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DEPENDENCE OF ANTENNA TEMPERATURE ON THE POLARIZATION
OF EMITTED RADIATION FOR A SCANNING MICROWAVE RADIOMETER

Norman C. Grody
National Environmental Satellite Service, NOAA, Washington, D.C.

ABSTRACT. The antenna temperature is deter-
mined for a scanning Earth-viewing satellite-
borne microwave radiometer. The result is in
the form of an integral that includes the an-
tenna gain function and brightness tempera-
ture. A composite emissivity term appears in
the brightness temperature equation that con-
tains the horizontal and vertical components,
of surface emissivity weighted by their re-
spective antenna gains. Analysis is.performed
to obtain the antenna temperature components
corresponding to the emission of horizontally
and vertically polarized radiation. Calcula-
tions are performed showing the effects of
beam width and scan angle on the two compon-
ents of antenna temperature for a linearly
polarized antenna scanned about its polariza-
tion axes. Effects resulting from antenna
cross-polarization are also analyzed.

INTRODUCTION

Interpretation of radiometric data generally requires the de-
termination of brightness temperatures from antenna temperature
measurements as the Tfirst step in the complete analysis of the
data. A review of some of the recent inversion techniques for
estimating brightness temperatures is contained in the report by
Claassen and Fung ((1973). The purpose of our report, however,
is to 1llustrate the influence of antenna characteristics, as
defined by their beam width and cross polarization, on the in-
terpretation of antenna temperature measurements for a scanning
microwave radiometer. By considering simple antenna models, a
number of general results are obtained that are of iImportance in

antenna design considerations for radiometric applications.



THEORY

Figure 1 shows the antenna

coordinate system O'J'yZ') that
is rotated by the scan angle 0,

with respect to the Earth(X,z/,z)
Also shown is an arbitrary an-
tenna propagation direction, as
defined by the unit vector N,
that intersects the Earth"s sur-
face where the unit normal vec-
tor is designated by ti. In the
antenna Tar Tield, the electric
field received can be decom- Figure 1.--Antenna and Earth co-
posed into the spherical com- ordinate systems

ponents EQ" and E” as indicated
in figure 1. However, with respect to the Earth coordinates, the

electric Tield is designated by its horizontal and vertical polar-

ization components E® and EV, respectively. The total electric
field Ecan be written as

e Mo+ 2vEv d.g'Ee'+2.0'E CD

where the terms aA, av, , and a./ are unit vectors that define the
polarization directions of the TFfield components.

Solving eq (1) for the antenna Tields iIn terms of the horizon-

tal and vertical polarization components, we Tfind

O 9iz\\Fh
91\ 9z2z) Vvj

@

where

=\V’a4. yi2=at-av, NN F4 and 9zz=*/ ,a-V-



The geometric matrix elements (V are computed using the horiz-
ontal and vertical polarization vectors

nxr and _ (xRt
L~ nxle a = 3

and the orthogonality relationships

atxKza.0' and

After some algebraic manipulations (see appendix), we TFfind that

eq (2) becomes
(eb\ (ffu  siyfi F
\&l W"9n dn)'A (42)

where

* - 3gr n
e yi-(AT"-n)? b

The geometric fTactor Qi is evaluated for a flat surface with its

normal in theX direction (fig. 1) so that

n=a”av cos 0,-ays\n0,, (52)
a."=-siX. sin 0" + 3y, cos (', (5b)

and
K'=3X sin Q" cos O"ta.y sin Q' sin 3" +a_. c0s0", (5¢0)

Substituting eq (5) into eq (4b) , we Ffind
-sin(f+(Zij
M) sin2<r*cos? [0"+0j (6)
where Qi is a function of the scan angle 0S and the angular coor-
dinates (0" and O' within the antenna beam.

The power received by an antenna P{0} can be expressed in terms
of the antenna gain function and far fields, namely:

puy (x=f 5*'UVI2]sind'dO'd™
"W //[£,.+ £,] sin O'd O'd<f M



where G& and are the antenna gain functions corresponding to
the Ee' and E, polarized fields, respectively. The quantities ¢

andfirespectively are the dielectric constant and permeability of
the propagating media.

Substituting in eq (7) the horizontal and vertical polarization

fields given by eq (4a) and ensemble averaging, we Ffind

<2e>=(1)FlL fo<ftP> +9.<14l| wdw

(8a)
If\Eh + ™ Gwd'dO'dfi
&hr Gn &e" +0-~Gii)s0" (8b)
and
Gv=6fi +@_7u) &d' . (8c)

Here, use was made of the fact that the fields Eh and Ev are uncor-
related random variables with zero mean so that terms involving
\Eh 7V have zero average value [eq (19), Stogryn 1970] .

Equation (8a) can also be written in terms of equivalent noise

temperatures, namely:

- o (%)
Sj[ik + GMiltiffdO'd/

and

Kr*li (9b)
where

(9c)

and
Kz.f1. (9d)

The temperatures Tk and 7~ are the horizontal and vertical bright-
ness temperatures; and [dis the antenna temperature, K is Boltzman’s

constant, f} is the equivalent noise band width, and A is the radia-
tion wavelength.



For a nonscattering atmosphere in local thermodynamic equilib-

rium, the brightness temperatures are given by

Tt=Tu +r + (1-g*J7%] (10a)
and

-C=-" +r [Ffv"+0-O (10b)

where <ff and are the horizontal and vertical polarization sur-

face emissivities and £ is the surface temperature. The tempera-

turesTUand'U are the brightness temperature components correspond-

ing to upward atmospheric emission from the surface to the anten-

na position [l and downward atmospheric radiation to the surface

TJ. The term ris the total atmospheric transmittance from the
surface to the antenna level.

Substituting eq (10) into eq (9a), we obtain

MU jojgsi e
where
(lib)
Tj-r. + r"ZH1-eJT™, (11c)
and
_Eh (- (id)

Hence, the antenna temperature is given by an integral contain-

ing the antenna gain function Gand a brightness temperature T£.
The brightness temperature equation contains a composite surface

emissivity fS that depends on the horizontal and vertical emis-
sivity components weighted by their respective antenna gains.



LINEAR POLARIZATION RESULTS

For a linearly'polarized an-

tenna lying in the Y- Z" plane =45 _

(fig- 1) with current excita-
tion along z’, the far Tfield is
in the & .direction so that

6=6& . The composite emissiv-

ity then becomes
0.2 -

+ (12)

0.0-

where the <N dependence of an-
gles 0', ¢, and 4 is given by

eq (6) for a flat surface. Figure 2.--Normalized horizontal

emissivity component (“ii)as a

function of antenna angles
Figure 2 shows a plot of (fl , 0, 6%)

as a fTunction of zenith angle

for a different azimuthal and scan angle. At nadir (here, ('+0s=0°

and 0'=90°)) g"~Iso that ef=eh ; however, for a few degrees from the
nadir direction, the vertical emissivity component becomes domi-

nant. This anomalous behavior of the composite emissivity with
angle arises from the transformation of the horizontal and verti-
cal polarized radiation fields iInto antenna polarized field com-
ponents. To further study this behavior, we compute the horiz-
ontal and vertical components of antenna temperature and deter-
mine their variations with scan angle and antenna beam width.

To obtain a measure of the energy received in horizontal and
vertical polarization, we consider a clear atmosphere so that
eq (11) becomes

™ 6 sin 0°d0"dfi" (13

where use was made of the fact thatTl-Td-0 and r =1 for a perfect-
ly clear atmosphere. Equation (13) is analyzed for an antenna

6



viewing a flat surface from which the horizontal and vertical
emissivities are considered constant within the antenna beam.
Hence, using eq (1id), we reduce eq (13) to

(14a)
where
Jf sin O'dd'dY"
. (14b)
sin O'd&df
and
tf+V=i. (14c)

The terms”™and Kare measures of the relative amount of energy re-
ceived in horizontal or vertical polarization, respectively. For

illustrative purposes, an antenna is considered having the gain
functions given by

30°+|=/= 90°-
Go'ip'J'Y- 1 - (15a)
all other angles

and

<$>' (0, /) =0 for all angles. (15b)

Equation (15) defines the gain functions for a linearly polar-

ized antenna with its polarization direction along a." . Effects
due to cross polarization ?0) will be discussed later.

Substituting eq (6), (8b), and (15) into eq (14b) , we Ffind that

, ) 'S/S tan 1 sin ~ + cot (/+"J
JJdn sin&vd'dfit _ 2

I w//
ff  sin O'dd'd) 3 sin Jrcoti~ 7% (16

where the angle.B is the antenna beam width.

7



Equation (16) is plotted in
figure 3 as a function of scan
angle |5 for different beam
widths3 . Note that, for zero Ah=

beam width H-1, K=0 so that all
energy received is in horizon-

tal polarization independent
of scan angle. However, for
increasing beam width, there
are larger vertical pol-
arization contributions

for scan angles near nadir.

_ _ _ 0S in Degrees
This result iIndicates that a

. . Figure 3_.--Normalized power re-
linearly polarized antenna ceived in horizontal polariz-
scanned about its polarization ation | as a function of

a )
axes receives predominantly scan angle () for different

b idths (B
horizontally polarized radia- eam wi s (B)

tion; the influence of the vertically polarized radiation is sig
nificant only near nadir. At near-nadir directions, however, the
horizontal and vertical emissivities are almost identical (see
Stogryn 1972) so that the antenna temperature is essentially des-

cribed by the horizontal component of emissivity for all scan

angles.

CROSS-POLARIZATION EFFECTS
The effects due to antenna cross-polarization are obtained us-

ing eq (14) and considering the primary polarization along a.ff
with gain &p and cross polarization along a./ with gain(jp. For
simplicity, we consider the gain functions related by a constant

parameter P, namely:
& 1>/¢>0 an

where /0=0 corresponds to a linearly polarized antenna with polar-
ization a.? and p:i refers to a linearly polarized antenna with
orthogonal polarization a.0' (considered cross-polarized direc-

tion) . 8



Substituting eq (17) iInto eq
(14), we obtain
//=p+{1-2p)}/0 (18a)
and
wd*d0*d/ (1gb)

0 STGswO0tid'do"

where ff) is the result obtained
for a linear polarized antenna

with polarization a6 .

After we use the gain func-
tion Q¢ of eq (15a) , /fl is given
by eq (16). From figure 3, ob-
serve that H) is approximately
unity for scan angles larger
than the beam width. It then
follows from eq (18a) that, for

such scan angles,
tical polarization is

polarization as given by the parameter/?.
in figure 4 for an antenna beam width of 10°. The

form shown

effects due to cross polarization are to

power received in vertical

dependence

of received radiation.

0-0.0

0.0 -

in Degrees

Figure 4_.--Normalized power re-
ceived in horizontal polar-
ization (YyV) as a function
of scan angle () for dif-
ferent amounts of cross
polarization (/>); antenna

beam width - 10°)

and V=p, or the power received in ver-
linearly related to the percent of cross

Equation (18a) has the

increase the level of

polarization and alter the scan angle

It also appears that a min-

imization of the scan angle dependence can be achieved by re-

ceiving equal polarization 1in

and (i.e., p-1/72 ).

CONCLUSIONS

Analysis of a linearly polarized antenna scanned about its

polarization axes leads to the

received
near-nadir scan angles. Hence,

be used

is predominantly of horizontal polarization,
the horizontal

in such antenna temperature calculations.

interesting result that the power

except for
emissivity is to
We Tfound that



cross-polarization effects increase the level of vertical polar-
ization received and so increase the contribution attributable
to vertical emissivity in antenna temperature calculations. The
influence of Earth"s curvature has not been analyzed; however,
one can argue that its effect is to give the appearance of a
larger scan angle with respect to that employed in the flat sur-
face analysis. Its effect is generally small for scan angles

not approaching Earth"s horizon.
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APPENDIX: DERIVATION OF THE GEOMETRIC MATRIX ELEMENTS

mu n (19
\n*K*\
(nx ‘n . TTAN
VKN Xkt yxs Since @67t /ct=0 (20)
— (@an™p-.n
as™ ner'| Tl (21)
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and

a’) x JE: " i —
noo=<v (% B < 10T since afg™=0

Also,

In x K'\- 7(nx £") (m x %*) - /(nx h*)* n- F

- JIX"-n nr - /l-(ic'- n)? ,

and

(X K)xK"|= /(X #) X £'e (nX at) Xt =/[/*r'-n(Ar*n)]*[V-n(,tr'*n)]

=/>en)l +1-2 (**itl = 71- (E*n)] .

Using the relationships,

a0fxxr=-ay and =

F“"‘ 9ZZ: 7H£'*n)5

and

FiZz~921

Now,

yi-Cc™ n)2

e-e —Fi+Fi=F,+F:

so that, substituting eq (2)

and (8a), we obtain

or

u. S. GOVERNMENT PRINTING OFFICE : i974__542.653/135

into this equation and using eq

9*r$-ol

11

(22)

(23)

24)

(25)

(26)

(7a)
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