
Lorentz invariance

Let X be a space-like vector. There exists a Lorentz transformation Λ such that the time
component vanishes in the transformed vector X ′ = ΛX.

For example, let X be the space-like vector

X =


2
0
0
3


Verify X is space-like.

XµXµ = 22 − 32 = −5

We seek Λ such that

X ′ = ΛX =


γ 0 0 −βγ
0 1 0 0
0 0 1 0

−βγ 0 0 γ



2
0
0
3

 =


0
0
0
z′


where 0 ≤ β < 1 and

γ =
1√

1− β2

This reduces to finding β such that

2γ − 3βγ = 0

Solve for β.

β =
2

3

Hence

Λ =


3/
√
5 0 0 −2/

√
5

0 1 0 0
0 0 1 0

−2/
√
5 0 0 3/

√
5


and

X ′ = ΛX =


0
0
0√
5


Eigenmath script
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https://georgeweigt.github.io/examples/lorentz-invariance-demo.html

