
Optical distortion in the Hubble Ultra-Deep Field
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It is proposed that the strange appearance of all non-standard galaxies in the Hubble
Ultra-Deep Field [1] is due to optical distortion caused by non-uniformity in the
intervening space-time.
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Introduction

This note is part of a program whose aim is to establish a new paradigm for the universe.
In this paradigm the universe is long-lived (several orders of magnitude greater than
the current estimate for its age) and homogeneous in the large in both space and time.
The Hubble Ultra-Deep Field (HUDF) [1] provides a unique snapshot of the universe
at a great distance (and hence time) removed from our immediate neighbourhood.
There are many strange looking galaxies in the field and the purpose of this note is
to examine a selection of these galaxies and to suggest that their strange appearance
is not instrinsic but rather due to optical distortion caused by non-uniformity in the
intervening space-time, and that the galaxies being viewed are in fact similar to a field
of comparable size in a closer neighbourhood. Patterns of non-uniformity in space-time
are usually called “gravitational waves”, which expresses graphically the way that they
propagate with respect to a particular time parameter and I shall frequently use this
terminology.

I started work in this program in 2003 [5] but was unable to provide a satisfactory
explanation for redshift and shelved it. However in recent joint work with Robert
MacKay [3] an explanation for redshift has been found which is compatible with the
main thrust of the program. In brief, redshift is a feature of the dominant observer
field of which we and the main visible parts of all galaxies lie. This field is expansive
and this is why the light from distant galaxies is redshifted in a way that fits Hubble’s
law. There is a dual contractive field and the two are in balance, which implies that
the universe “in the large” is not expanding. Indeed the expansive field only covers
the visible parts of the universe. Most of the matter in the universe is contained in
huge massive objects at the centres of galaxies and this matter is not in any sense in an
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expanding universe. These massive objects are usually called “black holes” (but are
anything but black!) and the main hypothesis of the program is that all normal galaxies
contain such a massive object at their centre which is responsible for controlling the
dynamic and for generating the spiral arms.

One way of thinking of this expansive field is to imagine that there is just one (very)
huge mass. It is so huge that it does not fit into any sensible notion of space or time
but let’s call it the centre. Surrounding the centre is a region where space and time
make sense but space is very large. In the expansive field, which is equipped with a
coherent sense of time, space flows outwards from the centre and the perception is of an
expanding universe. (If you like, think of the massive centre as like the earth, with the
surrounding space-time as the atmosphere, and think of the expansion as an outward
wind.) There is a dual contractive field which balances this expansion with its own
(different) sense of time. An observer in the expansive field can only see as far as the
rate of expansion allows with a natural “horizon” where the rate exceeds the speed of
light. Thus the visible universe for any observer is a very small part of the total universe.

A very good model for a dual pair of expansive/contractive observer fields is provided by
de Sitter space. See for example Moschella [4] where these fields (coordinate systems)
are described explicitly. De Sitter space is infinite but there is no need to assume that
the real universe is infinite (merely rather large) for this description to make sense.

The description is misleading in that there is not one but very many heavy “centres”
which have been compounded into one for the purpose of description. Also the expansion
from a heavy centre is not uniform. Near the centre the radial coordinate contracts and
the tangential coordinates expand, with the nett effect that is still expansive on average.
This is described in detail in [2, Section 6]. These expansive fields all fit together as
described in [3] to form a global expansive field which, because of the non-uniformity
in each piece is highly non-uniform. There are also very probably many other sources
of gravitational waves which add to the non-uniformity.

It is the distortion caused by this non-uniformity that we find in the HUDF.

The face galaxy

I shall start by examining the clearest example and one where it is possible to describe
a simple gravitational field which produces the visible distortion. This is the “face
galaxy” copied in Figure 1.
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Figure 1: The face galaxy

Note I recommend that you download a copy of the highest resolution jpeg of the
HUDF as instructed in the bibliography at [1]. To help you find a particular galaxy or
image I shall give instrinsic coordinates from the bottom left, where the height and width
are 1 unit and coordinates are taken mod 1 (so that a negative number is a coordinate
from the right or top). The face galaxy is at (.42,−.09).

If the face galaxy is an accurate representation of a real galaxy, then it is one of the
weirdest galaxies you can imagine. It has two centres. They must be in the process of
merging. You’d expect a far more chaotic structure from such a merger and moreover
there is no reason at all to expect the colours to match so accurately. Far more plausible
is that the two centres are the same and that the appearance is due to some kind of
optical reflection process. Looking more closely, there is a rough line of symmetry in
the centre (marked with dashes in Figure 2).

Figure 2: The rough line of symmetry

The symmetry is near perfect in the top half (near the line of symmetry) and not so
accurate in the bottom. So apart from this reflection, there is some other distortion
going on. Looking carefully at the line of symmetry, there are some white dots as it
crosses some of the denser parts of the galaxy. If the reflection is due to a lensing effect
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then there will be an element of focussing at the line of reflection and this will produce
a bunching of light paths and explain these white dots (more detail on this will be given
below). The symmetry breaks down at the outside where there are clear spirals going
the same way and not mirror images, but now that we know how to recognise a mirror
line then we notice another slightly slanting to the left (dashed in Figure 3).

Figure 3: The second mirror line

Finally, let’s fold along these mirror lines and cut out the middle (and the spurious white
dots) and paste the outsides together. This has been done on the right in Figure 4. On
the left in Figure 4 is the original galaxy with the two mirror lines dashed and the two
cut lines (which coincide after both reflections) shown solid. The final picture on the
right in Figure 4 is obtained by cutting along the cut lines, discarding the middle and
pasting the two outside pieces together. It is close to a standard spiral galaxy (with just
a little residual distortion).

Figure 4: Cutting and gluing

Gravitational solitons

Before examining other funny objects in the HUDF it is worth pointing out that there is
a simple gravitational field which produces exactly the distortion seen in the face galaxy
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(reflection in two roughly parallel mirrors) namely a gravitational soliton.

I shall describe this field in terms of distortion of the metric on space and shall ignore
the accompanying distortion in time. This is justified since the spatial distortion will be
small and relativistic effects minimal. A proper treatment would treat both space and
time.

Suppose we have two concentric spheres of fairly large radius with a relatively small
gap between them. Suppose that the metric on the gap is altered so that radial distance
is changed by a fixed scale factor close to 1, tangential distance being unaltered. If the
factor is greater than 1, I shall call this a positive soliton and if the factor is less than
1, a negative soliton. It is not hard to describe the geodesics in this metric. Outside
the gap, thay are of course straight lines. In the gap they are circles. This is easy to
see for the positive case where a plane section through the centre is isometric to a
portion of a cone, which can be flattened and the geodesics drawn. In this case the
circles are concave towards the centre of the spheres. In the flat case the geodesics in
the gap are straight lines and, by extrapolation, in the negative case, they are circles
concave outwards. When a geodesic crosses one of the spheres it makes an apparent
bend namely the tangent of the angle to the tangent plane is scaled by the same factor
as the metric scale. I say “apparent” because the geodesic is straight as it crosses the
sphere if you locally perform the metric scaling.

Now suppose that we have a negative gravitational soliton between us and the face
galaxy with a tangent plane passing through our eye and the galaxy. I claim that the
image of the face galaxy has two roughly parallel mirrors. Look at Figure 5.

I have drawn three typical light paths from our eye to the galaxy. Path 1 is straight and
as we pan left, moving in from the right, paths stay straight until they reach tangency to
the outer sphere. At this point they start to contain a portion of a circle which is concave
to the right and causes the paths to bend to the right as typified by path 2. This bending
increases (and the far end of the path pans to right) until tangency to the inner sphere is
reached, when the path becomes three straight lines with two smaller circular portions
as typified by path 3. The paths now continue to pan to the left. Thus there are two
places where movement of the far ends of the paths reverses and this gives the double
mirror effect.

Robert MacKay points out that a mirage has a similar mechanism and may be more
familiar than a gravitational soliton!

Finally notice that at the points of reflection there will be a focussing effect. The metric
I have described is not C∞ but merely C1 . If we take a C∞ approximation then there
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Figure 5: The soliton in action

is a non-zero angle of paths all roughly converging to the same point at the reversal
times and this gives rise to the white blobs seen on the miror lines in the face galaxy
(assuming that the mechanism at work in the face galaxy is similar to the one described
here).

The companion face

At (.40, .50) there is a very similar object, Figure 6.

Figure 6: The companion face

The similarity is more apparent if we rotate it, Figure 7.
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Figure 7: The companion face rotated

Now there is a clear (and very rough) vertical line of symmetry (marked dotted) but
there the analogy with the face galaxy stops. It is difficult to finish the description of
the precise distortion that must have happened to make a standard spiral galaxy look
like this. But it is clear that this is again a distorted spiral galaxy.

The colouring is very similar to the original face (Figure 1) and it is just possible that
both these two galaxies are two distorted images of the same galaxy.

The group of four

At (.39,−.16) is a group of four galaxies: two “white” and two “orange”, Figure 8.

Figure 8: The group of four

The left-hand white galaxy is clearly an ordinary spiral galaxy showing optical distortion:
the centre has been elongated (top-left to bottom-right) and, to the left and top, there is
a pair of spiral arm sections which have been dragged out; they look as though they are
on a sheet which has been bent up. The other white galaxy is severely distorted with a
clear sloping “cut-off” plane to the left. This would be due to a planar gravitational
wave front in the intervening space. Moreover these two galaxies have very similar
colour and light distribution and most probably they are in fact two images of the same
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galaxy. The “reflection” plane would be associated with the same wave front that is
causing the cut-off in the right-hand image.

The two orange galaxies are both severely distorted and again are quite likely to be
different images of the same galaxy.

Four distorted spirals

In Figure 9 are four galaxies from different parts of the field. Their coordinates are
(.31,−.16), (.13,−.33), (−.09,−.14), (.12,−.24) respectively.

Figure 9: Four distorted spirals

Each is a spiral galaxy with optical distortion. On the left is a galaxy having a “bad
hair day” caused by image distortion on the right-hand side. Middle-left is a spiral
galaxy with anomalous straight section in one arm (top left). Although this could
plausibly be an undistorted image, it seems more likely, given the distortion that we
have seen elsewhere, that this straight section is caused by focussing at a wave front in
the intervening space. Middle-right is a distorted spiral with several different kinds of
distortion and to the right is a spiral with quite simple distortion causing a “toothpick”
appearance.

Miscellanea

Finally in Figure 10 is a collection of miscellaneous objects from various parts of the
field. The coordinates are (top row) (.04, .44), (−.04,−.12), (−.25, .09), (.24, .32)
and (bottom row) (.14, .37), (.19, .29).

Top row left and centre-left are two sets of possibly repeated images of the same object.
Top row centre-right (the blue ring galaxy) is probably a highly distorted image of a
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Figure 10: Miscellanea

regular spiral with the ring being a distorted arm with a similar distortion to the left-hand
white galaxy in Figure 9. This galaxy is probably a long way behind the regular edge-on
spiral to the left and not interacting with it. Top-row right is a toothpick galaxy, a more
extremely distorted (and distant) version of the right-hand galaxy in Figure 9. The
bottom row shows two collections of distorted fragments, which could both be images
of the same galaxy or pair of galaxies.

The images in Figure 10 are typical of many other images in the field. There is a
collection of “tadpole” galaxies from the field on the Hubble site (search tadpole) similar
to the toothpick galaxies given above, and there are collections of fragments like bottom
images all over the field.

One final remark. Most of the distant objects in the field show repeated white dots
similar to those found on the mirror line in Figure 2. These probably have a similar
origin in local focussing effects in the distorting gravitational fields between us and
these distant objects. For example the ring in Figure 10 (top centre-right) is probably
the image of a fairly smooth arm of a regular spiral with focussing effects causing the
grainy appearance.

Conclusion

All the strange shapes and unfamiliar objects in the HUDF can be explained as optically
distorted images of familiar galaxies. Given the clear evidence of such distortion in the
field, there are no grounds for concluding that an undistorted view of the universe in the
region covered by the field would be qualitatively different from a more local region.
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