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Abstract A new paradigm for the structure of galaxies is proposed. The
main hypothesis is that a normal galaxy contains a hypermassive black
hole at its centre which generates the spiral arms. The paradigm gives
satisfactory explanations for:

• The rotation curve of a galaxy.

• The spherical bulge at the centre of a normal galaxy.

• The spiral structure and long-term stability of a normal galaxy.

• The age and orbits of globular clusters.

• The origin and prevalence of solar systems.

• (Highly speculative) the origin of life.

The paradigm is compatible with direct observations but not with many
of the current interpretations of these observations. It is also incompatible
with large swathes of current cosmological theory and in particular with
the expanding universe and hot big bang theories.

A tentative new explanation for the observed redshift of distant objects
is given which is compatible with a static model for the universe.

This paper is being circulated in a very preliminary form in the hope that
others will work both on interpreting observational data in the light of
the new paradigm and on the obvious gaps in underlying theory.

AMS Classification 85A15; 85A40, 83F05, 83C40, 83C57

Keywords Galaxy, new paradigm, spiral structure, black hole, rotation
curve, redshift

1 Introduction

This paper is concerned with the nature of normal galaxies such as the Milky
Way or the Andromeda nebula. It is an attempt to formulate a theory which
explains satisfatorily both the spiral structure and the rotation curve. Current
explanations for these have an unnatural ad hoc nature—in particular the hy-
pothesis of exactly the correct amount of unobserved dark matter to fit the
rotation curve.
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The main hypothesis is that the centre of a normal galaxy contains a hyper-
massive black hole1 of mass around 1015 solar masses. The centre generates
the spiral arms by a process, which will be outlined, whereby matter is ejected
from the centre and condenses into solar systems. This implies that young
stars in a galaxy are moving outwards as well as around the centre. This gen-
eral outward movement has not been observed and the reason for this is that
the frequency shift due to the outward motion is cancelled by the gravitational
frequency shift from the gravitational field of the centre. As will be seen later,
in a normal galaxy stars move outwards at near escape velocity, so the two
opposing frequency shifts are almost the same. Also the motion of stars is
far from Keplerian, being strongly controlled by inertial drag effects from the
(rotating) centre. The result is that the outward progress takes a very long
time—commensurate with the lifetime of a star and hence the outward velocity
is rather smaller than (about one tenth of) the observed rotational velocity.
The general picture which emerges is of a structure stable over an extremely
long timescale (at least 1012 years) with stars born and aging on their outward
journey from the centre and returning to the centre to be recycled with new
matter to form new solar systems. This timescale is incompatible with current
estimates for the age of the universe and entails the abandonment of the big
bang theory in its current form. The tentative suggestion is that galaxies have
a natural lifetime of perhaps 1016 years with the universe considerably older
than this.

The paper is organised as follows. Section 2 contains a discussion of galactic
rotation curves. This is not the most logical place to start, but it provides
by far the clearest evidence for the main hypothesis. The new paradigm gives
a natural explanation of the observed rotation curves for galaxies. Section 3
discusses another strong piece of evidence—the spherical bulge at the centre of
normal galaxies. Section 4 describes the main proposal, namely the generator
for spiral arms and the way in which energy feeds from the central black hole.
In section 5 the full dynamic of a spiral galaxy is discussed and the way in which
the arms are formed in differing types of spiral galaxies. Section 6 is concerned
with a further strong piece of evidence, namely the age and orbits of globular
clusters. Section 7 discusses the formation of solar systems, which appear in
a natural way in the new paradigm and tentatively suggests how life starts on
suitable planets. Section 8 concerns direct evidence including evidence from
our own galaxy near Sagittarius A∗ and section 9 contains the suggested new
explanation for redshift. Finally section 10 contains speculative material on the

1The terminology “black hole” is very unfortunate as it is already clear that hyper-
massive objects are anything but black. However it is well established and I shall
continue to use it.
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nature and long-term evolution of galaxies.

Three estimates for the mass of a normal galaxy are given (in sections 2, 3 and
9) and several observational predictions are made.

It is worth remarking that, in contrast to other suggested alternatives to current
mainstream cosmology, this paper does not propose any new physics apart
from one mild hypothesis (with supporting plausibility arguments) about the
behaviour of light in negatively curved space-time; note that this hypothesis
is not needed for the main content of the paper—the new model for galaxies.
Indeed the whole paper can be seen as a strong supporting evidence for the
correctness of standard Einsteinian relativity.

The paper is a very preliminary study of the subject and has obvious gaps,
notably in the interpretation of observations and in the theory of the spiral arm
generator. It is being circulated in the hope that others will help complete the
work.

2 The rotation curve

The observed rotation curves for galaxies are quite striking. Essentially the
curve (of tangential velocity against distance from the centre) comprises two
approximately straight lines with a short transition region. The first line passes
through the origin and the second is horizontal. For a typical example, enter
“galactic rotation curve” into Google, hit “I’m feeling lucky” and look at the
figure on the left near the bottom.2

Galactic rotation curves are so characteristic (and simple to describe) that there
must be some strong structural reason for them. They are very far indeed from
the curve you would get with a standard Keplerian model of rotation with any
reasonable mass distribution. The current explanation involves a fortuitous
arrangement of “dark matter” (ie matter for whose existence there is no other
evidence) and begs several questions not least of which are the stability and
prevalence of this arrangement. This explanation is strained to the limits by
several observations which show that the horizontal straight line section of the
rotation curve extends far outside the limits of the main visible part of galaxies.

2In case Google changes its mind as to what comes out top in this search, here is the
actual page reference:
http://astrosun.tn.cornell.edu/courses/astro201/rotcurve.htm

Several more of the pages which come up for the same search pattern have excellent
examples on them.
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The explanation given here involves no dark matter. Essentially the rotation
curve is a consequence of inertial drag due to rotation of the hypermassive cen-
tral black hole. Inertial drag is one of the stranger consequences of general
relativity. It is a true embodiment of Mach’s principle understood in the sense
that the matter in the universe determines the concept of inertia. For a discus-
sion of this effect see Misner, Thorne and Wheeler [8; section 21.12]. Only the
most basic properties of inertial drag will be needed:

(1) A rotating body causes the local concept of “inertial frame” to rotate in
the same sense as its own rotation.

(2) This effect drops off proportionately with 1

r
where r is distance from the

centre of the body.

Now suppose that there is a heavy rotating body of zero size at the origin.3

Then the concept of “inertial frame” is formed by superposing the static frame
from the universe in general and the rotating frame from the body. The ro-
tating frame dominates totally at the origin and the rotation of inertial frames
(measured with respect to a standard frame distant from the origin) can be
modelled as the weighted average of the rotating and static frames.

Working in the plane of rotation let r denote distance from the origin. Suppose
the rotating frame has angular velocity ω . The rotation effect on inertial frames
caused by the heavy rotating body and measured at r from the origin has
weight K/r compared with the static inertia due to the rest of the universe.
Here K is a constant depending on the mass of the body (roughly equal to the
Schwarzschild radius in the case of a black hole).4 Thus the nett rotation of
frames is the average of ω weighted K/r with 0 weighted 1 ie:

K

r
ω + 1 × 0
K

r
+ 1

=
ωK

r + K

Now consider a particle of small mass ejected roughly radially from the origin
with respect to the central rotating frame (ie actually rotating with tangential
velocity v ≈ rω). Then there are two opposing effects acting on its tangential
velocity:

3The effect described here does not depend on the mass, so “heavy” is strictly un-
necessary. However if the mass is not huge, the effect is negligible in practical terms.
Zero size is for simplicity and is also immaterial.
4A calculation of K can be deduced from the discussion in Misner, Thorne and
Wheeler (op cit). See section 21.12 and in particular equations 21.155-6: the rotation
effect for a body at distance r is 4

3r
times the angular velocity in units in which the

Schwarzschild radius is 2, giving K = 2

3
.
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(1) The rotation of the inertial frames tends to increase v . The acceleration
is ω for r small and is ωK

r+K
in general.

(2) Conservation of angular momentum causes any excess velocity over that
due to rotation of inertial frame to decrease. The excess velocity is v−Kωr

K+r

so the decelleration due to this effect is:

1

r
(v −

Kωr

K + r
) =

v

r
−

ωK

r + K

Adding the two effects:

dv

dr
=

Kω

K + r
−

v

r
+

Kω

K + r
=

2Kω

K + r
−

v

r

Thus:
d

dr
(rv) = r

dv

dr
+ v =

2rωK

r + K

Hence:

rv = 2ωKr − 2ωK2 log(r + K) + C

where C is a constant depending on initial conditions. For a particle ejected
with v = rω for r small, C = 0, and for general initial conditions there is a
contribution C/r to v which does not affect the behaviour for large r . Setting
C = 0 gives the solution:

v = 2ωK −
2ωK2 log(r + K)

r

There are two asymptotes. For r small v ≈ rω and the curve is roughly a
straight line through the origin. And for r large the curve approaches the
horizontal line v = 2ωK . A rough graph is given in figure 1 where K = ω = 1.

1

2

10 20 30 40

Figure 1
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This curve is a good, but not perfect, fit to observed galactic rotation curves.
However our analysis so far has been very simple minded and has ignored all
effects except inertial drag from the centre. In this sense the result is quite
remarkable. The salient features of the rotation curve are entirely explained as
the effect of inertial drag.

The most important effect that has been ignored, for a standard spiral galaxy
with bilateral symmetry, is the gravitational attraction of the arms. This causes
a “flywheel effect”: stars in the arms will tend to rotate with the local rotation
of the arms. This extends the region where rotation is roughly plate-like and
causes the rotation curve to be nearer to a straight-line through the origin of
somewhat smaller slope than the asymptote. The flywheel effect breaks down
as r increases to the point where the forces required to maintain it are too great
and the rotation curve turns fairly sharply towards the horizontal asymptote.
This modifies the curve of figure 1 to something like figure 2.

1

2

10 20 30 40

Figure 2

Finally note that perturbations to tangential velocity die out like 1/r and the
limiting horizontal asymptote is highly stable. Perturbation in the flywheel
effect (due to non-uniform mass in the arms) will result in fluctuations in the
horizontal portion of the rotation curve as illustrated in figure 3. Figure 3 is a
perfect fit for observed rotation curves.

Several comments need to be made.

(1) The analysis in this section has totally ignored radial velocity. Indeed it is a
quite remarkable effect of inertial drag that the tangential velocity is controlled
asymptotically independently of radial velocity or acceleration. In section 5 the
effects on radial acceleration caused by the rotation are discussed and the full
dynamic of a spiral galaxy is derived in outline. This will explain the familiar
spiral structure.

6



1

2

10 20 30 40

Figure 3

(2) An unholy mixture of relativistic and Newtonian dynamics has been used.
For largish r this is justified since inertial drag is then the dominant relativistic
effect. However for small r the approximations used are probably very coarse
and the analysis needs to be done properly in a fully relativistic setting which
may well significantly alter the theoretical rotation curve.

(3) Nevertheless this crude discussion does allow a first estimate of the central
mass of a normal galaxy. The observed rotation curves show roughly plate-like
rotation extending about to the edge of the central spherical bulge. Comparing
with figure 3, this would give the radius of the bulge as about 10 times the
Schwarzschild radius. From looking at a gallery of galaxy photographs, the
radius of the bulge is commonly about 10−1 times the galactic radius so the
Schwarzschild radius is about 10−2 times the galactic radius. Thus for the
Milky Way with a diameter of 1018km the Schwarzschild radius is 5× 1015km
giving a mass of roughly 1.7 × 1015 solar masses.

(4) The control of tangential velocity that has been examined in this section
applies most strongly to motion in the galactic plane (and indeed to stars mov-
ing outward at the start of their lives). The control gets progessively weaker the
further out one goes and random motions and local gravitational effects change
the motion. Thus one would expect that the rotation curves obtained in figures
1 to 3 apply best in the galactic plane, with significant variations outside it.
This is indeed what is observed.

As remarked earlier, the effect described in this section is independent of mass.
However for rotating bodies of small mass the effect is unobservably small. For
example the sun has K ≈ 2km and ω = 2π/25 days. Thus 2Kω is 4km per 4
days or .04 km per hour.

Observational prediction Galaxies with poor bilateral symmetry will have
smaller flywheel effect and the curve will be nearer to fig 1 than figs 2 or 3.
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3 The spherical bulge

The next piece of evidence for the existence of a hypermassive black hole at
the centre of galaxies is so obvious and commonplace that, like many common-
place observations, it is easily overlooked. Normal galaxies have a pronounced
spherical bulge at their centres. No satisfactory explanation for this has been
proposed. If a galaxy is a rotating disc composed of stars and gas with, per-
haps, a massive but not hypermassive black hole at the centre (say 107 ) solar
masses, then there is no reason to expect the formation of a spherical bulge.
One might see a pronounced cluster at the centre, but why should this extend
to great distances on either side of the plane of the galaxy?

However if there is a hypermassive black hole at the centre then a spherical
bulge is exactly what would be seen, because of gravitational lensing effects.
The bulge is not real, but an artifact of the distortion of light caused by the
black hole. A graphic demonstration of this effect can be found on the web at:
http://www.photon.at/~werner/bh/

The visible size of the bulge can be used to give a second rough estimate of
the mass of the central black hole similar to that given in section 2. The
lensing effects extend to roughly 20 times the Schwarzschild radius. However
the expected size of the bulge depends heavily on the actual shape of the galaxy,
thus for a given mass of centre, a thin disc will not give such a large bulge as a
thicker one. A guess from looking at pictures is that the Schwarzschild radius
of the black hole at the centre is commonly about 3 × 10−3 times the galactic
diameter. Thus for the Milky Way with a diameter of 1018km the Schwarzschild
radius is 3 × 1015km giving a mass of roughly 1015 solar masses.

Observational prediction Repeated (and distorted) observations of distant ob-
jects due to the same lensing effect that causes the apparent bulge.

4 The generator for spiral arms

Here is a sketch of the proposed nature of a normal galaxy. The centre contains
all but a small proportion (less than .1%) of the mass. The remainder (1011–
1012 solar masses) is the visible part of the galaxy. The centre comprises two
parts. A central black hole and a surrounding rapidly rotating sphere of matter
some of which is in plasma form, which I shall call the generator. The generator
is mostly concentrated in the equatorial band forming a rotating toroidal belt
which I shall call simply the belt. The belt has a complex electro-magnetic
structure similar to that modelled (see eg Williams [12]) for (lighter) black
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holes and used to explain Active Galactic Nuclei.5 The generator is fed from
two sources. Dying stars and debris fall into it and get torn apart by the
huge tidal forces and broken down into atoms or smaller particles and energy
feeds directly into it from the central black hole both in the form of Penrose-
process energy and directly from the gravitational field by tidal effects. The
result becomes highly unstable as it builds up and it forms sharp bulges which
explode outwards flinging elementary particles, energy and heavier particles out
into space to condense into solar systems and form the familiar arms.

The generator is highly massive and stratified, with a plasma of small particles
at the inside, where the input of energy from the black hole is greatest, and
with layers of heavier particles and dust as one moves outwards. The thickness
of the generator implies that the polar radiation observed for so-called Active
Galactic Nuclei does not escape and explains why this is not observed for normal
galaxies.

The explosions do not occur in random places: most normal galaxies have a
pronounced bilateral symmetry with two main opposing arms (eg M101, M83
etc). Why does this happen? The suggestion is that this is simply a stable
solution. Once two arms have formed, then the gravitational pull of these arms
will form bulges at the roots of the arms and encourage explosions there which
feed the arms. The bilateral symmetry arises because the bulges are tidal bulges
which always have bilateral symmetry.

This tendency to bilateral structure is weak and looking at a gallery of galaxies
you can find many examples where it fails to form or where other weak arms
have formed as well as the two main arms.

One general observed property of spiral arms is worth commenting on. The
roots of the arms are offset. A very clear example is M83 (Southern Pinwheel)
but any gallery of galaxies shows the same phenomenon repeated. This property
is related to the apparent size of the central black hole and the belt rotation.
A full explanation will have to wait for a good mathematical model for the
generator. But this offset, which is clearly a real phenomenon, can be used
to explain the general rotation of galaxies: The offset jets contain a deal of
lighter particles, eg photons, which are radiated away from the galaxy and this
“wind” radiates angular momentum away from the system and causes rotation
in exactly the same way that a pinwheel rotates. Later (in section 10) it will
be seen how the rotation stabilises and this will explain the near uniformity of
rotation across different galaxies as observed in rotation curves.

5Again it is clear that the traditional terminology is highly unfortunate here as the
burden of this paper is that all normal galactic nuclei are highly active.
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5 The full dynamic

This section is in very preliminary form and contains a similar unholy mixture
of relativistic and Keplerian dynamics to that used in section 2.

Using the new paradigm, the full dynamics of a galaxy are capable of being
modelled accurately with a fully relativistic treatment (for example by using
the models for orbits in Kerr spacetime given in [4]) and this will be done in the
next version. What follow are heuristic arguments which establish the scene
very roughly. A fully relativistic model may well give a significantly different
picture.

Most of the visible part of a galaxy lies within 100 Schwarzschild radii of the
central black hole and the part of pre-stars’ (and hence stars’) orbits which
determine the overall picture is the actual ejection from the generator, which
is very close indeed to the central black hole. Thus the dynamics are highly
relativised and under strong central control including in particular the inertial
drag fields used in section 2 to explain the rotation curve.

The orbit of a star takes it from the centre to the outside and back in roughly
its lifetime. In other words the orbit diameter is roughly the radius of the
galaxy (say 1018 km) and its period is roughly 1010 years. A purely Newtonian
estimate of the mass of the centre which supports such an orbit is 1010 solar
masses.6 The discrepancy from the estimates in sections 2 and 3 of roughly
1015 solar masses is entirely due to relativistic effects. The strongest effect
is the swan-neck effect caused by the extreme curvature near the centre. A
good illustration is to be found in Misner, Thorne and Wheeler [8; figure 21.12
and the text in section 23.8]. This effect causes radial distance to be grossly
distorted near the black hole so that the real distance a star travels is far larger
than the non-relativised distance.

Since distance appears as d3 in the calculation of M , this is highly effective in
correcting the discrepancy. Moreover the effect is arbitrarily large (depending
where the motion starts) and so is capable of correcting all the discrepancy.

There are two other effects which are worth mentioning briefly:

(1) The flywheel effect revisted

This is not a relativistic effect. As was seen in section 2, the tangential motion
of stars in the galactic plane is stabilised by gravitational attraction within the

6Compare with the earth’s orbit using “M = d
3

t2
” where M is the ratio of central

masses, d the ratio of orbital diameters and t the ratio of orbital periods. Both d

and t are 1010 approx.
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arms. This also has an effect on radial motion. The outward gravitational pull
of the arms has a tendency to stabilise the outward velocity, in other words to
make it more uniform than it would otherwise be.

(2) The slingshot effect

This is another effect of inertial drag and is caused by the decrease of inertial
drag as r increases. It is only significant for large r . The best way to think
of this is to image that inertial drag causes plate-like rotation of a particle.
If the effect were to stop suddenly, the tangential velocity would throw the
particle outwards. As the effect decreases there is a corresponding outwards
acceleration. To quantify this let v = vrot + vinert where vrot is the tangential
velocity due to rotation of the local inertial frame and vinert is the tangential
velocity measured in the local inertial frame. The effective outward acceleration
is v2

inert/r (the familiar “centrifugal acceleration”). For large r , vrot ≈ vinert ≈

Kω (see section 2) and the corresponding outward acceleration is K
2
ω

2

2r
. At the

edge of the visible galactic disc for a normal galaxy, this outward acceleration is
an order of magnitude or more smaller than the inward acceleration due to the
attraction of the centre but the effect becomes very significant at larger radii.
Indeed there is a definite radius at which it dominates, and matter is “spun
off” into outer space. This radius could be regarded at defining the full size of
the galaxy. The effect is important for overall control of galactic rotation, see
section 10.

Notice that the swanneck effect causes motion near centre to appear slower and
furthermore gravitational distortion (the bulge effect in section 3) has a similar
effect. Putting all the effects together the apparent outward motion is close to
constant over most of the visible disc and drops off towards zero towards the
edge. Combining this with the rotation curve (see section 2) gives a very good
approximation to the observed spirals in the arms of normal galaxies. Assume
for simplicity that the rotation curve comprises two straight lines, v = Kωr/5
for r ≤ 10K and v = 2Kω for r ≥ 10K (see figures 2 and 3). The central
rotating plate rotates at 1

5
ω and this is the apparent fixed frame as far as

the shape of the galaxy is concerned. Working in this frame, ṙ = q say (the

apparent outward velocity) and θ̇ = 0 for r ≤ 10K and θ̇ = −
ω

5
+ 2Kω

r
for

r ≥ 10K . Hence θ = constant (zero say) for r ≤ 10K and

θ =
1

q
(−

ωr

5
+ 2Kωlog(r) + C)

for r ≥ 10K where C is a constant such that θ = 0 for r = 10K ie C =
2ωK(1 − log(10K)).

Without the log term this is a standard “logarithmic spiral”. The effect of the
log term is to decrease the pitch of the spiral as r increases and the outward
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decelleration has the same effect. Rather than sketching this curve, two typical
examples of galaxies are reproduced in figure 4, both of which fit the curve
extremely well. The first NGC1365 is a typical barred galaxy. The transition
between the two intervals for r is very clear. The pitch change in the arms is
obscurred by the angle of view. The second M51 is a typical complete open
spiral with the plate region coinciding with the central bulge and very clear
decrease in spiral pitch as in the theoretical curve.

Figure 4: NGC1365 and M51

The various observed shapes of spiral galaxies can be explained by adjusting
the basic picture. The key variables are the ratio of the radius of the plate
region r0 = 10K to the overall visible disc radius, R say, which determines the
overall extent of the spiral and the size of q compared to the other constants,
which determines the pitch of the spiral. For a standard spiral galaxy such as
M51, M83 or M101, r0 is one or two orders of magnitude smaller than R and
the arms wrap right round the centre. For a bar galaxy, R is not much bigger
than r0 and the central rotating plate forms most of the galaxy with the arms
moving out only a little further. The flywheel effect dominates for this type
of galaxy. Indeed for some bar spiral galaxies, the flywheel effect has captured
stellar material in advance of the arms to form apparently forward pointing
arms as well as the usual trailing arms. A good example of a barred galaxy
with very full data can be found in [7] (NGC5383) showing constant rotation
along the whole extent of the bar. The data there also show outward motion
along the arms and hence directly support the main hypothesis of this paper.

As in section 2, the analysis of this section applies only to stars moving outward
in the galactic plane. The control gets progessively weaker the further out one
goes and random motions and local gravitational effects change the motion.
Furthermore, the orbits being examined here are in Kerr spacetime and these

12



are known to be chaotic Hartl [4].7 As stars age their orbits move out of the
plane and fill the whole of the galactic halo which leads naturally to the subject
of globular clusters.

6 Globular clusters

Another strong piece of evidence for the main hypothesis is provided by globular
clusters which are known to be very old objects and have caused some heartache
about the age of the universe according to the big-bang theory. In the new
paradigm there is a very natural explanation for their age.

The inner arms of a galaxy comprise young stars and star formation regions.
As the stars move out along the arms they age and mature. Thus for example
our sun was formed about 2 × 109 years ago and has moved about 3

4
of the

way out. The outward movement is by now very gradual and would be difficult
to detect even without the masking effect of gravitational frequency shift. It
will take perhaps 10 times this period to reach the outer regions of the galaxy,
where the spiral arm breaks up and the sun perhaps becomes one star in a
globular cluster.

The formation of globular clusters happens when the dynamic stops being
strongly controlled by the centre and stars move under a combination of cen-
tral and local forces. Note that, as outlined in section 5, the dynamic becomes
chaotic and uncontrolled once it stops being determined by the centre. Grav-
itational and tidal effects cause star clouds to condense into globules forming
the familiar globular clusters. The process is analogous to the way in which
water vapour condenses into raindrops. This explains why:

(a) Globular clusters comprise old stars.

(b) The orbits of globular clusters are highly elliptical and erratic.

7 Solar systems and life

Eventually stars return to the centre under gravitation. Mostly this happens in
complete globular clusters. As they approach the centre the huge tidal forces
and the electromagnetic forces in the generator (and in particular the toroidal
belt) tear the clusters and the individual stars apart. Most of the matter is then

7Hartl proves this for spinning particles. The spin of stars may not significant, but
local random effects are likely to cause similar chaotic effects.
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stripped down into small elementary particles. However some of the heavier
particles will survive this destruction. Here is a tentative suggestion for how
this happens.

As supposed in section 4, the belt has a complex stratified structure with a
plasma of small particles at the inside, where the input of tidal energy from
the black hole is greatest, and with layers of heavier particles as one moves
outwards. The belt may even be surrounded by an orbiting region of cold dust.
There is observational evidence for significant amounts of dust near the centre.
As stars feed into the belt, part of their mass will mix with the outer layers
and thus some of the heavier atoms resulting from fusion will survive. Thus,
when the explosions which create the spiral arms occur, the outgoing matter will
comprise a good deal of small particles from the inner layers (which condense to
form the observed mix of light elements)8 together with a sprinkling of heavier
matter. When the resulting clouds condense into stars, the heavier matter will
condense around them to form solar systems.

Some tentative remarks on life. The timescale for the galaxy is huge. Probably
several orders of magnitude greater than current estimates of the age of the
universe. This is plenty of time for life to have arisen many times over on
suitable planets. When these planets are destroyed (as their sun falls into the
centre) some of the molecules may survive and and be recycled into new planets.
Thus in a steady state planets will start out seeded with molecules which will
help to start life over again. Indeed standard selection processes over a galactic
timescale will favour lifeforms which can arise easily from the debris left over
from their ultimate demise in the galactic centre. This might explain how life
arose on earth rather more quickly than totally random processes can explain.

Observational predictions Solar systems around most if not all stars.
(Tentative) pre-life molecules on all planets.

8 Direct evidence

Many observations have been referred to in previous sections, all of which give
indirect evidence for the main hypothesis. This section is concerned with direct
evidence.

There is direct evidence for a galactic centre of mass greater than 1010 solar
masses [6]. This is considerably smaller than the hypothesised mass for a normal
galaxy, but it does show that hypermassive black holes are likely to exist.

8The conditions in the inner belt are similar to those hypothesised to have taken place
soon after the big bang. Thus the resulting mix of light elements will be similar.
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A recent paper [11] gave an upper limit for the mass of the centre of the Milky
Way of around 4× 106 solar masses. Since this is direct contradiction with the
main hypothesis of this paper, it is necessary to examine this evidence in detail.
The team observed a star “S2” near Sgr A∗ over ten years. The motion fits a
roughly Keplerian orbit of period 15 years or so around Sgr A∗ . Their data is
reproduced in figure 5, but with another suggested motion superimposed, which
will be explained.

Figure 5

The suggested Keplerian orbit is not well fitted by the last few observations.
S2 is moving very fast (as would be expected) as it passes near to Sgr A∗ ,
but continues to move very fast as it moves away. Read carefully the dates on
the observations. In a Keplerian orbit it would slow down symmmetrically to
the acceleration on approach. The last four observations are fitted perfectly by
a straight line exactly parallel to the galactic equator (exactly along the belt
with the correct sense of rotation). The suggestion is that these observations
do not show a closed orbit but rather they show S2 falling into the centre and

being captured by the belt . The web site referred to in reference [11], gives some
other evidence. Click on the link “Proper motions” on the left and look at the
image halfway down the page. There is another star “S1” which also shows
clear evidence of acceleration towards the galactic equator (the straight line in
figure 5) which would fit with imminent capture by the belt.

Observational predictions S2 is either continuing to move fast along the belt
line or has disappeared from view.9 Stars near the galactic centre are likely

9I contacted the team responsible for the observations asking for later data. I have
had no response at all.

15



to be very old and very highly redshifted.10 Other stars should be seen being
captured by the belt (over a wide area of sky near the galactic centre).

Finally there is good evidence for a stationary source of radiation at precisely
the galactic centre [10]. Now the main hypothesis would give an apparent size
for the centre of roughly the same size as the sun or the moon, which is enormous
compared to the scales considered in [11] or [10]. Thus it is necessary to explain
why there should be a source at exactly the centre.

Here is another very tentative explanation for this effect. The central black
hole radiates by Penrose process or some unkown effect. Because of the mass
this radiation is very intense, intense enough to penetrate the generator. Also
because of the geometry of curved spacetime near the neck of the black hole, the
radiation can only escape on an exactly radial orbit (or very near radial). Thus
to us it appears as a small intense source in the exact centre. Thus perhaps one
way of thinking of Sgr A∗ is as the shine on the black hole!

Observational predictions The strength of Sgr A∗ should vary because of vary-
ing thickness of the generator passing (rapidly) in front of the source. All
normal galaxies should have a radio source at their exact centre of a similar
nature.

Whilst on the subject of direct radiation from the centre, it is worth remark-
ing that this effect, averaged over all the galaxies in the neighbourhood could
account for the observed background radiation (which is usually taken as an
indicator of the big bang).

9 Redshift

The usual explanation of the observed redshift of distant objects is expansion.
This implies a total lifetime for the universe some orders of magnitute smaller
than that needed for the model of a normal galaxy developed in this paper.
Thus a new explanation for redshift is needed which does not constrain the
age of the universe so tightly. This section proposes such an explanation. It is
worth remarking that nothing in the rest of the paper depends on this section
and another explanation for cosmological redshift would fit just as well with
the analysis of galactic structure in this paper. However the explanation given
here has the merits of fitting well with the Machian viewpoint encapsulated in
inertial drag and of leading to another estimate of the mass of a normal galaxy
in broad agreement with the earlier estimates.

10Observations are made here in deep infrared because of the prevalent dust. The
redshift would make it impossible to observe them in ordinary light in any case.
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Take a Machian viewpoint: matter determines space. A particle of matter
is thought of as a contraction of space locally. Or more geometrically as a
small “inner” region of strong positive curvature. This positive curvature is
balanced by a large “outer” region of uniform negative curvature. Space is
the aggregate of all the outer regions of all the particles in the universe. The
negative curvature spreads out to be uniform (imagine space to be elastic or
perhaps like a soap-film). Thus there is a unifom negative curvature to space
which exactly balances the concentrated positive curvature at particles (black-
holes are particles for this description and on a cosmological scale the black
holes at the centres of galaxies dominate the inventory of matter). The global
topology of space is unimportant here. Probably it is a huge diameter three-
sphere, but an infinite globally flat 3-space would fit just as well. Thus far the
picture is a standard one: It is the original Einstein static universe, with the
cosmological constant causing the negative curvature, but note that, by linking
the curvature (and indeed space itself) to matter, the problem of global stability
is avoided: space is conserved, because matter is conserved.

Now assume a new property of light. Consider a particle of non-zero extent
moving through a negatively curved space. The curvature of space wants to
pull the particle apart (geodesics diverge and hence points in the particle want
to diverge). It takes effort to hold the particle together so it loses energy. This
is a little advertised, somewhat paradoxical, effect of any curved space which
has nothing to do with relativity. There are no energy-conserving rigid-body

motions in curved space. Energy can either be extracted by motion (positive
curvature) or must be expended to move (negative curvature). The simplest way
to think of this is to think of a body as a bundle of grains. In positively curved
space, the motion pushes the grains closer together. Energy can be extracted
from the forces doing the pushing. The opposite happens in a negatively curved
space. A photon can also be thought of as having (probalistic) extent and is
hypothesised to behave in the same way. When moving in a negatively curved
space it will lose energy and hence decrease in frequency; in other words it
will be redshifted. This is somewhat analogous to the well understood redshift
that occurs when a photon climbs out of a gravity well. In this case also, the
curvature of space-time causes a loss of energy. Moving in a negatively curved
space-time is like climbing out of a gravity well. It’s uphill in every direction!

Note that there is a standard analysis for light beams in curved space. See eg
Hawking and Ellis [5; section 4.2] for a formula for the divergence in terms of
the local geometry. Also note that conservation of energy is not negated by this
effect. The lost energy goes into the field. Eventually, as will be seen, most of
it finds its way into the bigger particles (galactic centres).

The phenomenon of redshift in negative curvature needs to be properly formu-
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lated in a relativistic framework and this will be done in a separate paper de-
voted to redshift. One property of such a formulation is that negative-curvature
redshift is accompanied by time distortion. This time distortion is a real phe-
nomenon clearly observed in the supernova surveys [1, 2]. A proper formulation
should also explain the observation of apparent accelerated expansion found in
these surveys.

There is another way to think of all this. Think of a flash of light at a point
in space. The expanding sphere of light has regions of non-zero area which get
trapped by the gravitational wells of galaxies. What is left is spread out more
than it would be in flat space and hence the available energy is less than it
would be. The redshift is precisely this loss of energy. So you can see that the
energy lost by the light ends up in the galaxies. There’s a capitalist description
of this: Space is owned by the big guys. They charge a toll to travel through
it.

This last description allows another estimate to be made of the average mass of
a galaxy. The capturing effect described above is dependent on mass (the area
of capture is a disc of radius twice the Schwarzschild radius). Using standard
estimates for the numbers of galaxies and the radius of the universe (measured
by total redshift) this gives an estimate of 1016 solar masses for the average mass
of a galaxy. This is one order of magnitude greater than the other estimates
in this paper. But any hidden massive objects (eg dark galaxies, ie genuinely
black holes) would decrease this estimate. Quasars may be a lot closer than
are currently supposed due to instrinsic redshift (see the next section) which
would also decrease the estimate. So this estimate is compatible with the earlier
estimates of around 1015 solar masses.

Whilst on the subject of redshift, it is worth remarking that another possible
explanation of background radiation is averaged distantly-sourced and extreme
redshifted light.

10 Long-term considerations and speculation

This section is highly speculative and is essentially a “just-so” story. It is
time to consider the long-term history of a galaxy. Suppose just for argument
there is a naked hypermassive black hole, with no surrounding matter, floating
in inter-galactic space. It will start to accrete matter which will either (a)
feed the hole (making it more massive) or (b) start to form a rotating sphere
around the hole, mostly concentrated in the plane of rotation forming a disc
known as an accretion disc. (The mechanisms for this are well understood,
eg [9, 12].) As the mass of the accretion disc builds up it becomes unstable
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and the mechanism outlined in section 4 starts to take effect and there are
explosions throwing matter outwards. Because of the rotation, these explosions
are off centre and lighter particles, eg photons, are radiated away and this loses
angular momentum to the system and hence the overall angular momentum
starts to build up (the “pinwheel effect”); in other words the black hole starts
to rotate. As this happens the effects described in sections 2 and 4 start to take
effect and a full galactic disc begins to form.

To begin with the accretion sphere is weak and does not shield the central
black hole effectively and polar radiation escapes as observed in so-called active
galaxies (mechanism described in eg [12]). Further, at this early stage, there is
a massive “intrinsic” redshift due to the strong gravitational field of the centre.
This object has all the characteristics of a quasar or an active galaxy. But note
that the redshift means that it is smaller and closer than would normally be
assumed when the redshift is taken to be an indicator of distance. Somewhat
controversial observations due to Halton Arp (see [3]) provide evidence for the
existence of objects of this type.

The accretion sphere continues to build up and so does the overall angular
momentum. The full picture of sections 2 and 4 comes into effect. As the
ejection velocity of matter from the centre builds up, the instrinsic redshift
decreases and the system becomes a standard galaxy. If the build up gets
too large, then ejected stars or smaller bits of matter will escape the system
altogether and the system will lose both mass and angular momentum. The
slingshot effect mentioned in section 5 is important here. Once a particle has
reached a certain distance out from the centre, it is ejected into outer space.
Thus there is a stable limit where furthest out stars are just recaptured and, in
this stable limit, matter is ejected from the centre at just below escape velocity
for the system, bearing in mind the relativistic effects described in section 5
which lengthen orbits. Thus the time taken by a star from birth on its outward
journey to final recapture by the centre is far longer than accounted by a simple
Keplerian orbit and the star has time to live through its full natural lifetime as
envisaged in earlier descriptions. This long-term stability explains why observed
rotation curves are universal. If rotation exceeds the limiting rate, the generator
starts boiling off into outer space!

It may be the case that the full system builds up not gradually but by steps.
Stable states may well be somewhat discrete. Again there is some possible
evidence for this in the observations of Halton Arp (op cit).

I cannot resist finishing with some quite wild speculation. Nothing whatever
is known about the inner nature of so-called “black holes”. There is no such
thing in nature as a singularity; black hole is simply the name given to another
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state of matter about which nothing is yet known. Perhaps these hypermasive
objects are alive, even conscious. To them the outside stuff where we live would
seem totally insubstantial, like a dream does to us. The reality would be the
really heavy inside. Perhaps they can move around (by making subtle changes
in the geometry of their spiral arms). Perhaps they cluster by volition. Or
clusters might be family groups. Ideas (stored in their outer regions) would be
exchanged by mixing. Perhaps they can reproduce by ejecting new (naked?)
black holes . . . the possiblities are endless and I’ve digressed far too far. But
one serious point remains to be made.

By observing galactic clusters carefully it may be possible to deduce some of
the rules governing this new state of matter—perhaps to begin to build up a
proper physics for black holes. One point that needs to be addressed is why
galactic centres are not even more massive. Black holes can combine to become
more massive. So perhaps there should have arisen a set of super size galaxies
grazing on ordinary ones etc. This does not appear to have happened. Why?

The reason may be the mechanism described above which limits size by boiling
off excess matter, or the mechanism may be more elementary. Black holes over
a certain mass may be unstable and spontaneously break up.
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