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1. Space is Not Physical Reality 

Galileo stressed in 1632 that all velocities are relative and our 
everyday experience tells us the same thing.  One cannot discov-
er one’s own motion without looking outside for another refer-
ence system.  The theory of relativity by Galileo 1632, and by 
Poincaré 1902, is about the concept of relative velocity. 

… treatises on mechanics do not clearly distinguish be-
tween what is experiment, what is mathematical reason-
ing, what is convention, and what is hypothesis. 

There is no absolute space, and we only conceive of 
relative motion; and yet in most cases mechanical facts are 
enunciated as if there is an absolute space to which they 
can be referred [1, 2]. 

-- Henri Poincaré (1854-1912) 

The Galilean and the Poincaré relativity: three-dimensional 
space does not exist as a physical reality; it is a mathematical 
convention. 

There is no entity ‘physical space’; there is only the ab-
stract space chosen by the physicist as a structure in 
which to plot phenomena; and some choices give simpler 
theorems than others (thus making the laws of nature 
look simpler). 

The essence of scientific freedom is the right to come to 
conclusions which differ from those of the majority [3]. 

-- Edward Arthur Milne (1896-1950) (1951) 

Neither Einstein in 1905, nor Minkowski in 1908, nor 
Langevin in 1911, made such explicit and clear statements about 
relative spaces.  Langevin talks about space, but there is no space 
in Nature [4-6]. 

Henceforth space by itself, and time by itself, are 
doomed to fade away into mere shadows and only a kind 
of union of two will preserve an independent reality. 

-- Hermann Minkowski (1908) 

The Minkowski ‘union of two’ could suggest incorrectly 
uniqueness of space, and spacetime as a kind of Cartesian prod-
uct of space by time.  The primary concern of relativity theory is 
the obligatory relativity of space: there are many spaces.  Relativi-
ty of space is metric-free, and is simultaneity-free.  This is ob-
served also by Ruggiero [7], and by Arminjon and Reifler [8]. 

The relativity of time is not of primary concern.  We must not 
insist on the necessity of the relativity of time, because, the rela-
tive time is metric-dependent proper time only, and nature al-
lows other conventions of metric-free simultaneities, such as ra-
dio-simultaneity, etc.  For related explications we refer to [2, 9, 10, 
11, 12] 

Carlo Rovelli motivated by quantum theory concluded: 

The world in which we happen to live can be under-
stood without using the notion of time [13]. 

In spite of the above opinions of Galileo and Poincaré about 
many non-physical spaces, it seems that the majority of the present-
day scientific community believe in the existence of one unique 
physical three-dimensional space, see for example [14, 15, 16, 17].  
In these publications four-dimensional spacetime is believed to 
be a mathematical abstraction that has nothing to do with the 
physical reality.  Moreover in these publications the word ‘space’ 
is always used in the singular, understood as unique and there-
fore as a physical concept that one can experience in the Nature.  
For example Jammer’s monograph [1954] is entitled ‘Concepts of 
Space’, avoiding plural ‘spaces’.  This was exactly the point of 
view of Aristotle in ancient Greece, the unique Space, however 
the revolutionary Galilean relativity of many spaces, each three-
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dimensional space as merely a mathematical convention, is not 
yet widely accepted. 
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Einstein introduced the historical name ‘special’ relativity in 
1916 in order to distinguish ‘special’ (not gravity) from ‘general’ 
relativity} = gravity).  The wording ‘general relativity’ is synon-
ymous with the gravity [18].  Einstein introduced this now com-
pletely obsolete terminology being motivated by the ‘physical’ 
role of coordinate systems.  The word ‘special’ is for particular 
coordinates, and ‘general’ is for arbitrary coordinates. 

In our opinion coordinates are irrelevant for physics and also 
irrelevant for mathematics.  In our opinion Descartes idea of co-
ordinate-dependent description of Nature, description of Physics 
and Mathematics, is incorrectly interpreted. 

There is another opinion that coordinates are not always a 
mathematical convention, and it is argued that the Global Posi-
tioning System GPS is an example where a coordinate system is 
basic physics [13, 19]. 

In the present paper relativity means the historical term ‘spe-
cial relativity’, where we drop ‘special’ because the theory of 
relativity, in our understanding, is coordinate-free. 

2. Galilean Relativity of Spaces 

Galileo Galilei observed in 1632 that to be in the same place is 
relative, i.e. subjective, not objective.  Place is observer-dependent.  
Galileo conceptually introduced a four-dimensional physical 
space-time of absolute events, after the experiment-based conclu-
sion that it is impossible to detect the motion of a boat without a 
choice of outside reference system.  If the concept of place in a 
three-dimensional space needs an artificial choice of some irrele-
vant reference system, then three-dimensional space is an illu-
sion.  Different reference systems possess different three-
dimensional spaces, and the only objective physical-arena is four-
dimensional space-time (Galilean space-time or Minkowski spe-
cial-relativistic space-time).  Three-dimensional reference-
dependent space is a mathematical convention that depends on a 
subjective choice of reference system.  According to Galileo: there 
are as many three-dimensional spaces as there are reference sys-
tems, i.e. there does not exist a ‘unique physical space’.  We label 
such postulated ‘unique’ physical space ‘ghost-space’.  Therefore 
space-time must not be seen as it was by the Aristotelan Greeks: 
an Earth-space moving in time.  Aristotle has only one unique 
observer: the Earth.  Galilean space-time allows infinite number 
of observers. 

Galilean space-time is a fiber = simultaneity-bundle over one-
dimensional time, without any preferred space [9].  Trautman 
claims that each fiber over a time-moment is ‘isomorphic to Eu-

clidean 3-space 3 ‘, that one can interpret (incorrectly) a fiber 
over time as (isomorphic to) a physical space of places.  This is 
not the case! Each fiber is a set of simultaneous events, and not a 
set of places in a ‘physical’ space!  There is no space concept 
within Galilean physical space-time, because the concept of the 
space needs an artificial choice of the reference system.  Galilean 
space-time is not the Cartesian product of time with some ‘ghost-
space’, because there does not exist a privileged space among 
many spaces.  There does not exist just a single space; there are 
infinitely many spaces. 

If some reference system is chosen, Earth or Sun?  Then the 
corresponding space of this massive body is not a fiber in space-
time, but it is rather a quotient-space = space-time/material-
body, 

 
Space-time Space-time

Space  , Time
material body Convention of simultaneity

   (1) 

 
Space-time

Proper-Time
Metric simultaneity of material

  (2) 

Galileo Galilei in our interpretation: physical reality is a four-
dimensional space-time of events.  Time can never stop, and a 
choice of three-dimensional space is no more than a mathematical 
convenience.  The name space-time, introduced by Hermann 
Minkowski in 1908 [4], is a misleading name, suggesting incor-
rectly that this concept is derived from two primitive concepts of 
‘space’ and ‘time’.  It is just the opposite, the most primitive con-
cept is the Galilean space-time of events, and space is a derived 
concept that needs an artificial choice of massive body, e.g. Earth 
or Sun, as a reference system [1].  But any such choice is irrele-
vant for physical phenomena, it is no more then for example a 
convenience for a computer program.   

The Galilean four-dimensional space-time did not possess an 
invertible metric tensor.  The Minkowski version of Poincaré’s 
and Einstein’s special relativity added an invertible metric tensor, 
the Minkowski metric, to Galilean space-time. Curvature and 
torsion are irrelevant for the present discussion of the many 
mathematical spaces. 

Galilean relativity postulates an absolute simultaneity relation, 
denoted by  .  Composed with a clock-function, it gives a coor-
dinate on spacetime of events, 

 clock t  (3) 

There is no need for another clock  t t .  Absolute simultane-
ity is compatible with Einstein and Minkowski special relativity 
where it can be identified as just one among many different con-
ventions of synchronizations, such as for example the radio-
synchronization, which gives simultaneity that is metric-free [15, 
20]. 

If we do not define or make precise the meaning of material 
body, then the concept of velocity is meaningless. The very con-
cept of a material body is most crucial for understanding the  
theory of reference systems. The historical name ‘special relativi-
ty’ must be interpreted precisely as ‘velocity is relative’, or: ‘ve-
locity depends on a free choice of reference system’. To be relative 
means that one must keep information about what specific tar-
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get-body has the given velocity relative to what source-body. We 
postulate that every velocity must be a function of a two-body 
material system. 

The velocity of one massive body is always relative to other 
body, or, we could say that the velocity of a body is always rela-
tive to a free choice of reference system. In fact relativity theory is 
A target-body is an observed body seeming to posses this veloci-
ty, and a source-body is an observer laboratory, a reference body, 
measuring this relative velocity. The relative velocity we will 
denote as follows concept of velocity. Georg Hegel (1770--1831) 
wrote: no motion without matter}. 

Most definitions of velocity are obscured by the coordinate 
system.  These coordinate systems contain implicit, hidden or 
incomplete, obscure information about material bodies. 

Light is massless and therefore cannot be considered to be a 
reference system this includes cosmic background radiation. The 
velocity of light must not be considered a primary concept of 
relativity theory. The similar opinion is shared by Paiva and 
Ribeiro [21] that special relativity does not depend on electro-
magnetism. 

Here is subtle difference, the relativity does not need to pos-
tulate light velocity, however needs invertible metric tensor on 
spacetime and this metric tensor seems to be involved in Max-
well electromagnetism. 

The first axiom of relativity theory. We consider the following 
three terms as synonymous: a material (solid) body, an observer, 
a reference system. 

What is a classical macroscopic material body in a physical 
four-dimensional spacetime? A coordinate tetrad, frame field, 
vierbein, also known as the Lorentz basis. Or: a monad field, a 
reference fluid as a time-like vector field on spacetime. 

2.1. Definition (Place) 

Each reference system is completely defined in terms of an 
equivalence relation on events being in the same place. 

Thus every observer-monad field, derV F gives rise to a sub-
jective projection V  from four-dimensional space-time of 
events, onto three-dimensional relative quotient V -space of 
places. 

2.2. Example 

Two space-time events, 1e  and 2e  are in the same place for a 

  observer if and only if, 1 2( ) ( )  e e . 

The two-body system {Street, Bus}.  To be in the same place is 
relative. Quotient B space is different from quotient S space. 

We must see how two reference systems - say a bus B  and a 
street S  in mutual motion - are distinguished within the space-
time of events.  Let us denote a street by  S system, and a bus 

by  B system.  Let us illustrate the relativity of space in terms 

of the following list of three events: 

 
1

2

3

bus start from the bus stop 'Metro'

bus almost arrive to the next bus stop 'Center'

late passenger arrived to the bus stop 'Metro'





e

e

e

 

From the point of view of the bus driver, this is the  B sys-

tem, the driver is in the same B place inside of the bus, the bus 
is at  B ‘rest’: 

 1 2( ) ( )  B Be e    ,   but   3 1( ) ( )  B Be e  (4) 

From the point of view of the crowd standing on the street, 
the street is the  S system: 

 1 3( ) ( )  S Se e    ,   but   2 1( ) ( )  S Se e  (5) 

2.3. Example 

Another example is a space of Sun and a space of Earth (Co-
pernicus versus Ptolemy).  The events are: 

  
1

2

3

Greg born in Long Beach in July

Bill born in Long Beach in January

Jamie born in Washington in July





e

e

e

 

Were any of them, Greg, Bill, Jamie, born ‘in the same place’?  

3. Conclusion 

Presented here opinion that relative motion is coordinate-free, 
but must be understood as relative motion of material bodies 
with respect to each other or with respect to material reference 
system, is often attributed to Gottfried Wilhelm Leibniz (1646-
1716) or to Ernst Mach (1838-1916).  However we are sure that 
must be in the first place attributed to Galileo Galilei (1564-1642). 

In 1911 Langevin considered that acceleration must have an 
absolute meaning, independent of the reference system, inde-
pendent of the choice of space.  However if the concept of the 
relativity of velocity is not accepted a priori as an explicit func-
tion of the artificial material reference system, i.e. if the relative 
velocity is not accepted as a binary or ternary function of materi-
al reference systems, then we must not yet talk about accelera-
tion. 

If relative velocity is reference-system-dependent, then how 
can we be sure a priori that a change of velocity, the covariant 
derivative of velocity, that must involve the covariant derivative 
of any reference system, be reference-system-free, i.e. be abso-
lute? 

We conclude that the Galilean relativity of space of 1632 is not 
yet understood or accepted by the scientific community in the 
twenty first century. 
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