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One wonders what fusion strategy we would have taken
40 years ago if we knew what we know now. The importance
of the stable plasma confinement was recognized from the
beginning, first for configurational stability and then
suppression of turbulent transport. Many ideas and
experiments were tested in 60's and 70’s. The attempts were
successful and the stable quiescent plasma was produced in
the internal ring devices. In parallel the idea that we may be
able to live with turbulent plasma was pursued. It is motivated
by the view that the configurations must be “reactor relevant”.
The internal ring systems were judged as not relevant. Since
the turbulent transport rate determines the size of a reactor,
the efforts were concentrated in reduction of the transport rate.
The beating of Bohm rate by T-3 tokamak swung the tide.

What was recognized but not really appreciated is the
fact that the classical transport is predictable but the
turbulence transport is not. Consequently the efforts were
concentrated in obtaining empirical scaling laws by building
many tokamaks in the world. It turned out to be a formidable
task, In contrast to the fluid dynamics where Reynold number
enables one to predict the performance of the real thing from
the model tests; we are still far from acceptably accurate
performance prediction. As aresult the design of the next step
is forced to be conservative and the device is large and costly.

The classical transport rate is not only small but its
scaling is advantageous for the reactor development. For a
given device, n [plasma density] x 7 [confinement time] is
constant. The ignition condition is in terms of n 7 but the
power out put is proportional to n?. In other words the ignition
can be achieved at very low power. The ignition
demonstration can be done in a physics machine. The fusion
power may be increased by raising plasma density after the
ignition at low power is acheived. The power handling and
the nuclear engineering equipments are added as needed. A
ignition machine based on the turbulent scaling requires full
engineering for high power to start with.

What if we took a different tact, namely attack “reactor
relevance’ rather than plasma confinement? There are severa
problems with the internal ring systems and the most acute
one is the rejection of heat. The rings are surrounded by
fusion plasma and receive several MW per square meter of
heat in the forms of the particles such as neutrons and the
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radiation. The situation is similar to a spacecraft where the
waste heat must be radiated away into space. The skin of the
rings must be above 2000°K to radiate more than MW/m?,

The rings contain the superconductors at cryogenic
temperature. The super-insulators must maintain the
temperature gradient between the cryogenic temperature and
the high temperature of the skin. There will be unavoidable
heat leak and refrigerators with their power supplies are
needed. Since the heat input is in the form of high energy
neutrons the power generation is straight forward. It is like
the power generation on earth. The heat balance of the earth
is approximately between the solar radiation which is like
blackbody radiation at 6000°K and the radiation from the
earth at 300°K into space. All power generators on earth
except nuclear power plants produce power by degrading heat
at 6000°K to 300°%K. For the rings the neutron energy is
degraded to the skin temperature to produce power. An
example is thermionic converters.

The cryogenic systems and superconductors must be
shielded from the neutron flux. The thickness of the shield
determines the minimum size of the minor radius of the rings.
D-D reactions which require thinner shield or aneutronic
reactions may be preferable for this reason.

The rings must be held in place against the magnetic
force and the gravitational force. For the terrestrial
installations the rings must be levitated magnetically against
gravity. If it isinstaled in a space station only the tidal force
must be compensated. The magnetic force situations are
different for one ring [Spherator], two ring [Quadrupole] and
so on. The one ring system requires the toroidal magnetic
field. The linked magnetic coils make it unattractive. The rest
does not require the toroidal magnetic field. The torus may
be of alarge aspect ratio like “bicycle tire” and access to the
plasma is quite good. Quadrupole with two rings placed on
the median plane is attractive in terms of magnetic force. The
attractive force between parallel currents is taken up by the
hoop stress of the rings and there is no force to move the
rings.

It may need feed back coils to stabilizing against the tilt.
The systems with three or more rings have the rings off the
median plane. Those must be held against the force toward
the median plane. Quadrupole has shallower magnetic well
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compared to higher order multipoles. If the well is good
enough, it has a definite advantage in mechanical aspect.
The hypothetical plan has two components, first build a
low power ignition device in space and second develop the
high power rings terrestrially. The ignition device uses two
floating rings. Since the ignition power is miniscule and
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cannot heat the ring significantly, they contain only the
cryogenic super conductor coils. Because it is in space the
project is international and the site is not in any country.
Suppose we initiated the plan 40 years ago. Where we
would be now? My speculation is that the probability of
having achieved ignition is pretty high. Reactors? May be.
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