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Basic Plasma Equations and Equilibrium 

Introduction 

The plasma medium is complicated in that the charged 
particles are both affected by external electric and magnetic 
fields and contribute to them. The resulting self-consistent 
system is nonlinear and very difficult to analyze. Furthermore, 
the interparticle collisions, although also electromagnetic in 
character, occur on space and time scales that are usually 
much shorter than those of the applied fields or the fields due 
to the average motion of the particles. 

M.A. Lieberman and A.J. Lichtenberg, Principles  of  Plasma  Discharges and Materials Processing, 2nd 
ed. (John Wiley, New York,  2005). 
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Introduction 

To make progress with such a complicated system, various 
simplifying approximations are needed. The interparticle 
collisions are considered independently of the larger scale 
fields to determine an equilibrium distribution of the charged-
particle velocities. The velocity distribution is averaged over 
velocities to obtain the macroscopic motion. The macroscopic 
motion takes place in external applied fields and in the 
macroscopic fields generated by the average particle motion. 

M.A. Lieberman and A.J. Lichtenberg, Principles  of  Plasma  Discharges and Materials Processing, 2nd 
ed. (John Wiley, New York,  2005). 
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Introduction 

These self-consistent fields are nonlinear, but may be 
linearized in some situations, particularly when dealing with 
waves in plasmas. The effect of spatial variation of the 
distribution function leads to pressure forces in the 
macroscopic equations. The collisions manifest themselves in 
particle generation and loss processes, as an average friction 
force between different particle species, and in energy 
exchanges among species. 

M.A. Lieberman and A.J. Lichtenberg, Principles  of  Plasma  Discharges and Materials Processing, 2nd 
ed. (John Wiley, New York,  2005). 
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Introduction 

In this chapter, we consider the basic equations that govern 
the plasma medium, concentrating attention on the 
macroscopic system. The complete derivation of these 
equations, from fundamental principles, is beyond the scope 
of the text. We shall make the equations plausible and, in the 
easier instances, supply some derivations in appendices. For 
the reader interested in more rigorous treatment, references 
to the literature will be given. 

M.A. Lieberman and A.J. Lichtenberg, Principles  of  Plasma  Discharges and Materials Processing, 2nd 
ed. (John Wiley, New York,  2005). 
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Introduction 

In Section 2.2, we introduce the macroscopic field equations 
and the current and voltage. In Section 2.3, we introduce the 
fundamental equation of plasma physics, for the evolution of 
the particle distribution function, in a form most applicable 
for weakly ionized plasmas. We then define the macroscopic 
quantities and indicate how the macroscopic equations are 
obtained by taking moments of the fundamental equation. 
References given in the text can be consulted for more details 
of the averaging procedure. 

M.A. Lieberman and A.J. Lichtenberg, Principles  of  Plasma  Discharges and Materials Processing, 2nd 
ed. (John Wiley, New York,  2005). 
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Introduction 

Although the macroscopic equations depend on the 
equilibrium distribution, their form is independent of the 
equilibrium. To solve the equations for particular problems the 
equilibrium must be known. In Section 2.4, we introduce 
the equilibrium distribution and obtain some consequences 
arising from it and from the field equations. The form of the 
equilibrium distribution will be shown to be a consequence of 
the interparticle collisions, in Appendix B. 

M.A. Lieberman and A.J. Lichtenberg, Principles  of  Plasma  Discharges and Materials Processing, 2nd 
ed. (John Wiley, New York,  2005). 
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Maxwell’s Equations 
The usual macroscopic form of Maxwell’s equations are 

M.A. Lieberman and A.J. Lichtenberg, Principles  of  Plasma  Discharges and Materials Processing, 2nd 
ed. (John Wiley, New York,  2005). 

where E(r, t) and H(r, t) are the electric and magnetic field 
vectors and where m0=4 p 107 H/m and ϵ0 = 8.854  10-12 F/m 
are the permeability and permittivity of free space. 
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Maxwell’s Equations 
The sources of the fields, the charge density r(r, t) and the 
current density J(r, t), are related by the charge continuity 
equation (Problem 2.1): 

M.A. Lieberman and A.J. Lichtenberg, Principles  of  Plasma  Discharges and Materials Processing, 2nd 
ed. (John Wiley, New York,  2005). 

where the conduction current density Jcond is due to the motion of the free charges, the 
polarization current density Jpol is due to the motion of bound charges in a dielectric material, 
and the magnetization current density Jmag is due to the magnetic moments in a magnetic 
material. In a plasma in vacuum, Jpol and Jmag are zero and J = Jcond. 
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Lorentz Force Equation 

M.A. Lieberman and A.J. Lichtenberg, Principles  of  Plasma  Discharges and Materials Processing, 2nd 
ed. (John Wiley, New York,  2005). 
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Maxwell’s Equations 
where v is the particle velocity and B = m0H is the magnetic 
induction vector. The charged particles move under the action 
of the Lorentz force. The moving charges in turn contribute to 
both r and J in the plasma. If r and J are linearly related to E 
and B, then the field equations are linear. As we shall see, this is 
not generally the case for a plasma. Nevertheless, linearization 
may be possible in some cases for which the plasma may be 
considered to have an effective dielectric constant; that is, the 
“free charges” play the same role as “bound charges” in a 
dielectric. We consider this further in Chapter 4. 

M.A. Lieberman and A.J. Lichtenberg, Principles  of  Plasma  Discharges and Materials Processing, 2nd 
ed. (John Wiley, New York,  2005). 
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Boltzmann’s Equation 

M.A. Lieberman and A.J. Lichtenberg, Principles  of  Plasma  Discharges and Materials Processing, 2nd 
ed. (John Wiley, New York,  2005). 
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Boltzmann’s Equation 
The collision term in integral form will be derived in Appendix 
B. The preceding heuristic derivation of the Boltzmann 
equation can be made rigorous from various points of view, 
and the interested reader is referred to texts on plasma theory, 
such as Holt and Haskel (1965). A kinetic theory of discharges, 
accounting for non-Maxwellian particle distributions, must be 
based on solutions of the Boltzmann equation. We give an 
introduction to this analysis in Chapter 18. 

M.A. Lieberman and A.J. Lichtenberg, Principles  of  Plasma  Discharges and Materials Processing, 2nd 
ed. (John Wiley, New York,  2005). 
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Macroscopic Quantities 
The complexity of the dynamical equations is greatly reduced 
by averaging over the velocity coordinates of the distribution 
function to obtain equations depending on the spatial 
coordinates and the time only. The averaged quantities, such 
as species density, mean velocity, and energy density are called 
macroscopic quantities, and the equations describing them are 
the macroscopic conservation equations. To obtain these 
averaged quantities we take velocity moments of the 
distribution function, and the equations are obtained from the 
moments of the Boltzmann equation. 

M.A. Lieberman and A.J. Lichtenberg, Principles  of  Plasma  Discharges and Materials Processing, 2nd 
ed. (John Wiley, New York,  2005). 
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