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Work carried out at the U. Bordoni Foundation with ithe
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1. Introduétion

o

This evaluation is based on the following physical hypotheses:

1) distribution of average drop diameter according to Laws-Parson
(B.1); distribution of deformations according to Magono (B.2);
11) distribution of drop orientation so as to admit the existence

of two principal propagation planes (B.3);
111) uniform‘precip;tation profile.

We do not assume, however, as in (B.2), that all drops have the
gsame orientation nor that the axes are contained in the transverse plané.
Adoption of these two hypotheses has always led to depolafization esti-
mates higher tﬁ;n the ones measured (when the ahsence of ice was ascer~

tained).

On the other hand, this would be expected hecause equal alighment

corresponds to .the worst conditions :egarding‘depolarization.

It appears reasonahle to adopt a parameter which permits a gradual
"relaxing" of the eevefity of this assumption, starting from Oguchi's
model and ending with a neutral model for polarization effects.

This can be done in various ways: In (B.4) Chi assumes a multiplier
i coefficient representing the ratio\between the effective linear depolariza-

Numbers in ths margin indicate pagination of original foreign text.
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tion and the depolarization obtained with Oguchi's model, In (B.6) a
different parameter is proposed, representing the ratio between the
effective differential propagation constant (concerning the principal
planes) and the constant which is obtained with Oguchi's model. We pre-
fer this approach to the problem, because it can be anchored to a con-
crete physical model of the orientation distribution. For this purpose,
we assume to start with a situation corresponding to Oguchi's model. The
common orientation of the drop axes, together with the propagation axes,
define a plane dgsignated here as principal plane I of the entire trans-
mission medium (obviously, principal plane II is the one perpendicular to
I).

We now assume a 90° rotation of a fraction of the drops to change
to IL the symmetry axes of principal plane I of the medium. This operation
is shown schematically in Fig. 1l.

- Fig. 1l .
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Vaxrying € from 0 to 1/2, we change from a situation as in Oguchi's
. to a neutral situation concerning polarization effects.

L&}

The propagation constancs &long the two principal planes become:

AY

ot

Y=(1-€) No+EVro
(1)

. - o= é K’c.*. (1"5 ) o

where i?b and .

}:} are values according to Oguchi (available now at
* >
FUB#) they have been estimatzd using physical hypotheses (i)).

|
The physical meaning of parameter € can be interpreted as a popula-
tion 2 €neutralized with respect to polarization so that only the remaining

fraction p = 1-2€ remains active (p designates the "active fraction").
System (1) can be described as a function of the active fraction as

follows:

(2)

Of course, p varies between 0 and 1; for p = 0, the medium is neutral
with respect to polarization effects, while for p = 1 the medium has the
maximum depolarizing action.

One obtéins from (2)

*
FUB = Ugo Bardoni Foundation
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Parameter p 1s an equivalent parameter: for every casec it is possai-
ble to determine it so as to adjust value (’EU‘%EQL/Q to the real value

0;"’;)/2 (called "electric dissymmetry" of the medium) which can be
obtained from measurements of circular depolarization.

A
A phenomenon which can be accounted for with a suitable value of p
ia a "spread" of the axes of the drops around an average direction (which
determines the inclination of the principal planes); this spread can be

descrihad By an angular variation which can actually be related to p.

2. " The Algorithm

Similarly to what was described for the FU'B relation (B.5), the state
of polarization of the entering wave ia described hy the two parameters ¥
and a giying, r;spectively, the oscillation phase along the vertical axis y
(uith respect to the horizontal x) and a partition of the power between the

two osclillations according to the cosza and sinza law.

In this way, we can express the wave entering the transmission channel
as the product of a generic eliiptic versor:

e e
.
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vhich transports specific unitary power for each ¢ and Y » multipiied
times the respective amplitude Bdir (generically complex).

— ,
The orthogonal elliptic versor W is given by

S, semotm:%;“m""f_,
Tine=!|” =peno) T+(e'¥coso) IL, - -
v - :

EREE Y S5

ces

H

The transfer function of the channel 1s given by the matrix (B.3):

e -@i)e

s

jo 1' i J’ig[; N -Senw‘ ©

29 Cos2y

connecting the two components Ex and Ey of the incoming wave with the
analogous components of the outgoing wave.

soebann AE 5 Gtk a2

Applying (4) and (5) to identit:y

E E* U.g-"' Eyuvy" Edtr u'dil"- E"M u'lﬂc
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‘one easily obtains' t:he relationahipa between the components:

Ex
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The behavior of the channel in a generic polarization can be de-
scribed, therefore, by first applying (9) which supplies the orthogonal
components pertinent to the generic wave, as a function of the elliptic
components E dir and Eine

One subsequently applies (6) and then (8), which then provides
the elliptic components. ’

The matrix product leads to an equation analogous to (6) where, in

place of the last matrix, a generic characteristic matrix appears:

[N

a
|q_l ﬂ. - (10)
O.zl Qx

where ‘
Q= -coszaf“é"ogz ¢ — Sen2& 5en2@ Cosy - i
A= Cos2aSen2¢Cosy — Cos2 ¢ ser2a4T5en2¢ 5en{;} an
Qp=~Qy - ° ' ’

Qg QA

One has, therefore, the matrix description:

dir, in
Einc.ot Eine, h\ (12)

where M is the unit matrix and subscripts "out'" and "in" indicate exit

from and entrance to the channel.

For oA=0, V:" , (12) correspends with (6).

]
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. For a circular polarization l!;t; = left circular polarization,
i ?m = right circular polarization), one has; © =M ¢ W::W;&
and -Ja] becomes: L

e 1
: -32
ter oo‘..‘ P AN S b? ) (13)
i 'd - P L n,\,_: et o
! i
- eze 3
L o
)

Ealid

In conclusion, the attenuation, which here concerns a generically
polarized wave, 1s given by'the ratio between the two analogous entrance
and exit terms: '
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where (3) was used. One has to remenber that the and propaga- A7
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tion constants of Oguchi have to be expressed in natural units (neper and

‘radiants).

In conclusion, one observes that the attenuation and the phase differf
ence for a generic poiarization can be conveniently expressed as the sum of
an average contribution (equal to the arithmetic average of attenuations and
phase differences according to the principal planes of Oguchi's model with
drops having thé same orientation), and of a variation given by the modules

and the argument of:

. ;h (p.!-‘-"—;—,:’-‘t—. e) ;4_..51‘ (p !_"_‘;_{_’!-e)a_“’ . (15)
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{aventually expressed in engineering units (dB and degrees)).

Relations (14) were calculated at the frequencies of 17.8 and 30 GHz
based on the specific attenuation and phase difference values determined at
FUB (B.7 and 8). These are based on the electromagnetic theory of the
equivalent layer for various polarization types, relative to various o and
¥ values reported in Table A (B.S5). '

The results obtained are reported in Tables 1 to 6 for the frequency
of 17.8 GHz and 6 to 12 for the frequency of 30 GHz., The polarizations
considered are, besides polarization H and polarization B, the left and
right circular polarizations, the linear bisecting polarization of the first
and third quadrant, and the one of the second and fourth quadrant.

The most significant channel parameters are:

‘Am 1d8/Xm) : average attenuation = App ¢ Ay
.A:-." ! Y .
(where (II and I indicate the directions shown in
Figure 1)
j‘]A”(ES;;Q)‘ ¢ varlation of attenuation of averaée value
- - o ‘ (=quation 15)
As 6@»;,5; ¢ absolute attenuation equal to the sum of the aver-
' age value of the attenuation and to the correspond-
af ing variation
PRBSHISRL AP Iy

differential attenuation along the two principal

i Mgy oApton/m)

' .
S
[

planes of the precipitation.

‘ !
The same meaning can be attributed to the values reported for the

phases, based on the following physical hypotheses: |
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== Drop diameter distribution: Laws and Parsons

~-= Drop ellipticity: Magono

-=  Active drop population P: 100%

- Principql planes inclination: 15° !

-~ Tract length: 1 km

The most significant values calculated with variation of ¢ were

1isted in the tables mentioned above and plotted in Figs. 2, 3, 4 and 5, to
obgerve the influence of the inclination parameter on the principal planes

¢ .

The bBehavior of the six polarizations of interest,:of the absolute
attenuations, and of the absolute phase difference for angles included be-
tween 0° and 45° were reported in Figs. 2 and 3. The 45° limit was selected
because this is the value of P where polarizations M and V undergo attenu~
ations and phase changtg equal for both and identical to the ones undergone
by the circular left or right polarizations (the behavior of the two polari-
zations is identical); all of this can easily be deduced analyticélly from
the previous expressions (14). The two figures can be extended immediately
to 9 ranging froh 45° to 90° because this range is symmetrical to the one
from 0 to 45° once the corresponding polarizations are interchanged (for
example, H with V).

The behavior of discriminations of the polarization into modulus
and argument (BR.5), still calculated as a functlon of ¢, was reported in
Figs. 4 and 5.

nll values are pertinent to a precipitation intensity of 100 mm/h
and a frequency of 30 GHz,
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intensity of precipitation.

‘ ot
3. Conclusions

n
"

It can be observed in Figs. 2 and 3 that the attenuations and
phase differences in right and left circular polarizations are equal and
intermediate between the values of the M and V polarizations (equivalent
to the linear bisecting polarizations of the first and second quadrant
and of the second and fourth quadrant).

*

The Behavior of the attenuation and of the phase difference for
the bisecting linear polarizations is opposite to the one of the linear *
polarizations H and V for obvious symmetry reasons of the transmitting
med{um,

The circular polarizations are attenuated and changed in phase 19
quantitatively in an amount which is different from the average of the
attenuations of the linear éélgrizacions H and V; the values of attenua-
tion and phase difference are closer to the ones of the polarization B
than to the ones of the polarization H. )

The absnlute attenuation and phase difference in zircular polariza-
tion are alsc independent of the inclination of the principal planes of
the precipitation.

We can conclude, therefore, that an absolute attenuation measure
of the circular polarization cannot be used'in any way to obtain informa-
tion on the average attitude of the drops; however, there is the advantage
of eliminating‘hn unknown parametez in the comparison between theoretical
and experimental values of attenuation for the evaluation of the average

The discrimination of the polarization into a modulus (Fig. 4) for
circular polarizations does not depend on the average attitude of the drops, = -
which, on the other hand, has a determining influence on the modulus of

linear diacriminations: N

10




The argument of discrimination has instead an opposite behavior
(1’13. 5) . '

Therefore, the experimental verification of the performance of a
possible relationship using linear polarization H and V for discrimination
of the signals is difficult to carry out because, if the average attitude
is close to zero (it now scems ascertained and acknowledged that 0 < P<10) »
the level of the cross-polar signals is extremely small and, therefore,
extremely strong dynamics would be requived for their evaluation.

For this purpose, it is best to use the linear bisecting polariza-
tions of the first and third quadrant or the one of the second &nd fourth,
or the circular polarizations., These offer the advantage of a good cross=-
polar signal insensitive to variations of drop attitude.

If one 18 not concerned with the verification of the performance of
possihle operational systems, but rather with the study of ‘:.» physical
agpects of the propagation phenomenon, the physical parameters of'higheé
interest are the anisotropy of the transmitting medium (difference betwsan
the propagation constants along the principal planes) and the average angle

of the raindrops.

The results of the theoretical investigation are presented in the
curves shown in Figs. 2, 3, 4 and 5. The following conclusions can be
drawn; j ‘ - [10

a) It ia possible and advisable to measure atigle ¢ ueing left and
right circular polarizations with coherent detection of the argument of
the polarization diacrimiﬁation. It can be obsgerved in Fig. 5 that the
algebraic diffexence between the arguments of the right and left circular
polarization 18 equal (except for differences of 360°) to the value of the
average angle ¢ mpltiplied by fouu.

We could not carry out thisévaluation using linear polarizations H
and V or firat and second quadrant, because the argument of the discrimina-

)
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tion of linear polarization is practically insensitive to the value 5f the

average angle.

b) Anisbtropy can he evaluated using the modulus of the circular

polarizstion discrimination because, as already seen for absolute attenua-
tion and phase difference, it is independent from the attitude of the drops.
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