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A double-cusp type direct energy converter was propo
sed from thermal energy out of confined plasma to electri
city. 1) In this conversion system charge separation is 
necessary to recover ion kinetic energy. The equilibrium 
of nonneutral plasma ( pure ion plasma) was studied. 

The thermal equilibrium ion distribution in the axi
symmetry system is given by 2) 
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are the energy, canonical angular momentum, and canoni

cal momentum, respectively. The quantities ¢J(r) and 
Ao (r) are the electric potential and the azimuthal com
ponent of the vector potential, respectively. And the quan
tities ai, Wi and Ui are constants. For a uniform axial 
magnetic field Bz , the vector potential is given by 
Ao (r) = r Bz / 2. By using this vector potential, ion distri
bution function can be written as 
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From the average velocity 

<Vo>(r) = fvofidvlni(r) rWi, (9) 

one can see the plasma rotates as rigid rotor with angular 

frequency Wi and translates to axial direction with speed. 
The ion density distribution is determined by three poten-

tials: the electric potential, the centrifugal potential, and 
the potential associated with the electric field induced by 
rotation through the magnetic field. The density should 
approach to 0 according to infinity radius, i.e. 
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This gives the rotation direction to that of magnetic field: 
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The electric potential is determined by Poisson's 

equation 

1 d d¢J 
--r-
r dr dr 

1 --I q·n·(r) 
C' • } } 

co J 

1 
--qini(O)exp[-~i(r)], (13) 

£0 

and the boundary conditions ¢J = d¢J Idr = 0 at r = O. The 

distributions of density and electric potential with rota
tional equilibrium are shown in Fig. 1 , where !lei and W pi 

are the ion cyclotron and plasma frequencies, respectively. 
The smaller value of !lei I W pi does not give the equili
brium configuration. The effects of electron to pure ion 
plasma should be studied. 
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Fig. 1. Equilibrium distributions of ion density and 
electric potential with rigid rotation. 
The quantities !lei, W pi, and A Di are the ion 
cyclotron, plasma frequencies and ion Debye 
length, respectively. 
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