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NUCLEAR FUSION UPDATE
by Dr Ross Mack © 2020

The quest for nuclear fusion is
driven by the need for clean,
renewable, unlimited energy. Many
governments and private
companies have invested heavily in
the best science of the day in the
hope of achieving over-unity fusion.
To date none have succeeded,
although they are much closer to
the goal. They all say "in a few
years"; some as many as 20 years. 

So, what is the problem?
Essentially the research is
attempting to create a Sun in
miniature—replicating the same
chemistry as the Sun. 

The designs followed are now 30
years old and revolve around large
vessels containing super-heated
plasma containing the same
hydrogen isotopes as the Sun, i.e.
deuterium and tritium, with the goal
being to force these nuclei to
collide perfectly and fuse into a
helium nuclei, releasing
considerable energy, neutrons and
light. 

This process happens naturally in
the Sun due to the immense volume
and pressures available. On Earth,
this is exceedingly more difficult
because the volume is so much
smaller. To compensate, scientists
introduce excess heat to excite the
particles to collide and fuse. The
heat is 200 times hotter than the
Sun, approaching three billion
degrees Celsius (C). All this heat
requires electricity, and a normal
size toroidal cage fusion generator
uses 50 MW of power to raise the
heat sufficiently to achieve fusion,
using enough electricity to power a

small city. So much energy goes into
heating, that no resulting over-unity
production of fusion power results,
or is ever likely to result. 

Part of the problem is also the size
of the vessels and the containment
of such hot gases that want to
expand. Plasma is difficult to
contain, so huge-strength magnetic
fields are generated to control the
plasma, protect the machinery and
in the process, they consume more
electricity. Even the Sun has surface
explosions similar to a pressure
relief valve. When these releases are
large they are termed solar flares
and Sun spots. The eruptions affect
us directly on Earth by interfering
with electronics and
communications.

The published goals (once
completed) for these projects is to
produce 500 MW—a predicted 10
times increase in over-unity. The
energy will be given off as 20 per
cent radioactive alpha particles and
80 per cent red-hot neutrons

capable of boiling water and driving
a generator. The alpha particles are
expected to be retained in the
plasma and continually ignite the
gases, becoming partially self-
sustainable. 

Proponents are already talking
about building a bigger version of
these devices to achieve better
control of the expected fusion,
something a bit like the CERN
particle collider in Switzerland,
where, since the initial euphoria
after confirming the existence of the
Higgs Boson particle, the CERN has
found nothing. 

Most physicists are very
disappointed. Their solution now
seems to be to build an even bigger
machine in the hope something
may be revealed. Building bigger
and bigger machines challenges the
"small particulars" natural laws
limiting the scaling up of projects.
Many devices seemingly functional
at the lab bench micro-level do not
work when scaled up to macro
dimensionality. 

The solution is to scale down, way
down, to nano size, to approximate
the source before the intervention
of evolutionary noise and
"muddiness". At the micro
dimension, properties of materials
change and reaction times are very
fast as well as exponentially
expansive of surface area coverage.
Fusion has been demonstrated in
nanotubes without the vast heat
and pressure of large toroidal
cages.

The international projects still in
progress focus upon proving fusion,
regardless of cost, and are
dedicated to their existing designs
backed by government funding,
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and more so, ignore the latest
discoveries in quantum science and
chemistry recognising nanoparticles.
These are considered disruptive to
the long-established projects and
gather resistance at every mention.
The new methods of approaching
fusion rely on the strange physics of
very small, confined spaces.
Reactions are easier to achieve,
heat is easier to generate and fusion
is much more likely. 

Nanoparticles are now rewriting
the chemistry textbooks, as the
properties are usually the opposite
to those of their bulk chemistry
counterpart. Many industrial
chemistry processes are simplified
and miniaturised, introducing
cheaper, faster, cleaner products.
The same is currently occurring with
fusion research.

This article will summarise
the major international
fusion projects and also
introduce some smaller
start-up research companies
developing a quantum
approach to fusion. They
will probably lead the way
to commercial production of
fusion energy and the large
projects will go the way of
the dinosaurs, the
consequence of prohibitive
cost relative to return. 

Spending ten dollars for a
two dollar return is
definitely not good
business. However, this
does not invalidate the incredible
science these projects have
produced, recognised as empirical
research progress, whereas a
number of spin-off discoveries have
taken place. But the main goal of
cost-efficient fusion will be elusive
for them if they adhere to their
stated plans. 

Quantum effects can induce
fusion in very small geometric
spaces without huge inputs of
pressure or temperature—with
these forces occurring naturally in
the cavitation of a bubble. The
amount of energy available from the

implosion of one small gas bubble
containing fusible elements
corresponds to a barrel of crude oil.
One bubble. So imagine trillions of
virtual gas bubbles imploding in a
controlled manner releasing clean
energy. 

A small device can produce huge
amounts of energy, continually and
without pollution. Fusion occurs in
nuclei in many other parts of the
process of forming matter. Particles
travel through many forms between
the Sun and our Earth, and the
opportunity is available to access
any or all of these stages from
energy to matter, not just to mimic
the primary process in the Sun.

An important concept to consider
here is quantum tunnelling—where
the quantum pulse passes through
seemingly impenetrable barriers,

evident in pre-Planck-era creation
time, detailing how atomic nuclei
fuse. Tunnelling occurs easier in tiny,
confined spaces as opposed to
large, open vessels. 

Nanotubes create the ideal space
for quantum tunnelling where
particles can also exist in wave form
and gain entrance through the
charged barriers that normally repel.
Only a very few particles
successfully tunnel through these
barriers, but enough to allow fusion
on a scale that generates the Sun
and devices constructed on Earth. 

In the Sun, the nuclei fusing event

is so rare and the circumstances so
exacting that it is estimated that for
any two random nuclei to fuse it will
take 14 million years. Success is a
rare event, but due to the enormous
mass of the Sun, fusion occurs often
enough. 

Our Sun goes through a variety of
stages in the process of fusion,
starting with hydrogen isotopes
fusing into helium, a process
requiring much heat and pressure.
Eventually the hydrogen/helium
runs out. When this happens, the
Sun separates its layers, allowing
other kinds of "burning" to occur.
After helium comes carbon, then
oxygen and finally silica; the last
"burn" requiring more heat at every
stage. When all these nuclei are
used up as a source, the Sun could
swell to a red giant then shrink into

a white dwarf and slowly die
over billions of years. No one
knows exactly. 

Original stars are mainly
hydrogen gas and evolve
through the triple-alpha
process describing the
formation of helium-4 nuclei.
When there are no longer
enough protons in the core to
react, the star shrinks through
gravity to allow the formation
of carbon-12 nuclei, beginning
the CNO cycle (carbon,
nitrogen, oxygen) of carbon
fusing to helium and producing
heavier elements. Polarised
silicon carbide—the source of

light and energy on Earth—is the
consequence. 

Over long periods of time, stars
come and go and it is thought
further generations of stars contain
heavier nuclei left over from
previous generations. Our Sun is
considered a second-generation
star made from earlier stars in the
same space region. 

Throughout this entire process,
the four basic forces of nature
prevail and drive the transformation.
Gravity is recognised as the parity
force to electromagnetism. The
weak and strong nuclear force and

A (simplified) diagram of
Quantum Tunneling
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electromagnetics coordinate
together despite the immense
pressure and temperatures formed
inside the core of the Sun. These
forces appear universal, immortal
and unchangeable.

Science recognises "the standard
model" of particle physics is limited
to what we can measure and
predict. Twelve fundamental
particles and four forces constitute
the standard model, although many
theorists believe only one force
(grand united field) exists, with
sixteen different ways of describing
it. 

The latest name of this united
field is "string theory". Each particle
is also a quantum field. This field is
likened to liquid flowing throughout
the Universe. The particle
understood as the fixed form of the
field is constantly marrying and
divorcing others—only possible of
interaction in the material realm...

Imagine you have an airtight box
and can remove all known matter,
particles, gases etc, introducing an
absolute vacuum. Science says
remaining in this space is a ground
state, lowest energy "zero point
energy". In fact it is absolutely full
of the sixteen quantum fields minus
their fixed matter. This is unfixed
matter and moves like the ocean,
stormy and calm. We can't measure
anything because there is no fixed
matter, but rest assured enormous
energy is in there if we can tap it.
The ancient researchers said: "make
the fixed volatile and the volatile
fixed". It seems they could be
describing the change from
quantum field to particle and back,
and extracting energy in the
process.

All the four natural forces tend to
control the actions of various
particles depending on their
strength. The strong nuclear force
overwhelms the weak nuclear force
in the production of heavier
element nuclei. The cascade and
evolution of particles follows a
series of transformations, ultimately
yielding solid matter as we know it. 

Cosmic rays generated from the
Sun and other more powerful stars
consist of 90 per cent protons and
nine per cent helium-4. Just one per
cent is heavier elements. The rays
bombard our atmosphere and
collide with nuclei of gases. The
energy is transferred to mass,
creating a cacophony of new matter.
The final particles are photons and
electrons. 

The Earth is bathed in a shower of
these particles constantly, and some
particles are so small (like neutrinos)
they travel straight through us
without touching any other atom, or
particle, because 95 per cent of
space is devoid of hard matter.
Photons are formed in the
atmosphere through interactions
with the electromagnetic spectrum. 

The increase in greenhouse gases
in the atmosphere will increase the
quantity of photons and electrons,
giving us more potential energy to
capture. So there are some benefits
to climate change. 

The strong nuclear force controls
the particles known as "quarks",
composed of smaller less dense
particles evolving through the weak
nuclear force. Quarks have a three-
dimensional symmetry, giving three
states of electrical charge,
compared to the two-dimensional
symmetry of electromagnetics,
possessed of only positive and
negative. The three-dimensional
symmetry is likened to colours of
the three primary colours: red,
green and blue, similar to the visible
spectrum.

Remember this is not actual
colour, but an analogy to describe

the interaction of three states of
charge. Just as the three primary
colours can be mixed to produce an
entire spectrum of colours, so too
can the quarks be mixed to create
matter. While each quark can be
mixed differently, the end result is
often a neutral particle, like merging
the light spectrum to get white
light. All quarks have an anti-quark
and the various colours have anti-
colours. 

These are all the stepping stones
of particles to arrive at solid matter.
What we call solid matter and its
parameters for existence are a
bewildering number of subatomic
particles colliding, joining,
transforming and fusing into larger,
heavier, distinctive elements
constituting the periodic table. 

Science is still discovering the
component parts that reach a limit
in position and momentum. The
smallest space houses the fastest
moving particles. 

From this description of particle
transformation we can see an
opportunity exists to access and
intervene at many stages to extract
energy for use. The preoccupation
with hydrogen/helium fusion is
understandable, but if the goal is
energy use for ourselves then we
should focus on particles much
closer to Earth and more accessible.
Other elements beyond hydrogen
will fuse in nano-size containers
given the correct influences. In this
concept, any element can be
broken down to its component parts
and rebuilt. Some have an inbuilt
desire to be bigger, better, and
stronger while others are content to
slowly die. 

The periodic table is no guide to
this instinct of elements. A better
guide is the very old chemistry
books of the ancients. They
observed the very nature of
materials and how they respond to
others and the environment. They
used a different language, but their
observation skills were excellent.
Rather than dismiss this ancient
knowledge as ignorance, we should

Rather than dismiss
this ancient knowledge
as ignorance, we 
should look for
correspondences,
parallels and new
understanding.
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look for correspondences, parallels
and new understanding. They are
guide books and are valuable. The
ancient Taoists of China described a
complete cosmology of materials
science over 3,000 years ago. If we
study their system in the new light
of quantum and nanoparticles,
many possibilities emerge.

Existing Major International
Fusion Projects:
1. International Thermonuclear
Experimental Reactor (ITER)

ITER ("the way" in Latin) is one of
the most ambitious energy projects
in the world today. In southern
France, 35 nations are collaborating
to build the world's largest
tokamak, a magnetic fusion device
that has been designed to prove
the feasibility of fusion as a large-
scale and carbon-free source of
energy, based on the same principle
that powers our Sun and stars. The
amount of fusion energy a tokamak
is capable of producing is a direct
result of the number of fusion
reactions taking place in its core.
Scientists claim the larger the
vessel, the larger the volume of the
plasma, and therefore the greater
the potential available for fusion
energy.

With ten times the plasma volume
of the largest machine operating
today, the ITER tokamak will be a
unique experimental tool, capable
of longer plasma formation and

better confinement. The machine
has been designed specifically to
produce a ten-fold return on energy
(Q=10), or 500 MW of fusion power
from 50 MW of input heating power.
ITER will not capture the energy it
produces as electricity, but, as the
first of all fusion experiments in
history to produce net energy gain,
it will prepare the way for the
machine that can.

The design of this machine is 30
years old and it has taken this long
to construct the buildings and
planning. It seems obvious other
technologies will supersede it
before it produces any usable
output of energy.

The basic idea of confinement in a
plasma cloud is attempting to mimic
the Sun. It seemed logical at the
time, but this was before
nanoparticles were readily available
and understood. The nano
confinement of energy and
reactions has allowed rapid
advancement in research.

2. The China Fusion
Engineering Test Reactor
(CFETR) 

CFETR is a proposed tokamak
nuclear fusion reactor in China.
CFETR construction is planned for
the 2020s as a demonstration of the
feasibility of large-scale fusion
power generation, and is based
upon extensive Chinese research
into the Higgs Boson, conducted
with large-scale particle accelerators

producing pictures of the Higgs
Boson, but not capturing the
particle.

The project includes two phases
of operation. The first phase aims to
demonstrate steady-state operation
and tritium breeding. The second
phase introduces an update of the
system in order to obtain fusion
power production of 1 GW or 1000
MW (compared to ITER's 500 MW)
and a fusion gain higher than 12,
with tritium self-sufficiency. 

The reactor aims to harness two
main ingredients, deuterium and
tritium, lashed with extreme heat
until they jam together to form
helium, unleashing tremendous
energy. 

The reactor is known as the
Experimental Advanced
Superconducting Tokamak (EAST)
and has currently sustained nuclear
fusion for about 10 seconds before
closing down.

3. Oxford University: First Light
Fusion

Oxford University in the UK has
created a commercial company
(First Light Fusion) to exploit some
discoveries regarding the effects of
cavitation of gas bubbles,
discovering that the normal energy
dissipated from an imploding
bubble can be amplified many
times, introducing fusion. 

Fusion is induced with hydrogen
isotopes deuterium and tritium,
combined together to form helium.

Internal core of ITER fusion device

A fusion reactor reaches temperatures of 100 million
degrees Celsius—six times hotter than the Sun.
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This releases energy plus a neutron.
Gravitational forces push the
particles together to retain balance. 

The First Light Fusion process
amplifies the gravity and
temperature with energy pulses
creating intense shock waves to
crush gas bubbles, inducing an
asymmetrical collapse and
implosion of the cavity containing
the reaction, further concentrating
energy in space and time,
practically emitting neutrons
captured in a lithium solution. The
lithium captures the heat and this
heat is used to drive a traditional
steam turbine and generator. 

The operation extracts deuterium
from seawater, with a yield of 130kg
per one million tonnes of seawater
for use in the device. Tritium is self-
generated in the fusion process. 

Basically the device fires a
projectile of a copper disc into a
plastic cube containing a gas
bubble. The speed of the projectile
is supersonic and the fusion occurs
in the bubble during destruction by
the projectile. The equivalent
energy released from the 10 micron
diameter bubble is one barrel of
petroleum oil. The experimental
process is destructive to the
material and is only done once a
week. In the future the company is
planning to produce energy from an
impact every five seconds. Each
impact is deafening, and much work
is needed to commercialise this
concept.

4. The University of NSW,
Sydney 

In Australia, the University of New
South Wales in Sydney has
developed a system of fusion that
uses crossed lasers that generate a
quadrillion watts of power in a pulse
that bombards hydrogen and boron
nuclei. This process is not
radioactive and does not release
subatomic particles such as
neutrinos. The energy is planned to
generate electricity directly from the
device without the need for
mechanical steam/turbines. This

design is far advanced from the
toroidal cages of others. It goes
some way towards using natural
species to confine and generate
energy.

Hydrogen–boron fusion is
achieved using two powerful lasers
in rapid bursts, which apply precise
non-linear forces to compress the
nuclei together. Hydrogen–boron
fusion produces no neutrons and,
therefore, no radioactivity in its
primary reaction. And unlike most
other sources of power production
(like coal, gas and nuclear, which
rely on heating liquids like water to
drive turbines) the energy
generated by hydrogen–boron
fusion converts directly into
electricity. But the downside has
always been that this needs much
higher temperatures and
densities—almost three billion
degrees Celsius, or 200 times hotter
than the core of the Sun.

Advances in laser technology are
close to making the two-laser
approach feasible, and recent
experiments around the world
indicate that an "avalanche" fusion
reaction could be triggered in the
trillionth-of-a-second blast from a
petawatt-scale laser pulse, whose

fleeting bursts pack a quadrillion
watts of power. The scientists have
also measured the laser-initiated
chain reaction to create one-billion-
fold higher energy output than
predicted under thermal equilibrium
conditions.

An Australian spin-off company,
HB11 Energy, holds the patents for
the process. These were developed
with 10 colleagues in six nations—
including from Israel's Soreq
Nuclear Research Center and the
University of California, Berkeley.
Hydrogen–boron fusion will be
much simpler because the fuels and
waste are safe, the reactor won't
need a heat exchanger and steam
turbine generator, and the lasers
can be bought off the shelf.

Conclusions
The solution for over-unity fusion

appears to be in the use of very
small, confined spaces with exacting
parameters. The size, shape and
structure determine the reactions.
The heat is available from lasers that
produce a pulse at tiny intervals.
The temperature required is much
less than the large toroidal cages of
the existing designs. Rather than
using hydrogen and its isotopes as

First Light Fusion prototype device in Oxford. Banks of batteries and
capacitors generate power to propel a copper disc at supersonic speeds 

into a fixed gas bubble. The strike induces fusion of elements 
in the gas—technically described as inertia fusion.
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the only candidates, nano fusion will
use other elements that do not emit
radioactive particles when fused. 

The emission of neutrons in the
existing devices is understood as
the proof that nuclear fusion has
occurred, but this insistence limits
the designs. 

The energy given off in the nano-
size fusion event can be captured as
light and heat rather than charged
particles. This light and heat can be
transformed directly to DC electrical
current, avoiding steam turbines
and generators. Thermo-electrical
generation is already advanced and
available. Light can be processed
through quantum dots (nano-size
device) to generate electricity. The
light and heat are amplified
manyfold in a nano-environment,
compared to traditional chemistry. 

The normal laws of
thermodynamics do not apply in the
nano world. The final nano-fusion
product will be a small device:
inexpensive, safe and

environmentally friendly. 
While all this may sound too good

to be true, I encourage those
interested to look up published
papers on nanoparticles and nuclear
fusion. Some recent experiments on
carbon nanotubes have proven the
concepts, and the next step is to
build the prototypes to
demonstrate. Many other industries
have been transformed through the
use of nanoparticles, and it seems
predictable that the same will
happen to fusion. 

The reason nanoparticles have
such a profound effect on the
chemistry of things is due to the
enormous relative surface area of
the particle. For example, one gram
of gold powder in micron size has a
surface area of about 1m2. When
the same gram is ground down to
nano size, the surface area is now a
football field—an enormous
increase in area to enhance
chemical reactions. 

Beyond surface area, properties

are increased or sometimes
reversed. A metal that is magnetic
in bulk size is not magnetic at nano
size and vice versa. Strange things
happen and are now only being
discovered. 

Called the quantum state, this
spooky world of unexpected
properties explains many chemical
descriptions from ancient
civilisations. It seems we still have
much to learn about our world.
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