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37-3 The Lorentz Transformation

The Lorentz transformation equations relate the 

spacetime coordinates of a single event as seen by 

observers in two inertial frames, S and S’, where S’ 
is moving relative to S with velocity v in the positive 

x and x’ direction. The four coordinates are related 

by

Two inertial reference frames: frame S’
has velocity v relative to frame S.

Note that the spatial values x and the temporal values t are bound together in 

the first and last equations. This entanglement of space and time was a prime 

message of Einstein’s theory, a message that was long rejected by many of his 

contemporaries.

The Lorentz transformations in terms of 

any pair of events 1 and 2, with spatial 

and temporal separations is given in 

Table 37-2. 









37-4 The Relativity of Velocities

When a particle is moving with speed u’ in the positive 

x’ direction in an inertial reference frame S’ that itself is 

moving with speed v parallel to the x direction of a 

second inertial frame S, the speed u of the particle as 

measured in S is

Reference frame S’ moves 

with velocity v relative to 

frame S. A particle has 

velocity u’ relative to 

reference frame S’ and 

velocity u relative to reference 

frame S.

Be careful to substitute the correct signs 

for the velocities. Above Equation reduces 

to the classical, or Galilean, velocity 

transformation equation,

when we apply the formal test of letting c-> ∞. In other words, relativistic equation is 

correct for all physically possible speeds, but classical equation is approximately 

correct for speeds much less than c.



37-5 Doppler Effect for Light

When a light source and a light detector move relative to each other, the wavelength 

of the light as measured in the rest frame of the source is the proper wavelength λ0. 

The detected wavelength λ is either longer (a red shift) or shorter (a blue shift) 

depending on whether the source–detector separation is increasing or decreasing.

When the separation is increasing, the wavelengths are related by

where            and v is the relative radial speed (along a line through the source 

and detector). If the separation is decreasing, the signs in front of the β symbols 

are reversed.

For speeds much less than c, the magnitude of the Doppler wavelength shift Δλ = 
λ-λ0 is approximately related to v by



37-5 Doppler Effect for Light

Transverse Doppler Effect: In the figure a source S moves past a detector D. 

When S reaches point P, the velocity of S is perpendicular to the line joining P and

D, and at that instant S is moving neither toward nor away 

from D. If the source is emitting sound waves of frequency 

f0, D detects that frequency (with no Doppler effect) when 

it intercepts the waves that were emitted at point P. 

However, if the source is emitting light waves, there is still 

a Doppler effect, called the transverse Doppler effect. In 

this situation, the detected frequency of the light emitted 

when the source is at point P is

For low speeds (β<<1), this equation can be expanded in a power series in β and 

approximated as

Here the first term is what we would expect for sound waves, and again the 

relativistic effect for low-speed light sources and detectors appears with the β2

term.




