The Secrets of Economy

REPORT

The Promise of Fusion Rocketry

by Joel DeJean

This is a transcription of the oral report given by Joel
DeJean to a LaRouche PAC class in Houston on June
24. He was introduced by Kesha Rogers of the LaRouche
PAC Policy Committee, who noted that the subject is not
simply the technology of fusion power, but the develop-
ment of fusion power as a way to ignite the advance of
mankind. Extraordinary developments are taking place,
she said, and DeJean s report has implications beyond

science as such. Right now we need to make a total sci-
entific breakthrough for mankind. There are new devel-
opments in research that will take the American-Chi-
nese cooperation for the New Silk Road to the next leap.
That is what fusion power and cooperation in space will
do, because we’re not just talking about the Chinese
coming here to help us build our railways systems and
rebuild some dams and ports, and then going home.
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Rather, we must ask, “What is the next mission of coop-
eration for mankind? ” And the answer, she said, is space
cooperation, and space cooperation driven by the devel-
opment of fusion power as the key source for increasing
the energy available to mankind.

A few weeks ago we had a conference call on the
Space Silk Road, and discussed some of the latest de-
velopments on how to get to low Earth orbit. Addition-
ally, Brian Lantz discussed some of the developments
around nuclear thermal rockets—fission-based rockets
that will be useful to go between low Earth orbit and the
Moon. Then Kesha sent me the link to an article about a
recent design for a fusion rocket to go to Mars, a rocket
with an engine about the size of a refrigerator, and
Megan Beets found another article about it. I called Mi-
chael Paluzsek, the president of Princeton Satellite Sys-
tems, which developed this proposal a few years ago,
and he sent me the proposal itself. His team proposes a
manned mission to Mars, using what it calls a Direct
Fusion Drive rocket engine. It could accomplish a
round trip in something like 310 days.

Before I get to the proposal, I’'m sure you all remem-
ber that Curiosity, which is still functioning on Mars,
left Earth orbit on Nov. 26, 2011, using a chemical
rocket, and landed on Mars on Aug. 6, 2012. So it took
more than eight months to get from Earth to Mars—
eight months! During its voyage, the team got readings
from sensors measuring the amount of cosmic radiation
that would hit a traveller en route to Mars for nine
months. It turned out that it would be something like the
equivalent one CT scan a week for a whole year. Com-
bine that with the low-gravity atrophy of your muscles,
living at microgravity for months. If you were to send a
crew to Mars using chemical rockets, you would prob-
ably end up with a dead crew, before they even got to
Mars orbit. At the least, by the time they got to Mars
orbit they certainly wouldn’t be very functional.

What piqued my interest in the design of the Direct
Fusion Drive, was not only that it was using compact
magnetic confinement, but that it was also using the
combination of deuterium and helium-3 as its fuel.

Why fusion? Why not use more efficient chemical
rockets? Or why not use nuclear thermal rockets, in
which a fission core heats a gas, and that gas is used as
the propellant? Well, the most efficient chemical pro-
pellant rocket that we have, uses the reaction of hydro-
gen gas with oxygen, H, + O,, to get H O, or water.
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This reaction releases 8 electron volts of energy. Now
fusion is what happens in the Sun—and we’ve already
achieved fusion on Earth, called the H-bomb; what we
are seeking is controlled fusion, so that you can con-
trol the release of the energy. In this case, we use an
isotope of hydrogen called deuterium, which has one
proton and one neutron, instead of having just one
proton. With it, we use an isotope of helium, called
helium-3. Normal helium is helium-4, which has two
protons and two neutrons, but helium-3 has two pro-
tons and only one neutron. We want to fuse those two
atoms.

To fuse them, we need high temperatures, and we
need a certain density of what is called the plasma—
and we’ll go through that—and we need enough time
under these conditions so that you can have these ele-
ments fuse, creating a new element—helium-4 plus a
proton. The energy released from this fusion reaction,
called the D-He3 or deuterium-helium-3 reaction, is 18
million electron volts. So in the chemical and fusion
reactions, you have only the elements of hydrogen,
helium, and oxygen—an isotope of hydrogen, or a mol-
ecule of hydrogen, an isotope of helium, or a molecule
of oxygen—but the fusion process releases more than a
million times more energy in electron volts, a million
times more energy than any chemical reaction, whether
it’s combustion, the process inside an electric battery,
or whatever.

Now I want to go through the concept of this rocket
design. The Direct Fusion Drive engine is based on de-
velopments at Princeton University. The Princeton
Plasma Physics Laboratory (PPPL) has been working
on fusion for decades, even though it has had major set-
backs in funding. PPPL is using the concept of mag-
netic confinement of the plasma to get fusion.

Princeton Satellite Systems’ idea is to use its Direct
Fusion Drive engine together with NASA’s Space
Launch System, and with NASA’s Orion spacecraft
carrying the crew as far as Earth orbit. (Orion is now
being developed.) You will launch this ensemble to
Earth orbit to reach the Deep Space Habitat, a module
now being developed by NASA for living and working,
which will travel between Earth orbit and Mars orbit.
The motor in this concept is six of the Direct Fusion
Drive rocket engines. You launch the Deep Space Hab-
itat into Earth orbit with the Space Launch System,
which has about the lift capacity of the old Saturn V.
The Saturn V rocket from the Apollo Program days
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Schematic of Direct Fusion Drive core. Deuterium gas, introduced into the gas
box, is ionized there. This newly formed plasma flows to the right in the scrape-off
layer (SOL), where the electrons are heated as they pass over the field-reversed

configuration region.

could lift 100 metric tons of payload into low Earth
orbit, if you remember, which included the capsule, the
landers, all the equipment, and the crew.

So what you do now is, first, launch that Deep Space
Habitat with the fusion motor into Earth orbit. Then,
after everything has tested out in orbit, you launch the
crew into the same Earth orbit in the Orion capsule, for
transfer to the Deep Space Habitat. Finally, the Direct
Fusion Drive engines power the Deep Space Habitat to
leave Earth orbit and head to Mars (see Figure 1).

To get to low Earth orbit, you have to reach a speed
of 17,500 mph. So if you use your app and locate the
space station—you can actually see it going over at
night—it’s travelling at 17,500 mph to stay in orbit.
Now, to leave Earth orbit you have to reach a speed of
25,000 mph, so that you can escape Earth’s gravity—to
go to the Moon, Mars, or Pluto. What’s fascinating
about the Direct Fusion Drive, shown in Figure 2—you
see the exhaust on the right—is that it uses the Prince-
ton Field-Reversed Configuration to confine the plasma.

Let’s review what a plasma is. If we start with a gas,
like the air in this room, at high enough temperatures,
the electrons orbiting hydrogen or oxygen or any atom,
will be stripped away, so we will have ions and elec-
trons separated from each other—and that’s called a
high-temperature plasma.

The Direct Fusion Drive system uses deuterium,
which is a heavy isotope of hydrogen (having an extra
neutron), tanks of liquid deuterium, and liquid helium-
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D-He3 Fusion

3, which is injected into the
plasma chamber.

You may have seen the
huge magnetic confinement
systems that use a toka-
mak—a doughnut-shaped or
torus-shaped vessel that has
magnets going around its cir-
cumference (along the tube
of the torus) and also at right
angles (wrapping around the
tube of the torus)—and when
the magnets are in operation,
they will confine the plasma,
keeping it away from the
inner walls of the torus.

Now to attain fusion, the
plasma has to reach tempera-
tures of close to 100 million
degrees Centigrade. You can imagine if you had plasma
at 100 million degrees hitting the side of a vessel, made
of any metal, it would vaporize that metal. So you con-
tain it with magnetic fields.

The Princeton Field-Reversed Configuration uses—
instead of a torus—a cylinder, with high-temperature
magnets. When the helium-3 and deuterium gases are
injected into the chamber, they are heated to the point of
ionization with radio waves in the megahertz range,
creating a plasma. The plasma, because it has charged
ions and electrons, will create an electric field. And
electric fields always create magnetic fields. The field
created here will be the reverse of the applied magnetic
field, and this will provide the containment. That allows
us to have the plasma contained within about a 2 meter
diameter inside that cylinder. So the dimensions are 2
meters in diameter and 10 meters long.

Once you ionize the gas, then you heat it further, to
high enough temperatures to achieve fusion. Now once
you achieve fusion, because the reaction products,
helium-4 and the proton, are positively charged, they
can be manipulated using magnetic fields in what’s
called a magnetic nozzle. If you look at the Space Shut-
tle when it launches, you see the nozzle directing the
propellant—you can see the swivelling of the nozzles.
But if you were to use an ordinary nozzle with high-
temperature plasmas, you would melt the nozzle. So
you have magnetic fields in the nozzle so that you can
direct the exhaust.

szzle Coil

Exhaust Plume
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FIGURE 3

PFRC-2 device under assembly.

Fusion Drive will not only produce
the exhaust from the propellant,
giving you the thrust to get to Mars,
but it will also generate electric
power, to power the entire spacecraft
for your mission to Mars.

Let’s go back to Figure 2. The
white areas in the figure are shield-
ing. In another reaction that is typical
for fusion experiments, deuterium
and tritium are used instead of deute-
rium and helium-3—tritium being
another isotope of hydrogen that has
one proton and two neutrons. Using
deuterium and trittum produces
almost as much energy as deuterium
and helium-3. However, most of the
energy is carried off by a neutral par-
ticle, the neutron, which cannot be
controlled by magnetic fields because
it has no charge. The neutrons will hit
the sides of the engine and will even
penetrate the crew compartment, so

FIGURE 4

PFRC-2 device during operation.

In a chemical reaction, the exhaust velocity of the
propellant is on the order of 10 kilometers per second,
while in a fusion reaction you can get exhaust velocities
of over 25,000 km per second or even higher, because
of the high energy of a fusion reaction. You can adjust
the exhaust velocity. You can get an increase in thrust
through an increase in propellant velocity. This Direct
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you have to provide enough shielding
to protect the crew from these high-
energy neutrons.

But some shielding is needed even
for deuterium-helium-3 fusion. Even
though this reaction produces only
positive charges, deuterium-deute-
rium reactions will also occur. While
95% of the fusion products will be
charged helium-4 or a proton, about
5% will be high-energy neutrons and
some tritium, so that you still need to
have some neutron-shielding while
the fusion process is going on.

Figure 3 shows the Princeton
Field-Reversed Configuration as em-
bodied in the PFRC-2 device while it
was being assembled. They have al-
ready built this. They haven’t achieved full fusion
power yet, but this work is being done under NASA
contract through the NASA Innovative Advanced Con-
cept Program, which is intended to fund projects that
could pay off'in 10 to 100 years in the future.

Figure 4 shows the PFRC-2 device during experi-
mentall operation.

EIR July 21,2017



FIGURE 5

Power Bus

Spacecraft |

#F .
¥ - }—J
:'1H° RF Generatar
Inpecion ¥

project that once they prove
that they can heat the plasma
to high enough temperatures,
and that it is dense enough,
and that they can have long
enough confinement time so
that they can achieve

T Caoil
o — Refrigerator "'—'—|
Injectar |

l

Cenerator

-
v

Heat Engine L

1\_'7/ Shielding L) *
/_'\ REsIarT
\ | Auxiliary
|: o LT —  Power Unit
/
\\ 0, ,
T Electrolysis

Direct Fusion Drive subsystems.

When I talked to Dr. Paluszek, he said that he and
his team are ready for Phase 3, but they lack funding.
Now, a measly 20 million bucks—we’re talking about a
few cruise missiles, we’re talking about one-tenth of a
F-35 fighter—would pay for the next phase. And they

FIGURE 6

The Mars transfer vehicle with a docked Orion spacecraft on
the far right. Next to the Orion are two high-gain dish antennas
and then the Deep Space Habitat—two gray tubular units. The
clustered, large brown tanks hold deuterium. The bundled
Direct Fusion Drive engines are at the far end (shown in
brown), beyond the heat dissipation panels.
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fusion—then they can use
these engines for a demon-
stration flight to Mars.
Figure S takes us beyond
the plasma chamber. Here

. we see the subsystems nec-
essary to make things happen
in the chamber.

A lot of testing is required
Power Recycling

to prove the concept of the
field-reversed configuration.
The concept goes back to test-
ing in the Los Alamos Na-

tional Laboratory in the

1990s. It has also been tested

in the Pacific Northwest Na-

tional Laboratory in Red-

mond, Washington and the
U.S. Naval Laboratory in San Diego. Some testing has
also been done at the Air Force Research Laboratory in
Dayton, Ohio. So there’s a lot of research going on. Lock-
heed Martin is working on a compact magnetic fusion
reactor that would be about the size of a truck. So, if they
can divert some of that money from that F-35 program
into fusion, we can get there a lot quicker. [laughter]

The Mars transfer vehicle, shown in Figure 6, con-
sists of the the Direct Fusion Drive and Deep Space
Habitat, where the crew of either four or six will live
and work. The Deep Space Habitat, as you can see in
Figure 7, is like a small space station. It has laboratory

FIGURE 7

NASA’s Deep Space Habitat.
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to burn and then coast for a while.
When it approaches Mars, the crew

will have to turn on the motors to
brake. The idea is to orbit Mars, not
to fly by. So it will brake, achieve an
orbital insertion, and then stay in
Mars orbit for 30 days. To return to
Earth, they will again fire the motors,
achieve escape velocity from Mars
orbit, and coast a while. Once they
approach Earth, they have to slow
down and enter Earth’s orbit. At that
point, another Orion capsule will be
sent to Earth orbit to bring the crew
back, because you won’t come back
to Earth’s surface with the Deep
Space Habitat.

Something like this would be the
equivalent of Apollo 8. If you re-
member December 1968—the first
time man left Earth’s orbit was in De-
cember 1968. And if you remember,
when the crew in the Apollo 8 ap-
proached the Moon, it was not imme-
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A round trip mission to Mars takes only 310 days, including 30 days in Mars orbit.

The outer orbit is that of Mars.

and experimental compartments, as well as exercise
rooms, so you can live in that habitat.

A round trip mission to Mars will take only 310
days, including 30 days in Mars orbit (see Figure 8).
The Deep Space Habitat is driven by six Direct Fusion
Drive rocket engines. Each engine produces 11.5 mega-
watts of power, so the whole assembly will produce
about 70 megawatts, which is the power of the heavy
nuclear-powered aircraft carriers such as the USS
Nimitz.

When the crew is on board in Earth orbit, and every-
thing tests out, the engines will burn to leave Earth
orbit, followed by a coasting period, so the travel time
would be about 140 days. That’s still a little long, but
this is the first step. Remember that the Wright brothers’
first aircraft flew at about 40 mph. Now we go a little
faster, but this is the first step.

The craft will achieve escape velocity and continue
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1.5 diately known whether they were
down. NASA had to make precise
calculations. In the movie, Hidden
Figures, you see them doing the cal-
culations. Because you have a
moving capsule, you have the speed
in orbit—so everything had to be worked out to the dec-
imal point. They went around the Moon, and of course
you can’t hear any radio signals once they’re behind the
Moon, and so there was a period of minutes when you
didn’t know whether they would make it, or they would
go into the Sun, or what. And then they came back, and
you heard them reciting from Genesis—it was Christ-
mas Eve.

So this Mars orbital mission would be the equiva-
lent breakthrough.

At the end of the paper, the authors mention that you
could also use these Direct Fusion Drive rockets to de-
flect an asteroid coming at you. You could get to an as-
teroid and deflect it before it hits the Earth.

They also mention that Direct Fusion Drive could
be used for robotic missions, such as a mission to Pluto.
The recent Horizon mission to Pluto took nine years to
get to Pluto, they say, but it didn’t have enough fuel left
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Earth.

You would actually have
enough power to send a lander to
the planet, and you could beam
energy to the lander with a laser
system, so that it could actually
move around the planet, even
though it is billions of miles from
Earth, where you can’t use solar
power.

What this example illustrates
is that “Direct Fusion Drive will
open space to new avenues of ex-
ploration and rapid industrializa-
tion,” as the authors themselves
say.

So this proposal is sitting on
somebody’s desk at NASA, and it
was put together a few years ago.
By the way, I did ask Dr. Paluszek
whether he knows of any work
being done by the Chinese. He
said he can’t talk to the Chinese.
Because it’s a NASA-funded pro-
gram, it would be illegal for him
to talk to the Chinese—and he

Direct Fusion Drive will open space to new avenues of exploration and rapid

industrialization.

to brake, so it flew by Pluto in a matter of hours, mean-
while taking an abundance of pictures. The spacecraft
had a very limited supply of power. Even though it was
powered by a plutonium radioisotope thermoelectric
generator, it had only about 200 watts of power, so that
when it started transmitting the pictures back to Earth,
the transmission rate was about 1,000 bits per second.
So I think they’re still transmitting pictures from Hori-
zon! [laughter]

But with Direct Fusion Drive, you would have not
only more thrust, but more electric power, something
like 2 megawatts available for radio and other systems.
So that an equivalent mission to Pluto would take
something like four years instead of nine, and once you
got there you could slow down and actually orbit the
planet. Your transmission rate would be in the megabit
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can’t even talk to the Russians!
Even though, if we want to go to
the Space Station, the only way
to get there is with Putin’s okay!
[laughter] ... So apart from money, what we need is
more collusion.
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