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v =
dr
dt
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dr
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u = γ v, �7�
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γ :=
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1 − v · v
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)−1/2
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f = γ F, �12�
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v ·F
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u = {Λ[v(t0)]} u′, �20�
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Λμ
0(v) = γ vμ,

Λ0
j(v) = γ

vj
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j(v) = δi

j + (γ − 1)
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f = [Λ(v)] G. �24�
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d(γ v)

dτ
= G + (γ − 1)v

v ·G
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α := tanh−1 |v|
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v̂ = [R(θ ê3)] ê1. �27�
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" êi

�K�3
3 =�� &"

Λ(v) = [R(θ ê3)] [Λ(|v| ê1)] [R(θ ê3)]−1. �28�
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R(θ ê3) = exp(θ J3), �29�



�"�? � @��7 � ��A� c

�

Λ(|v| ê1) = exp(α K̃1), �30�
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0 0 0 0
0 0 −1 0
0 1 0 0
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u = [Λ(v)] w

= [R(θ ê3)] [Λ(|v| ê1)] [R(θ ê3)]−1 w,

= [R(θ ê3)] [Λ(|v| ê1)] w. �34�
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m [exp(−α K̃1)] [exp(−θ J3)]

× d
dτ

{[exp(θ J3)] [exp(α K̃1)]}w = [exp(−θ J3)] G, �35�
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+ [exp(−α K̃1)] J3 [exp(α K̃1)]

dθ

dτ

}
w = [exp(−θ J3)] G. �36�
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{
K̃1

dα

dτ
+ [J3 coshα + K̃2 sinh α]

dθ
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dτ
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dα

dθ
= − sinhα cot θ, �42�
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tanh
α

2
sin θ = tanh

α0

2
sin θ0, �43�

$��3 � �0 ! !�7�� 	�(G� &(-� �� ���� =���jE � �J�0 $� .��%!��S 0 � 56�7 &*
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sin θ∞ = tanh
α0

2
sin θ0. �44�

!�7�� �43� K�3
3 =�� &"

tanh
α
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=

sin θ∞
sin θ
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sinh α =
2 tanh(α/2)

1 − tanh2(α/2)
,

=
2 sin θ∞ sin θ

sin2 θ − sin2 θ∞
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2 sin θ∞
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tan θ
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1 − ζ2

dζ
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= |G| cos θ∞, �49�

�%!�� &D�� &*

tanh−1 ζ =
|G| cos θ∞

2 m c
τ + tanh−1 ζ0. �50�
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γ = cosh α, �51�
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coshα =
1 + tanh2(α/2)
1 − tanh2(α/2)
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sin θ∞ :=
√

γ0 − 1
γ0 + 1

sin θ0, �53�

ξ :=
|G| cos θ∞

2 m c
τ, �54�

cot θ = cot θ∞
cot θ0 + cot θ∞ tanh ξ

cot θ∞ + cot θ0 tanh ξ
, �55�

γ =
sin2 θ + sin2 θ∞
sin2 θ − sin2 θ∞

. �56�
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[a] Poincaré

[b] Lorentz

[c] Newton


