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Summary.
Einstein's theory of general relativity is widely accepted by physicists and has been
confirmed experimentally in different ways. It accounts for a number of effects that can only
be explained with Einstein’s theory of gravity. Studies of the structure and evolution of the
universe generally assume that the Universe on the large scale is homogeneous and isotropic.
This is the so-called "cosmological principle". However, combining that principle with
general relativity eliminates the most important non-linear features of Einstein's theory and
reduces the calculations to those given by conventional Newtonian theory. Those
deficiencies, when large, may explain the creation of the concepts of dark matter and dark
energy in order to compensate for the discrepancies between observations and Newtonian
physics.
The universe we see around us is clearly very far from homogeneous or isotropic. We show
that with Einstein's theory of general relativity used without those assumptions, the need for
dark matter can be substantially eliminated. In addition we find aspects of the way that
gravitation works in individual galaxies that could produce effects likely to be
indistinguishable from those presently attributed to dark energy. These conclusions could
have far-reaching results, calling into question expensive experimental attempts to detect dark
matter and dark energy together with the theoretical underpinnings that must now be
reworked.
Introduction.
Dark matter and dark energy were each introduced as concepts in order to make specific
astronomical observations fit in with the then understanding of the physics involved. A great
deal of money and effort has gone into attempts to detect the dark matter particle and, more
recently, any signal of dark matter or dark energy not related to gravity. All this effort has
been to no avail so far. Our lack of success in detecting dark matter may be a consequence of
not knowing what to look for or indeed not having adequate sensitivity in our detectors. The
other reason may be because it simply does not exist, and the physics employed to justify its
existence is in error. This has led to a wide range of alternative physics explanations such as
MOND (Milgrom, 1983) and others. Wikipedia currently lists 19 such theoretical accounts
in total. This summary is not intended to support any such alternative physics in any way.
Simply by using Einstein’s gravity equations to replace those of Newton we show that the
need for dark matter and dark energy simply goes away. No alternative physics is needed.
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Einstein’s understanding of space-time and gravity has been the accepted theory for over a
hundred years. He reworked the prediction of the angular deflection of rays from a distant
star passing close to our Sun. By including the gravitational field of the Sun which has
energy-momentum and therefore cannot be neglected he found that the deflection was
doubled by the presence of the field. Unfortunately this effect was not generally taken into
account elsewhere in astronomy and continues to be ignored, possibly leading to the
invention of both Dark Matter and Dark Energy.
The Discovery of Dark Matter.
Dark matter had its genesis in observations of disk galaxies and clusters of galaxies. Objects
such as the Andromeda nebula (Messier 31) are very old as they contain stellar populations
which are themselves known to be old. Measurements of the motion of stars around these
galaxies over a range of distances from the centre of the galaxy should allow the
determination of the mass of the galaxy interior to the radius at which the measurement was
taken. As within our solar system we expected that sufficiently far from the centre of the
galaxy, the rotation curve would give velocities proportional to the inverse square root of the
distance of that point from the centre of the galaxy. In fact most galaxies have a rotation
curve that becomes relatively flat as a function of distance even though we see little evidence
of substantial amounts of baryonic (conventional, not dark) matter that would be essential to
maintain the rotation velocities as observed. The rotation curves turn out to be much closer to
being independent of the distance from the centre of the galaxy.
The introduction of dark matter to add invisible, undetectable mass as a concept would allow
a stable, long lasting rotation curve within our understanding of Newtonian gravitation and
dynamics. If we accept this enhanced mass measurement for a galaxy we also find it is
barely enough to account for clusters of galaxies that are themselves stable in the long-term.
Similar arguments lead us to need to add an additional dark matter component to bind larger
clusters of galaxies and indeed some of the more unusual clusters such as the Bullet Cluster
(Clowe et al, 2006). In this way the great majority of astronomers accept today that the dark
matter in the Universe accounts for more than five times the baryonic matter in the Universe.
Astronomers have developed many more sophisticated methods of detecting mass of all sorts
and over a wide range of wavelengths to a degree that the latest baryonic mass estimates in
galaxies and clusters are thought to be fairly complete and reliable.
In order to fit and be consistent with other observations, dark matter is hypothesised to
consist of matter other than protons, neutrons and electrons (even though electrons are not
baryons). Dark matter is believed to be cold with particles moving at far less than the speed
of light even at the epoch of radiation-matter equality (and so excluding neutrinos). It cannot
cool by radiating photons and therefore is dissipationless and collisionless so that dark matter
particles only interact with one another through gravity, and possibly the weak force.
After 30 years and a very considerable effort by experimentalists and theorists, dark matter
has not been discovered or detected in any other way than dynamical effects in massive
systems including the way the universe has evolved. Concerns about the fundamental
underpinnings of the standard Newton-Einstein theory of gravity started to grow with
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suggestions that the mathematics used involved making assumptions that suggested that the
conclusion that dark matter existed might be in error (Mannheim, 2006 and 2019).
Measurements of the Apparent Dark Matter Content of Galaxies.
Deur (2014) compiled data on 685 early-type galaxies from 42 publications. Mass to light
ratios were determined in several different ways and were assembled and adjusted to put
them on consistent scales. There are always complications in interpreting what is happening
within an elliptical galaxy as projection effects will always make it look more round than it
really is. Figure 1 is taken from Deur (2014). Four different methods of estimating mass to
light ratios for elliptical galaxies are separated in Figure 1. The galaxies shown here are ones
which are typical, medium-sized elliptical galaxies. The clear correlation between estimated
mass to light ratios and apparent ellipticity does not appear to arise from observational bias.
The correlations imply that at equal luminosities, rounder medium-sized elliptical galaxies
appear to contain less dark matter than flatter elliptical galaxies. At the same luminosity,
rounder galaxies apparently are on average four times less massive than the flatter ones. This
work followed an earlier, shorter paper by Romanovski et al. (Science, 301, 1696 (2003)
where rather little evidence for significant dark matter content was found in a number of
elliptical galaxies.

Figure 1. These data are taken from Deur (2014): Examples of galactic mass over
luminosity in solar M/L units versus ellipticity from four publications using different methods.
Top left: virial theorem (Bacon et al. 1985). Top right: strong lensing (Auger et al. 2010) (we
plot four times the total mass over the stellar mass 4Mtot/M∗ M/L). Bottom left: stellar orbit
modelling (van der Marel & van Dokkum 2007). Bottom right: gas disc dynamics (Bertola et
al. 1991, 1993).
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An important dataset was collated by McGaugh, Lelli and Schombert (2016) who brought
together data from 175 nearby disk galaxies which had baryonic mass estimates from good
quality 3.6 micron photometry plus high-quality rotation curves from HI/Hα studies. The
sample covered very broad ranges of luminosity, surface brightness, rotation velocity and
Hubble type. This dataset, known as SPARC (Spitzer Photometry and Accurate Rotation
Curves) is currently the largest collection of data on disk galaxies with both high-quality
rotation curves and near infrared surface photometry. Great attention was paid to ensuring
the data were normalised in as consistent a way as possible so that data from different kinds
of observations could be merged. This allows the baryonic Tully-Fisher relation, for
example, to be confirmed as a straightforward scaling relation with the baryonic mass
proportional to the fourth power of the asymptotic rotation velocity at large radius. We also
note that the Tully-Fisher relation derived using total mass estimates for these galaxies
(baryonic plus dark matter) has a bigger dispersion than the baryonic Tully-Fisher relation.
We show in Figure 2 (taken from Kormendy & Bender, 2011) examples of the data on two
typical disc galaxies.

Figure 2: Examples of mass models and rotation curves for individual galaxies. The points
with error bars in the upper panels are the observed rotation curves V(R). The errors
represent both random errors and systematic uncertainty in the circular velocity due to
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asymmetry in the velocity field. In both galaxies, the data exceed the lines vbar = √Rgbar
representing the baryonic mass models, indicating the need for dark matter. Each baryonic
component is represented. The dark matter contribution is assumed to be what should be
added to the observed baryonic matter data in order to match the observed total rotation
curve.
Most importantly, new results show to a high degree of accuracy, that one can derive the
missing mass of a galaxy from its baryonic mass without any other adjustment or correction
and without any additional parameters. Whatever dark matter might be it is clearly and
unambiguously related to the baryonic matter component of galaxies alone. The derived dark
matter content of a disk galaxy may be predicted directly from its baryonic rotation curve
without any other physics. Although less clear-cut with elliptical galaxies there is good
evidence that the dark matter content is smaller for more spherically symmetric objects.

Figure 3 (from McGaugh, Lelli and Schombert (2016)): combines the ~2700 data points
from 153 disk galaxies to show the discrepancy between the centripetal acceleration
observed in rotation curves for the “observed” mass which includes the added dark matter
against the value for the baryonic mass, assumed to be stable. The inset shows the histogram
of the residuals around the best fit to the curve.
The Physics of Gravity.
The physics of gravitation as used by astronomers today is substantially that of Newton,
published in 1687. Here the gravitational force F between two objects of masses M1 and M2
separated by distance r is given by F = GM1M2/r2 where G is the gravitational constant.
Velocities within most astronomical objects such as galaxies or clusters of galaxies are
relatively small, much less than the velocity of light, so that relativistic effects are generally
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small and so claimed to justify the routine use of classical Newtonian physics. Interestingly,
Newton could describe gravity but not how it worked. He said “Gravity must be caused by
an agent acting constantly according to certain laws but whether this agent be material or
immaterial, I have left to the consideration of my readers.”
Given the rotation curve for a disk galaxy we can deduce the mass of the galaxy using
Newtonian dynamics. In the solar system the mass is strongly concentrated in the centre (the
Sun) and the total mass of all the planets is virtually negligible in comparison. We should not
expect a pure 1/√r
The full Lagrangian completely constrains the way a star can move. Originally just a
reformulation of classical mechanics introduced by Lagrange in 1788, it has since been
further reformulated in special, general relativity and more generally in field theory..
Einstein, Infeld & Hoffman, (1938) showed that if we have two masses, M1 and M2 separated
by a distance r then the Lagrangian has non-Newtonian potential terms of the form
G2 M1M2(M1 + M2)/2r2, even at first order and where G is the gravitational constant. This
term is independent of any velocity and becomes important whenever large masses are
involved. A gravitational field has energy-momentum which is ignored with Newtonian
dynamics. Lynden-Bell & Katz(1985) have shown that mass energy in relativity actually
contains twice the classical gravitational potential energy. This is the reason that the
gravitational lensing equation gives twice the deflection of the classical calculation. More
generally, the presence of a gravitational field can lead to a nonlinearity whose origin can
ultimately be traced back to gravitational field self-interaction.
Most branches of physics have been refined substantially in the last 300 years and it is
important that we look carefully at the assumptions that go into our current use of Newtonian
physics for gravitation. One branch of physics that has advanced greatly in recent years is
that of particle physics. The theory of these particles is called quantum chromodynamics
(QCD), a quantum field theory with symmetry group SU(3). It also needs quantum
electrodynamics (QED) and the weak interaction theory. There is now a very large body of
experimental evidence for QCD that has been accumulated in recent decades (Zyla et al,
2020). General relativity in respect of gravity has many equivalences with QCD but the study
of the consequences of this nonlinearity is much less well developed in GR (Deur, 2017).
We can get some insight into what is happening with gravitation as follows. The Lagrangian,
which essentially describes the equations of motion of a system is the Einstein-Hilbert
Lagrangian (from Zee, 2013):

Where gµν is the metric, Rµν is the Ricci tensor, Tµν is the energy-momentum tensor, M is
the system mass and G is the gravitational constant. The polynomial comes from expanding
gµν around the constant metric ηµν , with the gravitational field φµν = gµν - ηµν . The square
brackets indicate sums over Lorentz-invariant terms. Setting n = 0 gives L = [δφδφ], the
Lagrangian for Newtonian dynamics. This result is consequent on suppressing higher order
(n>0) terms in the Lagrangian and assuming v/c <<1. This asserts that the system under
consideration is homogeneous and isotropic, effectively spherically symmetric by setting the
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energy-momentum tensor, Tµν to be diagonal. Nonlinearities are always part of the full
Lagrangian but their effects are suppressed where the system is homogeneous and isotropic.
Nonlinearities which arise in the Lagrangians for both GR and QCD are consequent on field
self-interaction. Higher order terms (n > 0) in the polynomial above do not depend purely on
velocities and so such terms when working with massive non-spherically symmetric systems
cannot be ignored. Effects from those higher order terms are expressed when the mass
distributions are asymmetrical.
Many research papers in cosmology start correctly with the Lagrangian for general relativity,
often in rather different terms yet equivalent. However when those Lagrangians are combined
with the cosmological principle, the assumption of homogeneity and isotropy, then general
relativity is simply reduced to the theory of Newton with all non-linear features fully
suppressed.
Most galaxies and clusters of galaxies are clearly inhomogeneous and far from uniform. The
additional terms that give rise to the nonlinearity or field self-interaction start to become
important when √ (GM/L) >~ 10-3 (in “natural” units, see van Remortel, N. (2016) ),where L
is the characteristic scale for the system (Deur et al, 2020). This is certainly the case with
galactic masses and scales so this must be an important aspect of gravitational forces in such
objects. We will briefly consider later whether these nonlinearities will be important even at
the redshifts of the CMB when calculating the subsequent evolution of the Universe.
In most cases deriving a solution to this Lagrangian is almost impossible analytically as the
number of equations involved mean that in real physical situations the problem is simply far
too complex. However we can benefit from the many techniques developed by particle
physicists working with quantum chromodynamics (QCD). Indeed it was the realisation that
the Lagrangian used in QCD is very similar to that of general relativity that has allowed this
new understanding of relativistic gravitation.
The conclusions from these theoretical studies are that the gravitational binding of massive
objects, galaxies and clusters etc, is greater than the Newtonian expectation for objects that
are not spherically symmetric due to field self-interaction. In addition, energy conservation
in massive non-isotropic systems will decrease the strength of gravitational forces outside
those systems. For example, in disk systems the radial force is found to go as 1/r rather than
as 1/r2 as in Newtonian physics. The rotation curves of disk galaxies are therefore much
flatter and do not require any kind of dark matter to be dynamically stable (Figure 2). The
lower gravity outside such systems effectively modifies the local Hubble constant. Slight
differences in the local Hubble constant have more recently been attributed to dark energy.
Although this behaviour may seem strange it should not surprise us. What has been ignored
historically is that gravity is a field. We are familiar with fields in electromagnetism. The
physics of these fields tells us that in electromagnetism the field dictates how charged
particles move and how these charged particles in turn generate the field when they move.
There is nothing special about gravity. It is simply another field, the field determining how
particles with mass move and how those moving particles in turn generate the gravitational
field.
Calculating the forces experienced within and outside a complex object like a galaxy is far
from easy. Fortunately Einstein has shown astronomers already familiar with gravitational
Page 7 of 15

lensing that the Newtonian calculation must be corrected to allow an accurate prediction of
the deflection of light around the sun. Einstein’s new prediction was confirmed by Eddington
in 1919. We also know that the velocity of propagation of gravitational events is the speed of
light as demonstrated during the recent gravitational wave detection of GW170817 at optical
wavelengths. In other words, in particle language, photons and gravitons (the elementary
particles that are responsible for the gravitational field) travel along the same geodesics, and
at the same speed of light, c.
A Graphical Account of Gravitational Self Interaction.
Physicists are used to thinking in terms of fields for example in electrostatics. Here we can
have positive and negative charges each of which is interacting with one another through an
electrostatic field. The effect of complex charge distributions may be worked out simply by
vector addition of the relevant attractions or repulsions. With gravity we only have one
polarity of particle: there are no negative masses.
Our understanding of gravitational lensing allows us to develop a more intuitive feel for how
gravitational fields and self-interaction works in practice. We do this by thinking of the
gravitational field lines and recognising that the force experienced by a particle is simply
proportional to the density of gravitational field lines at its position in space.
Photons and gravitons are affected identically by curved space-time so they follow the same
null geodesics. With a spherically symmetric mass distribution the field lines radiate in
straight lines from the centre of mass of the object whether it is our Sun or the central bulge
of a galaxy. The field line density simply gives the gravitational force. The gravitational
force acting on a test particle will diminish with distance squared (~ 1/r2) (Figure 4, left hand
panel).

Figure 4; (from Deur, 2020): Field lines for a disk centred at x = y = z = 0, symmetric about
z, density decreasing exponentially with radius r. For clarity, only field lines emanating with
|φ| < 0.005◦ from the centre of the disk are drawn (the undrawn lines at larger φ are less
bent). Left: without field self-interaction. Right: with self-interaction. The RH panel shows
the lines in the radial plane (x; y = 0; z). The dashed lines on the right plot are straight lines
with |φ| = 0.005◦, i.e. the envelope of the generated lines when self-interaction is not
accounted for. The yellow band shows the surface where the lines in the (x; y = 0; z) plane
are approximately parallel, yielding a 1/r behaviour of the force.
However if the bulge is embedded within a thin disk of material then the gravitational field
will progressively bend field lines closer to the disk and therefore towards the plane of the
disk (Figure 4, right hand panel). The field lines will tend to align themselves parallel to the
plane of the disk. Indeed, if the disk is sufficiently dense, the field lines can even bend back
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towards the disk. The separation of field lines above the disk will stay relatively constant with
distance above the disk and will diverge increasingly as they propagate further out to the edge
of the disk. The net effect is that the gravitational force acting on a test particle well outside
the bulge but in the plane of the disk will decrease with distance (~ 1/r). This behaviour is
what we typically observe with disk galaxy rotation curves (Figure 2). Much more detailed
modelling has been carried out by Deur (2020) but this description gives the essence of what
happens when general relativistic effects are included properly and the field density is large
enough so that the self interactions are enabled. The observed rotation curves are therefore
consequent on including the effects of the field close to the disk rather than assuming the
field is simply radial from the centre of the galaxy.

Figure 5: (from Deur, 2020): Examples of rotation curves generated by more detailed
modelling as described above. The red line shows the effect of including the self interacting
gravitational field from GR, the black line shows the predicted rotation curve according to
Newtonian dynamics and the blue dotted line shows the missing mass contribution as a
function of radius from the centre of the galaxy.
We find therefore that the addition of dark matter in order to account for the rotation curves
of disk galaxies is simply a consequence of dealing inappropriately with the gravitational
field of a galaxy. We have seen that the assumption of isotropy and homogeneity and
dynamical equilibrium when looking at structures simply leads to a Lagrangian identical to
that of Newton. A consequence is that with an object such as a galaxy or a globular cluster
then the degree to which dark matter might be inferred will be a consequence of its difference
in shape from spherical symmetry. Recently there have been detailed studies of well-known
globular clusters such as 47 Tuc and M55 which failed to find any evidence for dark matter
(Lane et al, 2010). Another study by van Dokkum et al, (2018) found other more distant
globular clusters to be essentially free from dark matter. Globular clusters are very close to
spherical and therefore we would not expect any on the basis of our results. Generally
globular clusters are relatively low mass objects for which these non-linear effects are likely
to be small anyway. Elliptical galaxies as discussed earlier also show evidence that they
contain dark matter that is weakest for apparently spherical galaxies. With elliptical galaxies
projection effects can be a problem. That is not the case with globular clusters.
An important consequence of gravitational self-interaction is that it diminishes the potential
energy of the field outside the bound system. Inside the system the gravitational binding is
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enhanced. Conservation of energy applies here as in every other branch of physics so the
potential energy remaining and capable of enabling interactions with other matter external to
a galaxy will also be diminished. The baryonic mass of a galaxy is unchanged, but it does
mean the gravitational force between a galaxy and other objects near it will be weakened by
the self-interaction. The degree of weakening depends very much on the actual geometry and
mass distribution in associated nearby objects but it will affect our assessment of the forces
between them. We will find this behaviour whenever massive objects are close to one
another. The gravitational forces between them will be affected and reduced by this self
interaction. For example, two disk galaxies would interact less. However two round galaxies
will be less affected since there are no field lines collapsed inside each galaxy, but they will
collapse between the galaxies if they are close enough. What happens is that the two rounder
galaxies form a one-dimensional system so that if they are close enough we expect a constant
force between them and the potential to increase linearly with distance of separation.
Dark Matter in Clusters of Galaxies.
Our understanding of the physical properties of clusters of galaxies has improved greatly in
recent years. In particular, the masses of galaxy clusters correlates very closely with the
product of x-ray spectral temperature and the mass of the gas within the cluster excluding the
central region. Weak lensing studies have shown the great extent of the richer clusters up to
Mpc scales suggesting that many will barely be virialised (a galaxy moving at 100 km/s
around a 1Mpc cluster will take longer than the age of the Universe to complete an orbit). It
is becoming increasingly clear that there is little evidence for extensive dark matter halos (in
addition to the halos already attributed to individual galaxies) being a significant component
within clusters of galaxies (Bahcall & Kulier, 2014).
The masses of the individual galaxies are therefore simply their baryonic mass alone.
Gravitational self interaction however may give a gravitational mass significantly lower than
we might expect from the baryonic mass. Individual galaxies form asymmetric groups each
of which have gravitational fields which will also self interact with one another. As with the
effect of self-interaction in galaxies and groups we must expect the gravitational forces
between galaxies within clusters to diminish their gravitational potential energy, again
reducing the gravitational mass needed to bind the cluster together. Elliptical galaxies are
more common within clusters of galaxies than disk galaxies so we should predict the binding
to be stronger in clusters.
The net effect is that clusters become significantly easier to bind if the individual galaxy
masses appear to be significantly smaller than they would have been if dark matter was
significant. The three-dimensional structure of a cluster of galaxies is very complex but
indications are that these effects lead to significantly reduced dark matter estimates to an
extent that dark matter is likely to be negligible in clusters of galaxies.
The Growth of Large Structures.
We have demonstrated that by using Einstein’s theories of gravitation correctly there seems
little evidence for the existence of dark matter in individual galaxies or clusters of galaxies.
However we have to address the belief that dark matter is nevertheless an essential
component of the make up of our Universe on the largest scales.
Cosmologists traditionally start their modelling of how the universe developed from the era
of the cosmic microwave background to what we see around us today with an assumption of
universal homogeneity and isotropy. This is justified because at the highest redshifts we can
Page 10 of 15

observe the cosmic microwave background (CMB) as that detected by the COBE, W-MAP,
Planck and other satellites. With Planck we see that at a redshift z~1100 the Universe is
relatively isotropic and homogeneous, at least on scales larger than hundreds of Mpc. Studies
do show that the CMB is indeed uniform to within perhaps tens of parts per million. If we
make the assumption that the universe at this high redshifts is indeed uniform to a degree then
simulations show that the time it takes for galaxies and clusters to be formed under
gravitational collapse is too long. Adding a significant dark matter component paralleling the
baryonic matter distribution helps to accelerate the collapse, particularly as this can start
much earlier. Consequently dark matter has become established as a necessary component of
the universe at high redshifts.
We know that the additional terms in the Lagrangian that give rise to the nonlinearity or field
self-interaction start to become important when √ (GM/L) >~ 10-3 (in natural units) where L
is the characteristic scale for the system. The characteristic scales and densities about the
mean of the CMB irregularities suggests that the assumption of isotropy and homogeneity at
that redshift may well be inappropriate. The dominant scale of the CMB is approximately 150
Mpc diameter. Simply by using the critical density, the density that just closes the Universe,
we find that a sphere of that diameter encloses approximately 2.2 *1017 solar masses, a mass
consistent with the total content of a large, rich cluster of galaxies. We find that √ (GM/L) is
very much larger than with an individual galaxy, even relative to the mean. As a consequence
gravitational self interaction within the largest scales observed in the CMB even at such high
redshifts is likely to be significant. Structures on the largest scales are statistically spherical
but individually they are not. The more asymmetric a structure, the greater the diminution of
its apparent mass because of self-interaction. Those structures are then able to detach
themselves more easily and more rapidly from the general baryonic background, reducing
significantly, if not eliminating, the need for dark matter to deliver the necessary collapse
timescales for that structure. However the local degree of collapse is now reduced as lcal
galaxies are probably dark matter free.
Although the collapse at the highest redshifts may proceed relatively slowly the effects of
gravitational self interaction will start to become increasingly important. We know that one
consequence of the increased gravitational binding within an object is that energy must be
conserved so that the gravitational potential outside an object will be smaller than expected
simply on the basis of the baryonic mass of an object. The attraction between objects will be
reduced and that will manifest itself in slight changes in the local Hubble constant. The
binding force will be smaller than expected from Newton’s gravity. To explain the
observations while assuming Newton’s gravity one needs to add a repulsive force which we
now associate with dark energy.
The growth of large structures is undoubtedly complex, but Deur (2019, 2021) has modelled
the way that the average gravity might be suppressed on the largest scales effectively
weakening the gravitational attraction between galaxies and clusters as they evolve with
redshifts. He has developed, for a different study, a depletion function that ranges from full
suppression to none. The models try to take account of the way that the depletion is most
severe for objects furthest from spherical symmetry and makes a number of assumptions
about the nature of galaxies and how they change with redshift. He finds that the way that self
interaction increases galaxy binding and reduces the external gravitational force between
galaxies causes the formation of structures similar to those found by assuming the existence
of dark matter. This is shown in Figure 6.
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Figure 6. (From Deur, 2021) all: Time-evolution of a baryonic overdensity δ assuming the
time dependence of the depletion factor modelled on that paper, from a redshift ~ 1100 (on
the left hand side of this figure) to the present day.
We can get a more detailed idea of what happens as the Universe evolves by looking at the
statistics of galaxy types as a function of redshift. Mortlock et al. (2013) have studied the
changes in typical galaxy type as a function of redshift. They find that there are very few disk
galaxies at redshifts >2, and that at lower redshifts disk galaxies become increasingly
important, starting particularly with the most massive objects (Figure 7).We also know that at
yet lower redshifts spheroidal galaxies gradually become more common. We have seen above
that it is the most asymmetric, non-spherical galaxies that are most affected by gravitational
self interaction.
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Figure 7. (from Mortlock et al (2013): The evolution of the corrected fraction of the different
galaxy types with redshift. The panel shows the grouped evolution of the galaxy-type fraction.
The Spheroidal types include the spheroids, disturbed spheroids and the compact objects. The
disky types include the disc and disturbed disc objects. The peculiar types include the
disturbed and interacting objects. The solid lines are power-law fits. The x-axis values are
offset by a small amount for clarity).
As the proportion of disk galaxies increases the mean binding within each galaxy will
increase and conservation of energy means that the binding between galaxies will
consequently diminish. This would be predicted to occur at redshifts <2 and then increase
again to a degree at much lower redshifts. Regions which are somewhat more affected by
this apparent reduction in the mass of individual galaxies will find that the gravitational
attraction between nearby objects is diminished. This would produce effects that might be
misinterpreted as a negative force driving expansion. This may account for the belief that the
possibly anomalous supernovae redshifts are due to the dark energy content of the Universe
consequent on a nonzero cosmological constant, Λ.
Recently studies intended to help resolve the Hubble constant tension have found that there
might be evidence for a degree of evolution in the Hubble constant with redshift or that there
might be evidence for changes in the gravitational constant with the latest data on the
baryonic Tully-Fisher relation (Dainotti et al, 2021 and Alestas et al, 2021).
Conclusions.
The consequences of discarding dark matter, dark energy and the cosmological constant, Λ,
will be far-reaching but it will allow us to dispose of parameters that were only ever
introduced to make our observations fit an out of date and inadequate physical model. A
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great deal of astronomy will have to be reworked to pull these calculations and results
together. Indeed the very substantial efforts currently going into instrumental and
observational programs designed to detect dark matter and dark energy will be difficult to
justify in the future. However there is a great deal to be gained by the removal of imaginary
components that are claimed to dominate the mass of the Universe. The reality will be much
more mundane but much more plausible. However this conclusion would undoubtedly
produce a different kind of richness consequent on the nonlinearity of the theory and its
capacity to generate complexity.
The importance of gravitational field self interaction in understanding the morphologies and
evolution of the Universe has been demonstrated. For massive systems that are neither
homogeneous nor isotropic, field self interaction has been neglected for too long. Newton’s
law of gravity must be replaced by that of Einstein to include a full account of gravitational
fields. This was understood over a hundred years ago by Einstein. Using the correct
Lagrangian has the consequence of leading to the conclusion that dark matter and indeed dark
energy should be discarded as concepts. That in turn leads to the conclusion that the
cosmological constant, Λ, should be set to close to if not actually zero.
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