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Introduction
When Maxwell presented his Dynamical Theory of the 

Electromagnetic Field to the Royal Society in 1864 [1], an essential part 
of his theory was that: “there is an ethereal medium filling space and 
permeating bodies, capable of being set in motion and of transmitting 
that motion from one part to another, and of communicating that 
motion to gross matter so as to heat it and affect it in various ways”. 

Designing experiments to detect and test properties of this medium 
became a high priority for physicists of the time. These experiments 
failed to detect any such medium either fixed in space or fixed relative 
to the earth.

In view of such apparently conflicting results, Einstein developed 
his theory of Special Relativity without reference to the aether. 
However, in doing so, Einstein had to redefine the familiar concepts of 
space and time and develop relativistic “spacetime”.

Moving forward about a hundred years to the end of the twentieth 
century, the existence of dark energy has been acknowledged to make 
up about 68% of the mass/energy density of the universe. The nature 
of dark energy remains a matter of speculation as it has never been 
directly detected but it is thought to be very homogeneous, not very 
dense and unlikely to be detectable in laboratory experiments.

In my book “Where There’s Dark…” [2], I suggest that dark energy 
is the same entity as the aether that is necessary according to Maxwell’s 
theory and show that this could lead to an alternative model of the 
universe that was not created as a Big Bang at a single point in space 
and time.

Aether as dark energy

Consider a model where dark energy (aether) behaves like a 
continuously variable dynamic fluid with properties of electromagnetic 
potential and gravitational potential. Imagine space containing 
dynamic pockets of this fluid, a bit like bubbles with variable but finite 
volumes, containing fixed quantities of energy. These pockets have 
mass (potential energy) and move under the influence of a gravitational 
field (kinetic energy) towards a gravitational focus with higher density. 
This motion is countered by thermodynamic pressure within the fluid 
(kinetic energy), which pushes mass away from higher density. Thus, 

constantly changing opposing forces result in thermodynamic motion 
similar to that described for a gas by Kinetic Theory but with pockets 
of aether rather than gas molecules. At the surface of the Earth, the 
gravitational force is directed towards the centre of gravity (Figure 1).

According to Maxwell’s theory [1], the speed of light is, 1c µε= , 
where μ is magnetic permeability and ε is electric permittivity of the 
aether. If these electromagnetic properties are constant and independent 
of density, then the speed of light is always the same in any direction 
irrespective of any motion of the source. This is consistent with the 
results of experiments that failed to detect the aether and is consistent 
with Einstein’s Special Theory of Relativity [3,4].

Waves in moving frames of reference

Consider two reference frames in the vicinity of the surface of the 
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Abstract
At the end of the nineteenth century a luminiferous aether was considered necessary to explain electromagnetic 

interactions and the propagation of light waves. As this aether could not be detected it was disregarded and mathematical 
theories were developed to explain physical interactions without reference to the aether.

Now, over a century later, it is generally acknowledged that a major part of the universe consists of Dark Energy. This 
article considers that dark energy could be the same entity as the elusive luminiferous aether and looks at implications 
for time, space and gravity.

The conclusion is that results can be obtained by this method that are equivalent to those obtained according to 
Einstein’s theories.

Figure 1: Depiction of the Aether in the vicinity of the Earth with spherical 
symmetry centred on the centre of gravity.
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Earth, one “stationary” frame and one “moving” frame. Each frame 
contains aether with identical properties. In both frames the aether 
is subject to a gravitational force in the vertical direction towards the 
centre of gravity of the Earth. This force is countered by thermodynamic 
pressure and there is also balanced thermodynamic pressure in the 
horizontal directions. If the relative movement between the frames is 
horizontal then the effect of gravity will be the same in both frames and 
can be neglected for this scenario.

The electromagnetic properties of the aether, and therefore the 
speed of light, are the same whether determined within the stationary 
frame or in the moving frame. Waves emitted within the stationary 
frame will be observed as spherical waves propagating at velocity, c, 
within the stationary frame and waves emitted within the moving 
frame will be observed as spherical waves propagating at velocity, c, 
within the moving frame (Figure 2).

We now consider waves emitted in a stationary frame being 
observed in a moving frame and vice versa. The Doppler Effect causes 
a shift in frequency and wavelength when observed with a relative 
velocity. The waves are compressed when the source is moving towards 
the observer and the waves are stretched when the source is moving 
away from the observer (Figure 3).

If we consider waves emitted at wavelength λE, frequency fE, in 
the stationary frame being observed in a frame moving away from the 
source with a relative velocity v, the waves are observed with a stretched 
wavelength λO given by:

( )O E c v cλ λ= +                      (1)

Using the relationships, λEfE = c and λOfO = c, the observed frequency 
is given by:

( ) ( )1 1
E

O
O E

fc cf
v c v cλ λ

= = =
+ +

                  (2)

If we then consider waves emitted in the moving frame at 
wavelength λE, frequency fE being observed in the stationary frame as 
the source moves away, the waves are emitted, at velocity c relative to 
the source but this is velocity c – v relative to the observer. The waves 
are then observed at velocity c with a reduced frequency fO:

E Of c vλ = −                    (3)

The observed frequency is given by:

( ) ( ) ( )1O E EE
f c v f c v c f v cλ= − = − = −                 (4)

Both frames are identical with the only motion being relative to the 
other frame. There is no way of determining which frame is moving 
and which frame is stationary. It is only the relative velocity between 
the two frames that is significant and equations (2) and (4) are both 
equally valid. Multiplying the two together gives:
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and;
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+

=
−

                (7)

This is the same result as given by Einstein’s Special Theory of 
Relativity [3].

If waves emitted in a stationary frame are received in a moving 
frame and then reflected back from the moving frame to the stationary 
frame, the frequency and wavelength is shifted again when observed 
back in the stationary frame (Figure 4).

The waves are received in the moving frame at wavelength λM, 
frequency fM.

( )
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−
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                   (8)

The waves are reflected back to the stationary frame and then 
observed at wavelength λO, frequency fO.
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Figure 2: Spherical waves emitted in stationary and moving frames.
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Figure 3: Spherical waves observed with relative velocity.
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Figure 4: Waves reflected from a moving frame.
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For v << c, the (v/c)2 terms can be neglected, giving:

( )1 2O Ef f v c= −                   (10)

and

( ) ( )1 2 1 2
E

O
O E

c c
f f v c v c

λλ = = =
− −

                (11)

In this way the velocity, v, can be determined from the change in 
frequency δf = fE – fO relative to the initial frequency as:

( )
2 2

E O

E E

f f fv c c
f f

δ−
= =                   (12)

This effect is used by Doppler radar systems to measure the speed 
of a moving object and is put to particular good use in the application 
of motor vehicle speed cameras.

If a source is moving at an angle relative to an observer it is the 
component of velocity that is directed from source to observer that 
determines the observed frequency rather than the absolute velocity 
of the source. 

Determination of time

When Einstein produced his Special Theory of Relativity in 1905, 
he did not have the advantage of modern technology that we use 
today. The familiar method of determining time was by reference to 
mechanical clocks. Synchronization of remote clocks was a problem for 
Einstein. A hundred years later, clocks are continuously synchronized 
with the internet, GPS systems, air traffic control and space travel all 
being totally reliant on the ability to seamlessly synchronize clocks.

Einstein described a method for synchronizing clocks in a stationary 
system by considering two clocks, A and B with corresponding “A 
time” and “B time”. He described the process as follows:

Let A send a signal to B at the speed of light starting at time tA and 
let this be reflected from B at time tB such that it is received back by A 
at time tA’. Then the two clocks are synchronized if:

'B A A Bt t t t− = −                     (13)

Any number of clocks can be synchronized in this way. If AB is the 
distance from A to B then the speed of light is:

2
'A A

AB c
t t

=
−

                     (14)

Where, c is the speed of light and the time defined in this way is “the 
time of the stationary system”.

Einstein then considered the same process in a moving system and 
concluded that space and time in the moving system differed from 
space and time in the stationary system.

However, by examining the process and taking account of the 
different path lengths we can show that it is possible to use Einstein’s 
method to synchronize clocks in a moving system with clocks in a 
stationary system (Figure 5).

Various scenarios can be examined as to whether the wave is 
emitted or observed in the stationary or moving system but for each 
scenario it can be shown that the clocks can be synchronised by 
Einstein’s rule. For example if the wave is emitted and observed in the 
stationary system:

The wave travels from A to B at speed c, frequency f, path length A 
to B1, elapsed time tB ‑ tA.

The wave travels from B to A at speed c, frequency f(1‑v/c)/(1+v/c), 
path length B1 to A2, elapsed time tA’ ‑ tB. Note that there is a double 
frequency shift due to reflection in the moving frame as in equation (9).

The wave travels from A2 to A0 elapsed time tA’’ ‑ tA’. 
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' '' ' ''
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− = = +

= − + − = −
                                  (15)

The clocks are still synchronized according to Einstein’s rule as 
tB ‑ tA = tA’’ ‑ tB. Also by measuring the relative change in frequency (δf/f) 
between the outgoing wave and the incoming wave an observer in the 
stationary system can determine the relative velocity by equation (12) 
(v = c × δf /2f, for v << c). In this way, any clock located on the surface 
of the earth can be synchronized with any clock on a moving aircraft 
and any clock on a moving spacecraft.

We can conclude that elapsed time measured in the moving 
system is the same as elapsed time measured in the stationary system. 
However, there is a shift in frequency according to the relative velocity 
between stationary and moving systems. If time periods are measured 
as the inverse of frequency then there is a change in time periods (τ) as:

1 1 1 1
1 1M S

M S

v c v c
f f v c v c

τ τ+ +
= = =

− −
               (16)

Where τM and fM are measured in a frame moving with velocity 
v away from the frame with τS and fS. This result is the same as that 
determined by Einstein, although the interpretation is different. We 
determine a shift in measured time periods rather than a difference in 
elapsed time.

Space and density

The above section shows that the transformation of time coordinates 
used by Einstein is valid mathematically but it is not necessary. Einstein 
uses a transformation of time coordinates then derives transformations 
of space coordinates, which are again valid mathematically but not 
necessary.

The concept of measurement against a defined coordinate system 
is a human invention. Physical processes don’t depend on coordinate 
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Figure 5: Synchronization of moving and stationary clocks.
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systems. If a source emits an electromagnetic wave it is a consequence 
of internal properties of the source and external properties of its 
surroundings with no reference to any coordinate system and this is 
the case for any other physical interaction.

Consider a source emitting a circularly polarized electromagnetic 
wave. The normal to the wavefront is a straight line path. At any point 
along this path the wave can be considered in terms of electromagnetic 
field vectors rotating at angular velocity ω (Figure 6).

If the wave is emitted with a frequency fE = ω/2π and an observer 
is moving towards the source with a relative velocity of ‑v, then the 
observed frequency is ( ) ( )1 1O Ef f v c v c= + − . If the observer is 
moving away from the source with a relative velocity of +v, then

( ) ( )1 1O Ef f v c v c= − + . If the observer is rotating relative to the 
source with an angular velocity of +ωR, then the observed frequency is 
fO = fE + ωR/2π. If the relative motion between source and observer has 
linear velocity, v, and angular velocity, ωR, then the observed frequency 
is ( ) ( )( )1 1 2O E Rf f v c v c ω π= − + + .

An observer could quantify these differences with reference to any 
coordinate system whether fixed relative to the source, the observer or 
any other reference point providing that the relative linear and angular 
velocities could be determined. The results of such an analysis would be 
identical to results determined using Einstein’s methods. A change in 
frequency is the inverse of a change in time interval and a difference in 
path length for a light signal can be interpreted as length contraction.

One of the most significant conclusions from Einstein’s Special 
Theory of Relativity was that inert mass is nothing more or less than 
energy and this can be represented by the equation:

2E mc=                     (17)

This could equally be written using properties of the aether without 
reference to the speed of light:

m Eµε=                    (18)

Where E is energy and m is mass. The electromagnetic properties of 
the aether are constant and independent of density and are unaffected 
by any motion through or within the aether.

From his General Theory of Relativity [5], Einstein concluded that 
“Euclidean geometry does not hold even to a first approximation in the 
gravitational field” and that “the rate of a unit clock, which is arranged 
to be at rest in a static gravitational field… goes more slowly if it is set up 
in the neighbourhood of ponderable masses”.

If we consider Einstein’s transformation of coordinates as being 
mathematically valid but not physically necessary, then there could be 
an alternative interpretation of Einstein’s conclusions. If we consider 
a volume of aether as a quantity of dark energy with a known mass, 
then if this quantity of energy is in the presence of a gravitation field, a 
reduction in volume by transformation of coordinates is equivalent to an 
increase in density as density = mass/volume. Einstein’s transformation 
of coordinates in relativistic spacetime is then equivalent to an increase 
in density of the aether in normal Euclidean space.

Gravity as a density gradient in the aether

A gravitational field results in a density gradient within the aether 
and, conversely, a density gradient within the aether results in a 
gravitational field. Classical gravitational theory, based on Newton’s 
inverse-square law, gives:

1 2
2

m mF G
r

=                     (19)

Where F is force, m1 and m2 are masses of two interacting objects, 
r is the distance between the centres of the masses and G is the 
gravitational constant.

Although Newton's theory has been superseded by Einstein's theory, 
gravitational calculations are still made using Newton's equation. 
According to classical theory, gravitational potential is work stored in a 
force field as potential energy. In the absence of any restraining force, a 
difference in gravitational potential results in an acceleration generally 
denoted as “g”, also described as a gravitational field.

This gravitational field is a conservative vector field that can be 
described as the gradient of a scalar potential, φ: 

g ϕ= −∇                     (20)

Where, ∇ is the three dimensional gradient operator. The 
gravitational field due to a spherically symmetric mass is a function of 
only one variable, r, the distance from the centre of mass and therefore:

r
∂

∇ =
∂

                    (21)

If we consider that gravitational potential, φ, is proportional to 
aether density, then:

( )Ag r
r
ρ∂

∝
∂

                  (22)

Where, ρA(r) is the density of the aether at a distance r from the 
centre of a spherically symmetric mass, M. If we use the electromagnetic 
properties of the aether to match dimensions in SI units and measure 
the density of the aether ρA(r) relative to the average density of dark 
energy, denoted as ρΛ, we get:

( )g
A

k
g r

r
ρ

µερΛ

∂
= −

∂
 ms-2                  (24)

Where, kg is an unknown numerical constant. The negative sign 
indicates that g reduces as r increases. 

This can be compared with Newton’s law where:

2

Mg G
r

=  ms-2                   (25)

giving;

( ) 2A
g

GMr
r k r

µε ρρ Λ∂
= −

∂
 kgm-4                 (26)

Integrating this gives the relative increase in density of the aether at 
a distance, r, from a spherically symmetrical mass, M:
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Figure 6: Rotating electromagnetic field vectors.



Citation: Smith DJ (2016) Space, Time and Aether. Fluid Mech Open Acc 3: 135. doi: 10.4172/2476-2296.1000135

Page 5 of 5

Volume 3 • Issue 2 • 1000135Fluid Mech Open Acc, an open access journal 
ISSN: 2476-2296

( )A E
g

GMr
k r

µε ρρ ρΑ= +  kgm-3               (27)

Where, ρE is a constant of integration and is the background density 
of the aether including contributions from other external gravitational 
fields.

Conclusions
By considering that dark energy is the same entity as the elusive 

luminiferous aether that was sought a hundred years ago, results can be 
obtained that are equivalent to those obtained according to Einstein’s 
theories.

The transformation of time described by Einstein is equivalent to 
the inverse of a transformation of frequency by the Doppler Effect.

The transformation of space described by Einstein is equivalent to 
an increase in density of the aether.

A gravitational field is a density gradient within the aether and a 
density gradient within the aether is a gravitational field. 
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