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Figure 1: Rotation curves of various galaxies. The ro-
tational velocities increase and then become roughly
constant.[8] This is contrary to the expected be-
haviour on Newtonian gravitation that, sufficiently
far from the nucleus, rotational velocities must de-
cline as 1√

r
with distance r from the nucleus.

stars as we move to the edge of the visible galaxy.
Unfortunately, even that expectation is belied. It is
clear from Fig. 1 that the rotational velocities of stars,
instead of declining, become approximately constant
at the edge of the galaxy. Therefore, to “save” the
theory we must make one more hypothesis: that the
hypothetical invisible dark matter is distributed in a
peculiar way in the form of a halo round the galaxy,
with its density reaching a peak where the luminous
matter thins out to zero.

Now why should that be so? The hypothetical,
invisible dark matter, whatever its composition, has
exactly the same gravitational properties as the lumi-
nous matter in galaxies. On the scale of the galaxy,
gravitation is the dominant force which decides struc-
ture. So why should luminous matter and dark mat-
ter be distributed in such strikingly different ways?
No clear explanation has emerged so far.

3.3 MOND

Dissatisfaction with the DM hypothesis led to the for-
mulation of another theory: modified Newtonian dy-
namics (MOND).[9, 10] In its original form, the the-

ory simply supposed that the gravitational force law
itself changed at the scale of the galaxy on the phe-
nomenological grounds of observations. Moreover, it
did not initially correct what we now know to be a
critical conceptual defect in Newtonian physics.

Could GRT explain any part of the departure from
Newtonian gravitation? To answer this we need to
be able to apply GRT to the galaxy. Unfortunately,
that is not feasible: GRT is too complex to be used
to solve the many body problem of a galaxy typically
involving hundreds of billions of stars. Even mod-
elling a collection of discrete objects is very difficult
in GRT. Therefore, the only thing available is to fall
back on Newtonian gravitation just believing it to be
a good approximation to GRT at those scales.

4 RGT

This situation motivates retarded gravitation
theory.[7] We know that special relativity is an es-
sential conceptual correction to Newtonian physics.
Can we have a theory of gravitation compatible with
special relativity? Poincaré did attempt to find such
a theory (with a different motivation) but did not
fix on a definite expression for the force, or try to
solve the problem of galactic rotation curves, which
was not known in his time.

Some people might ask: why look for such a theory
when we already have the “ultimate” theory, namely
GRT? One simple answer is this: it is no use having
an ultimate theory which is not usable! It is like say-
ing ultimately “God knows everything”, but we have
no way to read the mind of God! In the context of
the galaxy, the theory which is actually used is New-
tonian gravitation. RGT, being a Lorentz covariant
theory of gravitation, improves on that. As we will
see, RGT does help us to bypass the additional hy-
potheses introduced by both DM and MOND.

4.1 Derivation of the expression for
the force

How does one make gravitation Lorentz covariant?
The derivation of the Lorentz-covariant gravitational
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