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Abstract
In the current paper we derive the general form of the relativistic Doppler effect and 

of the relativistic aberration for the case of accelerated motion of the source with respect 
to an inertial receiver. The formalism enables us to derive the formalism of the Ives-
Stilwell class of experiments for the realistic case of accelerated sources of electromagnetic 
waves.

Keywords: Accelerated motion, general coordinate transformations, accelerated 
particles, planar electromagnetic waves, relativistic Doppler effect, relativistic aberration, 
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1. Introduction
In the current paper, we are presenting the equations of electrodynamics in an 

accelerated frame as a starting point for the derivation of the Doppler effect in the case 
of uniformly accelerated source. The resultant equations are used for the derivation of 
the formalism for the Ives-Stilwell class of experiments in the case of uniformly 
accelerated source.

2. Accelerated Rectilinear Motion – the Transformations 
of the Electromagnetic Field
Let S  represent an inertial system of coordinates and '( )S τ  an accelerated one. 

According to references [1,2] in the accelerated frame '( )S τ  the planar wave equation of 
the electric field 'E  is : 

' ' ' ' '

' ' ' ' '

cos( ' ' ' ' ' ')

cos( ' ' ' ' ' ')
x y z

x x x y z

t k x k y k z

E E t k x k y k z

ω ϕ

ω ϕ

= − − − +

= − − − +

E E
 (2.1)

According to references [1-3] the coordinate transformation from the inertial frame S
into the accelerated frame '( )S τ  is:
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where “c” is the speed of light in vacuum, “g” is the proper 
acceleration, τ  is the proper time. Substituting (2.2) into (2.1) 
we obtain:
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On the other hand, in the inertial frame S, the wave equation 
is:
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Since references [1,2] demonstrated that '
x xE E=  it follows 

that:

'
0 0

'

'

'

'

2
'

'cosh sinh

' sinh cosh

' '( cosh sinh ) (cosh 1)

x x

x

x x

y y

z z

x

E E
g gk c
c c
g gk k

c c c
k k

k k
g a g c gb k
c c c g c

τ τω ω

ω τ τ

τ τ τϕ ϕ ω

=

= −

= +

=

=

= + − − −

'
0 0

'

'

'

'

2
'

'cosh sinh

' sinh cosh

' '( cosh sinh ) (cosh 1)

x x

x

x x

y y

z z

x

E E
g gk c
c c
g gk k

c c c
k k

k k
g a g c gb k
c c c g c

τ τω ω

ω τ τ

τ τ τϕ ϕ ω

=

= −

= +

=

=

= + − − −     (2.5)

The formula 
''cosh sinhx

g gk c
c c
τ τω ω= − ''cosh sinhx

g gk c
c c
τ τω ω= −  represents the 

general formula of the Doppler effect due to acceleration. 

3. The Theory of the Ives-Stilwell Class 
of Experiments for the Case of 
Uniformly Accelerated Source
One of the glossed over issues with the Ives-Stilwell 

experiment is the fact that the ions that act as light sources 
are, in fact, in accelerated motion under the electric field. For 
example, the 1938 experiment [4] used a 20,000V potential 
difference. In the 1941 experiment [5] a four-electrode version 
of the canal ray tube with three gaps was used, producing a 
total potential difference of 43,000 volts. A voltage drop of 
5,000 volts was used across the first gap, while the remaining 
voltage drop was distributed between the second and third 
gaps. In fact, all the experiments in the Ives-Stilwell class [6-
16] rely on accelerated, not uniform motion of the source. 
Hence, the correct formalism needs to rely on the accelerated 
Doppler effect (2.5). Considering two counter-propagating 
waves, we can derive the average pulsation:
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In (3.1) ,p aω ω  represent the pulsations of the light waves 
emitted by the ions moving alongside an arbitrary line, in 
opposite directions (parallel and anti-parallel, respectively). 
Notice the similarity to the formalism average ' ( )vω ω γ=  derived 
for uniform motion of the ions [6,15,16]. 

Notice that:
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At the speeds at which the Ives-Stilwell experiments are being 
conducted [7-14], 0.064β =  so expressions (3.2) and (3.3) are 
very close. At higher speeds, though, the expressions start 
diverging from each other so the exact formalism derived in 
this paper becomes necessary. 

Conclusions
We constructed the general formalism for the case of the 

accelerated Doppler effect between the frame '( )S τ  co-
moving with an accelerated particle in rectilinear motion into 
an inertial frame of reference '( )S τ. The solution is of great 
interest for real life applications, because it enabled us to 
derive the formalism for the Ives-Stilwell experiment in the 
case of accelerated source.
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