TECNICO Antenas
LISBOA Problem set 6

1. Consider an antenna for which the electric field in the far-zone is

= Jkor

E= EO(H— jgb)sin@ —.
(a) Find the polarization of the antenna.
Solution

To begin with we find the polarization curve. To this end, we determine the instantaneous

electric field. It is given by:

e—jkOr

E(t)=Re {Eej”t} =Re {EO (é— j(ﬁ)ej“’t} , with E,=E,sin@ some constant that only

r

depends on the observation point.

Writing Elé +E, @, we see that (below ¢ represents the phase of E,):

E,(t)= Re{EoejM} = ‘Eo‘cos(a)t +¢)
E, (t) = Re{—jEOGW} _ ‘Eo‘cos(a)t+¢—%j = ‘Eo‘Sin(a)t+¢)

2

It is clear that [E1 (t)]z—i-[Ez(t)]Z:‘Eo

, which corresponds to the equation of a

circumference. Therefore the polarization is circular.
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To find the sense of rotation, we determine the instantaneous field at two neighboring time

instants. To simplify the calculations, we choose the first time instant to be such ot+¢ =0

(t=—¢/w). We have:

ot+¢=0— E (t)=E,, E,(t)=0

The second time is instant is chosen to be infinitesimally larger than the previous one, so that:

ot+¢=0"—> E (t)~|E, E, (t) =|E,|sin0" =07

We represent the calculated electric field at the two time instants in the polarization curve
(green arrows). With this information, we can immediately find the sense of rotation (black

arrow on the circle).
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Finally, we need to represent the direction of propagation (& =r) of the wave in the diagram.
Since F=0x ¢ it follows that d points in the outward direction.
Using the right-hand rule one can compare the geometrical sense of rotation (anticlockwise)

with d. It should be clear that the wave rotates to the “right” with respect to d. So the

polarization is RCP for any direction of space.

(b) Suppose now that the antenna is illuminated by a plane wave that propagates along the —x

direction with the incident field E™ = E™ (y+ ji)e”k"x. Find the polarization mismatch loss.

Verify that the field of the incident wave rotates in a direction opposite to the field radiated by

the antenna in transmission mode.
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Solution:

Z
N

f ‘
@r’//v 3,“0: -k
N 2~

Awntenna

&

Tucident Wave

inc |2
h,-E

2 2
|

effective length of the antenna. This coefficient can also be written in terms of the field

The polarization mismatch coefficient is determined by C, =-— , where h, is the
‘Emc

. . .. rad
radiated by the antenna in transmission mode E™ as:
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The direction of arrival of the wave from the point of view of the antenna is
# =—d™ =+& . This direction corresponds to & =90° and ¢ =0°. Therefore, we

have 6' =—2 and @' =+%. Hence, the radiated field is of the form
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Antenna

Using E™ antenna = E™(9+ jz) and E™ ~(-z- j§), we find that:
(origin)
o _J=2-i9)-(+ i) i

p

A - A N 2
- wflaenf 22
Hence, the incoming wave is polarization matched to the antenna and there is no polarization

loss. Proceeding as in the question a), we can find the polarization curves of the incident field

and of the radiated field:
Einc (t)

antenna = Re { Emc (y + JZ) ejwt }
terminals
(origin)

E™ (t)=Re{E, (-2 j§)e'"
They are represented below (details are omitted):
Field radiated by the antenna (E_rad) TIwcident field (E_inc)

3 [

/‘L" n i

Az +x =
@ Z

) NEA

As seen, in both cases the wave polarization state is RCP. This justifies why there is no

polarization loss: the optimal polarization for the incoming wave is identical to the antenna

polarization. Even though the polarizations are identical, geometrically the electric field
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rotates in opposite directions in each curve (anticlockwise on the left, and clockwise on the

right).

(¢) Find the polarization loss for the incident field E™ = E'”C( - jz)e e*** Show that in this

case the field associated with the incident wave rotates in absolute terms in the same direction

as the field radiated by the antenna in transmission mode.

anenna = E"™ (§ — jZ) (notice the minus sign compared to the
terminals
(origin)

For this question we have E™

previous case) and E™ ~ (-z—-jy) (unchanged). The polarization mismatch coefficient is
now:

i) G- il

Tl 22

This means that the incident wave does not interact with the antenna! The polarization curves

are now found using:

E™ (t) anenna = Re { E™ (S’ - ji)em} (notice the minus sign)

terminals
(origin)

E™ (t)= Re{EO (-z2- jjf)ej“’t} (unchanged)
The polarization curves are:

Field radiated by the antenna (E_rad) Tucident field (E_inc)
(unchanged)

A n= A
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The polarization of the incident wave is LCP. As seen, the field of the incident wave rotates in

h,'—

[\
29

absolute geometrical terms in the same sense as the field radiated by the antenna.
Counterintuitively, that is the worst case scenario from the point of view of the received

power!
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(d) Find the polarization mismatch coefficient for the incident field E™ = E™ (x-2 ji)e’jkoy .

A generic plane wave in free-space is of the form:

inc _ ginc - jkor-d™
E =E e

where r =(X, Y, Z) is a generic point in space and d™ is a unit vector that determines the

direction of propagation of the wave. Comparing the propagation factor of the incident wave

e jkor-d™

(e ™) with the generic one it is found that d™ = +y . The complex amplitude of the

incident field at the origin (coincident with the antenna terminals) is E;° = E™ (% -2j2).

The field radiated by the antenna in the direction of arrival of the wave is now (see the figure)
B =E,(0'- i¢') = E, (- i)

The polarization mismatch coefficient is now:

The incident wave is poorly matched to the antenna (the reason is that it is elliptically
polarized to the left (prove this!); as seen in previous questions, the optimal polarization

rotates to the right).

2. Two antennas are separated by lkm. If the transmitting antenna radiates the power of

100W, find the power available at the terminals of the receiving antenna when:
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(a) The directivity of the transmitting antenna is 1.64 and the effective area
antenna is 0.25m”.

From the Friis formula:

of the receiving

A

(4ﬂd

P=P

r n

N2 '%f E( 9¢) A\gf,R (49, (p’)CiC

szE(H,(o)GR(Q',(p’)CiCp n

p

The available power is the power received by a polarization and impedance matched antenna:

(G, =1,C, =1). Itis given by:

ﬂ" ’ ! / !
=R (ag ) S (000 (0.0)= s A (00) A (09)
The gain and the effective area are linked by the universal relation:
2/2
2 G
A = 4

The power gain and the directive gain are related by the efficiency:

G=eg——G, A =¢eD

The input power is related to the radiated power through the efficiency

Pra = P,

rad

Supposing that the antennas are oriented in the direction of maximum gain, it is then possible

to write:
2
Pa = I:)in (4?:(1} Gm,EGm,R (1)
1

=P, WGm,E At g 2
P

= (/1 d)z Aef,EAef,R (3)
0
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In question (a) we use (2) to find that

P =P, — D.A, , =100 x1.64x0.25 =326,

T dnd? 47(10°)

(b) The effective areas of the antennas are 0.5m” and the wavelengh is 0.05m. In this question

suppose that the transmitting antenna is lossless.

Using (3) with P, =P_, =100W we get:
P, = P A, A R:Lzo,sz =0.01W
(4d)” " 7 (0.05x1000)

(c) The directivity of the antennas is 1.5 and the wavelengh is 0.10m. In this question suppose
that the receiving antenna is lossless.
Now we use (1)

2 2 P, 2 2 J) 2
Pa = Pin (47;(1) Gm,EGm,R = o < (47[0(1] €e DEeR DR = Prad [47:(1) DEeR DR
E

0.1 Y.
=100 1.5* =14nW
471000
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