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 Abstract 

Uniformly accelerated reference systems are obtained. They are described by two types of metrics with 

nonzero curvature. These systems contain an arbitrary strictly positive differentiable function. 
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1. Introduction 

What do we know about systems with a uniform 

gravitational field? Very little.  

The equations of motion in the general theory of 

relativity [1] allow one to calculate the covariant 

or contravariant acceleration vector of a fixed 

point 

 

𝑑2𝑥𝑖

𝑑𝑠2
− Γi,kl

𝑑𝑥𝑘

𝑑𝑠

𝑑𝑥𝑙

𝑑𝑠
= 0 ;     

 

𝑑2𝑥𝑖

𝑑𝑠2
+ Γ𝑘𝑙

𝑖
𝑑𝑥𝑘

𝑑𝑠

𝑑𝑥𝑙

𝑑𝑠
= 0. 

 

 

In the stationary case, the acceleration vector 𝛼𝑖 

or 𝛼𝑖is calculated by the equations 

 

𝛼𝑖 =
𝑑2𝑥𝑖

𝑑𝑡2
=  𝑐2Γi,00 ;      𝛼𝑖 =

𝑑2𝑥𝑖

𝑑𝑡2

=  −𝑐2Γ00
𝑖  

(1) 

 

In [2] and [3], constant acceleration vectors for 

stationary bodies were found. Both metrics have 
non-zero curvature. Moreover, in the article [2] a 

metric with a constant covariant acceleration 

vector was found. Article [3] describes the 

simplest metric 

 

𝑑𝑠2 = (1 +
𝛼𝑥

𝑐2
) 𝑑𝑡2 − (𝑑𝑥2 + 𝑑𝑦2 + 𝑑𝑧2),  

 

having constants 𝛼𝑖 = −𝛼𝑖 = 𝛼 . Unfortunately, 

this metric has a homogeneous field only in a 

limited region 

𝛼𝑥

𝑐2 > −1. 

 

In this paper, we will mainly use the scalar 

acceleration value  

𝑎 = √−𝛼𝑖𝛼𝑖 (2) 

 

 

2. Two classes of metrics with a homogeneous 

field 

Consider a field in a metric of the form  

 

𝑑𝑠2 = 𝑠(𝑥)𝑑𝑡2 − 𝑝(𝑥)(𝑑𝑥2 + 𝑑𝑦2 + 𝑑𝑧2) (3) 

 

and one-dimensional metric 

 

𝑑𝑠2 = 𝑠(𝑥)𝑑𝑡2 − 𝑝(𝑥)𝑑𝑥2 − 𝑑𝑦2 − 𝑑𝑧2. (4) 

 

The results of calculating the parameters of metric 

(4) are given in Appendix 1. Metric (3) has a 

curvature tensor and its convolutions are much 
more complex, and we did not consider it 

necessary to present these data in full. 

Calculations of vectors (1) give the same result 
for both metrics, and their scalar acceleration is 

related to the components of the fundamental 

tensor:  

𝑎2 =
𝑠′(𝑥)2

4𝑝(𝑥)
 (4) 

where 

𝑝(𝑥) =
𝑠′(𝑥)2

4𝑎2
. 

 

 

This makes it possible to write finally 

homogeneous metrics  

 

𝑑𝑠2 = 𝑠(𝑥)𝑑𝑡2 −
𝑠′(𝑥)2

4𝑎2
(𝑑𝑥2 + 𝑑𝑦2 + 𝑑𝑧2) 

(5) 

 

and  

𝑑𝑠2 = 𝑠(𝑥)𝑑𝑡2 −
𝑠′(𝑥)2

4𝑎2
𝑑𝑥2 − 𝑑𝑦2 − 𝑑𝑧2 (6) 

 

where s(x) > 0 is an arbitrary function that has a 

continuous derivative. The main parameters of the 

metric (6) are given in Appendix 2. 
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We see that the resulting metrics have nonzero 

curvature. This suggests that uniformly 

accelerated metrics do not exist at all in flat space.  

A good example of a uniformly accelerated frame 

of reference is the metric system (Appendix 3): 

 

𝑑𝑠2 = 𝑒2𝑎𝑥𝑑𝑡2 − 𝑒4𝑎𝑥𝑑𝑥2 − 𝑑𝑦2 − 𝑑𝑧2.  
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