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Let Λµ
ν (µ, ν = 0, 1, 2, 3) denote a O(1, 3) matrix satisfying

(Λµ
ρ)

T ηµν Λν
σ = ηρσ ,

with the metric ηµν = Diag(1,−1,−1,−1).

1. Show that det(Λ) = ±1 and |Λ0
0| ≥ 1.

2. Let SO(1, 3)+ denote the subgroup of O(1, 3) matrices with det = 1 and
sign(Λ0

0) being positive. Verify that the product of two SO(1, 3)+ matrices
is indeed another SO(1, 3)+ matrix. We shall refer to the group SO(1, 3)+

as the Lorentz group.

3. Let λµν be an antisymmetric matrix. From this construct a new matrix
λµ

ν ≡ λµρηρν – note that, in somewhat confusing notation, we use the same
Greek letter for the new matrix but distinguish it by the index structure.
Show that exp(λµ

ν) is a SO(1, 3)+ matrix.

4. Time reversal is denoted by the matrix T = Diag(−1, 1, 1, 1) and parity is
denoted by the matrix P = Diag(1,−1,−1,−1). Verify that T ∈ O(1, 3)−

and P ∈ O(1, 3)+ where the superscript denotes the sign of Λ0
0. Show that

an arbitrary O(1, 3) matrix can be converted to an SO(1, 3)+ matrix by
multiplying it by a suitable combination of P and/or T .

5. An arbitrary Lorentz boost with rapidity, φ, along a direction n̂ can be
represented by a 4× 4 matrix B(n̂, φ). Show that B(n̂, φ) is given by









coshφ n1 sinhφ n2 sinh φ n3 sinhφ
n1 sinh φ 1− n2

1(1− coshφ) −n1n2(1− cosh φ) −n1n3(1− coshφ)
n2 sinh φ −n1n2(1− coshφ) 1− n2

2(1− coshφ) −n2n3(1− coshφ)
n3 sinh φ −n1n3(1− coshφ) −n2n3(1− cosh φ) 1− n2

3(1− cosh φ)









.

In the limit of small rapidity, show that one recovers a Galilean boost along
the direction n̂ and speed u = cφ.

6. A particle of massm and charge q is at rest in a region is space with constant
and uniform magnetic field B = B êz. Obtain the electromagnetic fields
in an inertial frame moving with constant velocity v = v êx with respect
to the particle. Show that the Lorentz force on the particle is zero in the
moving frame.


