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The Key point: 
The importance of handling Quantum 1%)%#1-F-

conserved quantities of light for astronomy 
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Symmetric under inhomogeneous Lorentz transformations. The 
concomitant Lie group is the 10-dimensional Poincaré group P(10). 
According to Noether’s theorem there therefore exist 10 conserved 
EM quantities. In fact there exist 23 exact, plus an as yet unknown 
number of approximate conservation laws from other symmetries. 
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• Invariance in time translations => conservation of system energy 
(no EMF, no radiation: Poynting’s theorem): 

• Invariance in space translations => conservation of system linear 
momentum (EM Doppler shift!): 

• Invariance under proper Lorentz transformations => conservation 
of system centre of energy:  
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One-Photon 
Experiments 
E*E correspond to 
the intensity I 

All classical optical instruments measure properties of light that can be 
deduced from the first-order correlation function of light, G(1), for two 
coordinates in space r and time t (Glauber, 1970).  
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The description of collective multi-photon phenomena in a photon gas, in general requires a quantum-
mechanical treatment since photons have integer spin (S = 1), and therefore constitute a boson fluid with 
properties different from a fluid of classical distinguishable particles.  

Two- and Multi-Photon Properties of Light-
Since a 
detection of a 
photon 
(measurement 
of I) enters 
twice, G(2) 
describes two-
photon 
properties of 
light. G(2) is 
often 
normalized to 
the second-
order coherence 
of light, g(2).  

g(2) = <I(r1,t1) I(r2,t2)>/<I(r1,t1)> <I(r2,t2)> 



Isotropy in space => conservation of system 
angular momentum 

For radiation beams, the EM field angular momentum JEM 
can be separated into two parts [van Enk & Nienhuis, 1992]: 

• The first part is the EM orbital angular momentum (OAM) 
LEM, and the second part is the EM spin angular momentum 
(SAM) SEM , wave polarisation. JEM = LEM + SEM are radiated 
all the way out to the far zone. 
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