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Abstract
The concept of data transformation in the processes of information is today one of the
leading branches of research in the field of new technologies. This thesis presents results of
research in this domain. An innovative approach to data transformation using yet not taken
into consideration gravity theory and the role of a photon in this process were examined and
tested, furthermore theoretical predictions were confronted by analogy with the optical and
analog machines.

Statement of work
Main thesis of this paper describes data transformation process in which an innovative
approach is used to process a set of points, in this case photons which will be used to obtain
certain information. In project author focuses on a tray of examination and obtain an answer
to the question whether it is possible to design a repeatable unspecified information process
using theoretical astronomical objects commonly known as black holes, which can function as
points transformation objects from state A to state B. The author focuses on the potential use
of such objects to perform repetitive calculations. Author is trying to construct a theoretical
computing machine that would be possible to make a simple data transformation constructed
in the information process. The whole process would take place in created for the needs of
present thesis - space with some geometric assumptions of Euclidean metric, but also take a
reflection on the actual use in the real space using real coordinates. In these coordinates, you
can consider the universe as static, despite the fact that in reality expands. It is a way of
separating the curvature and topology of dynamics (expansion). You can simply describe such
universe using metric Friedman - Lemaître -Robertson - Walker. In the simplest terms, the
question of curvature is reduced to finding the answer to the question whether the
Pythagorean Theorem is satisfied or not in a given space. In other words, it is a question of
whether parallel lines remain equidistant from other ones. Speaking about the practical use of

the universe as a great machine, computational reflection on the curvature are fundamental
and are taken into consideration. In addition to the curvature, in work author focuses also on
use of photons as data (also as carriers of information in the form of wave packets), the
curvature of space-time by massive objects with a radius defined as the radius of Einstein, and
confronts a fundamental knowledge in the field of information processes with the vision of
the author. It should be noted that an optical computer is described in a minimal form that is
sufficient for understanding the idea of gravity calculations, the author does not describe
everything but only briefly the main ideas of analog optical processing as well as the
foundations of wave and geometric optics as necessary to understand the quantum nature of
light.
Following tasks were planned in order to fully satisfy target plan:
•
•
•
•
•

Provide overview of selected analog and optical computing machines as well as a look
back for the history of computing machines.
Introduction to the foundations of geometrical and wave optics as a basis for further
discussion of ideas about gravity calculations.
An overview of the field of quantum optics and the development of a theoretical
model of computation based on quantum gravitational nature of light.
Design and implement a computer software system to study the above model.
Conduct research and evaluation of the results by analogy to the test and earlier
presented computing machines.

1. Gravity Machine
The concept of gravity machines has been defined for the purposes of this thesis. A gravity
machine will be called a system that used a theory of gravity, and from the input data, by
using the gravitational lens, the system will transform the state A to the desired preset
condition state B, wherein the theoretical machine constructor by changing the parameters of
the gravitational lens, the addition of new lenses, or their arrangement through another in
space, will control and tweak the system in order to obtain the desired result. Data carriers in
such a machine will be photons in terms of quantum optics. The result of transformation, or
any other calculation operations on such an arrangement, will be presented at a precisely
defined distance from the center of the system. It makes necessary to determine the distance,
as data received before or at the arbitrary point will not be as expected, it is the first serious
problem that is encountered in the construction of such a system. In order to understand the
principles of operation of such a system, it is necessary to introduce the basics of quantum
mechanics and issues from the world of quantum optics, as well as quantum information
processing.

Quantum optic gates

This section focuses on purely optical systems, in which for construction of quantum gates
are used beam splitters, the Kerr interaction and optical phase change systems. Two required
mod photons are used in the form of a double rail discussed by Chuang and Yamamoto in the
description of their quantum computer design [YAMAM95]. To clarify the relationship status
of the two photons and the qubit base 0⟩ and 1⟩, you have to start discussion from the
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Although these are two states of the photon, which is the vacuum state or the state of one
photon, none of these states form the basis for qubits. Computational base states are
multiplicative input modes. Gateway is still one qubit.

Figure 30. Marking of input and output modes for 50:50 divider type
Source: Own work

Figure 31. Optic phase change gate in double rail system
Source: Own work

Figure 32. Double qubit optic controlled phase gate in double rail system
Source: Own work

One qubit phase change gate is obtained by placing in beam splitter a change phase system.
^ = ex p iϕ a^†a^ . It is easy to conclude:
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Diagram of such gate is presented on Figure 31.
Double qubit gate must consist two pair of modes, for example (a, b) and (c, d). Using
currently used convention, such states can by identified by:
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Controlled phase gate can be obtained, introducing cross-Kerr impact of modes a and c, look
^
^† ^ ^†^
at Figure 32. It obtains in this way, the operator U
CPG = ex p(iϕ a a c c). It is easy to check,
that from all double phase change qubit states of ϕ undergoes only state 1⟩ 1⟩. However,

there is a problem with this method for producing any particular very large phase shifts. Large
phase shift ϕ requires the existence of a large nonlinear susceptibility χ(3), which is not easy
to achieve. From the other side, methods of producing huge Kerr susceptibilities using
electromagnetically forced transparency media are extensively studied.
At the end CNOT gate will be discussed. It can be built, at least in principle, by coupling
Mach-Zehnder interferometer with an external mod, such as mod c, like on Figure 33, by
interactions with the cross-Kerr effect. The effect of this interaction expresses the unitary
operator
(1.75)
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Where η is parameter proportional to nonlinear susceptibility χ(3). It is assumed that the first
beam splitter can be described by the transformation
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Where indicator F comes from the name of Fredkin – presented gate is optic version of
Fredkin gate. Fredkin gate methods of quantum optics were first considered by Milburn
[MIL89].

Figure 33. Optic CNOT gate as a Fredkin gate
Source: Own work
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First factor of the right side is only the phase factor, whose value depends on whether the
photon has mod c, or not. Second factor describes conditional transformation. This
transformation does not occur, when mod c is in vacuum state, but occurs when mod c
contains one photon. To achieve CNOT gate we must assume that η = π. Using state
identification (1.71 - 1.74) and assuming inversely than previously, that modes c and d are
control ones, and a and b controlled, we get:
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Factors i and – i can be deleted, if necessary – inserting into output beams appropriate phase
change systems. Thus the unitary operator describing the action of the quantum CNOT gate
is:
(1.84)
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Unfortunately, the construction of such gates would demand highly nonlinear Kerr media.
The basic problem is that quantum coherence is not stable, and can be easily destroyed.
This is due to the fact that the quantum systems interact with everything, e.g., the local
fluctuation of the electromagnetic field. Those functions destroy quantum interference. We
can see it as analogy with the optical wave interference in Young's experiment. In this

arrangement, the result of two spatially separated beams wave addition is examined. If the
phase difference is constant, the interference fringes are stable. However, if the phase of one
of the beams varies in relation to the other, the interference image is blurred. More we have
openings in the screen, than visibility of fringes is lower for the same inconstancy phase for a
couple of holes.
In classical anti-noise methods, usage of error correction, such as parity bits checks or
sending information until the dominate result is obtained are used. In some papers attempts to
encode ones and zeroes of quantum register in qubit blocks and checks of their parity to detect
errors are encountered [CALD95]. The problem is that measurement of state damages
encoded superposition state, however even for this problem there are some methods such us
usage of auxiliary register, or a search for combination of qubits for which impact of noise on
one qubit compensates the effect of noise on the other. Such qubits belongs to decoherence
free subspace (DFS) [CHUAN98]. If as the computational states we can choose the states
belongs to DFS, than we receives a computer insensitive to disturbances originating from
environment. This allows us to hope that the construction of quantum computers, sooner or
later, will become a reality.

1.1. The idea of gravity calculations
Showing the possibility of gravitational calculations, author refers to the first and not
included here second chapter which describes analog computers principles. By analogy, it can
by shown that in macroscopic scale dependencies between optic lens and a gravitational lens
exists. It shows that using conventionally called Gravitational Machine, you can build a
system (at least in theory) that can perform basic system transformations, such as negation,
Exclusive OR operation or others relevant. For this purposes gravitational lens basic concept
shall be discussed as a key element by which all operations will be performed. It should be
noted that execution of such operations is only beginning of considerations. In case of success
in modeling simple logic operations using „gravitational gates”, it opens up another working
field on the basis of pure quantum gravity theory. Photon himself has great potential as an
information carrier, furthermore light as a wave today is used in practice, e.g. fiber optics
technique. It can be imagined that the combination of fiber optics technique with the
considerations of the transmission of information over astronomy distances using
gravitational lenses, gives theoreticians field for explorations in at least a few areas of science.
The author tries to show that such considerations are not without basal, designing software for
photon simulations in strong gravitational field, software examines the approach by analogy
to the known systems. For such considerations in the field of mathematics were at all
possible, we should look at gravitational lenses from the macroscopic point of view. Despite
some necessary simplification, it cannot be avoided in case of gravity calculations knowledge
far beyond the standard information technology science.
Nevertheless, it should be emphasized that those considerations can be also extended to
microscopic field, because everything that surrounds us interacts gravitationally. And just like
today, considering the quantum mechanics and photons using phenomena in those fields to

design different types of systems. Analogously one might consider gravitational interactions
and the use of such impacts and local fluctuations in gravity fields to perform some kind of
calculations and transformations. Here a very important point, in our world, in classical
physics, gravitational interactions, can very often be omitted, why? The reason is completely
negligible effect of gravity for the energy of a few electron volts up to a trillion electron volts,
because the impact is billions of times smaller than the effect of the strong interactions, or
even the electroweak ones.
Gravity cannot be neglected for all energies. Gravity force increases quadratically with the
energy of the colliding particles. In this same time energy of others interactions depends only
logarithmically from energy. The result is that in energy close to 1019 GeV (Planck Energy),
the applicability of the previously used quantum field theory no longer makes any sense. At
energies of this magnitude we should use theory which includes also strong bond quantum
gravity. Of course, now such considerations are only theoretical because we do not have the
tools and technology to study the distance of Planck's constant. Theoretical considerations are
investigated for example by string theory. In string theory it is assumed that the fundamental
particles are not point objects, but one-dimensional with internal stress. At distances greater
than the size of strings, consider the theory as if they are the points (with the exception of
higher dimensional Bran). The problem is underdeveloped mathematics, which today does not
allows to cover big part of calculations, such as an explicit characterization of the Calabi-Yau,
the representation theory of infinite dimensional hyperbolic algebra or explicit hierarchy of
solutions of equations in conformal field theory. More important problem from verifiability
point of view in this theory is its lack of confirmation in the low energies of the Standard
Model. This may result from the fact that in this theory there is an unimaginable number of
entangled vacuum states, estimates are from 10100 to 10500, thus to hit the state that the
transition to low-energy goes into the Standard Model is like playing the lottery randomizing
20 numbers in the range of 1 000 000.
Returning to the original topic, it can now be assumed that the perspective of the
calculations and transformations using gravity for these reasons is forced to consideration in
the macroscopic world. Thus the work is considering astronomical distances (parsecs) and for
the entire model, there are imposed certain limitations and assumptions adopted for the
macroscopic world, such as the metric of constructed model.

1.1.1. Gravitational lens
The oldest suggestions that the light should interact with the gravitational field, comes
from the eighteenth century. In 1783 the English geologist and astronomer John Michell wrote
in a letter to Henry Cavendish, that the freely falling body from infinity to an object with the
same density as the sun, but a radius 500 times larger, at its surface will get speed greater than
the speed of light. He concluded therefore that the light could not escape from the surface of
such object. Pierre Simon Laplace in 1796 concluded similarly that if object of given mass
has sufficient size than the velocity escape from the surface is greater than the speed of light.

From current knowledge perspective we can say that Michell and Laplace predicted the
existence of black holes.
J. Soldner in 1801 calculated the deflection angle of the light ray in the gravitational field
of a star. Basing calculations on the observation that the angle of deflection, for the massive
body approaching from infinity not depends on the mass, but its velocity at an infinite
distance from the star. For a ray passing nearby the sun's surface, this angle would be 0.85 arc
sec. The same result was achieved by Einstein in 1911. All of the above results were based on
not quite strict suggestions from argumentations far beyond the applicability of Newton's
theory of gravity. Besides, Soldner and Einstein's reasoning was based on the assumption that
the light ray moves in a flat space-time. Taking into account curvature of space-time the real
deflection angle is twice times bigger than predicted, and is equal 1.75 arc seconds. This
particular size is equal (in limits of observation error), to the angle measured by A. Eddington
in 1919. Eddington measurement was the first observationally confirmed possibility of
gravitational lenses existence.
The simplest model of gravitational lens is spherically symmetrical weight distribution
which deflects all light rays passing close to surface. The deflection angle for these rays is
equal:
(1.85)
4GM
φ=
(c 2 d )
where G is gravity constant,
c – speed of light,
M – object mass,
d – closest radius distance to lens.

Figure 34. Illustration of light ray deflection
Source: Own work

Equation (1.85) was originally deduced by Einstein from General Theory of Relativity,
under certain assumptions. One of the assumptions is that 4GM/c2 is many times smaller than
d, it means that the observed ray is not too close to the center of the lens. For the Sun
assumption is automatically satisfied because 4GM/c2 for the Sun is approximately
700.000km. Neutron stars rays are not much bigger than 4GM/c2; black hole horizon radius is
equal exactly 2GM/c2, so the light rays running close to such objects do not meet conditions at
which equation was derived. Spherically symmetrical black hole with a mass M surrounds the

area with a radius equal to 3GM/c2 (3/2 radius of the horizon) is called stable photon orbit
border. Every light ray, which will go in this area from outside, will be absorbed by the black
hole. The ray passing close to the surface can perform many circuits around the black hole
and then depart in any direction. Can be seen that this formula does not apply to point mass,
as the entire point mass concept is not well defined in relativity theory.

Figure 35. Light ray passing close to black hole surface
Source: Own work

Gravitational lens equation can be derived from equation 1.85. Must be assumed that the
ray, runs (Figure 36) from a source Z with a straight line to the point of U, then after
deflection continues to the observer O. Point U lies on the line orthogonal to ZO passing
through the center of the lens S. The height of the triangle ZUO, is equal to d and
approximately it can be noted that it is equal to the length of the arc of a circle with center in
Z between sections ZS and ZU, meanwhile it is also approximately equal to the length of the
arc of a circle with center O, between the sections of the OS, and OU. These simplifying
assumptions are satisfied in a situation where the equation (1.85) applies.
Assuming sufficiently large d, the angle of deflection will be small and sections ZS and SO
will be many times longer than d. As conclusion from Figure 36 we can write then:
(1.86)
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Figure 36. Gravitational lens, geometric model
Source: Own work

Comparing the result with the description of the optical lens in Chapter 1, we see that for
optical lens, the right side of the equation depends only on the size of the lens (1/f, where f is
the focal distance of the lens), while the re-intersection of the axis with the ray depends on the
direction of that ray (d is different for each direction). Ro decreases with the increase of Rz and
reduction of d. Minimal value for d is equal to the radius of the object which deflects light.
The value of Rz can be arbitrarily large. With d equal to the radius of the Sun, M is equal to
the mass of the Sun and Rz is infinitely large, we can then calculate the shortest distance for
observer at which the Sun can be treated as a gravitational lens, i.e., the observer would see
two different images of the same stars or galaxies on opposite sides of solar disc.

Figure 37. Gravitational lens, observation areas
Source: Own work

A gravitational lens described by equation 1.85 is not able to focus the light ray in the
point. According to equation, rays located further from the optical axis bend smaller angle
than the rays located near the optical axis, unlike in optical lens. Image of source shall be
noticed in region II on Figure 37. Nevertheless observer located in the region II receives light
of higher intensity than he can obtain without a lens. Rays, which are scattered away from
each other, are focused back into the small angle. Gravitational lenses can therefore allow
observations of further objects that wouldn’t be possible, as light without going through lens
for those objects would be too weak. If spherically symmetrical light source and a spherically
symmetrical lens are placed on one axis with the observer, the observer sees the source as a
bright ring around the lens (Figure 38).

Figure 38. Ring (Einstein Radius) around the gravitational lens
Source: Own work

Depends on the source size, ring width will be respectively larger or smaller. In case the
position of the observer is close to axis source-lens, image deforms in two crescents like on
Figure 39.

Figure 39. Example of observation for the position of the observer beside the line lens-source
Source: Own work

1.1.2. Gravitational lens - mathematical model
Gravitational lens is often described mathematically by the microlensing phenomenon. It
is assumed that the main lensing source is a single-mass object and relative velocity of the
observer and the source of the image are correspondingly smaller than the speed of light:

v ≪c
The potential of a Newtonian force field of attraction is small:

(1.89)

(1.90)

Φ ≪ c2
These assumptions are justified for all astronomical topics discussed in this thesis. Sizes of
galaxies or clusters of galaxies are in size of Mpc (Mega parsecs), while the distance from the
source or the observer of such lenses are in units of row bigger and oscillate between several
Gpc (Giga parsecs). The curvature of space-time is well described by Friedman-RobertsonWalker metric (sometimes called as Robertson-Walker):
(1.91)
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Substitution of Equation 1.85 into equation:
(1.92)
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Looking at Figure 36 and assuming that ξ = θDL , gives for lens as follows:

DLS 4GM
β(θ ) = θ −
DL DS c 2 θ
In the particular case when the source is directly behind the lens β = 0, we get:

θE =

(1.93)

(1.94)
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Where θ is angular Einstein radius. For massive galactic of mass M = 1012 M⊙ and red shift
equal to ZL = 0.5 as well as source red shift ZS = 2.0 Einstein radius ring is equal to:
(1.95)
M
θE = 1.8
ar csec
1012 M⊙
Image position and image magnification
In case of point lens object, the lens equation can be represented as:

because of θ it could be write down:

θ2
β= θ− E
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From equation 1.97 it can be assumed that for isolated source point at the same time two
images are formed respectively at background for angles θ+ a n d θ−. Magnification μ of
image is defined as the ratio of the angle between the image and source:
(1.98)
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Using lens equation it can be write down:
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where u = β /θE
The sum of absolute values for two images gives a total magnification zoom μ equals:

μ=

μ+ +

μ− =

u2 + 2

(1.100)
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This value is always greater than 1. The difference between two magnifications (zoom) values
is equal to one:
(1.101)
μ+ − μ− = 1
SIS (Singular Isothermal Sphere)
We can consider SIS object with density distribution:

σv2 1
ρ=
2π G r 2

(1.102)

Where σv is one dimensional spatial velocity (needed for example to estimate the radial
velocity of galaxies). Through mass projection we can receive weight distribution given by:

σv 1
ξ) =
(
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Mass inside the sphere of radius ξ is given by:

(1.103)
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Plugging equation 1.104 into equation 1.85 we get:
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From the above equation we can see that the angle of deflection for the SIS is constant
(independent from ξ)
This can be simplified to expression:
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(1.106)
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Non-symmetric mass distribution
In non-symmetric weight distribution all the angles become the kind of vector values, and
the lens equation takes the form:
(1.107)
→ → → →
β = θ − α(θ)
In the vicinity of the arbitrary point, the equation 1.107 can be described by Jacobian
matrix A:

→
∂β
A= → =
∂θ

δij −

→
∂ai( θ )
∂θj

= δij −

→
∂2 ψ ( θ )

(1.108)
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We can take advantage of the fact that the angle of deflection can be represented as a twodimensional gradient of a scalar potential ψ :
(1.109)
→
→
∇θ ψ = a
(1.110)
DLS 2
→
ψ( θ ) =
Φ(→
r )d z
2
∫
DL DS c

r ) is Newtonian lens potential. The magnification is the inverse of the A Jacobian
Where Φ(→
determinant:

1
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det A

(1.111)

Let’s define:

∂2 ψ
ψij =
∂θi ∂θj
The Laplacian of the effective potential ψ is twice the convergence:

ψ11 + ψ22 = 2κ = t r ψij
With the definitions of the components of the external shear γ:
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Where the angle φ reflects the direction of the shear-inducing tidal force relative to the
coordinate system. The Jacobian matrix can be written as:

1 − κ − γ1
−γ2
cos 2φ sin2φ
1 0
A=
= (1 − κ)
−γ
(
(0 1)
( sin2φ −cos 2φ)
−γ2
1 − κ + γ1)

(1.116)

The magnification can now be expressed as a function of the local convergence κ and local
shear γ:
(1.117)
1
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We notice that locations for which detA = 0 have infinite magnification. These locations are
called critical curves. For a spherically symmetric mass distribution the critical curves are
circles. For a point lens, the caustic degenerates into a point. For elliptical lenses or
spherically symmetric lenses plus external shear, the caustics can consist of cusps and folds.
Using equation 1.109, the lens equation becomes:
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→
∇θ ψ = ( θ − β )

(1.118)

or:
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The term in the brackets appears in the physical time delay function for gravitationally lensed
images:
(1.120)
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The time delay τ is a function of the image geometry( θ , β ), the distances DL , DS , DLS and
the gravitational potential ψ. Here the geometrical time delay reflects the extra path length
compared to the direct line between the observer and the source. The gravitational time delay
is the retardation due to the gravitational potential of the lensing mass.

1.1.3. Microlensing ant geometric lens, possibilities and prospects of usage for
data transformation

Referring to the basics of analog computer (description has not been presented in the
truncated version of the work), and to the gravitational lens presented in the previous chapter,
by analogy it can be shown (for truncated document version author refers the readers to
[LEONL63], [LEON53], [RAJSKI57], [WWG51], [GNIAD92]) that those two systems looks
very similar, sharing some very useful common features that can be studied further. At the
same time, such similarity influences the perception of the gravitational lens and allows using
it similarly to the geometric lens by performing an operation which has the same effect as
some combinations of optical lenses. Scaling and rotation is theoretically partially described
in previous chapter (not included in truncated version).
…
The problem when considering the majority of these systems is pure computational,
because most of the presented systems requires very complex solutions of Einstein's
equations. Consideration of quantum gravity is currently unachievable, so there is no analogy
in the text to use the idea of quantum gravity calculations, and thus for sure exists, because at
the distances of Planck length, gravity plays a key role and all other forces are negligible.
Computational problems have been partially solved by the software to simulate the motion of
photons in a strong gravitational field, taking into account Einstein's equations and the
Robertson-Walker metric. The software has been created for the research purposes and is
included in full version of this paper.

2. Conducted researches
For the test purposes author uses Gravity Simulator software described in chapter three in
full paper. The study aims to test as much as possible theoretical prediction model as much
real as implemented in simulator. With certain assumptions, which are described in earlier

chapters, and design assumptions, it can be assumed that the results presented here are
consistent with the results that would be obtained in the real world, with the proviso that the
simulator represents only approximate simulation accurate enough as far as allows the current
level of knowledge in the field of physics. Author focuses mainly on showing that obtaining
systems described in chapter 1, is possible and also shows problems with appropriate
parameters selection for such systems. Due to the nature of the research, the author presents a
series of simulator screenshots, describing the observed effects. Most screenshots in
description includes short information about object name used for simulation (needed for
script files).

2.1. Analysis of the photons group transition in the vicinity of strong
gravitational field
All analysis are done using outputs from Gravity Simulator software mentioned before.
Parameters of gravitational lenses have been determined at a mass range of 13.9891e+32 to
60.9891e+33 and rays around 50-100 units established in the Visualizer. Author focuses
mainly on proper simulator functioning, and tries to identify problems in certain areas of
simulation, then presents and describes the systems presented in Chapter No. 1, composed of
gravitational lenses and acting similarly to their counterparts in the geometrical optics.

Figure 62. FlatPlane and Cube (on left) object types, visualization of the transition of objects through
the lens with the optical gravitational interaction
Source: Gravity Simulator

Figure 63. Visualization of photon structure decomposition
Source: Gravity Simulator

Figure 62 shows cubic object (the cube), from which the photons are emitted in the
direction of the geometric lens. After passing through the lens structure keeps unchanged
despite the presence of gravitational lens in a far distance from the geometric lens (not
visualized in figure 62). Due to too big distance, the time space warp does not affect the
motion of photons coming out of the lens (effect is negligible). Figure 63 illustrates change in
trajectory, observed by an observer located in front of the lens. You can see the focus of
photons and photons converge to a point closer to the edge of the lens (gravitational lens
marked with bright color). These drawings still do not say a lot about the nature of this
phenomenon. To understand from where this convergence comes from we should look closer
to figure 64. There are in this picture two photon tracks (yellow line analogously to previous
track without gravitational interaction on photons, and the green line which shows the actual
track). Analysis of these data leads to the conclusion that we are dealing with the curvature of
path by certain angle (in accordance with predictions), which will vary depending on the
distance from which observer will observe this effect. The right picture shows that the path
may slightly deviate from the original, or as it is in the case on the opposite side in Figure 64
in the long term, significantly change the trajectory. Conclusion is that the key value for
observer from the point of view of the observed phenomena’s is its distance from the lens.

Figure 64. The curvature of photon tracks near the gravitational lens
Source: Gravity Simulator

Figure 65-66. Visualization of photons collapse into the gravitational lens under black hole gravity
Source: Gravity Simulator

Visualization number 65 shows the phenomenon of photons circulation around the
gravitational lens. The special nature of this observation lies in the fact that in Figure 66 we

seen many different paths and great variety in behaviors that occurs at the border of the
Einstein radius. Some photons collapses irrevocably into the center of the lens, others take
chaotic tracks. These results affirm the belief that trajectory and behavior of photons near the
Einstein border is now beyond the reach of practical analysis. Therefore, later author focuses
on the phenomenon that occurs at a distance greater than the Einstein radius.

Figure 67. Simulation of photons transition through the gravitational lens
Source: Gravity Simulator

Simulation of photons passage through lens visualized in Figure 67, shows an interesting
phenomenon, that we can see not only path curvature of a photon, but also, rotation of the
output paths, which from theoretical point of view during predictions has not been taken into
account. Can be observed that only side paths rotate, which is most likely the result of spacetime curvature around the lens.
Analogously to the previous examples, Figure 70 shows how photon behaves when
approaching close to the Einstein border. Can be noted here that the photons begin to veer
toward the center, and then, when the impact is not as strong as in the closest point, begin to
diverge at predetermined directions, with minimal changes in trajectory. When planning the
final image, you must first of all take into account how photon behaves at a minimum
distance from the center of the lens, because it has a crucial impact on the future propagation
direction.

Figure 70. Gravitational lensing, view on the track curvature (top), and change in the trajectory of
photon under the influence of the gravitational field
Source: Gravity Simulator

The following figures 71-74, shows in details photons routes. In next steps can be seen
how the path of each photon changes, so that in climax point the trajectory changed either in
accordance with the Schwarzschild solution or in an uncontrolled way - if the photon
approaches too close to the lens center.

Figure 71. Close-up on the photons track near the gravitational lens, step 1
Source: Gravity Simulator

Figure 74. Close-up on the photons track near the gravitational lens, step 4
Source: Gravity Simulator

Figure 75. Photons track visualization near the lens center
Source: Gravity Simulator

Close-up on a gravitational lens center in Figure 75 shows in detail the behavior of some
photons. Some of them are trapped in the center, and the others changing tracks; their
movement depending on the distance which separates them from the center of the lens. All
researches in this chapter show the compatibility of theoretical expectations with practice. It
should also be noted that the obtained results allow us to conclude that the focus of light rays
is natural and observable in each case. This implies that whenever the center point of object
with radius r is connected with the center of gravity lens and the initial direction of photon
movement defines that straight line, than we are dealing with focusing lens. Sample image
can be seen in Figure 67.

2.2. The transition of photons in the vicinity of strongly gravitationally
interacting objects; analysis of results.
This section focuses mainly on the analysis of the images obtained after passing through a
lens with the observer located at a certain distance in front of the lens. Conducted researches
are confronted with theoretical expectations from Chapter 1 and 2.

Figure 80. Photons dissipation by gravitational lens system
Source: Gravity Simulator

Referring to the drawings, the analysis of 76 and 77, in analogy to example of Figure 80
showing correctly constructed gravitational lens system which causes the dispersion of photon
rays. Source is placed exactly in the middle of the length of a line drawn between the centers
of the two lenses. This confirms the theoretical predictions. Increased local intensity after
passing near gravitational lens by a group of photons is shown in Figure 81, while in Figure
82 we observed rotation of photon group, which ran near the gravitational lens. This is the
result, which the author did not provide theoretically in the second chapter, and which was
created during the interaction of two gravity systems with different masses and asymmetric
position. This result is an example that even the exact theoretical analysis does not allow to
predict all of the observed effects, and therefore the execution of the simulation model is
obligatory.

Figure 81. Increased local intensity, the result of strong gravitational field interactions

Source: Gravity Simulator

Figure 82. Image rotation after passing through gravitational lens
Source: Gravity Simulator

3. Summary of results
Paper analyzed the information processes taking place under the influence of photon rays
with the gravity field. The paper presents a new data transformation process, which uses an
innovative approach to the processing of a points set. For this purposes, author focused on the
phenomenon of gravitational lensing, which is now commonly observed in macro scale
world. Knowledge of modeling methods for gravitational lensing by binary systems requires
deeply physics understanding, deriving formulas and software implementation. Most of the
work focuses on the way that computing machines came through, up to the present day, as the
solid foundations knowledge provides new opportunities and opens new paths for open
minded researchers.
Results concerning new modeling methods for data transformation can be summarized as
follows. If it would be possible to create systems presented in the research, such as a
gravitational dissipative lens, or a gravitational focusing lens, or any other with their
counterparts for the lens geometry, it would be possible to build a system analogous to the
optical systems and the construction of gravitational systems, analogous to optical systems
that would perform the calculations in the same way. The study shows that the theoretical
construction of such systems is possible, and the results obtained are identical to the results
obtained in the optical counterparts. The main problem in the design of such systems is their
size and the available technology, and therefore paper should be taken into consideration as
theoretical. It shows, moreover, that the construction of analogous gravity systems is much
more complicated than their optical equivalents. Author also shows by comparison that
differences between computing machines in first and second chapter are compensated in
practice. Author also shows the possibility of computing machines construction, using
electrical and optical components.
The effect of work is new model proposal for data transformation using gravitational
lensing. For research purposes author creates also software to support researches and
visualization of photons behavior in strong gravitational field. Images displayed by software
create possibility to analyze and verify the theoretical predictions described in earlier
chapters with the real time simulation. Functional description of this software is not enclosed
in excerpt work; it is included only in full version of this paper.
Further work on the data transformation using gravitational lensing, should focus on
determining the lens parameters, and the position of the light source. Knowing the source
parameters, and choosing the effect that you want to obtain, we could encode information in
the form of wave packets, however, still information about observer and observation place is
needed. Observed place could be determined using specialized systems that calculate specific
required parameters, designed for a specific desired effect, which sets lens variables for given
observer. These studies would be also considered as theoretical and would clarify whether the
creation of such reproducible multi-element systems is possible. Further work should also
focus on the analysis of other methods for gravitational lensing creation, and comparing the
results with the ones from Gravity Simulator software.
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