Monochromatic Radiation is Always 100% Polarized

Polarization Ellipse
e
“Right-Hand”
Polarization
L/ X

Propagation

Z

3 Parameters Specify Ellipse

e.g.a,b,¢ Also, (need “+” or “—"

2, 9,9 to = right or left elliptical)
Vys Vy, O
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Polarization of Narrowband Radiation
Let E(t) = kv (t)cos|mt + ¢(t)]+ Jv (t) cos|mt + ¢(t) + 5(t)]

v,(t) and v,(t) are slowly varying and random:;
(Vs (Vy), and (5) may be non-zero

“Stokes Parameters”

[20)+ (Vi)
Zw)-(v2o)]

210
2( vy (1) ® vy (1) cOS (1))

21,

i 2( vy (1) o vy (D) sin&(1)

210

[W m™] total power

“45°-ness”

“circularity”




100% Polarized Narrowband Waves
Let E(t) = kv (t)cos|mt + ¢(t)]+ Jv (t) cos|mt + ¢(t) + 5(t)]

v,(t) and v,(t) are slowly varying and random;
(Vs (Vy), and (5) may be non-zero

o(t) =0, and vX/vy (t) = constant = fixed ellipse, variable size

Also: S& =S?% +S5 + S5

Therefore, any 3 Stokes parameters specify polarization




Partially Polarized Narrowband Radiation

“Stokes Parameters”

2 2
=S, = Ky (t)>2;0<\/y(t)>] [W m™] total power
_ v () - (Vy(O)]
21,
_ 2(v, (t) * vy(t) cos &(1))
21,
2<Vx (t) o Vy(t) sin 6(t)> “CirCU|arity”
21,

Note: For 2 uncorrelated waves superimposed (A+B), we have
Sip.g = Si, + S, wherei=0,1,2,3

“X-ness”

“45°-ness”

iA+B

For 0% polarization, Stokes: S_; S, =S,=S;=0

Therefore, for partially
polarized wave:
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Coherency Matrix J

where E(t) = XRg {Ex(t)ejmt }+ yRe {Ey(t)ejmt}

where E,(t), Ey(t) vary slowly

X-polarization =2S L0
P X=%2|5

1
RCP (right-circular) _ J}

Unpolarized




Finding Orthogonal Polarization Jx

1 0
e.g. X-polarization X = SO{O O}

1
RCP (right-circular) . J}

Unpolarized

Note :

If QA J_JB’and} then JA —|-JB = 2Ju

TrJA — TrJB

Therefore, we can find orthogonal polarization Jg = 2J, —Ja
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Polarized Antennas

Far Fields

Gij(0,9) _ Aj(0.9) _
G(6,0) A(6¢0) EE

Define

for incident
plane wave




Polarized Antennas

for incident
plane wave

1
SO Prec = > [A12311 + A12d12 + Ap1do1 + Agados ]

for incident uniform plane wave J on antenna A

For Qg #0: Prec :; j T, [A(O,q))Jt(@, q))} o[@)
At
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To Measure Polarization

Measure 4 powers; use 4 antennas

e.g.

o1
2
Is A singular?
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A11,

A12,

Ale

A21,

A2,

A1y _

J IS estimate)




To Measure Polarization

— = —1— (= . .
:;'AJ, so J=2A I\/I(J |sest|mate)

Is A singular?

For X, y, RC, LC POL.: For x, 45°, RC, LC:

(1 0 0 O] 1 0 0 O

0O O 1 1 1 1 1
i J 1 1 —j ]

1 .

Can not distinguish i '

det A=0 det A =0 "ok"

VS
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Example of a Polarimeter

[Cohen, Proc. IRE, 1, 1958]
Right Circular Left Circular

Diplexer

231.5 MHz
Local
Oscillator

201.5 MHz 201.5 MHz

25.001 MHz
Local Local
Oscillator Oscillator

4.999 MHz

Phase
Comparator

) (e op;
4 measurements <> 4 Stokes parameters
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Antenna Phase Errors

Systematic antenna phase errors:

.\ phase front

1) poor design and fabrication

2) gravity, wind, thermal (gravity and
thermal limits near 1 arc minute)

3) feed offset

Random antenna phase errors:

1) machine tolerances, surface roughness
N 2) adjustment errors

3) feed offset
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Examples of Antenna Phase Errors

Random antenna phase errors:

1) matching tolerances, surface roughness
2) adjustment errors
3) feed offset

300-ft parabolic reflector antenna at NRAO, Greenbank, West Virginia
1) systematic sag = fix backup; footprints on mesh

2) steamrolled mesh = long waves

3) new panels: 6g >0.5 -1 arc minute
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Types of optical and radio propagation phase errors

Systematic: velocity of light ionosphere

h i1y ———c [ T

p(h) 1 © =€

: P

Earth Earth

Random phase: < RMSEK/Zn, weak fluctuations

itude?
+ amplitude* RMS >> A/2n, strong fluctuations

W A pathlength = AL > nA

2 = Iinterference and nulls

Thin screen

s (constant amplitude) Thick screen




Effect of Phase Variation on Directivity

X

//7

aperture For x-polarization:

Ex(xy) & Ex(oyoy)

P
Px
41 ! !

pud Re (1) o Ex(o)2 Dlo)c(o)

L

-2 (gwc)
( )e A dtydty

| A Ex(x%,y) 2 dxdy

D(f,6,) = [ 1+cosH 2/#] JaRe




Effect of Phase Variation on Directivity

] fAREX (c )e_jK

D(f,0,¢) = [ 1+cosH 2/%2 5
| A [Ex ()" dxdy

m(1+ cos 9)2 .
22 [, Ex(x,y)* dxdy

E{D(f,6,9)} =

Therefore E{ Rg, (r)}:




Definition of “Characteristic Function”

It is the Fourier transform of probability distribution p(x)
(also called the moment-generating function)

E[ej(*’x]z Ofp(x)ej"oxdx = F.T.[]p(x)]

—00

2 ['(w; x) =“characteristic function of p(x)”

One use of the Fourier transform of p(x) is when
we seek p(Xq+ Xy +...+Xpy) =

p<x1>*p<x2>*...*p<xn>:F.T{izclm[p<xi>]}




Computation of E{Rg (1) ]

Thus F((Dl, mz;y(O),Y(T)) _ E{ejmlv(O)Hsz(r)}

Recall: If v,,y, are JGRV, then

1
— |02 ]
F(O)l’@Z’Vl’Vz):e 2 e

Here, VléY(O)’ Y2 éY(T)

Therefore : E{ejV(O)'jV(T)}: Mo, =1 0y =1 (0), y(1))




Computation of E{Rg (1)}

Yozl [ vov vy
Tol®1021 ¥1Y, V1Yo

* %
| VoY1 Yo¥o |

[(og,02,77,7,) =€

Here, 1 27(0), 12 2 ()

Therefore : E{er(O)'jy<T)}: Moy =1 0, = -1 v(0), v(t))

since: YO’ (©=60) 1Oy (x)=¢(x)
v(th*(t) =¢(0) <« by stationarity

1
(op =102 =110 =e 2 ﬁgp) ¢(r)} { 1 }
) ¢ (1) ¢(0)
_ o0lt)-6(0)

Therefore E{ RE, (r)}: Re, (T). e<|>(f)—<|>(0)




Computation of Expected Directivity

E{D(f,0,4)} =

olc)

e

n(1+ COS 9)2

Zf * da

correlation length L of
. phase irregularities

g

[ed)(f)—d)(o) Re, ()J

2m— —
) et
e * dtydty

o(z)- 9(0) To




Solution to Expected Directivity

1—e_62

m(1+ cos 9)2
22 [E(r)* da
A

E{D(f,6,)} =

E{D(f,0,0)} = e~° Dy (f,0,) + B(o) Do (F,0,)

\—ﬁ/_—J\—ﬁ/—J

gain sidelobe
degradation Increase




Examples of Random Antenna Surface

Let b = RMS surface tolerance of reflector antenna
On-axis gain of random antenna

2 Y
’ — —(2be21/A
Gl =Goe " =G e @ 2mh) _g

AAr = Ggee
A/16 = G e0.54
A/32 = Gge0.9

ylog G (power shifts to sidelobes)

Any aperture
antenna, fixed

: logG = -2logA + log4rA
illumination g / 9 g 9 e

; — > log A
~_~Mminimum

Lec13a.3-22 useful wavelength
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