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Abstract

Flat, straight sheets of paper, standing vertically on edge cannot support any
load placed upon their top edge, but once formed into fractal tube conic sec-
tions, they have been measured to support up to 97.52 (£ 2.27) kilograms
(215 (£ 5) pounds) of weight with strength-per-weight ratio up to 10,336 (+
240). So, strength has been discovered to be an emergent characteristic aris-
ing solely from addition of intelligent order. It is proposed to impose such
intelligent order upon, preferably, at least 6 laser beams by focusing each of
them to form cones of light, arranging the cones to form a wall of a larger
fractal cone, and converging all of them to a common focal point inside a va-
cuum chamber to give them sufficient strength near this focal point to attract,
hold, and move neutral antimatter, preferably anti-lithium. This opens the
new field of structural engineering of light and re-defines the concept of
strength. Means of cancelling out radiation pressure by reflection of laser
beams back to the common focal point are proposed to enable laser confine-
ment of particles having low polarizability, such as anti-hydrogen. Coun-
ter-circulation of light by reflection at grazing incidence is proposed as a
means of returning escaping antimatter back to the common focal point con-
tainment area. Means are proposed to inject a stream of matter into the con-
tained antimatter to create a matter-antimatter reactor and propulsion en-
gine. Since anti-lithium is not available, yet, means are proposed to test these
structures by confining ordinary lithium, instead, and by hitting it with anti-
protons and/or positrons. Means are proposed to modulate the matter-antimatter
reaction with information to create modulated gravitational waves for com-
munication. The proposed structures would enable efficient, stable, safe con-
finement of antimatter, which would allow better study of antimatter, and
make possible renewable, clean, safe, matter-antimatter reactor generators
and propulsion engines, antimatter-assisted fusion reactors, and modulated
gravitational wave generators.
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1. Introduction

Reliable antimatter containment would enable practical use of antimatter fuel.
100% of antimatter fuel plus 100% of a matching amount of normal mass can all
be safely converted into energy, compared with less than 0.7% of mass conver-
sion via nuclear fusion. The ALPHA collaboration at CERN’s Anti-proton De-
celerator created and contained anti-hydrogen in a vacuum chamber for 1000
seconds, using a Minimum Magnetic Field Trap with complex magnetic fields
and advanced cryogenic technology to slow down antimatter from drifting into
container walls [1]. However, their vacuum container could not be moved and
shipped with their antimatter cargo remaining intact, their cryogenic technology
was very cumbersome and expensive, and very few atoms of anti-hydrogen
could be contained and only for a very short time.

The present author, Russell, defined fractal tube reinforcements to be hollow
tubes, having walls made of smaller hollow tubes, and so on, such that they have
individual wall-thicknesses approaching zero, while the number of tubes goes up
[2]. He has shown that a hollow central space surrounded by 6 tubes being fused
to each other adds structure and strength, even though this central space has no
mass, and that compression strength is inversely proportional to mass. The
claims in patents by Russell, Shimoji and Russell, and further described in
SAMPE technical conference paper by the present author, Russell, specify hollow
tubes as small as nanotubes, having wall-thickness as small as one atom layer, as
fundamental tubes to make fractal tube reinforcements [1] [3] [4] [5]. Rice Uni-
versity reports carbon nanotubes having walls one atom layer thick to be 100
times stronger than steel and only one-sixth the weight of steel [6]. That is 600
times the strength-per-weight ratio of steel.

Young et al disclose total reflection of X-rays at grazing incidence and focus-
ing by an ellipsoid reflector [7]. For X-ray, gamma radiation, and far UV light
certain materials exhibit an index of refraction of less than one. This means that
total external reflection at grazing incidence is possible with certain materials.
Mallett calculates that a gravitational field arises, due to circulating electromag-
netic radiation in a unidirectional ring laser, by solving linearized Einstein field
equations [8]. This shows, theoretically, that gravitational strength arises by
adding intelligent order to light by constraining and confining it in a ring laser.

Chu explains how neutral particles may be attracted, trapped, and manipu-
lated with focused laser light having a power requirement of less than 1 Watt per

laser [9]. Ashkin discloses that it is possible to optically cool atoms and to opti-

DOI: 10.4236/aast.2022.74011

176 Advances in Aerospace Science and Technology


https://doi.org/10.4236/aast.2022.74011

D. N. Russell

cally trap them at high densities [10]. Anti-hydrogen atoms have been shown to
be laser-cooled [11]. Muir discloses a renewable supply of anti-protons trapped
in the inner Van Allen radiation belt, which may be harvested [12]. American
Physical Society reports that Marija Vranic used a row of 4 focused lasers to hold
both electrons and positrons (antimatter), in place long enough to blast them
repeatedly with powerful pulsed lasers to generate a cascade of pair production
[13]. Although she proved that highly focused laser beams can confine antimat-
ter for a short time, the laser beams were not arranged to create fractal light
structures, and they only provided very short-term containment of antimatter.
Therefore, there is a need to create fractal containment structures made of
light, rather than matter, to gather, manipulate, and transport antimatter, and

which can contain antimatter safely for long-term storage.

2. Objectives

An objective of this proposed research is to introduce new fields of fractal light
structural engineering, in general, and, in particular, fractal laser cone antimatter
containment & propulsion engineering to stimulate development of fractal laser
cone antimatter containment structures to gather, manipulate, transport, and
safely contain antimatter for long-term storage, and to develop practical uses of
antimatter for propulsion, power generation, antimatter research, and gravita-
tional wave generation with a potential for communication. It is another objec-
tive to stimulate fundamental physics research in structures made of highly or-
dered light, and in their properties. It is another objective to stimulate develop-

ment of antimatter chemistry to make new antimatter atoms and molecules.

3. Experimental Results: Basis for Proposed Structures

Straight, flat pieces of paper standing on edge have been observed to have no
ability to support vertical load, placed upon their top edge, and to have com-
pression strength-per-weight ratio equal to zero, and to collapse under their own
weight. There are no units to this ratio, because compression strength or load is
measured in pounds and the weight of the paper is also measured in pounds.

The same paper, as used above, formed into a hollow conic section 11.07 cm
tall, 5.71 cm in diameter at is narrow end and 8.89 cm in diameter at its wider
end, was measured to have vertical compression strength-per-weight ratio of
4400 (+ 200).

A fractal tube conic section made of the same paper, as used above, 9.22 cm
tall, 6.35 cm in diameter at its narrow end and 7.62 cm in diameter at its wider
end, was built by placing ten smaller-diameter conic sections lengthwise to form
the wall of the fractal tube conic section. This fractal tube conic section was
measured to have compression strength-per-weight ratio of 5000 (+ 250).

A double-layer fractal tube conic section made by rolling 2 flat sheets of paper,
8.56 cm tall, 6.50 cm in diameter at its narrow end and 8.89 cm at its wider end,

was made with three circumferentially disposed flattened hollow tubes between
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the 2 layers of paper. This has been found to support 97.52 (+ 2.27) kilograms
((215 (£ 5) pounds), and to have compression strength-per-weight ratio of
10,336 (+ 240).

All of the above conic sections were placed on a scale with their wider diame-
ter ends down and with an increasing compression load placed on a flat board
on top of their smaller diameter ends, until structural failure occurred. Strength
against vertical loading weight was observed to be a new, emergent characteris-
tic, arising solely from addition of intelligent order in forming the shapes of the
paper, since no mass was added to the paper to form the conic sections. The in-
crease in compression strength-per-weight ratio by the fractal tube conic sec-
tions, above that of simple conic sections, has been observed to arise from an
addition of greater intelligent order only. The percent increase in compression
strength-per-weight ratio in all cases above that of the straight flat pieces of pa-

per has been observed, for all practical purposes, to be infinite or undefined.

4. Proposed Fractal Laser Cone Antimatter Confinement

The above observed experimental results demonstrate that addition of intelligent
order, alone, results in an emergent characteristic of strength, which does not
require matter. The invention of fractal tube microengineering has demonstrat-
ed that structural strength may be obtained in a void having no mass and exist-
ing between fractal tubes, and that mass hinders strength, patented by the
present author, Russell [2] [3] [4]. Based on this discovery, it is proposed to add
intelligent order to light beams to form ordered fractal structures made of light,
which, thereby, gain emergent structural strength sufficient to hold, gather,
move, and manipulate particles, including antimatter atoms and molecules. Ex-
periments by Marija Vranic, reported by American Physical Society, further
support this proposal by demonstrating that four focused laser beams having no
mass, and placed in a simple row, can hold positrons (antimatter) in place [13].
Constraining light to specific polarization and frequency, focusing it, arranging
it into ordered fractal forms, and localizing it by restricting it from free propaga-
tion all add intelligent order, and holding strength to structures made of light.
Since light has no mass, except for a small relativistic component, an emergent
strength-to-weight ratio, due to addition of intelligent order, of structures made
of light would be almost infinite. It is proposed that such intelligent order be
imposed on at least 3 laser beams, and, preferably, on at least 6 laser beams, by
focusing each of them to form laser cones by means of mechanically linked and
controllable lenses, by arranging these laser cones to form the wall of a larger
fractal hollow cone of laser light, and by converging all of the laser cones to a
common focal point to form a fractal laser cone structure. The wall of this fractal
laser cone should be made of a sufficient number of individual laser cones to
have enough strength to gather and hold many particles, preferably neutral an-
timatter atoms and molecules, such as anti-lithium, anti-hydrogen, and anti-

(lithium hydride), at or near its central focal point, within an evacuated vacuum
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chamber to form a fractal laser cone antimatter containment structure. Focused
polarized laser light attracts and holds particles by inducing polarization on
them. Anti-lithium and its hydride are proposed, as preferred antimatter, for
long-term fractal laser cone confinement, when they become available, because
anti-lithium has 36.5 times higher polarizability than anti-hydrogen, assuming
polarizabilities are the same for antimatter as for matter. This assumption is
reasonable in view of the confinement of positrons by focused lasers by Marija
Vranic, reported by American Physical Society [13]. It is proposed that addi-
tional fractal laser cones be created with additional lenses and introduced into
this vacuum chamber through windows or lenses, so that all of their focal points
coincide at the common focal point of the above fractal laser cone. In a first
proposed embodiment of this invention each of three fractal laser cones is
shown in Figure 1 to enter a vacuum chamber through a window, which may be
a lens, along three mutually perpendicular directions to enable the common foc-
al point to be adjusted in all three dimensions. Sets of 6 moveable and rotatable
lenses are shown in both Figure 1 and Figure 2 to be attached to each moveable
and rotatable truss ring located outside of the chamber to enable the common
focal point of the laser beams to be fine-tuned and moved. Adjustment and
coordinated movement of the moveable and rotatable external lenses, used to
focus the laser beams, is proposed to enable gathering, movement, and manipu-
lation of antimatter particles. Many laser beams may be made from one beam by
beam-splitters having many outputs. Figure 2 shows a second proposed embo-
diment of the invention in which each fractal laser cone, made of six focused la-
ser cones each, enters through only one window in a spherical vacaum chamber.
The wavelength of laser light should be chosen to avoid absorption peaks of par-
ticles to be confined, such as 656 nm, 486 nm, 434 nm, 410 nm, and many UV
wavelengths for anti-hydrogen, and absorption peaks for anti-lithium, if that
were chosen to be confined, for example, in order to minimize heating. Light in-
tensity gradients produced by the highly focused laser beams would attract and
gather particles toward higher light intensity by induced polarization near the
common focal point, and contain them there. The spherical shape and high ref-
lectivity of the internal surface of the chamber would reflect the laser light
beams, after they diverge from the common focal point from the chamber wall
back to the common focal point along their original paths. These reflected laser
light beams would apply momentum and radiation pressure, opposite in direc-
tion to that of the initial laser beams, to cancel it out, and to slow down and cool
antimatter particles near the common focal point. Alternatively, such cancella-
tion of radiation pressure could be accomplished by introducing other laser
beams through windows on opposite sides of the chamber. This would save a
cost of the inside, highly-polished iridium mirror. But, that would require twice
as many lasers and windows, as in the above proposed embodiments. It is espe-
cially important to cancel out laser radiation pressure on particles of low polari-

zabilities, because otherwise it would push and scatter particles to be confined,
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before the polarization gradient force could attract and hold them. The total
power of the focused lasers, and their light-intensity gradients must yield suffi-
cient attractive force to overcome diffusion, due to thermal agitation, also.
Cryogenic cooling may be used for this, but it is cuambersome, costly, and it may
restrict mobility of the containment means. Pulsing the laser beams would fur-
ther minimize heating of confined particles. It is proposed that the fractal ar-
rangement adds intelligent ordering to the laser light and, as follows from the
above experimental results, would enable the laser beams to work together, so
that each fractal laser cone would have greater holding strength and would hold
more particles than the sum of the holding strengths of each of its lasers working
separately. Since nobody knows how to make anti-lithium, yet, and since these
proposed structures could confine matter, as well as antimatter, it is proposed
that the above fractal laser cone structures be tested using ordinary lithium or

the stable and more polar lithium hydride, as chosen particles for confinement.

Figure 1. First embodiment of fractal laser cone chamber. Three proposed
fractal laser cone antimatter containment structures are shown housed in
a spherical, evacuated, vacuum chamber. The lines and arrows show laser
beam paths. Each fractal laser cone structure is shown to be made of six
hexagonally arranged laser light cones having a common focal point at the
center of the chamber. Six windows, which are also lenses, are shown on
the surface of the chamber to focus six laser light beams and transmit
them into the chamber to create the laser light cones of each fractal laser
cone structure. Six laser beams of a first fractal laser cone are shown to
enter the chamber in a direction perpendicular to that of a second fractal
laser cone, and six laser beams of a third fractal laser cone are shown to
enter the chamber in a direction perpendicular to that of the other two.
One window, which may be a lens, is shown in the chamber for each laser
light beam to enter it. Internal and external surfaces of the chamber are
shown by gold colored circle to be highly reflective, refractory layers, such
as iridium coated molybdenum, which strengthen and support a middle
layer shown by a black circle, which is an alpha particle source, such as
UO:.. After each laser beam passes through the common focal point it is
shown by dashed lines to diverge to the opposite wall of the chamber from
where it entered it, from which it is shown by double arrows to be
reflected back on itself along its original path to the common focal point.
Six moveable, rotatable external lenses are shown to be attached to each
moveable and rotatable reinforced truss ring to enable the common focal
point to be fine-tuned and moved.
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Figure 2. Second embodiment fractal laser cone chamber. Six laser beams,

focused by six hexagonally disposed lenses, attached to a ring structure
located external to a spherical vacuum chamber form each fractal laser
cone structure. Arrows and lines indicate laser beam paths. Each fractal
laser cone is shown to pass through one window in the chamber in a
direction perpendicular to the surface of the spherical chamber toward a
common focal point. All of the fractal laser cones merge at same common
focal point to form fractal laser cone antimatter containment structures.
Three windows shown at the bottom of the chamber are part of another
set of six hexagonally disposed windows. The dashed lines from the
bottom set indicate that laser light beams pass upward through the bottom
of the chamber and converge to the common focal point. Each set of six
fractal laser cone structures is shown to enter the chamber in a direction
perpendicular to every other set of six fractal laser cone structures. The
inside surface of the chamber, represented by a gold colored circle, is
highly reflective at the laser wavelength and reflects the laser beams from
the opposite wall from which they entered, after diverging from the
common focal point, back along the original path of the laser beams. The
external lenses and the external ring structures are each moveable and
rotatable to enable the common focal point to be fine-tuned and moved.

A hollow sphere made of a highly reflective material for ultraviolet (UV) and
X-ray light, such as uranium dioxide (UO,) disposed between 2 layers of molyb-
denum alloy with a thin iridium alloy coating on the internal surface of the
sphere and another thin coating of iridium alloy on the external surface, is pro-
posed to form the wall of a proposed evacuated vacuum chamber (Figure 1).
Rutile (TiO,) is proposed for the windows and lenses, because its index of refrac-
tion, like that of UQ,, is also less than one for some X-ray and UV light, but
much greater than one for visible light, and because it also has a high melting
point of 1843°C. Alternatively, diamond windows and lenses may be used, if
higher operating temperature and durability are required. Windows in the
chamber wall should be installed flush with an internal surface of the chamber to
allow grazing incidence reflection. These materials reflect ultraviolet or X-ray
light, which is proposed to be introduced into the chamber in opposite direc-
tions at grazing incidence (less than 3 degrees from the surface) along its internal
surface to create counter-circulating light. This light should be collimated, but
it does not need to be laser light. This grazing incidence reflection is called,

total external reflection, if an index of refraction is less than one. This counter-
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circulating light may be injected into the chamber via optical fibers, for example,
through small ports or windows in the chamber wall. A frequency should be
chosen for this light, so that an index of refraction for the chosen material is as
small a fraction of one as possible for UV or X-ray light, and an inside reflective
surface of the chamber should be ultra-smooth and highly polished, so that this
light would reflect at grazing incidence at such frequency to allow it to circulate
inside the chamber. This counter-circulating light would cancel out radiation
momentum and pressure in circumferential directions, so that a net radiation
pressure would be applied only radially toward the central focal point on anti-
matter particles, which have escaped from the central confinement area. This
would prevent antimatter from escaping by returning it to the confinement area,
where the focused laser gradient forces would attract and hold it near the com-
mon focal point. Intelligent order would be added to such counter-circulating
light by restricting it from free propagation, and by constraining it to propagate
along the internal surface of the proposed chamber, and this would give addi-
tional strength to the light. The larger the chamber, the greater would be the ef-
ficiency of grazing incidence reflection of light. Sandberg et al reported UO, to
be more reflective than all known reflectors for light of wavelength from 5 nm to
9 nm [14]. So, the dioxide of uranium-238 is recommended, as a material inside
the chamber wall, to reflect X-ray light at grazing incidence, and to absorb anni-
hilation gamma rays and X-rays, as shielding. This dioxide of uranium, layered
on both sides by molybdenum alloy coated with iridium alloy, as proposed
above, would absorb both alpha-particle and weak gamma radiation from ura-
nium-238, and the molybdenum layers would strengthen the chamber against
brittleness. The iridium coated molybdenum may also serve to transfer heat to
heat exchangers, and to reflect both sunlight, and laser beams from laser wea-
pons, off of the chamber. The minimum thickness of these layers would be dic-
tated by the amount of shielding required, the size of the chamber, and the
strength required. Alternatively, the UO; layer is proposed to be reinforced in-
ternally with at least one layer of carbon fiber open-mesh cloth to strengthen it
against brittleness and crack-progression. This could, reduce its density and
weight by half. The open-mesh carbon fiber reinforcement cloth is proposed, in
future, be made of continuous carbon nanofibers, when such cloth becomes
available, to further increase its strength, and to reduce thickness, density and
weight of the chamber. Shimoji and Russellinvented “Laser fabrication of con-
tinuous nanofibers”, which could be developed to make open-mesh, carbon,
nanofiber reinforcement cloth up to 600 times stronger per unit weight than
steel [5].

5. Proposed Applications

It is proposed that such laser containment means be located outside of the at-
mosphere in the vacuum of space, shielded from sunlight, and that one end of

the chamber be open to the vacuum of space. It is well-known and established
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that a focal point of laser light can be moved by moving and adjusting the lenses
that create the focal point. A focal distance of the converging laser beams is
proposed to be able to be moved by moving the lenses, such that the common
focal point of the fractal laser cones, containing the antimatter, may be moved
outside of such an open-ended chamber. In this way rotation of the lenses or of
the entire chamber would transport confined antimatter particles as fast as the
focal point could be moved with laser-point accuracy onto a target through the
vacuum of space. Alternatively, this means may be used, in reverse, to bring an-
timatter particles from outside, to inside the chamber for reliable, long-term
storage.

It is proposed that a stream of matter, such as alpha-particles, protons, hy-
drogen or helium, be injected into the laser containment chamber to merge with
confined antimatter, such as anti-lithium, to react with it to produce both energy
and propulsion. If the middle layer of the chamber wall is UO,, then it is pro-
posed to direct a stream of alpha particles into the focal point confinement area
by opening a door or shutter in the internal iridium coated molybdenum layer to
expose the UO,, which always naturally emits alpha particles. Other alpha par-
ticle sources, such as americium-241, or proton emitters may be added, as inclu-
sions within the UQ, layer, behind such a shutter to increase the number of par-
ticles emitted per unit time. This would allow matter insertion, without a need to
open the vacuum chamber, and it would enable the above chamber to become a
matter-antimatter reactor. In order to use this reactor, as a propulsion engine, it
is necessary to maximize production of particles with kinetic energy for thrust
by only merging dissimilar masses. For example, anti-lithium is proposed to be
merged with alpha particles, protons, hydrogen, or helium. In another example,
anti-hydrogen is proposed to be merged with alpha particles, helium, or lithium.
Since alpha particles and protons are charged, it would be easy to direct a stream
of them toward the focal point using magnetic and electric fields. A nozzle in the
chamber would be open to the vacuum of space, to direct an exhaust of high-
energy, sub-atomic particles. Since anti-lithium is not available, yet, it is pro-
posed that such reactors and propulsion engine prototypes be tested by confin-
ing ordinary lithium or its stable hydride, instead of antimatter, by these pro-
posed structures, and by directing a stream of anti-protons and/or positrons at
this confined matter target.

Based on the well-known discovery that gravitational waves are created by
matter that is suddenly accelerated to the speed of light and transformed into
light and removed from the matter component of our Universe by collisions of 2
or more black holes or by collisions of neutron stars with black holes by the La-
ser Interferometer Gravitational Wave Observatory (LIGO), it is hypothesized
that matter-antimatter annihilation events also produce gravitational waves by
suddenly warping or perturbing a local curvature of spacetime. This is further
supported and predicted by the General Theory of Relativity of Albert Einstein.

So, it is proposed that a collision frequency of matter particles with confined an-
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timatter particles inside the above proposed antimatter containment chamber be
modulated with information. This may be done, either by moving the matter
stream directing means or by moving a location of the common focal point, rel-
ative to the matter stream trajectory, so that modulated matter-antimatter anni-
hilations and, thereby, modulated gravitational waves would be created. This
would enable matter-antimatter reactor engines to generate modulated gravita-
tional waves capable of transmission of communications and data. An advantage
of using modulated gravitational waves for communication is that they are be-
lieved to travel, uncorrupted, through stars, planets, moons, rocks, ice, and dust.
So, there would be no dead-zones for spacecraft, where communications are
blocked. Future, planned, space-based, orbiting laser interferometer gravitation-
al wave detectors may be sensitive enough to detect and interpret such gravita-
tional wave communication. Such detection of modulated gravitational waves is

proposed as a means to search for advanced civilizations in the Universe.

6. Discussion

Anti-protons have been harvested by the Payload Antimatter Matter Exploration
and Light Nuclei Astrophysics satellite (PAMELA), launched in 2006, from the
innermost Van Allen radiation belt. They could be harvested by the above pro-
posed means in greater amounts from such belts around Jupiter and Saturn, be-
cause they have larger magnetic fields and radiation belts. Planets of other star
systems having even larger magnetic fields would probably store much higher
concentrations of antimatter in their radiation belts. Positrons can be made effi-
ciently, already, or they could be harvested from outer Van Allen belts. A cloud
of positrons could be deployed in front of a scoop to decelerate fast anti-protons
in inner Van Allen radiation belts. Some of those positrons would merge with
anti-protons and create anti-hydrogen, which also could be captured and con-
fined by the above proposed means. Anti-lithium would be much easier to con-
fine than anti-hydrogen, once we figure out how to make it efficiently from these
building blocks, due to its 36.5 times higher polarizability. It also, potentially,
would yield 7 times as much energy per atom as anti-hydrogen, upon annihila-
tion, because it has that much more mass. For these reasons both anti-lithium
and anti-(lithium hydride) would be well worth making, and this may be quite
profitable. Anti-lithium may be made by merging 3 anti-protons and 4 an-
ti-neutrons with 3 positrons. This may be considered a cold fusion, if these par-
ticles are fused in thin, single-file streams of particles. Then, one may chemically
add an anti-proton merged with a positron to this to create anti-(lithium hy-
dride). This would open a new field of antimatter chemistry. Both of these anti-
matter fuels would yield a lot of thrust in a reaction with alpha particles, pro-
tons, hydrogen, or helium, for example, because their annihilation products
would include subatomic particles with great kinetic energy, some of which
would, in-turn, react to produce more subatomic particles with great kinetic

energy.
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Atom interferometers, instead of laser interferometers, may greatly increase a
sensitivity of gravitational wave detectors. Ground-based, laser interferometer
gravitational wave detectors suffer from too many kinds of noise and are not
sensitive enough to detect the proposed gravitational waves for communication,
especially at lower frequencies. Atomic clocks would be better suited and more
sensitive for detecting such gravitational waves, because they do not depend on
movement and are not so affected by vibrational noise. Instead, they work by
measuring time-dilations and time-contractions created by them. So, an atomic
clock gravitational wave observatory is suggested to be created by placing an ar-
ray of six atomic clocks on Earth, spaced 9656 kilometers (6000 miles) apart
from each other, and one on Mars. If sufficiently sensitive, gravitational wave
detectors are created, this would make possible the proposed gravitational wave
communication and data transmission. If the speed of gravitational waves is
found to be greater than the speed of light, then this would be another advantage
to using this medium to transmit communication. Although most people be-
lieve, from indirect evidence, that gravitational waves travel at the speed of light,
the present author, Russell, explained that their speed has never been directly
measured, and his theoretical argument concluded that their speed is undefined
[15]. Spacetime is observed to expand at a speed proportional to distance with
no known upper limit, having Hubble’s proportionality constant of 82.4
km/sec/megaparsec (£10%). Gravity, according to the General Theory of Rela-
tivity, defines the geometry and curvature of spacetime, and gravitational waves
are perturbations or ripples in the definition and curvature of all dimensions of
spacetime. So, gravitational wave speed, should have no upper limit, and is un-
defined. Since gravitational waves exactly follow the curvature of spacetime, un-
like light, which is only slightly affected by gravity, a path-length of travel for
gravitational waves would be longer than that for light from the same source. So,
both gamma-ray bursts and gravitational waves could not have arrived on Earth
at the same time from the same gravitationally collapsing source, contrary to
what is widely believed to be evidence that both types of waves travel at the
speed of light. It is, therefore, proposed that the speed of gravitational waves be
directly measured by comparing the time of arrival on Earth of gravitational
waves generated by solar flare explosions with the exact time of optical observa-
tion of those solar flare explosions by both laser interferometer and by the above
proposed atomic clock gravitational wave observatories. Since our Sun is 8
light-minutes away, the observatories must be recording data at least 8 minutes
prior to optical observation of these solar flare explosions to test, objectively,
whether gravitational waves travel faster than light-speed, and to directly meas-
ure their speed, taking into account their distinct path-lengths along curved
spacetime. More such experiments were proposed by the present author in [15].
The above atomic clock gravitational wave observatory is proposed as a means to
detect advanced civilizations using modulated gravitational wave communica-

tion.
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7. Conclusions

Since ordering sheets of paper, without adding more mass, results in strength/
weight ratio to support structural load to go from zero to 10,336, which is essen-
tially an infinite percent increase, this discovery makes it reasonable, in view of
the cited references, to apply these results to light beams to make highly ordered
fractal laser cone structures having sufficient strength to gather and contain an-
timatter for long-term storage and for further research of its nature, which have
not been possible before. The highly ordered, fractal laser cones of light would
add intelligent order to chosen confined particles, as well as to the light, by
causing them to share wave-functions, as a Bose-Einstein condensate. The fractal
arrangement of many individual cones of highly-focused laser light to form
larger cones of laser light would add more strength and attractive force to hold
particles, based on these experimental results and on the referenced patents by
the present author, than if all of the lasers were randomly arranged or linearly
arranged or anything that has been tried, before.

Since either matter or antimatter may be held and manipulated by fractal laser
cone structures, further research is suggested to yield biological and medical ap-
plications of these fractal laser cone structures to place medicines or chemicals
into tissues with atomic-scale accuracy, and to destroy unwanted tissues and
tumors, for example. Moving the fractal laser common focal point could be used
to project antimatter, as fast as the focal point could be moved, from orbit onto a
target, such an asteroid, to apply an acceleration to it to alter its trajectory or to
destroy it. This could also be applied to asteroid mining operations to move a
valuable asteroid to a Lagrange point orbit nearer the Earth or Moon, for exam-
ple, to enable more efficient mining. Further research is suggested to determine
the limitations to both velocity and acceleration at which antimatter could be
projected by moving the common focal point of fractal focused laser beams. The
fractal laser common focal point could be used in another practical application,
as an antimatter chemistry tool to combine antimatter particles of various kinds
to make new antimatter atoms and molecules, and to study their characteristics.
Ordinary matter, such as large, unstable, radioactive atoms, could also be held
and studied safely by this method.

Reliable, safe, and practical containment of antimatter by fractal optical con-
tainment would make possible clean, safe, renewable energy by matter-antimatter
reactors, and by antimatter-assisted fusion reactors. Matter-antimatter reactor
engines would produce at least ten million times more efficient propulsion than
chemical rocket engines. The use of the same fractal laser cone structures for an-
timatter containment, propulsion, and communication would allow creation of
spacecraft with such efficient and powerful thrust and communications, so as to

enable travel to distant star systems.
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