Summary 18:

THE ROAD TO FUSION ENERGY  (7 pg)

The Linear (Z) Pinch

Simple. Two electrodes. Pulsed capacitor electrical discharge. Pinch effect. High temperatures, high density. 

Neutron bursts observed; but shown to be not thermonuclear; probably beam effect, beams from instabilities.

Major obstacle: 

End losses

Instabilities: stabilization attempted, using axial B field.

Magnetic Mirror

To reduce end loss. Confinement time increased; but limited by loss cone effect.

Toroidal geometry

No end losses; 

Stabilization provided by toroidal field;

but problem arises due to inhomogeneity of toroidal field , decreasing from inner part of minor x-section to outer; also curvature in B field.

This gives rise to ion drift in opposite direction to electron drift, set up E field; resultant plasma drift perpendicular to both E & B fields. Plasma drift to outer wall and is quenched.

This happens with closed toroidal field lines, said to be degenerate.

Require Rotational Transform so that a toroidal field line does not close upon itself after 1 loop, but is displaced so that a filed line continues round & round to produce a magnetic surface. 

With such a RT, drift compensation occurs- and

Plasma loss due to drift to wall is eliminated.

Implementation of RT with Stellarator:
In effect twisting the ‘doughnut’ to generate the required RT. Complicated engineering, cannot improve aspect ratio (long and thin) ;

 good initial results; but poor scaling. 

Implementation of RT with the Tokamak

The Russians pointed out ( & independently an Australian team at the ANU in Canberra with their slow toroidal theta-Z pinch) that the simple torus, with its poloidal field (from the heating current) and its toroidal field (from the toroidal windings) for stabilization already produces a RT.

Advantages of Tokamak: Simpler engineering, improved aspect ratio (can fatten! ie can increase ‘a’, hence nref ambipolar diffusion lectures: n( ~ a2B2T½      (3.66))-call this “Diffusion Scaling”
Good scaling achieved with Tokamaks.

Academician Artsimovich: 

1960’s, increasingly bigger tokamaks; 

However, “Diffusion Scaling” not sufficient to account; other scaling factors e.g.coherent effects may actually be more important.

1990’s:  T-60

TFTR

               JT-60

               JET (Joint European Torus)

1998, at Prague ICPP, JET announced Q of 0.2 achieved. JET was not designed to achieve breakeven; and has demonstrated all its goals.

The next generation device will achieve scientific breakeven.  ITER.- presently at design stage, already several years; decision to build? Build, commissioning, experiments 2005?

Then will follow next generation device to achieve economic breakeven- a device which will produce fusion energy, at costs competitive with other power plants.

Other approaches:

Laser  compression of micro-targets

Plasma focus (an advanced type of pinch)

Several types of compact, closed configurations

Device such as the plasma focus is a low cost device (note the UNU/ICTP PFF, UN University/International Centre for Theoretical Physics network; and the ICDMP, International Centre for Dense Magnetised Plasmas) which provide rich areas of research, besides its possibilities for scaling up towards breakeven.

Moreover, besides fusion energy, there are many applications for such high temperature, high density plasmas, with intense radiation of beams: electron beam, ion beam, hard x-rays, soft x-rays (SXR ).

Applications include: microelectronics lithography (using SXR), micro-machining (using SXR  from neon focus), neutron source, weapons simulation, materials modification (using e.g. argon beams); even space propulsion.
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For a pulsed device such as a plasma focus, or laser compression, extremely high velocities are generated in the early dynamic phase. Much of the dynamics is dominated by shock waves.

