 Patterns
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Rx effective length

ZDAEW1900-3 Patterns
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Rx effective length

Horizontal Vertical

ZDADJ800-13-90 Patterns
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Rx Antenna parameters

* Rx effective length

N
R

o

* Equivalent circuit of the rx antenna
* Effective Area
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Equivalent circuit of the Rx antenna

 The incident electric field sets up currents on the
antenna. Such currents may be represented by a
Thevenin-equivalent generator, which delivers power
to any connected receiving load impedance.
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Equivalent circuit of the Rx antenna

Mol =|E; -1

Zin = Rin T jxin

Z =R+ X,

RXx antenna
Load
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....MEMO..

Equivalent circuit of the Tx antenna

Zin = Rin t jxin
] 1
| I:)in - _Rin “

Vg O 2

‘2

Tx Antenna
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Equivalent circuit of the Rx antenna

Zin Vo|=E; -]
Zin = Rin t inn

Vo C) Z =R+ X,

Load
1 > 1 R 2 _ 1 R E, -
g 2 T2
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Rx Antenna parameters

RN
O

* Rx effective length \

* Equivalent circuit of the rx antenna
* Effective Area

¥ — » -

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC — Corso di Campi Elettromagnetici — 27 Maggio 2019



Equivalent circuit of the Rx antenna

Mol =E; -]

Zin = Rin T jxin VO C)

Z =R + X,
Load
1 R
PL=> L g I
‘Zin+ZL‘
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Equivalent circuit of the Rx antenna

1) Polarization matching

E 1= I Z:

Load

P _1 ItL
==
‘ZinIZL‘

|E; -1
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Equivalent circuit of the Rx antenna

1) Polarization matching

SR AT Z;
2) Power matching
Z, =Z, = {Zin =Rin J Xin Vo C)
Z, =Ry, — 1X;;
— RL = Rin2:4F::
‘Zin +Z|_‘ (ZRin) in
Load
1 R
PL=> L g I
‘Zin +ZL‘

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC — Corso di Campi Elettromagnetici — 27 Maggio 2019



Equivalent circuit of the Rx antenna

1) Polarization matching

E; 1| = [E Z;
2) Power matching
Z|_=Zin*:>{zin:Rin+_in” VOC)
Z =Ry — 1 X,

— RL = Rin2:4F::

‘Zin + ZL‘ (ZRin) in

Load

1 R 2 1 1 2 1412 ¢l 1 2 1412
P == L__|E -1 P ==—IE [l =2=—=—|E/|"|l
oz S A ogg BTN = 2oge BTN
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Equivalent circuit of the Rx antenna

1) Polarization matching

E; 1] =[E; ]I
2) Power matching
ZL:Zin*:{Zin:Rin+-jxin
Z, =Ry, — 1X;;
— R _ Rin _ 1 Effective Area
z +z,° (2R.) 4R 9
‘ in L‘ ( m) In A\Bff( ’¢)
1 R 2 1 1 2 1112 ¢l 1 2 1412
P == L __|E -1 P == E|°)If === E ||l
L 2\zm+zL\2‘ S P ar, BT = 2R, BN
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Effective area

* In general, the aperture of an antenna is not directly
related to its physical size.

e However some types of antennas, for example
parabolic dishes and horns, have a physical aperture
(opening) which collects the radio waves.

* |In these aperture antennas, the effective aperture A
must always be less than the area of the antenna's

physical aperture A ;..
* The ratio of A/A,, vary from 0.35 to 0.70 but can

range up to 0.90.
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/Gain 1|E|2 ) /Effective Area N
S S 2
2 ¢l (S e
G(%¢) = 3 A (9 9) = ‘ ( )‘
L b 4R,
K Arr / K /
a I a I
E(r&go)—jgl e_mr|(9 (D) P. :ER. |||2
22 r N 2 n
\ J \ J
2 = |2 2 212 2 I 2
cw.g- M EL _ax? [ ZIFNS0) | 2 _ax|¢]i(80)
2 Ry 20| a2 R, I A 4R,
/ Y
A
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Effective Area

three examples from the real life
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Effective Area

three examples from the real life

Patterns

(maximum) Gain =3 dB

A 240" T 300° 5‘4:" ~ \
G (9’ ¢) = ? Abff ('9’ gﬁ) Horiiontal Ve-rti-cal
ZDAEW1900-3 Patterns
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Effective Area

three examples from the real life

(maximum) Gain =29 dB

Horzontal Vertical

ZDASP5400-29-6 Patterns

G(%,9)= i_jzz At (4, 0)
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Effective Area

three examples from the real life

(maximum) Gain =13 dB

Horizontal Vertical

G(4¢)=— Ax ($9) ZDADJ800-13-90 Patterns
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Equivalent circuit of the Rx antenna

1 R, E 121117
p =L _E, I 1[E ]I

P - —
212, +2,| T2 4R,

Maximum power transfer to the load is achieved when the two following
conditions are simultaneously verified:

1
I:)Lmax - |é,| Aeff( )
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Equivalent circuit of the Rx antenna

PL:£ RI—

2|Z,+Z,|

P LEL)
Lmax — 2 4Rin

E )
——
I:)Lmax A B

I:)L = TIn B I:)Lmax
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Equivalent circuit of the Rx antenna

P =1a 78 B max

1|E;

Plmax = 2 ¢ At (%, 9)

Load

-~ ) N
1|E
P = 5% i (3,0)na s

- )
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Radio link equation

Incident field: E;

1 Parthenope - Ingegneria Informatica, Biomedica e delle TLC — Corso di Campi Elettromagnetici — 27 Maggio 2019




Radio link equation
~

1|E,[
P, = E% Actt 21 T

/
Incident field: E;

1 Parthenope — Ingegneria Informatica, Biomedica e delle TLC — Corso di Campi Elettromagnetici — 27 Maggio 2019



Radio link equation
~

1|E,[
P, = E% Actt 21 T

/
Incident field: E;
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Radio link equation
~

1|E,[
P, = E% Actt 21 T

/
Incident field: E;
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Radio link equation
~

2
P — 1|E| _
2 — ET NI/ PG At »

1
Arr?

jﬂA s

/
Incident field: E;
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Radio link equation
N

2
P — 1|E| _
2 — 57 NI/ PG At »

1
[ P, = PG Ak ( > ]UA UB}
Arr

1
Arr?

jﬂA s

/
Incident field: E;
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Radio link equation

(Friis equation)

Incident field: E;

1
[ P, = PG Ak ( 5 ]UA 778}
Arr
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Radio link equation

(maximum) Gain =29 dB

Horzontal Vertical

ZDASP5400-29-6 Patterns

G(%¢)= i_izz At (%, 9)
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