L = L_0 + 0.9856474(t − t_0)

g = g_0 + 0.9856003(t − t_0)

λ = L + 1.915 sin(g) + 0.020 sin(2g)

(α − α_0) = ϖ [ cos(α) cos(ϵ) sin(λ) − sin(α) cos(λ) ] + μ_αt + K

cos(α_0) ≃ cos(α)

sin(α_0) ≃ sin(α)

cos(δ_0) ≃ cos(δ)

sin(δ_0) ≃ sin(δ)

(α − α_0) ≃ ϖ [ cos(α_0) cos(ϵ) sin(λ) − sin(α_0) cos(λ) ] + μ_αt + K

P ≡ cos(α_0) cos(ϵ) sin(λ) − sin(α_0) cos(λ)

(α − α_0) ≃ ϖP + μ_αt + K

(δ − δ_0) = ϖ [ cos(δ) sin(ϵ) sin(λ) − cos(α) sin(δ) cos(λ)

− sin(α) sin(δ) cos(ϵ) sin(λ) ] + μ_δt + L

(δ − δ_0) = ϖ [ cos(δ_0) sin(ϵ) sin(λ) − cos(α_0) sin(δ_0) cos(λ)

− sin(α_0) sin(δ_0) cos(ϵ) sin(λ) ] + μ_δt + L

Q ≡ cos(δ_0) sin(ϵ) sin(λ) − cos(α_0) sin(δ_0) cos(λ)

− sin(α_0) sin(δ_0) cos(ϵ) sin(λ)

(δ − δ_0) = ϖQ + μ_δt + L β = ∑ [ ΔRA_i − (α − α_0)

]_2 + [ ΔDec_i − (δ − δ_0)

]_2

β = ∑ [ ΔRA_i − (ϖP_i − μ_αt_i − K)

]_2 + [ ΔDec_i − (ϖQ_i − μ_δt_i − L)

]_2

∂β ∂ϖ = ∑ (−2P_i) [ ΔRA_i − (ϖP_i − μ_αt_i − K) ] + (−2Q_i) [ ΔDec_i − (ϖQ_i − μ_δt_i − L) ] ∂β ∂ϖ = 0 0 = ∑ ΔRA_iP_i − ∑ ϖP^2_i − ∑ μ_αP_it_i − ∑ KP_i + ∑ ΔDec_iQ_i − ∑ ϖQ^2_i − ∑ μ_δQ_it_i − ∑ LQ_i

ϖ ∑ ( P^2_i + Q^2_i ) + μ_α ∑ P_it_i + μ_δ ∑ Q_it_i + K ∑ P_i + L ∑ Q_i = ∑ (ΔRA_iP_i + ΔDec_iQ_i) (1) ∂β ∂μ_α = ∑ (−2t_i) [ ΔRA_i − (ϖP_i − μ_αt_i − K) ]

0 = ∑ ΔRA_it_i − ∑ ϖP_it_i − ∑ μ_αt^2_i − ∑ Kt_i ϖ ∑ P_it_i + μ_α ∑ t^2_i + K ∑ t_i = ∑ ΔRA_it_i

ϖ ∑ P_it_i + μ_α ∑ t^2_i + μ_δ 0 + K ∑ t_i + L 0 = ∑ ΔRA_it_i (2) ∂β ∂μ_δ = ∑ (−2t_i) [ ΔDec_i − (ϖQ_i − μ_δt_i − L) ]

0 = ∑ ΔDec_it_i − ∑ ϖQ_it_i − ∑ μ_δt^2_i − ∑ Lt_i ϖ ∑ Q_it_i + μ_δ ∑ t^2_i + L ∑ t_i = ∑ ΔDec_it_i

ϖ ∑ Q_it_i + μ_α 0 + μ_δ ∑ t^2_i + K 0 + L ∑ t_i = ∑ ΔDec_it_i (3)

∂β ∂K = ∑ (−2) [ ΔRA_i − (ϖP_i − μ_αt_i − K) ]

0 = ∑ ΔRA_i − ∑ ϖP_i − ∑ μ_αt_i − ∑ K ϖ ∑ P_i + μ_α ∑ t_i + K ∑ 1 = ∑ ΔRA_i

ϖ ∑ P_i + μ_α ∑ t_i + μ_δ 0 + K ∑ 1 + L 0 = ∑ ΔRA_i (4) ∂β ∂L = ∑ (−2) [ ΔDec_i − (ϖQ_i − μ_δt_i − L) ]

0 = ∑ ΔDec_i − ∑ ϖQ_i − ∑ μ_δt_i − ∑ L ϖ ∑ Q_i + μ_δ ∑ t_i + L ∑ 1 = ∑ ΔDec_i

ϖ ∑ Q_i + μ_α 0 + μ_δ ∑ t_i + K 0 + L ∑ 1 = ∑ ΔDec_i (5) ∑ ( P^2_i + Q^2_i ) ∑ P_it_i ∑ Q_it_i ∑ P_i ∑ Q_i ∑ P_it_i ∑ t^2_i 0 ∑ t_i 0 ∑ Q_it_i 0 ∑ t^2_i 0 ∑ t_i ∑ P_i ∑ t_i 0 ∑ 1 0 ∑ Q_i 0 ∑ t_i 0 ∑ 1 ϖ μ_α

μ_δ K L = ∑ (ΔRA_iP_i + ΔDec_iQ_i) ∑ ΔRA_it_i ∑ ΔDec_it_i ∑ ΔRA_i ∑ ΔDec_i

A ≡ ∑ ( P^2_i + Q^2_i ) ∑ P_it_i ∑ Q_it_i ∑ P_i ∑ Q_i ∑ P_it_i ∑ t^2_i 0 ∑ t_i 0 ∑ Q_it_i 0 ∑ t^2_i 0 ∑ t_i ∑ P_i ∑ t_i 0 ∑ 1 0 ∑ Q_i 0 ∑ t_i 0 ∑ 1

x ≡ ϖ μ_α

μ_δ K L

b ≡ ∑ (ΔRA_iP_i + ΔDec_iQ_i) ∑ ΔRA_it_i ∑ ΔDec_it_i ∑ ΔRA_i ∑ ΔDec_i

Ax = b

w_{RA,i} ≡ 1 σ_{RAi}

w_{Dec,i} ≡ 1 σ_{Deci} β = ∑ [ ΔRA_i − (α − α_0)

]_2

w^2_{RA,i} + [ ΔDec_i − (δ − δ_0)

]_2

w^2_{Dec,i} β = ∑ [ ΔRA_i − (ϖP_i − μ_αt_i − K)

]_2 w^2_{RA,i} + [ ΔDec_i − (ϖQ_i − μ_δt_i − L)

]_2 w^2_{Dec,i} ∂β ∂ϖ = ∑ (−2P_i) [ ΔRA_i − (ϖP_i − μ_αt_i − K) ] w^2_{RA,i} +

(−2Q_i) [ ΔDec_i − (ϖQ_i − μ_δt_i − L) ] w^2_{Dec,i}

ϖ ∑ ( P^2_i w^2_{RA,i} + Q^2_i w^2_{Dec,i} ) + μ_α ∑ P_it_i w^2_{RA,i} +

μ_δ ∑ Q_it_i w^2_{Dec,i} + K ∑ P_i w^2_{RA,i} + L ∑ Q_i w^2_{Dec,i} = ∑ ( ΔRA_iP_i w^2_{RA,i} + ΔDec_iQ_i w^2_{Dec,i} )

A ≡

∑ ( P^2_i w^2_{RA,i} + Q^2_i w^2_{Dec,i} ) ∑ P_it_i w^2_{RA,i} ∑ Q_it_i w^2_{Dec,i} ∑ P_i w^2_{RA,i} ∑ Q_i w^2_{Dec,i} ∑ P_it_i w^2_{RA,i} ∑ t^2_i w^2_{RA,i} 0 ∑ t_i w^2_{RA,i} 0 ∑ Q_it_i w^2_{Dec,i} 0 ∑ t^2_i w^2_{Dec,i} 0 ∑ t_i w^2_{Dec,i} ∑ P_i w^2_{RA,i} ∑ t_i w^2_{RA,i} 0 ∑ w^2_{RA,i} 0 ∑ Q_i w^2_{Dec,i} 0 ∑ t_i w^2_{Dec,i} 0 ∑ w^2_{Dec,i}

x ≡ ϖ μα μ_δ K L

b ≡

∑ ( ΔRA_iP_i w^2_{RA,i} + ΔDec_iQ_i w^2_{Dec,i} ) ∑ ΔRA_it_i w^2_{RA,i} ∑ ΔDec_it_i w^2_{Dec,i} ∑ ΔRA_i w^2_{RA,i} ∑ ΔDec_i w^2_{Dec,i}

Ax = b β = ∑ [ΔRA_i − (α − α_0) σ_{RAi}

]^2 + [ ΔDec_i − (δ − δ_0)

σ_{Deci}

]^2

β = ∑ [ ΔRA_i − (ϖP_i − μ_αt_i − K)

]_2 + [ ΔDec_i − (ϖQ_i − μ_δt_i − L)

]_2

∂β ∂ϖ = 0 ∂β ∂ϖ = 0 ∂β ∂ϖ = 0 ∂β ∂μ_α = 0 ∂β ∂K = 0 ∂β ∂μ_δ = 0 ∂β ∂L = 0 Ax = b

x = A^{−1} b

PE = a + bx + cx^2