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• Observers measure the time of arrival, position on the sky, 
redshift, image size and distortion, their rate of change in time 
(drift) …

• Two distant, small regions of spacetime, connected by a null 
geodesics

• Results affected by SR effects (time 
dilation, light aberration etc.)

• GR propagation effects through spacetime

• Spacetime with any Lorentzian metric

• Light bending, geometric time delay, 
Shapiro delay etc.

• Idea: geometric formulation of the problem (coordinate- and frame-independent)
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Different observers u and v ⇒ different 

notions of simultaneity

⇒ different screen spaces

vm

⇒ screen spaces punctured by light rays at different points

Yet, the distances measured to a given light rays (+ angles) are the same

P  = identification of screen spaces of all observers

gmn x1m x2n= gAB x1A x2B

P P P g0
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where

• ^ - parallel transport from O to E

• O/E asymmetry operator   m : TOM / l → PE

covariant, frame- and 
coordinate system-independent 
description of how observers in NO 
see what is happening in NE

• vanishes in a flat space!
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Image distortion, parallax, drift effects, redshift drift effects, Jacobi matrix drift, angular 
and luminosity distance drift
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Beyond the DOA - perspective distortion and curvature of light cones 

Cosmology:  “real-time cosmology”, comparison of positions and redshifts of 
distant objects after ≈10 ys 

Relativistic astrophysics - corrections to parallax

Light propagation through small-scale inhomogeneities in the Universe

Spacetime geometry determination using optical measurements 

Thank you!


