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perturbed space-time
Earth multipoles
ocean tides, solid tides
Moon, Sun, Jupiter, Venus
relativity, Kerr

a⃗= a⃗GM +⃗a2−6+⃗a planets+⃗atides+⃗arelativity +⃗aKerr

gμ ν=gμν
(0 )+hμν

(2−6 )+hμ ν
( planets )+hμν

(tides)+hμν
(Kerr )

Schwarzschild Regge-Wheeler-Zerilli multipole expansion



  

Unperturbed orbits H=
1
2
g(0)μ ν pμ

(0 ) pν
(0)

Qi , P i :

Orbital parameters = constants of motion

a ,ϵ ,ω ,Ω ,ι ,t a

t=t (λ∣Qi , P i)
r=r (λ∣Qi , P i)
θ=θ(λ∣Qi , P i)
ϕ=ϕ (λ∣Q i , P i)

analytical



  

Perturbed orbits H=
1
2
g (0 )μ ν pμ pν−

1
2
hμν pμ pν

Qi , P i :

Orbital parameters ≠ constants of motion

a ,ϵ ,ω ,Ω ,ι ,t a

t=t (λ∣Qi (τ) , P i( τ))
r=r (λ∣Qi (τ ) , P i( τ))
θ=θ(λ∣Qi (τ) , P i( τ))
ϕ=ϕ (λ∣Q i( τ) , P i(τ ))

Q̇i=
∂ΔH
∂ P i

Ṗ i=−
∂ΔH
∂Q i

ΔH



  

Earth multipoles



  



  

User

Constants
of motion

Coordinate
transformation

(τ1, τ2, τ3, τ4) (t o , xo , yo , zo)

(τ1, τ2, τ3, τ4)

(τ1, τ2, τ3, τ4)

(τ1, τ2, τ3, τ4)

(τ1, τ2, τ3, τ4)

(τ1, τ2, τ3, τ4)
Data reduction

+
Clock correction

Positioning algorithm in GR

ϵt∼10−31 T=0.04 sϵ x , y , z∼10−25



  

User

Constants
of motion

Coordinate
transformation

(τ1, τ2, τ3, τ4) (t o , xo , yo , zo)

(τ1, τ2, τ3, τ4)

(τ1, τ2, τ3, τ4)

(τ1, τ2, τ3, τ4)

(τ1, τ2, τ3, τ4)

(τ1, τ2, τ3, τ4)
Data reduction

+
Clock correction

ABC – Autonomous Basis of Coordinates



  

ABC – Autonomous Basis of Coordinates
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T f =t 2( τ̄)− t1( τ)
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ABC – Autonomous Basis of Coordinates

S (Qi(0) , P i (0))= {T f (τ , τ̄∣Q
i(τ , τ̄) ,P i(τ , τ̄))

−t 2( τ̄∣Q
i( τ̄ ) , P i ( τ̄))+t 1(τ∣Q

i (τ ) , P i( τ))}
2
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S (Qi(0) ,P i (0))=

∑
k

{T f (τ [ k ] , τ̄ [ k ]∣Qi( τ [k ] , τ̄ [k ]) , P i (τ [k ] , τ̄ [k ]))

−t 2( τ̄ [k ]∣Q i( τ̄[ k ]) , P i( τ̄ [k ]))+t1( τ [k ]∣Qi (τ [k ]) , P i(τ [ k ]))}2



  

12D minimization 

ABC – Autonomous Basis of Coordinates



  

12D minimization 

ABC – Autonomous Basis of Coordinates

ϵ(Qi(0) , Pi(0))∼10−22

12D minimization 



  

ABC – Degeneracies

no perturbations

Δι=±0.01



  

ABC – Degeneracies

Earth multipoles
Solid tides
Ocean tides

Δι=±0.01



  

ABC – Degeneracies

no perturbations

ΔΩ=±2×10−4
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ABC – Autonomous Basis of Coordinates



  

ABC – Refinement of gravitational parameters

ΔM 2,0

M 2,0

=7×10−5

ΔM 2,0

M 2,0

∼7×10−23



  

ABC – Refinement of gravitational parameters



  

ABC – Refinement of gravitational parameters



  

● Robustness of recovering constants of motion with 
respect to noise in the data
● Consistency of description with redundant number          
of satellites 
● Possibility to use the constellation as a clock with      
long term stability

● Its realization does not rely on observations from Earth
● No entanglement with Earth internal dynamics
● No Earth stations for maintaining of the frame

● Stability and accuracy
● Based on well-known satellite dynamics
● Satellite orbits are very stable in time, and can be       accurately 

described
●Applications in science

● geophysics, relativistic gravitation and reference frames
● determine/refine values of gravitational parameters

(e.g. multipoles)

ABC – Autonomous Basis of Coordinates

 Title:Clipboard
 Creator:(Wolfram Mathematica 9.0 for Lin
 CreationDate:(Sunday, December 1, 2013)(19:24
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