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There are many important and beneficial technolog-
ical applications that could be included in a discus-
sion of uses of electrostatic phenomena. For exam-
ple, a powerful air-pollution preventer is the
electrostatic precipitator, which years ago made life
livable near cement mills and ore-processing plants
and which is currently credited with extracting bet-
ter than 99 percent of the ash and dust from the
gases about to issue from chimneys of coal-burning
power plants. The basic idea of this very effective
antipollution technique is shown in Figure 1. The
outer wall of a vertical metal duct is grounded,
while a wire running down the center of the duct is
kept at a very large negative voltage. In this concen-
tric geometry, a very nonuniform electric field is set
up, with lines of force directed radially inward to-
ward the negative wire electrode. Close to the wire
the field attains enormous values, large enough to
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Figure 1 Schematic diagram of the use of a corona
discharge in an electrostatic precipitator.

produce an electrical breakdown of air, and the nor-
mally placid mixture of neutral gas molecules is re-
placed by a turmoil of free electrons and positive
ions. The electrons from this corona discharge are
driven outward from the wire by the electric field.
Most of them quickly become attached to oxygen
molecules to produce negative Oy ions, which are
also accelerated outward. As this stream of ions
passes across the hot waste gas rising in the duct,
small particles carried by the gas become charged by
capturing ions and are pulled by the field to the
outer wall. If the noxious particles are solid, they are
periodically shaken down off the duct into a hopper;
if they are liquid, the residue simply runs down the
wall and is collected below.

Beside electrostatic precipitation, other techno-
logical examples include electrocoating with spray
paints and the electrostatic separation of granular
mixtures used for the removal of rock particles from
minerals, garlic seeds from wheat, even rodent ex-
creta from rice. However, the application that is the
main focus of this essay is xerography, the most
widely used form of electrostatic imaging, or
electrophotography. This is the most familiar use of



Electrostatic precipitators are housed in the gray box-
like structures at the base of these smokestacks.

electrostatics in terms of the number of people who
have occasion to use plain-paper copying machines
in offices, libraries, and schools, and it also provides
a fine example of a process utilizing a sequence of
distinct electrostatic events.

The xerographic process was invented in 1937
by Chester Carlson. The term xerography, literally
“dry writing,” was actually adopted a bit later to
emphasize the distinction from wet chemical pro-
cesses. Carlson’s innovative concept did not find
early acceptance, and a practical realization of his
idea became available only after a small company (in
a famous entrepreneurial success story) risked its
future in its intensive efforts to develop the process.

Four of the main steps involved in xerography
are illustrated in Figure 2. In the interest of clarity
the process has been oversimplified, and several
subtleties (as well as gaps in our understanding)
have been suppressed. Electrostatic imaging takes
place on a large thin plate of a photoconducting
material supported by a grounded metal backing. A
photoconductor is a solid that is a good insulator
in the dark but becomes capable of conducting elec-
tric current when exposed to light. In the dark, a

Essay: Electrostatics and Xerography 683

uniform electrostatic charge is laid down on the sur-
face of the photoconductor. This charging step (Fig-
ure 2a) is accomplished by means of a positive co-
rona discharge surrounding a fine wire held at
about +5000 V. This corona (a miniature version of,
and opposite in sign to, the intense precipitator co-
rona of Figure 1) is passed over the photoconductor
surface, spraying positive ions onto it and charging
it to a potential of the order of +1000 V. Since
charge is free to flow within the grounded metal
backing, an equal and opposite induced charge de-
velops at the metal-photoconductor interface. In the
dark the photoconductor contains no mobile charge,
and the large potential difference persists across this
dielectric layer, which is only 0.005 cm thick.
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Figure 2 Steps in the xerographic process: (a) charg-
ing, (b) exposure, (c) development, and (d) transfer.
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The photoconductor plate is next exposed to
light in the form of an image reflected from the doc-
ument being copied. What happens now is indi-
cated in Figure 2b. Where light strikes the photocon-
ductor, light quanta (photons) are absorbed, and
pairs of mobile charges are created. Each
photogenerated pair consists of a negative charge
(an electron) and a positive charge (a hole; crudely,
a missing electron). Photogeneration of this free
charge depends not only on the photoconductor
used and on the wavelength and intensity of the
incident light but also on the electric field present.
This large field (1000 V/0.005 cm = 2 x 10° V/cm =
2 X 107 V/m) helps to pull apart the mutually at-
tracting electron-hole pairs so that they are free to
move separately. The electrons then move under
the influence of the field to the surface, where they
neutralize positive charges, while the holes move to
the photoconductor-substrate interface and neutral-
ize negative charges there. Where intense light
strikes the photoconductor, the charging step is to-
tally undone; where weak light strikes it, the charge
is partially reduced; and where no light strikes it,
the original electrostatic charge remains on the sur-
face. The critical task of converting an optical image
into an electrostatic image, which is now recorded
on the plate, has been completed. This latent image
consists of an electrostatic potential distribution that
replicates the light and dark pattern of the original
document.

To develop the electrostatic image, fine nega-
tively charged pigmented particles are brought into
contact with the plate. These toner particles are at-
tracted to positively charged surface regions, as
shown in Figure 2c, and a visible image appears.
The toner is then transferred (Figure 2d) to a sheet of
paper that has been positively charged in order to
attract the particles. Brief heating of the paper fuses
the toner to it and produces a permanent photocopy
ready for use.

Finally, to prepare the photoconductor plate for
a repetition of the process, any toner particles re-
maining on its surface are mechanically cleaned off,

Toner particles, electrostatically attracted to a larger
carrier particle.

-and the residual electrostatic image is erased, that
is, discharged, by flooding with light. The
photoconductor is now ready for a new cycle, start-
ing with the charging step. In high-speed duplica-
tors, the photoconductor layer is often in the form of
a moving continuous drum or belt, around the pe-
rimeter of which are located stations for performing
the various functions of Figure 2. The speed of xero-
graphic printing technology is presently on the
order of a few copies per second.*

*For further information on electrostatics in xerography, consult
J. H. Dessauer and H. E. Clark (eds.), Xerography and Related Pro-
cesses, Focal Press, New York, 1965, and R. M. Schaffert,
Electrophotography, rev. ed., Focal Press, New York, 1973. Other
applications of electrostatics are discussed in A. D. Moore, Scien-
tific American, March 1972.
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