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Polarisation
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What is an EM wave?
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What is an EM wave?
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These are Electromagnetic (EM) waves.




Lets invert the situation
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receive EM wave signals (51mp11f1ed)
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We re-capped EM waves

now lets discuss
polarisation
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The wave is composed of many 2 e
different waves of different angle and amplitude '

There is no preferential order; it is ‘unpolarised’
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Unpolarised light has Plane-polarised light %

no particular order; has one preferred
it’s a mix of all kinds oscillation orientation
of waves
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Unpolarised light has
no particular order;
it’s a mix of all kinds
of waves

Plane-polarised light %
has one preferred 5%
oscillation orientation
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unpolarnzed polarized

With preference in some direction...




Remember our transmitter?

It emits one polarisation,
but we can rotate the transmitter
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/! Remember our transmitter?

i It emits one polarisation,
but we can rotate the transmitter
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Remember our transmitter?

It emits one polarisation,
but we can rotate the transmitter
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Remember our transmitter? - . >

It emits one polarisation,

but we can rotate the transmitter polarized




Linear polarisation
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A linear polarised wave can be de-composed into
orthogonal components: E, and E,




If we have a horizontal and vertical waves
together we form a new wave.

The new wave is the sum of the orthogonal
N vector components (E;, + E,)
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The angle of the wave
is determined by:

PA = tan-1(E,/E))

polarized
I




Take a minute to discuss:

ol

e What is an EM wave?
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* What is unpolarised light?

unpolarized

* What is vertical polarisation?

* What is horisontal polarisation?




Take a minute to discuss:
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Oscillating electric field propagating at the speed
of light

e What is an EM wave?

-
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* What is unpolarised light?

unpolarized

What is vertical polarisation?

What is horisontal polarisation?




Take a minute to discuss:
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Oscillating electric field propagating at the speed
of light

e What is an EM wave?

++++;; o

* What is unpolarised light?

unpolarized

An unordered mix of light waves

* What is vertical polarisation?

* What is horisontal polarisation?



Take a minute to discuss:
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Oscillating electric field propagating at the speed
of light

e What is an EM wave?

++++;; o

* What is unpolarised light?
An unordered mix of light waves

* What is vertical polarisation?

A wave whose electric field oscillates vertically

* What is horisontal polarisation?



Take a minute to discuss:
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<  What is an EM wave?

Oscillating electric field propagating at the speed
of light

* What is unpolarised light?
An unordered mix of light waves

* What is vertical polarisation?

A wave whose electric field oscillates vertically

* What is horisontal polarisation?

A wave whose electric field oscillates horisontally




In this example, the wave components in E_and EY
oscillate in phase with each other

Lets consider when there is a
phase difference between E_and Ev
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Circular polarisation

A /2 phase offset in linear components creates
circular polarisation.



Circular polarisation

A /2 phase offset in
linear components creates
circular polarisation.

E, ,




Polarised EM radiation

N Vertical
A

_ Horisontal

I,inear

Circular




Elliptically polarised

q Linear Circular Elliptical

Polarised light from astronomical sources are typically
a mix of linear and circular polarisation
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This is called elliptical polarisation




Stokes parameters

I.inear Circular

-(£)+(8)  -(£)+(4)
(

0 =(43)-(4) 2 4,4, 088 4, )
U = (24, A4, cosd >
V =(24,4,sind

24, A, sind, )

(
) = (4k)-(4)

* Looks scary (the math, not the guy)
* Actually, quite simple and elegant
* Fully describe the polarisation state of any signal

(Know you how much of each kind of pol. is present)



Stokes parameters

Linear Circular
it i4),
Q=(43)-(4)  =(24,4,cosdy) §
U = (24, Ay, cosd >
V' =(24,4,sind ,

(24,4, sin8,,) |
) ={-(4)
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Stokes parameters

Linear Circular
it i4),
Q=(43)-(4)  =(24,4,cosdy) §
U = (24, Ay, cosd >
V' =(24,4,sind ,

24,4, sindy,) |

(
) = (4e)-(40)

-> Total intensity

;<2C:zO|—|




Stokes parameters

Linear Circular
I=(4)+(4) =(4)+(4) |
Q= <A;2(>—<A§> = (24,4, cosd, )
U =(24,A4,cosd,, ) = (24,4, 8ind,,; )
f.; V =(24,4,sind > < >_<A§>
é:: Ea | S - \ ,,h‘m"., ,




Stokes parameters

(S (4 T
O =(4y)-(4) (24,4, cosdy, )
U = (24, Ay cosd >
V =(24,4,sind

24, A, sind, )

(
) = (4e)-(40)

-> Linear polarisation (Hor=1, Ver=-1)

-> Total intensity

< c O H



Stokes parameters

Linear Circular
I=(£)e(g)  -(g)e(4) |
0 =(43)-(4) (24,4, cosd,,) §
U = (24, A4y cosd >
V =(24,4,sind

24,4, sind ;) ,ﬁi

(
) = (4e) - (4i)

5
-> Total intensity E,
E
-> Linear polarisation (Hor=1, Ver=-1)
T
=5> 5 5 x
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...

The angle of the wave
is determined by:

PA = tan-1(E,/E))

polarized
I




Stokes parameters

Linear Circular
I=(4)+{4) = {4)+(4)
0 =(43)-(4) (24,4, 088 4, )
U = (24, A4y cosd >
V =(24,4,sind

24, A, sind, )

(
) = (4e) - (4i)

-> Linear polarisation (Hor=1, Ver=-1)

-> Total intensity

-> Polarisation angle

< c O H




Stokes parameters

Linear Circular
I=(4)+{4) = {4)+(4)
Q=(43)-(4)  =(24,4, cosdy, )
U

Total intensity

-> Linear polarisation (Hor=1, Ver=-1)

Polarisation angle

< c O H
I
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Stokes parameters

S (), T
=(43)-(47)  =(24,4, cosdy,)

=<2AXAY0086XY> <2A A, sind >

(24,4, sinBXY>H (4z)-(4;) H

-> Total intensity

-> Linear polarisation (Hor=1, Ver=-1)

-> Polarisation angle

< c O H

Circular polarisation (R=1, L=-1)




What

What

What

What

What

Take a minute to discuss:

is unpolarised light? E;%%é}

are the two linear polarisation components?
% =2

is circular polarisation?

is eliptical polarisation?

is the purpose of the Stokes parameters?

LO,U,V J




Polarisation in nature




Polarisation in nature

Polarisation 1s everywhere
Reflections ANNIHILATE GLARE
Exclusive polarized Polarium® lens technology heightens' clarity, reduces eyestrain,
and limits headaches by cutting glare off reflective surfaces such-as water, Snow;and
asphalt soryou-can see past the:noise and focis on the details.
A

" Reflected light is
horizontally polarized.

Non-Polarized

Polarized



Polarisation in nature
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Polarisation is everywhere

Reflections

Weird colours



Polarisation in nature

& Polarisation is everywhere

Reflections

Polarizing
Weird colours 3D Glasses

3D movies



Polarisation in nature

£ Polarisation is everywhere

f Reflections
@ Weird colours
) |

) 3D movies

3

: This beetle




Polarisation in nature

Polarisation is everywhere
Reflections
Weird colours
3D movies
This beetle

Bees and Vikings.g¢%_



Polarisation in astronomy




Polarisation in astronomy

Polarisation is everywhere SPHERE

Reflections

Offset (arcsec)
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Polarisation

Polarisation is everywhere

Magnetic fields
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Polarisation




Polarisation in astronomy

Polarisation is everywhere

1.0
Magnetic fields

=
o

Relative Declination (arcsec)
S o
o o

_1_0||1|I||1|I1||1I|||1
1.0 0.5 0.0 -0.5 -1.0




Polarisation in astronomy

Polarisation is everywhere
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Polarisation in astronomy

Another use:

Increase your signal to noise by doubling your
bandwidth; combine two polarisations

(for unpolarised sources). Radiometer eq.
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Take a minute to discuss:

: i . : A
& e What is eliptical polarisation? ,\&* g
w 5
& Hjinear Circular >/ Elliptical
@ —— '
;g e When have you used/experienced polarisation
X in real life?
y
2 5 s 3 .
i * What are some uses of polarisation in astronomy?
}
£
A * What is the purpose of the Stokes parameters?

LO,U,V J




How to measure

Polarisation in radio astronomy




Single-dish radio telescope

Full Stokes

» > Coupler

—

VZOoO~NEMCIZ0ON

T Tecal, fully linearly

polanzed

Relerences




Correlator products

“Direct” or *“parallel”

ﬁ, |

33 RR and LL

\35',' )

& Strong correlation

" .

& “Cross Pol” or *“cross hands”
!.i

{ RL and LR
Usually weak




Correlator products

=R, + Ry I'=Fam+ R
Q=R,,, - Riun, Q=Fan+Rim

U=R, 1+ By, U=-1(Fa, - Rir)
V=-i(Ryy, - Riv,) V=Fam - R0

Where Rxx 1s the ‘correlator response’
- similar signals - high R

- not similar signals > small R

Interferometers using two polarisations are very
effective at measuring pol. properties of a signal

B LA g
A
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Correlator products

| = R/IVZ u RHIHZ [ = RRIF?Z + ale 8

Q= R/IVZ = RHle Q= RR1L2 i R_IFQ
U= R, + Ry, U=-i(Ra, - Rim) A
Vi=—I(R) 1, - Ry,) V=FRam - AR d

Requires very careful data reduction!!

. Butif it works, it provides very valuable information =




EM waves can be decomposed into orthogonal Ex and Ey
Linear polarisation can be Hor., Ver,. some PA 2

When E, and E, are out of phase by pi/2 we get
circular polarisation

Signals are usually elliptically polarised;
a mix of linear and circular polarisation.

The Stokes parameters fully describe the polarisation
state of a signal

Radio telescopes are well suited to measuring
polarisation (correlator gives Stokes parameters)

Polarisation reveals hidden information in astronomy




£ * EM waves can be decomposed into orthogonal Ex and Ey
* Linear polarisation can be Hor., Ver,. some PA

 When E, and E, are out of phase by pi/2 we get
circular polarisation

e Signals are usually elliptically polarised;
a mix of linear and circular polarisation.

The Stokes parameters fully describe the polarisation
state of a signal

* Radio telescopes are well suited to measuring
polarisation (correlator gives Stokes parameters)

* Polarisation reveals hidden information in astronomy



™ * EM waves can be decomposed into orthogonal Ex and Ey

* Linear polarisation can be Hor., Ver,. some PA

A
 When E, and E, are out of phase by pi/2 we get <
circular polarisation 5
) Elliptical

A I
- ;7|él;|_;inear QF\;Circular ,,\/ ‘
e Signals are usually elliptically polarised; /b*- /T L
a mix of linear and circular polarisation.

The Stokes parameters fully describe the polarisation
state of a signal

* Radio telescopes are well suited to measuring
polarisation (correlator gives Stokes parameters)

* Polarisation reveals hidden information in astronomy



state of a signal

;; * EM waves can be decomposed into orthogonal Ex and Ey E
;ﬁ * Linear polarisation can be Hor., Ver,. some PA

5 7 ¢

ik  When E, and E, are out of phase by pi/2 we get Z
X3 ; _ _ v
h circular polarisation g B
& — 4

vf{‘ i /J Uinear < Gircular C‘E/ Elliptical

i * Signals are usually elliptically polarised; a Vo A

t% a mix of linear and circular polarisation.

?} * The Stokes parameters fully describe the polarisation

5

; * Radio telescopes are well suited to measuring
¥£. polarisation (correlator gives Stokes parameters)
ey

W * Polarisation reveals hidden information in astronomy
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* EM waves can be decomposed into orthogonal Ex and Ey 7 \\7 N

* Linear polarisation can be Hor., Ver,. some PA X

 When E, and E, are out of phase by pi/2 we get 6
circular polarisation

Linear \’\ Circular + Elliptical
e Signals are usually elliptically polarised;
a mix of linear and circular polarisation.

The Stokes parameters fully describe the polarisation
state of a signal

Radio telescopes are well suited to measuring
polarisation (correlator gives Stokes parameters)

42164010

ik Polarisation reveals hidden information in astronomy
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Declination (J2000)
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220243.300 43.205 43.290 43.285 43.280
Right Ascension (J2000)




