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We develop the method to construct the reference system of a local
observer within the linear approximation on space-time curvature.
Transformation to optical or Fermi coordinates is based on the
solutions of the isotropic or space-like geodesic equation and
parallel transport equation. The main advantage of the optical
coordinates lies in their direct link with observable positions of
distant objects on the celestial sphere. We also applied this method
to construct the optical and Fermi coordinates for the case of
accelerated and rotating observer in gravitational field induced by
moving bodies of the Solar system. The transformation formulae
from initial coordinates to new ones were obtained and the metric
tensors in optical and Fermi frames were found in the cubic
approximation on the observers velocity.



Optical coordinates (OC) are the most appropriate for
comparison with observational positions of objects on
celestial sphere

Can be easily constructed using the grav. lensing theory

IAU recommendations: recommendations about reference
frames, based on harmonic coordinates (HC)

We develop here the exponential mapping to find the
transformation formula HC=>0C (and HC=>FC Fermi
coordinates), and to find a metric tensor in these
coordinates

Based on: local observer conception (based on geodesics
and parallel transport equation - > Synge G. General
relativity; lNuparac K., >KgaHos B., AnekcaHgpos A., Kyaps
tO., MNuparac J1. KayecTBEHHbIE U aHANUTUYECKME METOObI
B PENATUBUCTCKOU AnHamMuke., m.3, MTW Gravity)

Quite close to the “"observation coordinates” by
R.Maartens
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xH (1) - observer’s worldline (farther origin)=referencenag, T Is his
proper time;

xH(1,S) — geodesics line from origin to a source wittura parameter s
(x*(t,0)=*(T) ), and

V¢ - tangent vector of this geodesics;

Ay — set of reference vectors of
the initial reference system
(vector number Is in brackets) el =u"

Then Riemannian normal
coordinates (RNC), adopted to
the reference set arg=Vv-s.

e% g (1) — reference vectors set of
tF\e observer (parallel
transported with him), ze¥o

one coincides with the x: X
observer’s velocity:
dx(*:l Alexander | Nesterov 1999 Class. Quantum Grav. 16 465

—c=u" =€

) Riemann normal coordinates, Fermi reference system
1 and the geodesic deviation equation



Reference sets of observer and HC are connectedaatn
other via Lorentz transformation matmy :

Ae) =Naye) ).

This set Is translated parallel along the obseswedrldline:

() _ A~ e
P = Q% &,

e Here the 4 — rotation tensor

Q5 -a, UgragUy -£,5, 09GP,

e g%-4- acceleration,

* WP - angular 4-velocity of observer’s rotation.



 Transformation formula can be found integrating the equation of
the reference geodesics:

dx* _ dx dx!

+[ =0
g2 Y} ds ds
* herel ,, , — Cristoffel's symbols, and
_d_xu_ = V"
- dS 1s=0

Additionally, for OC:

Geodesics Is isotropie®v,=0, and for FC

Geodesics Is space-like and orthogonal to the vbeer
worldline: u®v, =0.

Then FCza are:zZ=y<€,, 2°=T,

And OK &a are: &'=y%€ ), &°=T.




guv - metric tensor in the initial coordinates

gap=n aptrhafs

where h are small in comparisonto 1 . Then
H =1 Hp — —
r,W] _Eg (gpv,/] +gp/],l/ gwl,,o) —

= %I?,UP (h,ov,/] (Xy) T hp/l v (Xy) B h//l 0 (Xy))

 Integration give us the transformation formuldimear

approximation on metric

X" = Xg + ypl — y"r]“c’lvc, +%n“GyVyA (‘Jv)\ - IvA ),0

where: J, = f
f,UV: h,uv (Xa)'h,uv (Xa c) ]_O



FC : metric tensor

- d X" 0 X G =g 9X'0X 0y’
Yoo = guv 0T 0T YOV ar oyt a7
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Joo = (gw(xcy) + ZAW)u”u” +
+ZQIU/1 yﬂul/ (g,uv (Xé/)+ A,uv t Z,uv)-l_
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¢ ds . .
Ky = S[ s Fop () = Fop (XL O)VS)
5 (S')

e Taking into account that:

B

F

0y ={(0,s (X)) + T + AU + (g, () + 25, ) Q4 y' e

F
g; == 0, +2% €€



OC:

e metric transformation:

o 9 xfox
o _ ax'ax ay’
gOi g,uv OT ay/] agl
0 Ox*ox oy’ oy~
Ji =9, y 2

oy' oy aé& aé&



Metric tensor in OC:

o o
— Iy, ] %
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An example: moving point
masses

e |nitial metric:
Yoo =1- 2¢
i = —Oi (1"' 2¢)
Joi = _477j¢

« where 77’ is a velocity, m - mass
 And gravitational potential Is:

$(x) = ‘X["X

|



Transformation formula:

0y2 0\2 |, o2 0/ =
X=X +y+m(l—uj|:y(l_(y) j+4y0@}_5(y) +y° +4y (7§)

Y’ y?
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OC:
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