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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

d?x; dx*dxt
ds? K gs ds

d2xt . dx®dx!
—— +thh————=
ds? ds ds

In the stationary case, the acceleration vector «;
or a'is calculated by the equations

d?x; o d?xt
= CZF' 00’ al =
dt? b T dt? 1
= —cZFéO

a; =

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

ax
ds? = (1+ c_z) dt? — (dx? + dy? + dz?),

having constants a; = —a‘’ = a. Unfortunately,
this metric has a homogeneous field only in a
limited region

—> —1.

2

In this paper, we will mainly use the scalar
acceleration value

azm @)
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2. Two classes of metrics with a homogeneous
field

Consider a field in a metric of the form

ds? = s(x)dt? —p(x)(dx? + dy? +dz?) (3)

and one-dimensional metric

ds? = s(x)dt? —p(x)dx? —dy? —dz%. (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:

s'(x)?
'= 4p (x) @
where
S/(x)z
p() =— o~

This makes it possible to write finally
homogeneous metrics

s'(x)?
ds? = s(x)dt? — %(dx2 + dy? + dz?)
®)
and
s'(x)?
ds? = s(x)dt? — 4(a3 dx? — dy? —dz? (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):

ds? = e?®*dt? — e*¥*dx? — dy? — dz>.

Appendix
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ds2 i=-p(x1)-8(x1)*- (3(x2)% + 8(x3)?) + s(x1)-B(x4)
ds? :=-p(x) ﬂn_x]:' —ll.:l[jr‘:—131[5:}2 t =(x) 5[!']2
Setup| metric = ds2)

[metric={(1,1)=-plx), (2,2)=—1, (3,3 )=—1, (4, 4) =s(x) }]

Ricci| scalar)
5

27 (x)pix) six) —&'(x)" pix) —&'(x) p'(x) six)

\2 2
25(x)" plx)
Einstein[ ~mu, nu, nonzero|

G* =1(2,2) —287(x) pix) six) +5 I.I1J PI-I" 5 (x) pix)six) NER]
v 45(x)" pix)
_ =2s5"(x) plx) six) --.i'(.r]:pl_.ti +5'ix) piix] six) L
4 ,-.-l:.r]l;n.tl:
Einstein| nonzero|
G - [ (2.2) = 25" (x) pix) s{x) —5'{11:5?':-“‘_5'[1] p (x) s(x) (3,3
. 4s(x) pix)”

2a"(x) pilx) six) —.x'LtJ:pi o} —s5'lx) p'ix) six)

4 s[.tjlzp.‘.r_::
Christoffel] ~alpha, mu, nu, nonzero]

L 5x)

s ixl

(1,4,4,1)

|

it p'ix) ) s'(x) . 0x) . 5'(x)
| v (1,1,1) > ;'.I.[I,-L-‘_I —zp!“..‘i.l,‘l. 3,:.:_“"4'4‘” u— }
Christoffel | nonzero|
_{' v _pix) Lo _Sx) o 8 (x)
L Ill.l,l,l 5 04,4 —: 40,4 5 , 14,4,
Riceil nonzero)
) PP 2 45 (212 bl et ' ,
R ) ITRT 25" (x)pix) six) +5 |.ré plx) +a'(x)p'lx) six) (4.4)
" 45(x)" pix)
_ 25"ix) plx) 5ix) —.i“'-,'.r]zp-jx_l — &' (x) p"(x) 5(x) |
4;J{|'J:.iqu
Riemann| nonzero |
R ={(1,4,1,4) = =25"(x) plx) s(x) *5"1_-'2”-_“ +5'(x) p'ix) six)
W, v, o 4 pix) s(x)

_ 2s"(x) p(x) s(x) —.r'-.’:tll:r'p_-'.tl —&'(x) p'lx) s(x) (41,1, 4]
4 plx) six)

]

g (x) plx) six)—s"(x)" pix) —g'(x) p'ix] six)

A4, 1,4, 1)
4 plx) six)

-2s5"ix) pix) six} +:~;"{x}3p+.r ) +8'{x) p'ix) six)
4 pix) s(x)

@

(6)

o)

an

(12)
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A2
ds2 :=——{'ﬂx—'l;r—-&{xf])'—ﬂ[x2',‘: —3(x3) + s(x) -9(xd)?
40
O eh? 32 . i .
ds2 == SRV OX) 502 3202 + s(x) 3(1)? @
4a
Setup( metric = ds2)
X 1 |
metric={ (1,1} = 2 ”:I , (2 3]——1,:3,3)—-].-}4.4'—ﬁ'[\’jl'| {5}
4a
Riceil scalar ]
¥
2a
®
#(x)
Einsrein| ~mu, nu, RONZETo
] ‘.‘
G* =1(22)=—"—=,(3.3)=— 3} )
5(x) 5ix)
Einstein[ nonzero|
G, ,={(22)=-—"5,(3,3)=-— ®
) ¥l Lo
Christoffel] ~alpha, mu, nu, nonzero |
o ) s7(x] 2a N A * 3 I 5'(x)
v ".l- 1.1) (x) (1,44 ﬁ 4, 1.4} > 5(x) (4,2, 1] ﬁ b ®
= L. LAl A ) el T
Christoffel| nonzero)
. [ ) ix)s"(x) | ) 5 (x) gx)
I (L1,1=- AL A 4)=-—— (41,4 (4,4,1) (10)
1L, ¥, O 440 2 2
5 (x)
-4
Ricci] nonzera]
) ) .\'l'|.'1'~ g
R ={[{lLljl=—"",(4,4)=- -
Bow \ C 4six)? 2 5(x) an
Riemann| nonzero )
2 s (x)? 5 (%)%
R (1,4,1,8) =2 & (1 44 1y=-S8 4 1422 4 apy
Hovoo B 2 5(x) 2 s(x) 2 5(x)
o &ix 2 o
.'L 11
2 5(x) ’
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ds2 =-¢~ "% 3(x1)? = dix2)® -8(x3)* + 7" 0(x4)’
ds2 =-e """ 3x) = Ay)? — d(z)* + e d1r)’ (4)
Setup( metric = ds2)
| metric={(1,1) e " (2,2) 1, (3, 3) 1, (4,4) =¢ 277 (5)
Riccil scalar]
- a ‘PI.JI. ("j
Einstein| ~mu, nu, nonzero |
G" ={(2,2)=a" €', (3,3) =a'e'""} (M
Einstein| nonzéero )
G ={(2,2)=-a"¢""" (3,3) =-a"¢"*"} (8)
B ¥
Christoffel] ~alpha, mu, nu, nonzero|
r ={(,11)=-2a,(1,4,4)=-¢""a,(4,1,4) =-a, (4,4,1) = -a} ®)
W, ¥
Christoffel| nonzero |
r (L) =2, (1,8,4)=¢""a, (4,1,4)=-¢"""a, (4,4,1) = -¢"""a} (10)
(TR |
Ricci| monzero)
Hp.\ ':" 1) =a", (4,4 i _”:J"‘} (11)
Riemann| nonzero |
vap= (LA L 4) =G (1,44, 1) =G, (4,1, 1,4) = (4,1,4,1) =7 a)
(12)
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