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particularly intensive study. The traditional Gouy-Chapman-Stern model involves a (usually 
charged) idealized metal surface, an adjoining plane of chemisorbed water molecules and 
(often) ions, and a region of increased concentration of cations or anions, depending on the 
charge on the electrode. The plane of centers of chemisorbed molecules and ions defines 
the inner Helmholtz plane (ihp), while the plane of closest approach of solvated ions is the 
outer Helmholtz plane (ohp). The region from the metal surface to the ohp is termed the 
compact double layer, characterized by an effective dielectric constant which describes the 
loss in orientational freedom of the adsorbed molecules. The region of space charge beyond 
the ohp is the diffuse double layer. 

The development of atomic-scale microscopies, such as scanning tunneling electron mi
croscopy and atomic force microscopy, have allowed the in situ study of compact layer struc
tures on solid electrodes. New computational methods have provided some insights into the 
effects of current inhomogeneities on the electrical behavior of real solid-solid and solid
liquid contacts. Microfabrication techniques borrowed from semiconductor technology have 
also enhanced the level of detail with which at least some semiconductor electrode-electrolyte 
interfaces can be studied. 

Applications 

Electrochemical methods are employed widely in quantitative and qualitative chemical anal
ysis. Electrolytic methods are the primary industrial means of purifying many metals, of 
extracting several metals from their ores or salts, and of producing many nonmetallic sub
stances. Electrolytic separation methods make possible the reclamation of valuable materials 
from industrial waste and reduction in the quantity of pollutants released into the environ
ment. Much industrial research is directed at retarding the corrosion of metals, a phenomenon 
involving electrochemical reactions at the surface of the metal. The electroplating of metals 
with thin layers of inert but costly materials is one of a number of electrochemical remedies 
to this problem. 

Electrochemical cells offer an efficient and often portable source of energy. In fuel cells, 
the energy of a combustion reaction, such as the combination of hydrogen and oxygen to form 
water, is converted directly to electrical energy, circumventing the thermodynamic restriction 
on the efficiency of heat engines. The use of solid electrolytes, particularly those whose 
crystal structure permits rapid ion movements, is a topic of high current interest and offers new 
possibilities for high-temperature fuel cells and for high-energy-density storage batteries. The 
properties of semiconductor electrodes are also of interest in their application to photogalvanic 
energy conversion. 

Electrochemical phenomena are also of considerable importance in biology and medicine. 
The conduction of nerve impulses depends on the current-voltage relationship for sodium-ion 
transport across the cell membrane. Much of living matter is colloidal, consisting of small 
(10-104 A) particles suspended in an aqueous solution. Through adsorption of ions, colloid 
particles acquire a double-layer structure which determines the stability of the suspension. 
Advances in the development of miniaturized ion-selective electrodes now offer the prospect 
of real-time monitoring of some medical conditions, and electrochemical measurements on 
living single cells are now becoming feasible. 

See also: Conduction; Cry~ 

Storage. 
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See also: Conduction; Crystal Defects; Diffusion; Electrochemical Conversion and 
Storage. 
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Electrodynamics, Classical 
1. D. Jackson 

Electrodynamics, a word used by Ampere in his pioneering researches 150 years ago, may 
properly be used to encompass all electromagnetic phenomena. There is also a more re
stricted meaning: electromagnetic fields, charged particles, and their mutual interaction at 
a microscopic level, excluding in practice, if not in principle, phenomena associated with 
macroscopic aggregates of matter. Classical electrodynamics then consists of the regime 
where (relativistic) classical mechanics applies for the motion of particles, and the photon 
nature of electromagnetic fields can be ignored. Its quantum generalization, called quantum 
electrodynamics, is necessarily employed for phenomena without classical basis (e. g., pair 
production), as well as where quantum effects are significant. 

Separate articles exist on many aspects of macroscopic electromagnetism (see Electromag
netic Radiation, Electrostatics, Magnets and Magnetostatics, Microwaves and Microwave 
Circuitry). The emphasis here is on basic principles and selected results of classical electro
dynamics in the restricted sense. The Gaussian system of units and dimensions is used. See 
the Appendix of Ref. [I] for the connection to the 51 or mksa units of practical electricity and 
magnetism. 

Maxwell Equations in Vacuum 

The differential equations of electromagnetism in vacuum are the Maxwell equations; 
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