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Parkes Observatory, 22 July 2015 

Outline 
•  Representations of polarisation 

– geometric and statistical 
 

•  Radio pulsar polarisation 
–  rotating vector model 
– orthogonally polarized modes 
– high-precision timing 

 
•  Polarimetric calibration 
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Electromagnetic Plane Wave 

Idealized: monochromatic 
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vx vy 

•  3 degrees of freedom 
– Amplitudes of vx & vy 

– Relative phase θ 

Why does 
absolute phase 
not matter? 

Simple Demo 
http://webphysics.davidson.edu/physlet_resources/dav_optics/examples/polarization.html 
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Polarisation Ellipse 

•  3 degrees of freedom 
– size 
– orientation ψ, 
– axial ratio tanχ 

(direction = sign of χ) 

•  insensitive to 
absolute phase 

Partially polarised light 
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Coherency Matrix 
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•  <ex ex*> + <ey ey*> = S0  (total intensity)���
	


•   <ex ex*> - <ey ey*> = S1  (can be non-zero)���
	


•  <ey ex*> = <ay ax exp(jϕy - jϕx)>���
	
         = <ay ax [cos(Δϕ) + jsin(Δϕ)]>���

	

•  <ey ex*> = S2 + j S3 will be	


–   zero when x and y are uncorrelated	

–   purely real when Δϕ = 0 or π	

–   purely imaginary when Δϕ = π/2 or -π/2	
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Stokes Parameters - 4 vector 

S0 = I             total intensity 
S = (S1,S2,S3)  polarisation vector 
 
All have units of intensity 
 
p = |S|/I  degree of polarisation 

Stokes Parameters - Ellipse 
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Stokes Parameters - Intensities 

Stokes Parameters - Relation 
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Rotating Vector Model 

Example Pulse Profile - 
Stokes 4-vector 
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Stokes Parameters - Cylindrical 

Example: Stokes Cylindrical 
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Rotating Vector Model 
examples 
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Rotating Vector Model 

•  Like magnetic 
declination on Earth 
 

•  Pulsar magnetic 
field axis not aligned 
spin axis  

 

Rotating Vector 
Model Equation 
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Geomagnetic Reference Field 
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Orthogonal Mode Transition 
example 

 Orthogonally Polarized Modes 
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OPM histogram 
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High-precision Pulsar Timing 

Template Matching 

ϕ 
P(φ) = aS(φ+ ϕ) + b 

P(ν) = aS(ν)e-i2πϕν + δ(ν)b 

FFT 
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Frequency Domain 

•  High frequency power yields greatest 
constraint on slope, ϕ 

ν ν 

φ φ 

PSR J0437-4715 profile 
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Parallactic Variation of Arrival 
Time 
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Even After Calibration 

Polarimetric Calibration 
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Calibration 

Jones matrix, J	

	

	

	

	

Mueller matrix, M 

Jones Matrix 

(    ) gx   cyx	

cxy  gy	


Gain on e
x 

Gain on e
y 

Leakage  

(ex in
to ey) 

Leakage  

(ey in
to ex) 
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Parallactic 
variation of 

Stokes 
parameters 

Example Solution 
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 Matrix Template Matching 

Template Matching 

ϕ 
P(φ) = aS(φ+ ϕ) + b 

P(ν) = aS(ν)e-i2πϕν + δ(ν)b 

FFT 
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Matrix Template Matching 
•  Replace scalars with matrices 

 
P(ν) = aS(ν)e-i2πνϕ 

•  6 new degrees of freedom 
•  4 times the number of constraints 



7/24/15 

25 



7/24/15 

26 

Arrival Time Comparison 

•  278 observations spanning ~7 years 
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van Straten 2013, ApJS 204:13 
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Summary 

•  Instrumental polarization introduces 
correlated systematic timing error 

•  Long-term stability of MSP polarization 
can be used to calibrate instrumentation 

•  Matrix Template Matching can be better 
than quadrupling integration length 

Tutorial 

•  Stage 1: do it yourself – python-based 
exploration of calibration data 
–   Get data and tutorial from USB drive 

 
•  Stage 2: use psrchive – calibrate data 

and compare TOAs 
–   Stage 2.a – introduction to psrchive 


