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® Two distant, small regions of spacetime, connected by a null [ ©
geodesics
® Observers measure the time of arrival, position on the sky, N ~
redshift, image size and distortion, their rate of change in time Vv
: 70
(drift) ... L
Ns
® Results affected by SR effects (time \ ’
dilation, light aberration etc.) L < k.
LA
® GR propagation effects through spacetime \

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

® |dea: geometric formulation of the problem (coordinate- and frame-independent)
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[0x0] € ToM /[
[0xo] = { XFeToM | X# = oxo* + C [+ }
dim (ToM /) =3

[dlo]l e -/ ]=DPo
[dlo] ={ Xre [L| Xr=Alo*+ C [*}
dim Po =2

® Perpendicular space - corresponds to direction deviations of null geodesics
® ...or to displacement of null geodesics on the same light front

® inherits a positive definite metric [g] from the spacetime metric
® can be identified with the screen space of any observer
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Image distortion

DAL Alf = oxf
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Image distortion

Dang = (lo ud) |det DA5| "
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Image distortion

Dang = (lo ud) |det DA5| "

depend on uo, but NOT on ug!
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Stereoscopic parallax
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Stereoscopic parallax
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Position drift
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® Non-geodesic observer: calculate the Fermi-Walker derivative of the
position vector on the celestial sphere r#

Warsaw, June 2018 12 M. Korzynski, “Geometric optics in GR...”



Position drift

9([0xo],l) = g([dze], 1)

D ([Alp]) = [0zg — 0z0] — m ([dxp])

dro Iy uf 1 .
C €

d7e Lp ug 1+ 2z
K Yo

/ 4" B
Alc) - ,D_l—‘ l ) - B X0
l‘_ R — B 1 + ug — ue — T “-C)
a7, A
- £

® Non-geodesic observer: calculate the Fermi-Walker derivative of the
position vector on the celestial sphere r#

B
. «‘ 1 _1A 1 .
Yols A — fu..r?) +-——D : I Ug — U —mP y -u,’(;
ly ug, 1

Warsaw, June 2018 12 M. Korzynski, “Geometric optics in GR...”



Position drift

g([(sx(?]v l) — g([d.’l’}g], l)

D ([Alp]) = [0ze — d20) — m ([0z0))

dro - lo ug 1 Y
dre Ly u.g 1+ 2z
AlA 1 B % h

1A X
— 0 _p-l B ug — UE — mBN 'u.’é xo
(17‘() 142 c

® Non-geodesic observer: calculate the Fermi-Walker derivative of the
position vector on the celestial sphere r#
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Summary

Covariant description of geometric optics and light propagation
between small, distant regions

Valid in any spacetime (distant observer approximation)

Frame- (observer-) and coordinates-independent

Optical effects separated into propagation effects (GR)
+ local effects of motion (SR)

GR effects encoded in 2 optical operators between appropriate quotient spaces

Operators are linear functionals of the Riemann tensor along the line of sight

Image distortion, parallax, drift effects, redshift drift effects, Jacobi matrix drift, angular
and luminosity distance drift
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Applications + future research

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

Beyond the DOA - perspective distortion and curvature of light cones

Spacetime geometry determination using optical measurements

Thank you!
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