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Electro-magnetic waves
are polarized

® E/M waves have

TN
7 : :
direction,
amplitude,
N
frequency and
polarization

Poynting vector

S =c/4n(E xH)
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Outline of lecture

Polarization - what is it?

How is it described

Origins of polarized light

How is it important to astrophysics

How is it measured
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Polarized waves: linear

E = E,cos(wt — kz)x E = Eycos(wt — kz)y

W
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..at any angle

E = E,cos(wt — kz)z
+ Ly cos(wt — kz)y
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or Circular - LCP RCP

Left Right

E = Fcos(wt — kz)z E = Fcos(wt — kz)z
.

T . .
+ F cos(wt — kz + E)g + F cos(wt — kz — g)g
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Linear as sum of
circulars
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Other combinations

® The sum of two circular waves of unequal
amplitude will have elliptical polarization.

® The sum of two orthogonal linears with
phase difference 0 < 0 < /2 will also have
elliptical polarization.
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|EEE Standard 211, 1969

right-hand polarized wave: A circularly or an elliptically polarized electromagnetic wave for which the
electric field vector, when viewed with the wave approaching the observer, rotates counter-clockwise in

space. Notes: 1. This definition 1s consistent with observing a clockwise rotation when the electric field vec-
tor 1s viewed in the direction of propagation. 2. A right-handed helical antenna radiates a right-hand polar-
1zed wave.

|JAU resolution, 1973

8. POLARIZATION DEFINITIONS

A working Group chaired by Westerhout was convened to discuss the definition of polarization
brightness temperatures used in the description of polarized extended objects and the galactic
background. The following resolution was adopted by Commissions 25 and 40: ‘RESOLVED,
that the frame of reference for the Stokes parameters is that of Right Ascension and Declination

with the position angle of electric-vector maximum, 8, starting from North and increasing through
East, Elliptical polarization is defined in conformity with the definitions of the Institute of Electrical
and Electronics Engineers (IEEE Standard 211, 1969). This means that the polarization of incoming
radiation, for which the position angle, 8, of the electric vector, measured at a fixed point in space,

increases with time, is described as right-handed and positive.’
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Polarization ellipse
ExE ® tano = Ey/Ex

A | e fan 2y =tan 2a cos &

. % E . N
- ® sSin2y =SIin 20 Sin o
Oc Yy )
| I/ >y PY

) is the position angle

e v is the ellipticity

W
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Stokes description

® Defined by George Stokes in
1852

® Adopted for astronomy by
Chandrasehkar (1949) in the
solution of radiative transfer
problems.




Stokes parameters

2 2 |
] — EZC 4 Ey ® For m0|.10chrc.>mat|c waves
) 2 ® |:total intensity
Q — Eaj — Ey e Q:linear
[] = 2E56Ey COS((S) e U :linear
B : ® V :circular
V = 2E,E),sin(0) o I =G24 +V?
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Stokes parameters

] — E2 1 E2 ® For monochromatic waves
g [2’ ® |:total intensity
V:ER_EL e Q :linear
() = QEREL COS((S) e U :linear
. ® V :circular
U = 2EpEsin(d) , ,_ O + U2 +V2



Linear: Q and U

>0 >0 <0
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Linear: Q and U




The Poincare sphere

UWPPER HEMISPHERE !
LEFT-HANDED

EEHSE\

EQuATOR
REPRESENTS
LINEAR :
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LOWER HEMISPHERE:
RIGHT -HANDED
SENSE
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" CIRCLLAR POLARIZATIONS
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AXIAL RATID
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L
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Partial polarization

® [wo monochromatic signals

Y summed:
V. e different frequencies
L N\oIT: / :

e different polarization ellipses

W
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Pancharatnam’s

extension
V -
® Radius represents |
e S=(QU\V)
N-Q o [5| =1
® Unpolarized radiation (I - S)
at centre .
-V—<«

CSIRO



Stokes parameters

® For finite bandwidth radiation
® |:total intensity

® Q :linear

® U :linear

® V :circular

® |2 ZQ2+U2+V2



Polarized light

® | oss of symmetry
® Polarized radiation
® Polarization-dependent propagation
® reflection T
® scattering

® birefringence
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Scattering

® Light from the day time
sky is sun light “Rayleigh
scattered” by molecules
in the atmosphere.

Dielectric particle << A

Incident unpolarized ray

® Sky light is polarized,
maximally at 90 degrees A
to the sun.

® The CMB is believed to

be partially polarized
because of Thomson

scattering @MD
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Birefringence

Birefringence occurs when light passes
through anisotropic material whose refractive
index differs for the two polarization modes.

Calcite Crystal
Birefringence

Linear modes Circular modes
birefringent birefringent @m
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Zeeman Effect

Atoms and molecules with 351.417+0.645 ..
a net magnetic moment will § 2001sep 5"
have their levels split in the \

presence of a magnetic
field.
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Caswell, 2003
6 GHz methanol maser QMD
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Cylotron & Synchrotron

(3




Faraday rotation

Magnetised plasmas are birefringent: the two circular modes
have refractive index dependent on the parallel component
of the magnetic field, the electron density, and the wave
frequency.

The relative phase of the two modes changes along the
propagation path, and so does the position angle Y of the
resultant linearly polarized radiation.

TELIPY

3

il il
RMT) — i / neB ds = 2.62 x 10713 / n.B ds,

2 2 3
Bmeggmec’ Sy 0 m
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How is it measured?




!

How is it measured

CSIRO
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Phase Array Feed

28
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Synthesis Imaging

e |, Q,U andV are equivalent for aperture
synthesis imaging, but for the possibility
(certainty) of negative Q, U,V.

® We can define and measure visibilities for
each of the Stokes quantities: for antennas

pand qg: <Ex* = CExpExq? ,

<Ex Ey> = <ExpEyq> , etc
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Why is it so difficult?

® Depolarization leads to weak signals
® Conceptual difficulties - it is complicated

® |nstrumental effects can be significant and
difficult to separate from the signal
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Instrumental
imperfections

® |eakage - a little Ex detected in y-feed, ...

® phase errors (in general, complex gain
variations)

® polarization response varies within the
beam

32
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Jones calculus




Jones calculus

(— J € ' i Rec {
Yy

J GDCPF\ lonospheric Faraday

\\ Parallactic angle

Properties of Feed

h g

Feed errors

Complex receiver gains QMD
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Measured
visibilities

Mueller calculus

n .Rec = ’
O

-

-

®

Q)

8 .Rec = ’

~ ~

4 x 4 matrix

- /

35

< QO ~




AT CA excels

Mon. Not, R, Astron. Soc. 319, 484496 (2000)

Radio circular polarization of active galaxies

D. P. Rayner,'* R. P. Norris® and R. J. Sault

The ATCA is comparatively
easy to use for polarimetry, ! R YA
thanks to its excellent ~
properties (linear feeds,
stable receivers) and to the
miriad software package that

uses the Jones and Mueller

calculi to calibrate data with T e T

very little effort from the user. [l e TR

shows Stokes Vin Jybeam . Contours show Stokes 7; levels are —0.1 per
cent, 0.2per cent, 0.33 per cent, 1.0per cent, 3.3 per cent, 10per cent,
33 per cent and 99 per cent of /e = 1.16Jybeam~'. Vectors show linear
polarization position angle and per centage, with the peak m
25.2 per cent.
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Polarisation

a tutorial by
V. Radhakrishnan
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