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[57} ABSTRACT

A method of increasing the current flow from an a.c.
corona charging apparatus and the apparatus therefor
are provided in accordance with the teachings of the
present invention. According to one embodiment of
this invention a.c. corona charging apparatus is pro-
vided with a corona discharge electrode and a dielec-
tric shield disposed in partially surrounding relation-
ship with respect to said corona discharge electrode.
Conductive means is mounted on the external surface
of said dielectric shield such that said conductive shield
is contiguous with and coilateral with said dielectric
shield. The conductive means is adapted to be supplied
with a reference potential such that when a corona gen-
erating a.c. voltage is applied to said corona discharge
electrode an a.c. corona current is produced having a
magnitude significantly in excess of that heretofore ob-
tainable.

7 Claims, 4 Drawing Figures
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1
A.C. CORONA CHARGING APPARATUS

This invention relates to a.c. corona charging appara-
tus devices and in particular, to a method of and appa-
ratus for increasing the corona current flow from a.c.
corona charging apparatus having a dielectric shield.

In the electrophotographic reproducing art, it is nec-
essary to deposit a uniform layer of electrostatic
charges on the surface of a photoreceptor such that the
electrostatic charges may be selectively dissipated in
accordance with modulated radiation imaged thereon
to form an electrostatic latent image of an original doc-
ument. The electrostatic latent image will then be de-
veloped and the developed image may be transferred to
a support surface to form a final copy of the original
document. If the photoreceptor comprises a conven-
tional reusable electrophotographic member, the pho-
toreceptor may be cleaned and prepared for subse-
quent operations thereon. The foregoing has been de-
scribed in detail in U. S. Pat. No. 2,297,691 which is-
sued to Chester F. Carlson.

The prior art has suggested various techniques and
devices for applying a uniform electrostatic charge on
the surface of a photoreceptor. Some of these tech-
niques include: an alpha-emitting radioactive source
for ionizing the air by emitting alpha particles; a con-
ductive rubber roller having a potential applied
thereto, which roller can be rolled over the photore-
ceptor; a charged insulator placed in contact with the
photoreceptor whereby charges may be transferred
from the insulator to the photoreceptor; and a corona
discharge device of the type described in U. S. Pat. No.
2,777,957 which issued to L. E. Walkup. Although
each of the foregoing is applicable in specialized uses
it is preferred to deposit the uniform electrostatic
charge on the surface of a photoreceptor by employing
a corona discharge. A particular type of corona dis-
charge device that has been readily included in conven-
tional electrophotographic reproducing apparatus and
is described in detail in U. S. Pat. No. 2,836,725 which
issued R. G. Vyverberg and assigned to Xerox Corpora-
tion. Corona charging apparatus is usually comprised
of a corona discharge electrode, such as a corona wire,
surrounded by a conductive shield. The corona dis-
charge electrode is adapted to be supplied with a d.c.
voltage of sufficient magnitude to create a corona cur-
rent flow from the electrode to the surface of a photo-
receptor in spaced registration therefrom. The geome-
try of typical corona charging apparatus admits of vari-
ous configurations as disclosed in U. S. Pat. No.
2,879,395 which issued to L. E. Walkup and assigned
to Xerox Corporation.

Although corona charging apparatus is advanta-
geously utilized to deposit a uniform layer of electro-
static charge on the surface of a photoreceptor various
other applications thereof have been adopted. Typical
of these applications are electrostatic transfer of a de-
veloped image to a support surface, removal of back-
ground toner particles from a developed electrostatic
latent image, and pre-cleaning a photoreceptor by neu-
tralizing the charge on toner particles adhering to the
surface of the photoreceptor after transfer of the devel-
oped image to a support surface. An attendant disad-
vantage of corona charging apparatus developed by the
prior art for use in electrophotographic reproducing
devices is the accumulation of dust particles and toner
particles on and about the interior of corona charging
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apparatus to such an extent that the corona current
generated thereby substantially decreases as the den-
sity of particle accumulation increases. Accordingly,
self-cleaning corotrons have been developed which em-
ploy corona winds inherently generated by corona
charging apparatus as a means to clean the corona dis-
charge electrode and the interior walls of the surround-
ing shield. Detailed descriptions of such devices may be
found in U. S. Pat. No. 3,324,291 which issued to F. W.
Hudson on June 6, 1967 and assigned to Xerox Corpo-
ration and in U. S. Pat. No. 3,471,695 which issued to
F. W. Hudson et al. on Oct. 7, 1969 and assigned to
Xerox Corporation.

An alternative embodiment of corona charging appa-
ratus self-cleaning comprises an a.c. corona charging
apparatus wherein the corona discharge electrode
thereof is supplied with a corona generating a.c. volt-
age. As is understood by those of ordinary skill in the
art the creation of a corona current is predominantly
determined by the potential difference between the co-
rona discharge electrode and the partially surrounding
shield. Accordingly, if the shield is comprised of a
metal shield supplied with a reference potential such as
ground potential, a positive corona current will be gen-
erated when the difference between the a.c. voltage ap-
plied to the corona discharge electrode and the refer-
ence potential supplied to the metal shield exceeds the
positive corona threshold voltage; and a negative co-
rona current will be generated when the difference be-
tween the a.c. voltage applied to the corona discharge
electrode and the reference potential supplied to the
metal shield exceeds the negative corona threshold. In
theory then, 2 maximum a.c. corona current is gener-
ated for the embodiment of an a.c. corona charging ap-
paratus including a grounded metal shield. Unfortu-
nately the grounded shield a.c. corona charging appa-
ratus suffers from the disadvantage that toner particles
or dirt particles which accumulate on the inner walls of
the metal shield and are not effectively removed there-
from produce deleterious effects. More specifically,
these particles are comprised of dielectric material
which store the charged ions communicated thereto
from the corona discharge electrode during corona dis-
charge. As charge buildup on these particles occurs, a
voltage is induced on the contaminated inner wall of
the surrounding shield resulting in a nonuniform poten-
tial difference between the corona discharge electrode
and the shield. Hence, the a.c. corona current is subject
to variations due to the discontinuities in the aforemen-
tioned potential difference.

A suggested improvement over the grounded metal
shield a.c. corona charging apparatus is comprised of
an a.c. corona charging apparatus having an insulating
or dielectric shield constructed of a plastic material
such as Teflon or Mylar. The accumulation of dielec-
tric particles on the inner surface of the dielectric
shield has no appreciable effect upon the a.c. corona
current. This advantageous characteristic is however,
achieved at the loss of magnitude of the a.c. corona
current. The loss in corona current is brought about by
the rapid increase of voltage induced on the inner sur-
face of the dielectric shield, thereby limiting the poten-
tial difference between the corona discharge electrode
and the dielectric shield to an undesirable range. In fact
the rate of increase in the voltage induced on the inner
surface of the dielectric shield closely approximates the
rate of increase of the corona generating a.c. voltage
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applied to the corona discharge electrode. This may be
explained by recognizing that the voltage induced on
the shield is directly proportional to the charge thereon
and inversely proportional to the capacitance between
the inner surface of the shield and ambient ground po-
tential. Thus as the charge stored on the shield in-
creases, the voltage induced on the inner surface
thereof increases, and if the capacitance between the
inner surface of the shield and ambient ground is a low
value, a small buildup of charge induces a large voltage.
Ambient ground potential is equivalent to one plate of
a parallel plate capacitor spaced a sufficient distance
from the inner surface of the dielectric shield, which
inner surface may be considered to be the other plate
of the parallel plate capacitor, such that the capaci-
tance therebetween is a low value. Consequently, a
small value of a.c. corona current induces a large volt-
age on the inner surface of the dielectric shield such
that the potential difference between the corona dis-
charge electrode and the surface of the dielectric shield
is much less than the potential difference between the
corona discharge electrode and the surface of a
grounded metal shield, thereby maintaining the corona
current of the former corona charging apparatus at an
undesirably lower magnitude than the corona current
of the latter corotron.

Therefore it is an object of the present invention to
provide a method of and apparatus for increasing the
corona current of a.c. corona charging apparatus.

It is another object of the present invention to pro-
vide self-cleaning corona charging apparatus having an
improved corona current output.

It is a further object of this invention to provide a
method of and apparatus for increasing the corona cur-
rent generated by a corona discharge device, which de-
vice is relatively unaffected by the accumulation of for-
eign particles thereon.

Various other objects and advantages of the inven-
tion will become clear from the following detailed de-
scription of an exemplary embodiment thereof and the
novel features will be particularly pointed in connec-
tion with the appended claims.

In accordance with this invention, a method of in-
creasing the current flow from the corona discharge
electrode of an a.c. corona charging apparatus, and the
apparatus therefor, is provided wherein conductive
means is disposed about the external surface of a par-
tially surrounding dielectric shield, which conductive
means is collateral with said dielectric shield; a refer-
ence potential is applied to said conductive means; and
a corona generating a.c. voltage is supplied to the co-
rona discharge electrode of said corona charging appa-
ratus.

The invention will be more clearly understood by ref-
erence to the following detailed description of an ex-
emplary embodiment thereof in conjunction with the
accompanying drawings in which:

FIG. 1 is a perspective view of a.c. corona charging
apparatus in accordance with the present invention;

FIG. 2 is a sectional view taken along lines 2—2 of
FIG. 1;

FIG. 3 is a graphical representation of waveforms
generated by apparatus of the prior art; and

FIG. 4 is a graphical representation of the waveforms
generated by the apparatus of the present invention.

Referring now to the drawings wherein like reference
numerals are used throughout, and in particular to FIG.
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1, there is illustrated a perspective view of an a.c. co-
rona discharge device in accordance with the present
invention which comprises a corona discharge device
10 including a shield of dielectric material 12, a layer
of conductive material 11, insulating end plates 14 and
15, and a corona discharge electrode 13. The shield of
dielectric material 12 is disposed in partially surround-
ing relationship with respect to the corona discharge
electrode 13 and admits of rectangular cross section.
The dielectric material may be comprised of Teflon,
Mylar, Lucite, Plexiglas, Lexan or the like. As is illus-
trated in FIG. 1, and in more detail in FIG. 2, the di-
electric shield 12 is formed of a pair of parallel side
walls maintained in spaced apart relationship by an
upper interconnecting wall. The dielectric shield 12
may be of unitary construction and defines an opening
16 at the lower portion thereof. The longitudinal di-
mension of dielectric shield 12 is coextensive with the
longitudinal dimension of corona discharge electrode
13. The thickness of the dielectric shield 12 is deter-
mined by the dielectric strength of the material used,
the frequency of the corona generating a.c. voltage,
and the diameter of the toner particles that might ad-
here to the walls of the dielectric shield. Satisfactory
experiments have been conducted with a dielectric
shield having a thickness of one mil, and a reasonable
range of thickness is between 0.25 and 10 mils. The di-
electric material tends to break down below 0.25 mils
and, as will soon be described, many of the advantages
obtained by the present invention are minimized if the
thickness of the dielectric material is substantially in
excess of 10 mils.

A layer of conductive material 11 is mounted on the
external surface of the dielectric shield 12 so as to be
contiguous and collateral with said dielectric shield.
The conductive material 11 may comprise a unitary
structure such as a foil sheet or the conductive material
11 may comprise a conductive paint, strips of conduc-
tive material, a wire grid network or the like. The thick-
ness of the conductive material 11 is not critical per se
as will soon be understood from the forthcoming de-
scription, and therefore, may provide the structural ri-
gidity for the corona discharge device of the present in-
vention. Although not illustrated herein, the upper in-
terconnecting wall of the dielectric shield 12 and the
corresponding portion of the contiguous conductive
material 11 may be provided with elongated openings
substantially parallel to the corona discharge electrode
13 to act as an exit orifice for the flow of corona air
currents inherently generated by the corona discharge
device 10 as described in aforementioned U. §. Pat.
Nos. 3,324,291 and 3,471,695.

The corona discharge electrode 13 is mounted within
insulating end portions 14 and 15 disposed at opposite
ends of the shield structure comprised of the dielectric
shield 12 and the contiguous layer of conductive mate-
rial 11, Suitable connecting means 17 are provided on
the end portions 14 and 15 for connecting the corona
discharge electrode 13 to a suitable source of corona
generating a.c. voltage, not shown. The corona dis-
charge clectrode 13 may comprise one or a plurality of
fine wires elongatediy disposed between the opposite
end portions 14 and 15. A typical wire that may be uti-
lized is a 3.5 mil diameter platinum alloy wire, well
known to those of ordinary skill in the art.

As illustrated in the sectional view of FIG. 2, the con-
ductive material 11 may be provided with suitable con-
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necting means 21 for applying a reference potential
such as a d.c. voltage or, if desired, ground potential to
the conductive material 11. The corona discharge de-
vice thus formed is disposed in spaced registration from
the surface of a photoreceptor 22 in such manner that
relative motion may be provided between the corona
discharge device and the photoreceptor.

The operation of the corona discharge device 10 in
accordance with the present invention will now be de-
scribed in conjunction with FIGS. 3 and 4. An a.c. co-
rona current will be generated from the corona dis-
charge electrode 13 when the a.c. voltage applied
thereto exceeds the corona threshold voltage. For pur-
poses of explanation it will be assumed that the a.c.
voltage applied to the corona discharge electrode 13 is
sinusoidal and the frequency thereof is 60 Hz. However
it should be understood that other frequencies may be
utilized and in fact the corona discharge device 10 of
the present invention has been satisfactorily operated
with frequencies on the order of 600 Hz. During each
position half cycle, a positive corona current flows
from the corona discharge electrode 13 to the surface
of the photoreceptor means 22 and during each nega-
tive half cycle a negative corona current flows from the
corona discharge electrode 13 to the surface of the
photoreceptor means 22. Corona current additionally
flows from the electrode 13 to the walls of the dielec-
tric shield 12. Inasmuch as the shield 12 is comprised
of dielectric material, the flow of corona current
thereto will result in a buildup of charge on the inner
surface of the walls of shield 12. Consequently, a volt-
age will be induced on the inner surface of the shield
12. When the voltage induced on the walls of shield 12
obtains a value such that the potential difference be-
tween the voltage applied to the electrode 13 and the
induced voltage is equal to or less than the corona
threshold voltage, the corona emission of the electrode
13 will terminate. Stated otherwise, the electric field
intensity near the surface of the corona discharge elec-
trode 13 is determined by the potential difference be-
tween the voltage applied to the electrode 13 and a
voltage induced on the walls of shield 12. A greater
electric field intensity produces a greater corona cur-
rent. The present invention increases the corona cur-
rent flow from the corona discharge electrode 13 by
maintaining a higher electric field intensity at the sur-
face of the corona discharge electrode 13 than has
been heretofore thought possible in corona discharge
devices having a dielectric shield.

The interior surface of the dielectric shield 12 com-
prises one plate of a grounded parallel plate capacitor,
the other plate being comprised of the grounded con-
ductive material 11. As is understood, the capacitance
of this grounded parallel plate capacitor is a function
of the thickness of the dielectric shield 12 and the di-
electric constant thereof. The voltage induced on the
inner surface of the dielectric shield 12 is determined
by the capacitance of the aforementioned grounded
parallel plate capacitor and may be represented as Vy
= Q/C ,where V, is the voltage induced on the inner
surface of the wall of the dielectric shield, Q is the in-
stantaneous charge stored on the inner surface of the
wall of the dielectric shield 12, and C is the capacitance
of the grounded parallel plate capacitor. If the capaci-
tance of the grounded parallel plate capacitor is large,
it is understood that a substantial amount of charge
must be stored on the inner surface of the wall of the
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dielectric shield 12 before the induced voltage Vy is
sufficient to cause termination of the corona current.
Conversely, if the capacitance of the grounded parallel
plate capacitor is small, a relatively small amount of
stored charge will result in an induced voltage Ve
whereby the corona current will be terminated. Thus,
the provision of continuous conductive material 11
supplied with a reference potential such as ground po-
tential tends to increase the magnitude during each half
cycle, of the a.c. corona current emitted by the corona
discharge electrode 13. It is apparent that the flow of
corona current to the surface of photoreceptor 22 will
result in a buildup of charge thereon which tends to de-
credse the potential difference between the voltage ap-
plied to corona discharge electrode 13 and the voitage
induced on the photoreceptor 22 whereby the corona
current flow is decreased. However, it may be assumed
that the photoreceptor 22 is transported at a rate suffi-
cient to inhibit the charge retained on the surface
thereof to reach a critical value which substantially af-
fects the corona current.

The increase in corona current flow in accordance
with the present invention may best be appreciated by
comparing the operation of the corona discharge de-
vice 10 illustrated herein with the operation of prior art
corona discharge devices. A typical prior art a.c. co-
rona discharge device includes a shield such as dielec-
tric shield 12 of the present invention that is not pro-
vided with a metallic layer contiguous therewith.
When, at time #,, the a.c. voltage V,, applied to the co-
rona discharge electrode of the prior art device in-
creases to a value exceeding the corona threshold volt-
age V., the electric field intensity at the surface of the
corona discharge electrode is of sufficient magnitude
such that corona emission occurs and a corona current
I. begins to flow. The corona current flows to the sur-
face of a photoreceptor and in addition, a corona cur-
rent path is established between the corona discharge
electrode and the inner surface of the walls of the di-
electric shield. Consequently, the charge stored on the
inner surface of the walls of the dielectric shield in-
creases and an increasing voltage is induced on the
shield. The inner surface of the surface of the wall of
the dielectric shield comprises one plate of a grounded
plate capacitor, the other plate being comprised of the
ambient or virtual ground potential in the vicinity of
the dielectric shield. Ambient ground may be repre-
sented by a grounded plate disposed externally of the
dielectric shield and paralle]l to and substantially
spaced from the inner surface of the wall of the shield.
As is understood, the large separation between the
plates of the grounded parallel plate capacitor thus
formed results in a low capacitance thereof. Hence the
voltage induced on the shield may be represented as V,,
=(1/C) | I.dt where V, is the voltage induced on the
shield, /. is the corona current, and C is the capacitance
of the grounded parallel plate capacitor. It may be ob-
served from FIG. 3 that a small increase in the corona
current results in a correspondingly small increase in
the charge stored in the inner surface of the wall of the
dielectric shield because of the small capacitance of the
grounded parallel plate capacitor, but a large increase
in the induced voltage on the walls of the shield. In fact,
the voltage V, induced on the walls of the shield
changes at a rate that is approximately equal to the rate
of change of the a.c. voltage V, applied to the corona
discharge electrode.
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The voltage V,, induced on the walls of the shield
rapidly increases to a value such that the potential dif-
ference between the a.c. voltage V, supplied to the co-
rona discharge electrode and the voltage V, is equal to
the corona threshold voltage V.. This occurs in approx-
imate coincidence with the positive peak voltage of the
a.c. voltage V,. Hence as V, decreases the potential
difference between V, and V,, will be less than the co-
rona threshold voltage V.. Because corona discharges
exhibit a hysteresis effect, corona current I, continues
to flow until time #,, at which time the corona current
I, is terminated. Termination of the corona current I,
prevents further buildup of charge on the inner surface
of the walls of the dielectric and accordingly, V,
retains its peak magnitude until time ;. At this time the
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15

potential -difference between the a.c. voltage V, -

applied to the corona discharge electrode and the peak
voltage V,, stored on the walls of the shield is equal to
the negative corona threshold voltage —V,.. Conse-
quently, the electric field intensity at the surface of the
corona discharge electrode is of sufficient magnitude to
create a corona emission and negative corona current
I, begins to flow. The negative corona current produces
a buildup of negative charge on the shield thereby in-
ducing an increasingly negative voltage V,, on the inner
surface of the walls of the shield. Since the capacitance
of the grounded parallel plate capacitor comprised of
the inner surface of the walls of the shield and ambient
ground potential is of a low value the voltage V,
decreases at a rate that approximates the rate of change
of voltage V,. When the a.c. voltage V, obtains its neg-
ative peak value, the potential difference between the
voltage V, and the voltage V,, is equal to the negative
corona threshold voltage —V,.. As the a.c. voltage V,
tends to increase the potential difference between V,,
and V, falls below the negative corona threshold volt-
age. The hysteresis effect, however, enables the corona
current I, to flow until time ¢, when the corona current
I; terminates. The voltage V,, induced on the inner sur-
face of the wall of the dielectric shield retains its nega-
tive peak value until time ¢; whereupon the potential
difference between the a.c. voltage V, and V,, is equal
to the corona threshold voltage V.. Consequently co-
rona current I, begins to flow and the foregoing cycle
is repeated.

Referring now to FIG. 4, it is observed that the co-
rona discharge device 10 of the present invention oper-
ates in a manner similar to that just described, however
significant improvements are noted. The inner surface
of the walls of dielectric shield 12 and the layer of
grounded conductive material 11 contiguous therewith
comprise first and second plates of a parallel plate ca-
pacitor. The separation of the parallel plates, which is
equal to the thickness of the dielectric shield 12 is suffi-
ciently small so that the capacitance is large. Conse-
quently, the rate of increase of the voltage V,, induced
on the inner surface of the walls of the shield 12 from
time t'; to time t'; is less than the rate of change of the
a.c. voltage V, applied to the corona discharge elec-
trode 13. Hence the potential difference between V,
and V, in FIG. 4 during the interval ¢, to ¢', is greater
than the potential difference between V, and V,, in
FIG. 3 during the corresponding interval ¢, to ¢,, result-
ing in a corona current I, of greater magnitude. In addi-
tion, it is seen that in the present invention the positive
half cycle of corona current I, is terminated at a time
t', which is later than the time ¢, at which the positive
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half cycle of corona current of the prior art is termi-
nated. Similarly the magnitude and duration of the neg-
ative half cycle of the corona current I, in accordance
with the present invention is greater than the miagni-
tude and duration of the negative half cycle of corona
current I, of the prior art. The increased corona current
flow of the present invention is attributed to the in-
crease in capacitance from the inner surface of the wall
of dielectric shield 12 to ground. Thus, a large inc¢rease
in the corona current is required for a correspondingly
large increase in the induced voltage V, on the walls of
the shield in accordance with the equation V,=

(J 1.dt/C). Another advantage of the present invention

is that the magnitude of the corona generating a.c. volt-
age applied to the corona discharge electrode 13 need
not be as great as heretofore required in order to obtain
a corona current of equivalent magnitude.

The average d.c. value of the corona current emitted
from the corona discharge electrode 13 may be deter-
mined by applying a d.c. reference potential of cons-
tant magnitude to contact 21 of conductive material
11. This modification of the corona discharge device of
the present invention is desirable if the corona dis-
charge device is to be utilized to deposit a uniform
layer of electrostatic charge of a given polarity on the
surface of the photoreceptor 22. The geometry of the
corona discharge device, 10 of the present invention has
been illustrated herein as exhibiting a rectangular cross
section. Typical dimensions are a width of seven-
eighths inches, a height of five-eighths inches and a
length of 10 inches. The corona discharge device, as
illustrated in FIG. 2, may be positioned 0.1 inch above
the surface of the photoreceptor 22, and corona dis-
charge electrode 13 may be spaced 0.25 inch from the
surface of the photoreceptor 22. The present invention,
however, is not limited to the aforementioned configu-
ration and readily admits of various shapes such as
those disclosed in U.S. Pat. No. 2,879,395 which issued
to L. E. Walkup on Mar. 24, 1959 and assigned to
Xerox Corporation. Thus the present invention exhibits
desirable characteristics of corona discharge devices
having a grounded metallic shield, i.e., increased co-
rona current flow, and desirable characteristics of co-
rona discharge devices having a dielectric shield, i.e.,
the operation thereof is relatively unaffected by the ac-
cumulation of toner particles or dust particles.

While the invention has been particularly shown and
described with reference to a specific embodiment
thereof, it will be obvious to those skilled in the art that
the foregoing and various other changes and modifica-
tions in form and details may be made without depart-
ing from the spirit and scope of the invention. It is
therefore intended that the appended claims be inter-
preted as including all such changes and modifications.

What is claimed is: ’

1. A method of increasing the current flow from the
corona discharge electrode of an a.c. corona charging
apparatus having a dielectric shield partially surround-
ing said corona discharge electrode and a surface, com-
prising the steps of:

providing a conductive layer in contact with the ex-

ternal surface of said dielectric shield, said conduc-
tive layer being collateral with said dielectric
shield;

applying a reference potential to said conductive

layer; and
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supplying said corona discharge electrode with a co-
rona generating a.c. voltage.

2. The method of claim 1 wherein said step of apply-
ing a reference potential to said conductive layer com-
prises applying ground potential to said conductive
layer.

3. The method of claim 1 wherein said step of apply-
ing a reference potential to said conductive layer com-
prises applying a d.c. voltage exhibiting a constant mag-
nitude to said conductive layer.

4. An a.c. corona discharge device, comprising:

an elongated corona discharge electrode;

a dielectric shield disposed in partially surrounding
relationship with respect to said elongated corona
discharge electrode, said dielectric shield being co-
extensive with said elongated corona discharge
electrode;

a layer of conductive material in contact with the ex-
ternal surface of said dielectric shield, said conduc-
tive means being collateral with said dielectric
shield;

means for applying a reference potential to said con-
ductive means; and

means for supplying said elongated corona discharge
electrode with a corona generating a.c. voltage.

5. Apparatus for applying an a.c. corona current to
a surface, comprising: )

corona discharge electrode means supported in
spaced registration from said surface;

a dielectric shield disposed in partially surrounding
relationship with respect to said corona discharge
electrode means such that a corona current path is
defined between said corona discharge electrode
means and said surface, the interior surface of said
dielectric shield comprising the first plate of a par-
allel plate capacitor;

conductive means in contact with the exterior sur-
face of said dielectric shield and collateral there-
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with, said conductive means comprising the second
plate of a parallel plate capacitor;

means for applying a reference voltage to said con-

ductive means; and

means for applying a corona generating a.c. voltage

to said corona discharge electrode means.

6. Apparatus for applying an a.c. corona current to
a surface, comprising:

corona discharge electrode means;

parallel plate capacitance means disposed in partially

surrounding relationship with respect to said co-
rona discharge electrode means, said parallel plate
capacitance means including a first plate com-
prised of the interior surface of a dielectric shield
and a second plate comprised of conductive means
in contact with the exterior surface of said dielec-
tric shield;

means for applying a reference voltage to said con-

ductive means; and

means for applying a corona generating a.c. voltage

to said corona discharge electrode means whereby
an a.c. corona current is generated when the differ-
ence between the corona generating a.c. voltage
applied to said corona discharge electrode means
and the voltage induced on the first plate of said
parallel plate capacitance means exceeds the co-
rona threshold voltage.

7. The apparatus of claim 6 wherein the separation
between said first and second plates of said parallel
plate capacitance means is from about 0.25 to 10 mils
whereby the capacitance of said parallel plate capaci-
tance means is such that the rate of change of the volt-
age induced on the first plate of said parallel plate ca-
pacitance means is less than the rate of change of the
corona generating a.c. voltage applied to said corona

discharge electrode means.
* * * * *



