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Special Relativity - summary

1 Lorentz transform (LT)

With 4-vectors formulated as (ax, ay, az, at) (see below) and frame S ′ moving at velocity v in
the x-direction with respect to frame S,

From observer’s/lab frame S to moving frame S ′

a′
x = γ(ax − βat)

a′
y = ay

a′
z = az

a′
t = γ(at − βax)

where β = v/c and

γ =
1√

(1 − v2/c2)
.

We will often use the reverse transformation to relate quantities in a particle’s rest frame
S ′ to the lab or observer’s frame S, in which the particle moves at velocity v in the x-direction.

From moving frame S ′ to observer’s frame S:

ax = γ(a′
x + βa′

t)

ay = a′
y

az = a′
z

at = γ(a′
t + βa′

x)

2 Transformation of E and B

From lab/observer’s frame to moving frame. In reverse, the velocity switches sign.

Magnetic field Electric field
B′

x = Bx E ′
x = Ex

B′
y = γ(By + v

c2
Ez) E ′

y = γ(Ey − vBz)
B′

z = γ(Bz − v
c2
Ey) E ′

z = γ(Ez + vBy)

3 4-vectors

space-time X = (x, y, z, ct) = (x, ct)

4-velocity U =
dX

dτ
= (γuu, γuc)



4-momentum P = m0U = (γumu, γum0c) = (p, γumc)

for photon K = (k, ω/c)

4-acceleration A =
dU

dτ
= (γ2

ua + γu
dγu

dt
u, cγu

dγu

dt
) = (γ2a +

γ4

c2
(a · v)v,

γ4

c
a · v)

4-force F = m0A or
dP

dτ
= γu

d

dt
(p, γum0c) = (γuf ,

γu

c
f · u)

where m0 is the rest mass and τ is the proper time (time in the rest frame of the particle).
For these quantities will try to use capital letters to differentiate 4-vectors A from 3-vectors a.

If A and B are 4-vectors then A · B is invariant under the Lorentz transform. Therefore
A ·A (also known as the norm) is Lorentz invariant.


