





Electromagnetic Plane Wave
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Polarisation Ellipse

'y » 3 degrees of freedom

— size, orientation v,
and axial ratio tany

— direction = sign of ¢

Vi

* Insensitive to
absolute phase



Polarisation Ellipse

* 0<size <
X e O0<y <m
e -t/4 <y <m/4






Need for Complex Numbers

Ve (t) = ag(t) cos(oy(t))
vy (1) = ay(t) cos(gy(t))

<¢:r: (YL) - gb*y (f) > i



Analytic Signal

ex(t) = vz (t) + 10, (t) = ax(t) exp(ig.(t))
ey(t) = vy(t) + 10y (t) = ay(t) exp(idy(t))

v(t) is the Hilbert transform of v(?)
e(t) is the analytic representation of v(t)

(a(t)e, (1)) = (ax(t)ay(t) exp (i [p.(t) — dy(l)]))



Coherency Matrix

- i <(€()Cﬁf§> <(i()(ﬁT>
AS8e) = ( (ereh)  (ere7) )

p=p'



Stokes Parameters - Definition

P — Skz Jk:/Q
Skz — TT(O'k:P)

10 1 0

0 = (0 1) Ol = ((J —1)
(0] (0 —i
92=110 3=\ 0



Eigen Decomposition

/] -1 )\U 0
p = RpR —( 0 )\1)

S) = Ao+ M
ST =X — M\
Sé: if:.



Stokes Parameters - 4 vector

1S3

So=1 total intensity
S =1(5,.5,S,) polarisation vector

S, All have units of intensity

al

p = ISI/I degree of polarisation



Stokes Parameters - Ellipse

'53 Ly



Stokes Parameters - Intensities

1S3
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Stokes Parameters - Mnemonic






Animation Credit:
Andrew Jameson
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Stokes Parameters - Cylindrical

L=+Q?+U?
| : U
Y = 5 tan~ (—2
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Stokes Parameters - Spherical

o — \/LQ + V*
1 ——— U
) = — tan -
| 2 ()

ek
e~ <

X = = tan”
X = 7 tan
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Rotating Vector Model

 Like magnetic e

declination on Earth
- 270 / 90 —

180
Ala
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sin o sin (¢ — ¢,)

sin { cos oo — cos { sin o cos (¢ — )

tan (Y — Yo) =



Faraday Rotation
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Signal—to—Noise Ratio
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Calibration

e =Je Jones matrix, J
p=JpJ
S; = ﬂ[ngt Mueller matrix, M

)

1
M = §Tr(aiJcrkJ')



/ degrees of freedom

J=Je
o =JpJi
— Je'Ppe T

— JpJT



Receptor parameterisation

e=17'e

=
|

i [ cos b cose—+1sinfsine
ge o | SR
Sin 6 cos € — 2 cos B sin €

J = (rg frl)'f
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No Unique Solution

= MR(W)S
(cf. const = xy)

S>= M“R(¥) S
M:t=M U -1
St =U_S
U R,W)=R,¥) U,
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Future Calibration Challenges

 Phased Arrays, J = Ze/?0].

« Off-axis polarization

* Non-linear effects
— analog: amplifiers, etc.
— analog-to-digital: quantization distortion
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Future Directions

» Polarisation of transient events
— high time resolution = small number statistics
— spectral coherence

« Scintillation of polarised radiation
— vector diffraction theory
— differential Faraday rotation
— cyclostationary coherency matrix



Periodic coherency

p(o,7) = (e(ty +7/2)e(ts — 7/2))

(Paul Demorest)




Thank you!

Questions?



