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The Big Energy Problem
This green HumVee isn’t green. It makes two pounds
of carbon dioxide for every mile that it is driven.

If it is driven ten thousand miles, it will make almost
twenty thousand pounds of carbon dioxide – that’s 10
tons! –WAY more than the HumVee itself weighs. All
of that carbon dioxide is going into the air that
surrounds the earth. Every year, there is more
carbon dioxide in the air than there was the year
before. Carbon dioxide acts like a blanket that keeps
Earth warm; and we keep adding on blankets. Yes,
WE keep adding on blankets. It’s not just that one
HumVee, it’s all of us. It turns out that just about
everything we –all of us– do is adding carbon dioxide
to the air. This book explains how such a thing can
be, and what can be done about it.
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Where the Energy Comes from
Electric cars can
help solve the
“green HumVee”
problem. Most of
them get their
energy from
batteries that can
be recharged by
plugging them in
at night. There
are quite a few
electric cars on
the road already.
But most cars and small trucks get their energy from
gasoline.

Gasoline is one kind of carbon-based fuel.
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Busses and “big rigs” get their energy from diesel.

The jet fuel that many airplanes use is a lot like diesel.

Diesel and jet fuel are both carbon-based fuels.
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Energy from electricity heats a lot of homes, cooks a
lot of dinners, and makes a lot of hot water.

But energy from natural
gas heats a lot of OTHER
homes and cooks a lot of
OTHER dinners, and
makes a lot MORE hot
water.

Natural gas is a carbonbased fuel.
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Electricity already powers some cars by charging their
batteries. Electricity can make hot water, and heat
homes and cook dinners. But energy from electricity
also powers computers, vacuum cleaners, lamps and
many, many millions of many, many kinds of gadgets!

Half of the energy that makes electricity comes from
coal. The rest comes from natural gas, nuclear and
hydroelectric. A little bit comes from solar and wind;
but way more is made by coal. And guess what?

Coal is a carbon-based fuel!
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Think of all our energy –the whole world’s energy- as
a pie. If the pie were cut into seven pieces, six
pieces out of the seven would come from carbonbased fuel.

Just about all of the world’s energy
–to do just about everythingcomes from carbon-based fuel:
Gasoline and Diesel
:. And Jet Fuel and Natural Gas
:.and Coal.
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Burning Carbon-Based Fuel
Oxygen is in the air we breathe. It is the part of air
that keeps us alive. We burn coal in oxygen to get its
energy. When coal is burned in oxygen it also makes
carbon dioxide and this turns out to be a bad thing.
Coal is mostly made from
carbon atoms, so we can
show the smallest possible
lump of coal as a single
carbon atom like this:
Oxygen is made from oxygen
atoms. The oxygen atoms in
air always come in pairs
called oxygen molecules.
They look like this:
The smallest possible piece
of carbon dioxide is a
molecule made from one
carbon atom and two oxygen
atoms. It looks like this:
Carbon and oxygen make carbon dioxide
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Some coal companies have talked about capturing
carbon dioxide that is produced by burning coal, and
pumping it back underground. This is called carbon
dioxide sequestration. So far, nobody has made
this work for a coal-burning power plant; and if it ever
does work, the process will be very expensive.
We also get energy from natural gas by burning it with
oxygen. When natural gas is burned in oxygen it
makes carbon dioxide and it makes water.
The smallest particle of
natural gas is a molecule
made from one carbon atom
and four hydrogen atoms. It
looks like this:
The smallest possible particle
of water is a molecule made
from one oxygen atom and
two hydrogen atoms. It looks
like this:
Oxygen and natural gas make carbon dioxide and water

Count the black carbon atoms on the left – there’s
one, right? Now count the black carbon atoms on the
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right. Each natural gas molecule has one carbon
atom, so it can only make one carbon dioxide.
Now count the yellow hydrogen balls on the left and
count the yellow hydrogen balls on the right. Each
natural gas molecule has four hydrogen atoms, so it
can make two water molecules with a total of 4
hydrogen atoms.
Also, there are four red oxygen atoms on the left; and
there are four on the right. When the numbers of
atoms are the same on the left and right sides, we say
that atoms are conserved. The burning of fuel,
where atoms are conserved is an example of a
chemical reaction.
We get energy for cars and pick-up trucks by burning
gasoline with oxygen. When gasoline is burned in
oxygen it makes carbon dioxide and water, the same
as natural gas.
Gasoline is a mixture of many
kinds of molecules. One kind
of molecule found in gasoline
is octane. Octane is made
from eight carbon atoms and
eighteen hydrogen atoms. It
looks like this:
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Oxygen and octane make carbon dioxide and water

If there are two octane molecules with a grand total of
16 carbon atoms and 36 hydrogen atoms, then 16
carbon dioxide molecules and 18 water molecules will
be produced. Even though, they are not all shown
here, each kind of atom is conserved in this chemical
reaction as well.
Diesel and jet fuel molecules burn in the same way as
octane. They look just like octane except that they
are longer, with more carbon and hydrogen atoms.

When carbon-based fuels
combine with oxygen, carbon
dioxide is ALWAYS
produced.
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Carbon-Based Fuel Problems
When we use carbon-based fuels to make energy, we
make lots of carbon dioxide. The newly made carbon
dioxide goes into the air we breathe. Every year, the
air that surrounds our planet Earth has even more
carbon dioxide than it did the year before. If we keep
going this way, by the year 2050 there will be twice as
much carbon dioxide surrounding the Earth as there
was in 1776.1
Energy from the sun comes
to us as light. The sun’s light
can easily pass through the
carbon dioxide that is in our
air. The sun’s light warms
the earth. Heat from the
warmed earth can NOT pass
as easily through the carbon
dioxide in our air. Carbon
dioxide is like a one-way
door: it lets light energy in,
but it won’t let heat energy
out. This trapped energy is
making the earth get a little
bit warmer, year after year.

Light gets IN. Heat can’t get OUT.

The earth is getting warmer.
The North Pole is melting.
The South Pole is melting.
1

For more on how we know this, go to http://www.gisp2.sr.unh.edu/MoreInfo/Ice_Cores_Past.html

13

Glaciers on the mountains are melting.
Greenland’s Ice Cap is melting.
The oceans
are getting
warmer.
When the
oceans get
too warm, the
coral reefs
die. This is
already
happening in
the tropical
ocean regions
of the earth.
Water from all the
melting ice is
raising the sea
level. The oceans
expand and rise
as they warm.
When the sea
level gets higher,
cities and farms
by the sea will be
flooded.
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Hurricanes and other violent storms get their energy
from warm oceans. As the oceans get warmer, the
storms become more violent.

Global warming has serious consequences; and
global warming means we all are making way too
much carbon dioxide, but this is not the only problem
with carbon-based fuels. There are other problems
as well:
Problem: Oil and natural gas production has already
peaked and is decreasing in many parts of the world.

The graph above left is Texas natural gas production;
above right is U.S. Oil production. The graphs for
Europe are very similar. As the supplies of oil and
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natural gas decrease, the price for what is left goes
up and up. This is the Law of Supply and Demand.
By 2020 only very rich people will be able to afford oil
and natural gas. Think about this. What will you be
doing in 2020?
Problem: Countries all over
the world make gasoline
and diesel from oil, but only
a few countries have oil to
sell. Many countries such
as the United States are
spending WAY too much of
their money to buy oil from
the few countries that have
it. Many countries are
going broke, buying oil.
Wherever coal
is mined, the
land is ruined.
When coal
miners get old,
many of them
die from the
coal dust that
has been left
in their lungs.
When coal is
NOT washed before it is used, it pollutes the air badly
with substances like acid and mercury. The acid from
16

burning the unwashed coal kills forests and lakes, and
ruins beautiful old buildings. The mercury makes
people sick and sometimes kills them.
When the coal IS washed before use, the sludge that
is left behind poisons hundreds of wells and the water
from them makes people sick. Even though some
advertising talks about “clean coal,” there is no such
thing –one way or another– All coal is dirty.
We must stop making the earth warmer. We must
stop depending on fuel supplies that are already
running low. We must stop giving too much of our
money to oil-rich countries. We must stop poisoning
ourselves, and our planet with dirty coal. We must
stop getting our energy from carbon-based fuels.
With every day that goes by, the earth gets warmer.
With every day that goes by, the supplies of oil and
natural gas get lower. With every day that goes by,
we lose more money to oil-rich countries. With every
day that goes by, more land is ruined and more
people are poisoned by dirty coal.
We need to stop using carbon-based fuels very soon,
but how can we make energy without them?
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Replacing Carbon-Based Fuels
Wind turbines are a good way
to make electricity without
using carbon-based fuel.
They must be installed where
the wind blows at least some
of the time; and they must be
near to big power lines that
can carry electricity to where
people live.
But wind turbines are undependable. They only make
electricity when the wind
blows. So far, we don’t have
batteries big enough to store
electricity for when the wind
stops. This means we should
only use wind turbines for
about one-sixth of our energy
replacement needs. A big,
new wind turbine costs about
2 million dollars, and we will
need about 10 million wind
turbines for that one-sixth of
our needs.2 It will cost 20
TRILLION dollars to install the
10 million wind turbines!
2

For more details, go to http://www.polywellnuclearfusion.com/Clean_Nuclear_Fusion/Windmill_Math.html
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Solar collectors are a good way to make electricity
without using carbon-based fuel. But unfortunately,
solar collectors only work well when they are facing
the sun. They do not work so well when it is cloudy or
when the sun does not shine straight into the
collector. During the night, solar collectors do not
work at all, and the battery problem is the same for
solar as for wind. So again this means we should
only use solar collectors to fill about one-sixth of our
energy needs –same as for wind. To make that onesixth, we will need to put solar collectors on about 2
billion sun-facing roofs.3 It will cost 40 thousand
dollars per roof to do that. 2 billion times 40 thousand
is 80 trillion. It will cost 80 TRILLION dollars to install
the one-sixth share of solar collectors!

3

For more details, go to http://www.polywellnuclearfusion.com/Clean_Nuclear_Fusion/Solar_Math.html
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Wind turbines and solar are good ways to make
electricity, but besides being expensive, they are also
undependable. The power company can’t count on
the wind to blow at just the right time; the sun for sure
doesn’t shine at night, and in some places, it can’t
even be counted-on to shine in the daytime.
But electricity users are also undependable. Air
conditioning, electric home heating, electric water
heaters, refrigerators, and freezers all use huge
amounts of electricity, and it is very hard to predict
when they will turn themselves on or off. Because of
this, it is very hard for the power company to predict
when large amounts of electricity will be needed.
This is a very serious problem because big coal-fired
electric plants, and nuclear reactors cannot just be
switched-on at a moment’s notice. All this
unpredictability requires the power company to keep
big coal-fired and nuclear power plants operating
even though they may not actually be needed.
Fortunately, none of these big electric appliances (air
conditioning, home heating, water heaters,
refrigerators, and freezers) have to run all the time.
They only have to run long enough and often enough
to properly do their heating or cooling. If the power
company could somehow turn off your home heating
or your refrigerator for a few minutes, while it starts up
a coal-fired plant, or while it waits for the wind to start
blowing again, it would help a lot! If the power
20

company could do this, they wouldn’t have to keep so
many big coal-fired or nuclear power plants operating
on the off-chance that they might be needed.
It turns out that the power company can do this. The
system is called a smart grid and it has already been
used in Sequim, Washington and several other towns
around the United States. The smart grid reduces the
highest user demand for electricity by about onetenth. This might not sound like much unless you
happen to know that there are more than 610 coalfired power plants in the United States alone. Onetenth of 610 is 61. If the United States changed-over
to a smart grid, 61 coal-fired power plants could be
shut down, without any need to replace them.
Electric cars can make the smart grid even better.
With a smart grid system, the power company can
decide when it is easiest for them to charge the
batteries in your car. But here is the amazing part:
the smart grid can actually use the batteries in your
car for short periods of time when they need a little
extra power! The system only takes a small part of
your electric car’s charge, so you will still have
enough of a charge to get to work in the morning.
Even more amazingly, it turns out that Denmark is
already doing this, and Israel is in the process of
planning such a system.
Some people believe there are other good ways to
get energy. These people will mention energy
sources such as geothermal or tidal or bio-fuel.
21

Geothermal uses the heat from deep inside the earth
to make steam to spin generators to make electricity.
Tidal uses ocean tidal currents to spin generators for
the same reason. Bio-fuel uses corn or sugarcane or
palm plants to make alcohol or palm oil, which can be
used in place of gasoline or diesel fuel.
Geothermal and tidal will not help very much. Even if
all of the very best geothermal and tidal sites on earth
are used, they will only be able to take care of about
one-fiftieth (1/50th or 2%) of our carbon-based fuel
replacement needs.
And bio-fuels are an especially bad choice of energy.
If a farmer grows corn to make corn alcohol, he is not
growing corn for food anymore, so there will be less
food for sale. This means that food will cost more,
which in turn means that more poor people will go
hungry or starve. Also, farmers do not actually use
alcohol in their tractors and other equipment when
they are growing corn, because alcohol does not work
very well. Corn alcohol makes no sense because
making it takes more gallons of gasoline or diesel
than the gallons of alcohol that are produced.
The only reason farmers would do a thing that seems
so foolish is their desire to make more money. The
United States federal government pays farmers about
two dollars of our tax money for each gallon of alcohol
they can make. This is a big waste of our money!
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If Brazilian farmers want to grow more sugarcane to
make more alcohol, then more land must be cleared.
This means more rain forests must be cut down and
burned to make more farmland. If a Malaysian farmer
wants to grow palm plants to make palm oil, then rain
forest must be cut down and burned to make
farmland. This cutting and burning of rain forest
makes WAY MORE carbon dioxide than the amount
that is reduced by using bio-fuels. Also, thousands of
kinds of plants and animals are destroyed forever by
the cutting and burning of rain forest.

How can we put a stop to this foolishness?
The best way would be to stop buying bio-fuel.
Unfortunately, a lot of people don’t know any better.
And some people are going buy alcohol and palm oil
anyway, because they are also needed for other
23

purposes. All this makes the problem more
complicated. Still, a solution must be found.
So far, we have talked about using wind, solar, and
the smart grid to replace about half of the energy from
carbon-based fuel. What can be done about the other
half?
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Nuclear Energy
Nuclear energy can be used to make electricity
without using carbon-based fuel, or releasing carbon
dioxide. To understand how nuclear energy works,
one must understand the parts of an atom; and it is
especially important to understand what a nucleus is:
Everything on the earth, and everywhere beyond the
earth, is made out of atoms. These atoms are made
out of electrons, protons, and neutrons. Electrons
have a negative electric charge, protons have a
positive electric charge, and the neutrons have no
charge at all. Like charges repel each other, so
protons naturally tend to fly away from each other.
But nuclear forces are stronger
than electric forces, and the
protons and neutrons are held
tightly together with nuclear
forces. This tiny little ball of
protons and neutrons is called
the nucleus and it is found in the
center of each atom. Since
opposite charges attract each other, the protons
attract the negatively charged electrons, and keep
them in the gray area around the nucleus, as shown
in the picture above. The electrons appear and
disappear –winking off and on in the gray area– like
blinking Christmas lights.
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You may recall that in chemical reactions the
number of each kind of atom before a reaction is the
same as the number after the reaction. This is not
true for nuclear reactions. In nuclear reactions, the
atoms before a reaction are different from the atoms
after the reaction. Also, a little bit of mass is lost in a
nuclear reaction. That lost mass is changed into
energy.
There are three important kinds of nuclear reaction:
fission, fusion, and the p-B11.
Nuclear fission is the splitting of a uranium 235
nucleus into two smaller nuclei and three neutrons:

Some of the new neutrons split other uranium 235
nuclei, which release even more neutrons, that split
even more uranium 235 nuclei, and so on. This
process is called a chain reaction. Nuclear fission
is the only kind of nuclear reaction that can do this.
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Nuclear fusion is the combining of a hydrogen
(deuterium) nucleus and a hydrogen (tritium)
nucleus to make a helium nucleus and a neutron:

Deuterium has one extra neutron; tritium has two.
The p-B11 reaction uses a proton to split a boron
nucleus into three helium nuclei:

Using this reaction, one teaspoon of boron can
make the same amount of energy as 3000 gallons
of auto gas. Nuclear reactions produce WAY more
energy than the burning of carbon-based fuel.
27

Nuclear fission details:
Speedy neutrons from the nuclear fission make hot
water, which turns into steam, which spins a turbine,
which spins a generator, and makes electricity.

Nuclear fission power reactors have been around for
more than 50 years. We would need 7,200 reactors

28

to replace the remaining half of the energy from
carbon-based fuel. Each nuclear fission reactor
costs about 2 billion dollars; so the total cost for the
remaining half would be about 14.4 TRILLION dollars
– which is less than the cost of either wind or solar.
A normal fission reactor holds a two-year supply of
radioactive uranium fuel. Control rods are used to
absorb any extra neutrons that are produced during
the chain reaction, and keep it from going out of
control. If something goes wrong with the control rods,
that two-year supply of fuel can melt or explode,
releasing radioactive material to the surrounding area.
The release of too much radioactive material can
make people sick or even kill them. And if the reactor
melts, a billion dollars or more will really go up in
smoke! This has already happened twice:
1. The nuclear reactor at Chernobyl, in the
Ukraine exploded, burned, and released
radioactive material. Many people got sick,
some were killed, and the reactor was ruined.
2. The nuclear reactor at Three Mile Island in the
United States melted. A billion dollar reactor
was ruined, and the company that owned it
was put out of business. A little bit of
radioactive material was released, but nobody
got sick or was killed.
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The fuel for nuclear fission reactors is expensive and
radioactive. If it is stolen, it might be used by
terrorists to make nuclear weapons.
The waste products from nuclear fission reactors are
also radioactive. They are very expensive (even
impossible, some say) to dispose of properly. Like
the fuel, if these waste products are stolen, they might
be used by terrorists to make nuclear weapons.
However, nuclear fission power is very dependable. It
works day or night, whether the wind is blowing or
not; and it is much cheaper than either wind or solar.
People will just have to decide whether the dependability and the low price are important enough to
outweigh the risks.
Nuclear fusion details:
Deuterium and tritium are the only fuels that will work
easily in fusion reactions. (We already said that
deuterium is a hydrogen nucleus with one extra
neutron; and tritium has two extra neutrons.) This type
of fusion reaction is called a D-T reaction for
“Deuterium-Tritium.” One hydrogen in every thousand
hydrogen atoms is a deuterium. Deuterium can be
separated from seawater, and it is cheap. However,
tritium is man-made, radioactive, and very expensive.
Magnetic fields, electric currents, and light are used
separately or in combination to heat and squeeze the
fuel. The heat speeds up the nuclei, and the
squeezing pushes them together. Both heat and
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squeezing must happen to overcome the repulsive
force between the like positive charges of the nuclei.
With enough heat and squeezing, deuterium and
tritium combine to make a helium nucleus and a
neutron. The neutrons produced by nuclear fusion
move so fast that, when they hit the walls of their
container, the walls get very hot. The hot walls can
heat water to make steam, which is then used to
make electricity in the same way that the steam is
used with fission.
There are already
many nuclear fusion
reactors in different
places around the
world. Some are
called tokamaks and
some are called
stellarators. One, at
Lawrence Livermore
in California, uses
lasers, and is called
the NIF. Many of these fusion reactors cost more
than a billion dollars to build. But even though people
have been working on them for more than forty years,
none of the fusion reactors work very well. They all
have the same problem: they use way more electricity
than they can actually make. (In a way, they are a
little like the corn ethanol – they use more energy
than they produce. At least, so far.)
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p-B11 reaction details:
The fuel for the p-B11 reaction is cheap and harmless. The “p” is a proton from ordinary hydrogen, the
same hydrogen that is in water. About half of the
boron found in Boraxo™ hand soap is the B11 type.
The “waste” produced by the reaction is not waste at
all. It is helium – like the helium in a helium balloon.
The proton and the boron nucleus each have a
positive electric charge and –remember– positive
charges repel each other. For the reaction to happen,
the protons and the boron nuclei must move fast
enough to overcome this repulsion. The Bussard
Fusion Reactor (BFR) uses opposite electric charges
to make this happen.
At its center, the BFR
pushes billions of
electrons together into a
cloud-like swarm with a
huge negative charge.4
The p+ protons and the
B+ boron nuclei are
positively charged, so
they are very much
attracted to the negative swarming electrons. They fly
violently into the swarm from all directions, and smash
together at the center. (When they get there, they are
moving so fast, that they completely miss the
electrons.)
4

For more detail, go to http://www.polywellnuclearfusion.com/Clean_Nuclear_Fusion/Polywell_Electric.html
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When they smash together, the p-B11 reaction
happens, and the new helium nuclei fly away from the
center. Even though the fleeing helium nuclei are
positive and attracted back by the negative electrons,
the nuclear reaction has given the nuclei so much
energy that they can easily overcome that attraction.
A metal ball, called a collector grid, surrounds the
whole set-up. The collector grid is connected to
power lines, and it has a positive charge. The
positive He++ helium nuclei flying out from the center
repel the positive charges in the collector grid. They
push the charges into the power line. When the
charges move through the power line, that IS
electricity! This electricity can heat homes or do
anything else that electricity can do.

The Bussard Fusion Reactor (BFR) is much safer
than the old Nuclear Fission Power Reactors because
33

it only holds a few seconds worth of fuel at a time.
There is very little fuel that can explode. If anything
goes wrong, the reactor will just quit working.
A company in Santa Fe, New Mexico called EMC2
finished successful testing of a small BFR in the fall of
2008. It is about the size of a soccer ball, and is
called the WB-7. The United States Navy will
probably ask for people to help EMC2 build a much
bigger reactor. It will be called the WB-100 and it will
be about the size of a McDonald’s play area.
Someday, the WB-100 will have a power output of
almost 100 megawatts.
We would need 72 thousand WB-100 reactors to
replace that other half of the energy from carbonbased fuel. Each WB-100 will cost about 200 million
dollars, so 72 thousand of them will cost a total of
14.4 TRILLION dollars.
The WB-100 is much safer than the nuclear fission
reactors; and it costs less than wind or solar.
Electricity from the WB-100 Bussard Fusion Reactor
can take the place of natural gas, gasoline, and coal.
It may be the best way to fix Earth’s big energy
problem.
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Table of Alternatives to Carbon-Based Fuels
Alternative
Unit

Power per Cost per
Unit in
Unit in
megawatts $millions
Wind Turbine
1.5
$2
1.5 Megawatt
million
Solar Panels
0.005
$ 0.04
40 on Roof
million
Nuclear
1000
$ 2000
Fission
million
p-B11
100
$ 200
WB-100 BFR
million

Required Total Cost
Units for
for
1/6 share 1/6 share
10
$ 20
million
trillion
2000
$ 80
million
trillion
2.4
$ 4.8
thousand
trillion
24
$ 4.8
thousand
trillion

This table only shows four alternatives. There are others:
Fusion is not shown because prospects for a real fusion
power plant are so far in the future (30 years), and because
there is not enough information to calculate the cost.
Tidal and Geothermal are not shown because their possible
contribution using present technology is so small (1/50th or
2%). There are powerful new technologies coming for both
tidal and geothermal, but the technologies are so new that
there is not yet enough information to calculate the cost.
Bio-fuel is not shown because the hidden costs (starvation
of billions of people, destruction of Earth’s rain forests) are
so astronomical that they are incalculable. It is true that
Nuclear Fission also has large hidden costs (possible loss of
fuel to bomb-making terrorists, and serious difficulties with
the radioactive waste disposal), however these costs are
well known enough to actually be calculable.
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The Wiffleball and Dr. Bussard
The BFR works because the positive nuclei are
attracted to the negative swarm of billions of electrons
at the center. But like charges repel each other, so
you would think that the electrons would all fly away
from each other in different directions. You might be
wondering, “What keeps all the electrons together
there in the middle?”
The short answer is that the electrons
are contained inside of a wiffleball –
although it is somewhat different from
other wiffleballs you may know about.
It does have holes in it, and the one
inside the WB-7 BFR, that we
mentioned earlier, is about the same size as a real
wiffleball.5 But this wiffleball is made out of magnetic
fields instead of plastic.
You can make a magnetic
field by connecting a coil
of wire to a battery or any
other source of electricity.
Whenever an electron
flies into a magnetic field,
the magnetic field pushes
it sideways, and bends
the path of the electron.
As the electron’s direction
5

Indeed, the “WB” in WB-7 stands for wiffleball!
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of flight changes, the magnetic field keeps pushing
sideways to the new direction, so the electron is
forced to fly in a curved path. The magnetic field
keeps changing the direction of the electron’s flight,
until the electron is headed back toward the center of
the swarm. This is how the wiffleball can contain the
electrons.
But now you are probably wondering, “How can a
magnetic field be shaped liked a wiffleball?”
The short answer is, the
magrid does it. The
wiffleball is created by the
magrid that surrounds it. The
magrid is made from six coils
of wire, arranged like a cube.
An electric current flows
through each of the six coils,
producing a magnetic field.
Each coil’s magnetic field points into the center,
creating a sort of magnetic “box” around the place
where the wiffleball will be. Billions of electrons are
squirted into the center of the box by an electron gun.
The electrons repel each other, and try to fly back out
of the box. When they try to escape, the magnetic
fields push them sideways. The fleeing electrons
push back on the magnetic fields, and squish the
magnetic fields up against the coils, into the wiffleball
shape.
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Since there are only six
coils, the “box” created
by the magnetic field isn’t
perfect. There are holes
in the field. These holes
are called cusps. They
are the holes in the
whiffleball. Some of the
electrons leak out
through the cusps, but
when they do, they are
not lost for good. The magnetic lines of force on the
outside of the magrid will guide most of the electrons
back into the whiffleball. When the electrons escape
and return again, it is called recirculation.
The magrid was invented by Dr.
Robert Bussard in 1986. In
1987, he started a company
called EMC2 to build the
Bussard Fusion Reactors. (Dr.
Bussard called them polywells.)
However, it took him and his
team at EMC2 eighteen more
years to make the magrid work
properly. They did many
experiments, and built many
different versions of the BFR. The United States
Navy paid EMC2 for all this research. The Navy
hopes to use BFRs someday to power their ships and
submarines.
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WB-1 was the first BFR.
It was made from donutshaped ceramic
loudspeaker magnets,
very much like big
refrigerator magnets, but
fastened together in a
cube. The WB-1 did trap
some electrons, but it did
not work very well.
The BFR that finally
worked was the WB-6. In
November of 2005, it
produced over one billion
fusion reactions per
second; but the team
accidentally burned out
the wiring in the coils
before they could show
anyone else. And then
the US Navy had to quit
paying EMC2 because all
of their money was
needed for the war in Iraq.
Dr. Bussard and his team were very happy and very
sad, both at the same time. They were happy
because they finally got the BFR to work, but they
were sad because they had no money to continue
their work and build a bigger BFR.
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This was not the first big disappointment in Dr.
Bussard’s life. From the time he was little kid, Dr.
Bussard had wanted to be an astronaut, and fly a
rocket to Mars. He got a masters degree in
engineering from UCLA in 1952, so he would be able
to build rockets.
In 1953, he wrote a paper on
nuclear rocket propulsion, and
the US Air Force was very
impressed. They hired him to
build a nuclear rocket. By
1970, Dr. Bussard’s team had
built a nuclear rocket engine
that could be switched on and
off. It had a thrust of 250
thousand pounds, compared to
the space shuttle’s main engine
thrust of 400 thousand pounds.
But even though it had less
thrust, the nuclear rocket was
much better. Remember how
one teaspoon of boron can
have as much energy as 3000
gallons of gas? If you don’t
need to carry thousands of
gallons of fuel, you don’t need
nearly as much thrust; and you
will be able to travel MUCH further. NASA planned to
use the nuclear rocket for a manned trip to Mars in
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1981. Dr. Bussard’s boyhood dream was about to
come true!
But his hopes were dashed when the program was
cancelled in 1973. There were several reasons for
this. Many American taxpayers lost interest in space
travel after the United States won the race to the
moon. Many scientists and engineers thought that
little robots would be able to explore Mars for a lot
less money. And some people were afraid that the
nuclear rocket engine might produce radioactive dust
that could make people sick.
Dr. Bussard died of lung cancer in October of 2007.
But before he died, he was able to get the Navy to
start paying for BFR research again. He and his wife
hired another team, headed by Dr. Richard Nebel,
and the work is continuing even now.
Unfortunately, there is not enough money to do the
BFR research properly. Both Dr. Bussard and Dr.
Nebel have repeatedly told the Navy that the next
research step should be building the WB-100. It will
cost 250 million dollars to build the first WB-100. But
the Navy has only been able to give EMC2 about a
million dollars per year. This is just not enough. If
you believe that EMC2 should have more money to
build a WB-100, you should write to your Senator or
Representative and tell them that.6
6

http://www.senate.gov/general/contact_information/senators_cfm.cfm
https://writerep.house.gov/writerep/welcome.shtml
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Hope for the Future
We cannot continue to get our energy from carbonbased fuels. They cause global warming, they harm
people, they pollute water, and they pollute the air we
breathe. They ruin the countryside, they cost so
much that we are going broke paying for them, and
some of them will be gone in 20 years.
Some alternatives to carbon-based fuels, such as
solar and wind, are undependable. They only work
when the sun is shining or the wind is blowing. And
solar is terribly expensive. Other alternatives such as
geothermal and tidal will not give us nearly enough
energy. And bio-fuels make no sense at all. They
cause more problems than carbon-based fuels.
Nuclear reactions are the only dependable way of
making enough energy to completely replace carbonbased fuels. However, nuclear fission may still be
somewhat dangerous. And even though several big
fusion reactors have already been built, none of them
work properly, and they are all incredibly expensive.
If the p-B11 reaction can be made to work in the
Bussard Fusion reactor, it will probably be the
cheapest, safest way to make enough energy to
completely replace carbon-based fuels. The p-B11
reaction in the Bussard Fusion Reactor is probably
our best hope for the future.
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