
48 CONTROLLED THERMONUCLEAR REACTIONS 

can effectively exert a pressure on the charged particles and so restrain them 

from leaving the reaction region and reaching the walls of the reactor (or· 

containing) vessel.* 


3.6. Before considering the matter of the confinement of a plasma by elec

tric or magnetic fields, a brief digression is necessary to discuss the forms of 

the Maxwell equations that are appropriate to the present situation and the 

units used to express the· various. electrical and magnetic quantities. 


3.7. Although mks units are widely employed in connection with macro

scopic electrical quantities, the common practice in plasma studies is to use 

the Gaussian system, since it is more suited to the treatment of the microscopic 

behavior of charged particles. In this system, which will be used except where 

Inacr,Oscopic measurements are involved, electrical quantities are given in terms 

of electrostatic (cgs) units and magnetic quantities in electromagnetic (cgs) 

units. Thus, potential difference and current are in statvolts and statampe~es, 


respectively, where 1 statvolt is equal to 300 volts and 1 statampere is equiva

1010lent to 10lc ampere, where c is the velocity of light, i.e., 3.00 X cm/ sec. 


Electrica,l charge is expressed in statcoulombs, so that the electronic charge has 

the familiar value of 4.803 X 10-=-io' esu. Magnetic quantities are stated in 


\ terms of the oersted arid the gauss; for reasons to be given below, only the 
. latter will be 'used in this book. 

3.S. For material media, Maxwell's equations of ·electromagnetism are gen

erally written, in Gaussian units, as 


v·D = 471"0" 	 (3.1) 

v·B = 0 	 (3.2) 
..J. . 1 aBVXE= --. 	 (3.3)

c at 
. 1 ( aD)

J \.. vXH=- 471"j+- ,. 	 (3.4)
c at 	 W 

where E is the electric field strength (or electric intensity), D is the electric H 

p.flux density (or ele~.tric induction or displacement), H is the magnetic field 
strength (or magnetic intensity), B is the magnetic flux density (or magnetic al 

induction), u is the electric charge density, and j is the current density; t is tr 

the time and c the velocity of light. 
3.9. In this form of the Maxwell equations, u represents the free charge 

density 	and j is the free current density, as distinguished from the bound 
wi 

*Although the terms "cOl;l.finement" and "containment" are used ~omewhat inter es 
changeably in connection with plasmas, the former term will be employed here for the to 
restraint placed upon the charged particles, e.g., by a magnetic field, whereas the latter If
will refer to the vessel or container in which the plasma is held Or enclosed. For example, 
it may be stated that "a plasma contained in a toroidal tube is confined by a magnetic sig 
field." In 
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.. POSSIBLE APPROACHES TO CONTROLLED FUSION 

charges and currents. The latter currents are then supposed to give rise to a 
magnetization M, such that 

B = H + 41rM. 

In plasma physics, however, it is more convenient to treat all current densities 
explicitly, that is, to include in j both the "free" current and that which may 
produce diamagnetism. It is correct, therefore, to u~e B rather than H, and 
the term \7 X B should then be substituted for V X H in equation (3.4). 

3.10. The specification of u as the free charge implies the existence in 
general material media of bound charges. In dielectrics, such charges are 
indeed present, and the difference betwee~ D and E is proportional to the 
density of dipole moments, or polarization P, produced by the distorting effect 
of the imposed field E on the charge configuration; thus, 

D = E + 4?rP. -' 

In a fully ionized and stripped plasma, there are no bound charges and hence 
no polarization under a steady applied field. The dielectric constant K, de
fined by D == KE, is then unity, and D in equations (3.1) and (3.4) may be 
replaced by E. 

3.11. In applying Maxwell's equations to a plasma, therefore, they will be 
written in the form . , 

V·E = 41ru (3.5) 
V·B = 0 (3.6) 

vXE=_l.aB (3.7)
c at 

v X B = ! (41rj + aE), (3.8)
c at 

where B is generally referred to as the magnetic field strength and is expressed 
in gauss. Basically, these equations imply that, in their application to a 
plasma, E, D, B, and H are the microscopic vacuum field values, so that E 
and D are equal and so also are Band H, and all charges and currents are 
treated explicitly. 

CONFINEMENT BY ELECl'RIC FIELD 

3.12. It does not seem that confinement of a plasma by an electrostatic field 
will be possible for -several reasons. Suppose that an electrostatic "cage" is 
established by means of a set of charged electrodes and that the field is able 
to prevent the plasma from making contact with the material of the electrodes. 
If such a system is capable of confining electrically charged particles of one 
sign, e.g., ions, then clearly those of the opposite sign, i.e., electrons, present 
in the plasma cannot be confined, since the electric field has oppositely directed 

http:vXE=_l.aB
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