
�xA
V

mA�̈xA = −�∇A

∑
B �=A

V (|�xA − �xB|),
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�∇A A

�x′A(t) = �xA(t+ t0)− �a,

x′Ai(t) =

3∑
j=1

Ri
jx

j
A(t), RTR = 1,

�x′A = �xA − �V t.

�V

φ(t, �x) μ(t.�x, )

ΔΦ = 4πGμ.

m �x t

�F = −m�∇Φ(�x, t).

Φ′(t′, �x′) = Φ(t, �x)

�∇ = �∇′, ∂t = ∂t′ − �V .�∇′,
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Δ′Φ′ = 4πGμ′.

∂n

∂t
= DΔn,

∂tρ+ �∇j = 0,

ρ′ = ρ, �j′ = �j − �V ρ.

n = n′

∂n′

∂t′
− �V .�∇′n′ = DΔ′n′.

�V

∂ρ

∂t
=
∂ρ′

∂t′
− �V .�∇′ρ′,

∇.�j = ∇′.(�j′ + �V ρ′) = ∇′�j′ + �V .∇′ρ′.

(ρ,�j)
(ρ′,�j′)
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�a

�Fi = −m(�γ + 2�w ∧ d�x

dt
+ �w ∧ (�w ∧ �x) + d�w

dt
∧ �x),

�γ �w

m

R R′

c
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c xi, i = 1, 2, 3
R x0 = ct xμ, μ = 0, 1, 2, 3

xi, i = 1, 2, 3 R
�x(t) d�x

dt

d�x

dt
.
d�x

dt
= c2

3∑
i=1

dxidxi = (dx0)2.

ημν

ημν = 0 si μ �= ν, η00 = −1, ηii = 1,

c

3∑
μ,ν=0

dxμημνdx
ν = 0.

∑
dxμημνdx

ν = 0.

R′ R
�V x′μ R′ x′μ

xμ c R′

dx′μημνdx′ν = 0,

dxμημνdx
ν = 0.

dx′μημνdx′ν = ∂αx
′μημν∂βx′νdxαdxβ .

dx0
√
�dx. �dx dxi

∂0x
′μημν∂ix′ν = 0, ∂ix

′μημν∂jx′ν + ∂0x
′μημν∂0x′νδij = 0.
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∂αx
′μημν∂βx′ν = Ωηαβ ,

Ω x �V
x

�V
−�V

Ω(−�V ) = Ω(�V )−1

Ω = ±1 Ω = 1

∂αx
′μημν∂βx′ν = ηαβ .

x′ = x+ ξ ξ

∂αξ
μημβ + ∂βξ

νηνα = 0.

ξβ ≡ ξμημβ
∂αξβ

∂αξβ + ∂βξα = 0.

xγ

∂α(∂γξβ − ∂βξγ) = 0 = 2∂α∂γξβ ,

∂αξβ x ξα

ξα = aα + aαβx
β ,

aα aαβ aα

aα = 0

Ω
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x′μ = Λμ
νx

ν ,

Λ 4×4 x′ = Λx

dxμdxνημν = 0 dx′μdx′νημν = 0 dx′μ = Λμ
νdx

ν

dx′μdx′νημν dxμ

dxμdxνημν = 0

dx′μdx′νημν = α(�V )dxμdxνημν ,

α x
R′ R α(�V )

α �V
α(−�V )α(�V ) = 1 R R′ −�V α2(V ) = 1

α 1
α = 1

dxμdxνημν = dx′μdx′νημν ,

ds2 = dxμdxνημν
dxμ Λ

dxT ηdx = dxTΛT ηΛdx,

ΛT ηΛ = η.

4× 4
O(1, 3)

R R′

x Λ
2× 2

Λ =

(
a b
c d

)
.
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ΛT ηΛ = η b2 − a2 = −1,−c2 + d2 = 1, ac = bd
Λ0
0 > 0

Λ =

(
coshα sinhα
sinhα coshα

)
.

α R′ R
x1 = V t x′1 = 0

tanhα = −V
c
.

1− tanh2 α = 1/ cosh2 α

Λ(V ) =
1√

1− V 2

c2

(
1 −V

c

−V
c 1

)
.

Λ(−V ) = Λ(V )−1

γ =
1√

1− V 2

c2

, β =
V

c
,

Λ = γ

(
1 −β
−β 1

)
.

R Δx0 = 0 Δx′0 =
−βγΔx1 R′ Δx1 �= 0

Δx′1 = γΔx1 Δx′0 = −βΔx′1 |β| < 1
R R′

|Δx′0| < |Δx′1|

V
R R′
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