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1. Properties of Lorentz Transformations in the Theory of Special Relativity

Consider a general Lorentz transformation

x′µ = Λµ
νx

ν

with the matrix Λµ
ν satisfying

ηµνΛ
µ
ρΛ

ν
σ = ηρσ

in terms of the Lorentz metric tensor

ηµν = diag(1,−1,−1,−1) .

(a) Show explicitly that the four dimensional scalar product

a · b ≡ ηµνa
µbν = aµb

µ

is invariant under such Lorentz transformations.

(b) Show that the inverse Lorentz transformation is given by(
Λ−1

)µ
ν

= ηµρηνσΛσ
ρ .

please turn over
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2. Four Dimensional Acceleration in Special Relativity

(a) Derive the relation

aµ =
d2xµ

dτ 2
= Γ2

[
Γ2v · a, a + Γ2(v · a)v

]
(1)

between the four acceleration aµ and the ordinary three dimensional acceleration a ≡ d2r/dt2

and velocity v ≡ dr/dt.
(b) Show that the proper acceleration a2

0 ≡ −aµaµ is given by

a2
0 ≡ −aµaµ = Γ4

[
a2 + Γ2(v · a)2

]
. (2)

3. Constant Force in Special Relativity

Consider a relativistic point particle with non-vanishing rest mass m0 which is subject to a
constant force F = (dp/dt) = Fez =const in the z−direction. The initial conditions are given
by z(0) = z0, v(0) = 0. Derive the world line z(t) and sketch it on a Minkowski space-time
diagram.
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