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United States Patent Office 3,195,142 
Patented July 13, 1965 

3,195,42 
ELECTROGRAPHIC RECORDING PROCESS AND 

APPARATUS 
Robert E. Benn, Brooma, and Richard S. Sakurai, Wayne, Pa., assignors to Burroughs Corporation, De 

troit, Mich., a corporation of Michigan 
Filed Apr. 21, 1958, Ser. No. 729,847 

9 Claims. (C. 346-74) 

This invention relates to electrographic recording proc 
ess and apparatus and more particularly to improvements 
in the process and apparatus for establishing electrically 
charged areas on a charge retentive surface of a record 
ing medium. 
The electrographic recording process consists broadly 

of three steps. The first step comprising establishing, or 
printing, at the printing station electrically charged areas 
on selected portions of a recording medium, which areas 
are representative of information. The second step con 
sists of developing such charged areas on the recording 
medium, by making them visible, for example. The third 
step, which is optional, consists in fixing or rendering, 
such developed areas substantially permanent. In the 
electrographic recording process these three steps take 
place sequentially and at physically separate locations. 
The establishment of an electrically charged area on 

a recording medium at the printing station has heretofore 
been caused by creating a sufficiently intense electric field 
between a print electrode and the back electrode between 
which the recording medium is placed to guarantee that 
a charged particle, or particles, will be introduced into 
the gap between the electrodes by field emission. These 
particles initiate cumulative ionization of the gas mole 
cules in the gap and an avalanche of charged particles is 
propagated from the print electrode toward the back 
electrode until the avalanchestrikes the recording medium 
and establishes a charged area on the medium. 
The intensity of the electric field necessary to sustain 

cumulative ionization, or a Townsend discharge, is con 
siderably less than that necessary to introduce charged 
particles into the gap by the field effect. Also, the precise 
voltage at which charged particles are introduced in the 
gap by the field effect has a random variation. Therefore, 
the intensity of the electric field in the gap at the time 
the charged particles are produced varies. The size of 
the charged areas established on the charge retentive 
surface of the recording medium, the printed spots, is a 
function of the electric field intensity in the gap at the 
time the cumulative ionization commences. As a result, 
the size of the charged areas established on the recording 
medium has heretofore lacked uniformity. 
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It was discovered that by increasing the amount of 
water vapor in the otherwise ambient atmosphere exist 
ing betwen the print electrode and surface of the record 
ing medium, the voltage at which field emission of the 
charged particles from the print electrode occurred is 
lowered, and that the presence of an electronegative gas 
in the gap reduced the size of the charged area established 
on the recording medium and reduced variations in size 
between printed spots. 60 

It is therefore an object of this invention to provide an 
improved apparatus and process for establishing electri 
cally charged areas on a recording medium. 
A still further object of this invention is to provide im 

proved process and apparatus for initiating a non-disrup 
tive discharge in a gas at substantially ambient pressures 
and temperatures. 

It is still a further object of this invention to provide 
a printing station for an electrographic printer in which 
it is not necessary to provide a specialized atmosphere 
to control the size of the printed latent images. 

70 

2 
It is still another object of this invention to provide 

process and apparatus for electrographically recording in 
formation in which the amplitude of the print voltages 
across the print and back electrodes is reduced. 

It is another object of this invention to provide methods 
and apparatus for initiating a non-disruptive discharge at 
the printing station of an electrographic recording which 
produces reliable and uniform printing and in which con 
tamination of the print electrodes produces no deleterious 
effects. 

It is a further object of this invention to provide in 
the electrographic recording process and apparatus, im 
provements in the printing station which produce reliable 
electrostatic latent images of uniform quality at Substan 
tially lower print voltages and without the necessity of 
providing a modified atmosphere. 

Other objects and many of the attendant advantages 
of this invention will be readily appreciated as the same 
become better understood by reference to the following 
detailed description when considered in connection with 
the accompanying drawings wherein: 

FIG. 1 is an enlarged schematic side elevation of a por 
tion of the printing station of an electrographic recording 
device; 
FG. 2 is an enlarged view of the printing face of a 

prior developed matrix print head; 
FIG. 3 is a greatly enlarged schematic perspective view 

illustrating how the printing step was accomplished in 
prior developed electrographic recording devices; 

FIG. 4 is an enlarged view of the printing face of a 
print head incorporating auxiliary initiating electrodes; 

FIG. 5 is a greatly enlarged schematic perspective view 
of the printing station illustrating operation of the printing 
heads incorporating initiating electrodes; 
FIG. 6 is a graph of the voltages applied to the print 

and initiating electrodes of FIG. 5; and 
FIG. 7 is an example of electrographic recording pro 

duced by a matrix type print head. 
In order to set forth the invention and the advantages 

of the invention claimed herein with greater clarity, the 
prior art process and apparatus for establishing electri 
cally charged areas on a recording medium are set forth. 
In particular, the structure of FIGS. 2 and 3 are charac 
teristic of the prior art printing heads. In FIG. 1, two 
of the elements of printing station 10 are illustrated; they 
are the print head 12 and the back electrode 14. Print 
face A6 of print head 12 is substantially planar and 
spaced a uniform distance from support face 17 of back 
electrode 4 by any conventional mounting means Such 
as holder 9. Recording medium 3 is located in the 
space between the print head 2 and back electrode 4. 
Recording medium 18 is comprised of a backing layer 
29 to one side of which is secured a dielectric layer 22. 
Backing layer 29 is a relatively good conductor of elec 
tricity and dielectric layer 22 has a very high resistivity, 
or is a very poor conductor of electricity. Conventional 
means for moving recording medium 18 through printing 
station it in the direction indicated by the arrow are not 
illustrated. In operation, backing layer 20 is caused to be 
substantially in contact with support face 7 of back 
electrode 4. 
FIG. 2 is an enlarged view of print face 6 of matrix 

print head 2. The print or pin electrodes 24 terminate 
substantially flush with print face 16, and at print face 
56, electrodes 24 are arrayed substantially equidistantly 
from one another and in 5 columns and 7 rows. A print 
head having pin electrodes arranged at the print face as 
illustrated in FIG. 2 is sometimes referred to in the art 
as being a 5 X 7 matrix print head. By energizing selected 
ones of print electrodes 24, legible alphanumeric symbols 
can be printed on the recording medium as is well known 
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in the art. An example of such printing is illustrated in 
FIG. 7. 

Referring to FEG. 3, a single print electrode 24a is 
illustrated. The other electrodes and the structure of 
head 2 have been eliminated to simplify the illustration 
and description of the printing process. Spaced from the 
end of print electrode 24a is the back electrode or anvil 
4. The space between anvil 4 and print electrode 24a 

defines a gap 26. The recording medium 8 is located 
within the gap with its backing layer 28 substantially in 
contact with support face i7 of back electrode 4. 

In order to reduce the amplitude of the print voltage 
pulse and to maintain a greater degree of unifornity 
in the size of the electrically charged areas established 
on the exposed surface of dielectric layer 22, the atmos 
phere in the gap 26 is modified. Pump 23, which, in a 
preferred example, is electrically powered, forces ann 
bient air through a layer of water 38 in container. 32. 
The air is then bubbled through a layer of an electro 
negative chemical 34 such as trichloroethylene in con 
tainer 36. The modified air is directed by nozzle 38 to 
flow in the space between the print face i5 and the di 
electric layer 22 of recording medium 3. 

Back electrode 4 may be connected to a point at refer 
ence potential, or ground. Print electrode 24a may be 
maintained at a substantially constant bias potential of, 
for example, -600 volts, by a Suitable source of direct 
current potential which is not illustrated. When an elec 
trically charged area is to be established on the recording 
medium 18, under electrode 24, a print pulse of, for ex 
ample 1100 volts is applied to electrode 24, which in 
creases the potential difference between electrodes 24a 
and 4 to 1700 volts. The source of the pulse is a con 
ventional pulse driver circuit which is not illustrated. 
A potential difference of 1700 volts under these con 

ditions is normally more than the threshold value at 
which electrons are emitted from printed electrode 24a 
when electrode 24a is negative, as illustrated. It takes a 
short but still finite time for the potential difference be 
tween electrodes 24a and 14 to reach its maximum values. 
As a result, the precise voltage across the gap 25 at 
the time electrons are emitted from print electrode 24a 
is not a constant and varies with the material and his 
tory of electrode 24a, assuming that all other factors 
remain the same. The time it takes for a non-disruptive 
discharge to propagate across gap 25 and establish charged 
area 40 on dielectric layer 22 is of the order of 109 sec 
onds or less. Compared with this period of time, the 
rise time of the print voltage pulse is quite long. As a 
result, there is a random variation in the strength of the 
electric field when charged particles are first emitted 
from electrode 24a and the sizes of the printed spots 49 
produced by each point pulse are not necessarily uniforn. 
Each of the printed spots 40 printed by electrode 24a, 
for example, will be substantially circular and the center 
of spot 40, as it is formed, will be substantially under 
the center of pin 24a, or on the extended longitudinal 
axis of pin electrode 24a. 
The presence of water vapor in gap 26 reduces the 

maximum voltage at which field emission occurs. 
effect of electronegative material in gap 26 is to increase 
the field strength necessary to sustain cumulative ioniza 
tion and thus the dimensions of the avalanche are de 
creased, which decreases the size of electrically charged 
area 40 established, or printed, on the surface of charge 
retentive layer 22 of the recording medium 3. The 
particular advantage of the presence of water vapor and 
an electronegative material is set forth in greater detail 
in U.S. Patent No. 2,931,688, issued April 5, 1960 to 
Frank T. Innes, Herman Epstein and Robert J. Phelps 
for Electrographic Printer and in patent application Serial 
No. 660,408, filed May 20, 1957, entitled “Atmosphere 
for Electrographic Printing' by Robert E. Benn, now U.S. 
Patent No. 3,023,070, issued February 27, 1962, which 
patents are assigned to the assignee of this application. 

The 
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FIG. 4 is a view similar to FIG. 2 showing the print 
face 42 of print head 44. Print head 44 is a 5 X 7 matrix 
print head in which there is provided an initiating electrode 

The print and 
initiating electrode terminals terminate substantially flush, 
or coplanar, with print face 42 of print head 44. Print 
electrodes 48 are substantially equidistantly spaced from 
each other and are arranged in 5 columns and 7 roWs. 
in a preferred example, electrodes 46, 48, are each 3 mils 
in diameter, the distance between centers of the print 
electrodes 43 is 16 mils and the distance between a print 
electrode 48a and initiating electrode 46a is approximately 
2/2 mills. m 

F.G. 5 is a greatly enlarged schematic diagram of a 
portion of print station 10 with print head 44 substituted 
for print head 12 and only a single print electrode 484 
and its associated initiating electrode 46a of print head 
44 illustrated. The rest of the structure of head 44 is 
not illustrated in order to simplify the illustration and 
description of the improved process and apparatus for 
establishing electrically charged areas on recording me 
dium 3. Back electrode 4 is located so that planar 
support surface, or face, 17, whose surface dimensions 
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are at least on the order of magnitude, or greater than 
the diameter of either print electrode 48a or initiating elec 
trode 45a is spaced and maintained at a substantially 
uniform distance from print face 42 of print head 44. 
A print voltage pulse may be applied to print electrode 

48a by low impedance print pulse driving circuit 54 
which is illustrated schematically. In a preferred ex 
ample, the amplitude of the print pulse 56 may be ap 
proximately --500 volts and pulse 56 may be approxi 
mately 500 microseconds wide. The presence of print Volt 
age pulse 56 on pin 48a establishes a unidirectional diver 
gent electric field between print electrode 48a and planar 
surface 7 of back electrode 14, or within gap 58. Elec 
trode 48a, comparatively speaking, can be considered a 
point source, or a point electrode. The maximum in 
tensity of this field at electrode 48a is, however, insuf 
ficient to cause the emission of charged particles by the 
field effect. The intensity of the field is of Sufficient value 
to sustain cumulative ionization within gap 53 once elec 
trically charged particles are introduced into gap 58. To 
introduce charged particles into gap 58, an initiating pulse 
60 is applied to initiating electrode 46a by relatively high 
impedance initiating pulse driving circuit 62 which is 
illustrated schematically. The amplitude of the initiating 
pulse 60 may be on the order of -1000 volts, and its 
pulse width, in one embodiment, is on the order of 50 
microseconds, so that it is substantially less than the 
pulse width of the print voltage pulse. The electric 
field strength between initiating electrode 46a and back 
electrode 4 is below the threshold value at which charged 
particles are produced by the field effect. 

In FIG. 6 the relative polarities, amplitudes and tim 
ing of the print voltage pulse 56 and initiating pulse 69 
are illustrated. When an initiating pulse 68 is applied to 
initiating electrode 46a and a print pulse 56 is simultane 
ously applied to print electrode 48a, the voltage between 
them is sufficient to promptly initiate a disruptive, or 
spark, discharge. The duration of the disruptive discharge 
is very short, on the order of 109 seconds or less. In 
order for printing to occur with the new head, it is neces 
sary that the print and initiating pulses be applied simul 
taneously to an associated pair of print and initiating 
electrodes. Thus the widths of both pulses may be made 
equal, or the initiating pulse can be made wider than the 
printing pulse. . m 

Although not illustrated in F.G. 6, electrodes 46a and 
48a are insulated from each other by a material having 
high resistance such as the epoxy resin from which the 
principal part of head 44 is formed. As a result, the dis 
ruptive discharge takes place substantially between the 
ends of electrodes 46a, 48a substantially in the plane of 
print face 42 of head 44. 
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Each disruptive breakdown introduces a larger number 
of charged particles into gap 58 and in particular in that 
portion of the gap between electrode 45a, electrode 43a 
and back electrode 14, where the intensity of the electric 
field is near its maximum value. As soon as charged 
particles are introduced into gap 58, the field between 
the print electrode 48a and the back electrode 14, due to 
the existence of print voltage pulse 56 at print electrode 
43a is sufficient to cause the propagation of an avalanche 
of charged particles across gap 58 and the establishment 
of a charged area 64 on the surface dielectric layer 22. 
The printed spot 64 will be substantially circular. How 
ever, it appears that the center of the spot as it is pro 
duced is not directly under print electrode 43a, but some 
where between the centers of electrodes 45a and 4.8a, or 
to state it another way, the origin of the avalanche prob 
ably lies along the path of the disruptive discharge be 
tween the initiating electrode 46a and print electrode 43a. 
The polarity of charge area 64 is the same as that of 
print electrode 43a. In FiG. 5, with polarities of the 
pulses as illustrated, the charge of the printed spot 64 
will be positive. 
An explanation of the manner of the propagation of 

negative charge across gap 26 of FiG. 3 (for example) 
is relatively easily understood as being due to the acceler 
ation of electrons emitted by the field effect from elec 
trode 24a by the electric field so that these electrons have 
sufficient energy to ionize gas molecules in the gap 26. 
The process of ionization of the gases in the gap pro 
duces more electrons, which are, in turn, accelerated to 
produce still more electrons, etc. However, when a posi 
tive print voltage is applied to print electrode 48a, the 
explanation is not as simple since the intensity of the 
field in gap 58 of FIG. 5 between electrode 43a and back 
electrode 4 is believed to be insufficient to cause the 
positively charged ions existing in gap 53 to be accel 
erated to produce further ionization. 
An explanation of how a positively charged area 64 

is established, or printed, is as follows. The presence of 
positive ions introduced into the gap 58 by the disrup 
tive discharge distorts the electric field in gap 53 to a 
point that electrons are emitted from gas molecules ahead 
of the bulk of positive ions, and ahead of the boundary 
of the avalanche. This forms more positive ions, and 
since the electrons emitted move rapidly to the print elec 
trode 48a, the charge of the ions is not neutralized. The 
additional positive ions further distort the field, estab 
lish a new boundary, and the process continues until the 
avalanche has propagated across the gap and strikes re 
cording medium 8. This explanation can account for 
the propagation of the positive ions across gap 53 in a 
manner which appears to be substantially like the Town 
send avalanche produced when the print electrode is nega 
tive. 

Because of the high impedance of initiating pulse driver 
62, the disruptive discharge between electrodes 46a, 43a, 
is of very short duration. The time constant of the cir 
cuit including initiating pin 64a and the time both print 
pulse 56 and initiating pulse 6 are simultaneously pres 
ent at their respective electrodes, determines whether more 
than one disruptive discharge can be produced each time 
print electrode 48a and initiating electrode 46a are simul 
taneously energized. Each disruptive discharge will ini 
tiate an avalanche of charged particles. Each additional 
avalanche has the result of increasing the charge density 
of printed spot 64 and also of slightly increasing its size. 
In order to achieve a high order of uniformity, it is de 
sirable that each printed spot be produced by substan 
tially the same number of avalanches. This is accom 
plished by controlling the widths and timing of the pulses 
and the impedance of the initiating electrode circuit. 
One of the advantages of using a disruptive, or arc, 

discharge between the initiating electrode 46a and print 
electrode 48a to introduce charged particles in the gap 
58 is that the intensity of the unidirectional field be 
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6 
tween the print electrode 48a and the back electrode 14 
is established and has a substantially fixed value at the 
time these charged particles are introduced into the gap 
by the disruptive discharge. Since the electric field 
Strength is substantially constant and known, the size 
of the charged area 64 established, or printed, by each 
Such combination of print and initiating pulses will be 
Substantially constant. Also, since the discharge is not 
initiated by the field effect, it is not necessary to apply 
very high voltage print pulses to the print electrodes. 
As a consequence, apparatus for providing modified air 
to the printing station is no longer needed. 
Another one of the problems encountered in using prior 

type print heads is that the presence of certain materials, 
or contaminants raised the voltage at which charged par 
ticles are emitted by the field effect, in some cases the 
presence of contaminants raised the minimum value of 
the potential to a value greater than those applied by 
the pulse driver, with the result that no charged particles 
are emitted and the print head failed to print. It has 
been observed that the disruptive discharge between the 
initiating electrode and the print electrode has a self 
cleansing action so that contamination no longer tends to 
make the printing electrodes inoperative. 
When the print head such as that illustrated in FIG. 4 

is in printing station 10, a print pulse driver will be asso 
ciated with each of the print electrodes 48 and an initiat 
ing pulse driver will be associated with each of the ini 
tiating electrodes 46. Whenever a charged area is to be 
established under print electrode 48b and initiating elec 
trode 46b, for example, it is necessary that a print and 
initiating pulse simultaneously be applied to these respec 
tive electrodes. in printing an alphanumeric character, 
those print and initiating electrodes which must be ener 
gized to print the character on the recording medium 
are energized by conventional control circuit means which 
are not illustrated herein but are well-known in the art 
and produce recording such as that illustrated in FIG. 7. 
From the foregoing, it should be clear that the polarities 

of the print and initiating pulses can be reversed. When 
a negative print voltage is applied to the print electrode, 
negatively charged areas will be established on record 
ing medium and when positive print pulses are applied 
to the print electrode, positively charged areas will be 
printed or established on the recording medium. The 
impedance of the pulse drivers energizing an electrode 
determines the electrode's function, with a high inped 
ance pulse driver being used with an initiating electrode 
and a low impedance pulse driver being used with a print 
electrode. Thus the function of electrodes 46a, 48a, can 
be interchanged if their respective pulse drivers are inter changed. 
While the print and initiating electrodes are illustrated 

and described as being pin electrodes, other physical ar 
rangements, such as having the initiating electrode con 
centric with the print electrode, for example, may be used 
and be within the scope of the invention. 
The explanation of the manner in which electrically 

charged areas are established on the dielectric layer are 
the best explanations that have been developed to date. 
They are believed to be accurate and are supported by 
tests. They are, however, only the best known to the 
inventors at this time. 

From the foregoing, it is believed obvious that the ad 
vantages of the use of initiating electrodes to introduce 
charged particles in the gap between the print electrode 
and back electrode, to initiate the discharge at a prede 
termined field strength, have greatly improved the useful 
ness of the electrographic printing devices. 

Obviously many modifications and variations of the 
present invention are possible in the light of the above 
teachings. It is, therefore, to be understood that within 
the scope of the appended claims the invention may be 
practiced other than as specifically described and illus 
trated. 



3,195,243 
7 

What is claimed is: 
a. In combination: an electrographic recording print 

ing head having a print face, a print electrode having an 
end substantially at said print face; an initiating electrode 
having an end substantially at said print face, the ends of 
said initiating and print electrodes being closely. Spaced 
and separated by electrical insulating means, a back elec 
trode having a support face; means mounting said back 
electrode so that the support face is substantially uni 
formly spaced from the print face of the print head; means 
for establishing a voltage difference between the print 
electrode and the back electrode, the magnitude of Said 
voltage being less than that necessary to introduce charged 
particles into the space between print electrode and the 
back electrode by the field effect, and means for establish 
ing a potential difference between the initiating electrode 
and print electrode to cause a very short disruptive elec 
trical discharge to occur between the initiating electrode 
and the printing electrode. 

2. An electrographic recording printing station com 
prising: a back electrode having a support face, a print 
head forming a print face, said back electrode and print 
head adapted to be mounted so that said print face is 
spaced a fixed distance from and opposite to said Support 
face, a print electrode terminating at said print face, an 
initiating electrode terminating at said print face, Said 
initiating electrode being insulated from and spaced close 
to said print electrode, a first low impedance pulse driver, 
means connecting said first pulse driver to apply, when 
energized, a voltage between said print electrode and Said 
back electrode, the magnitude of said voltage being less 
than the threshold value necessary to introduce electri 
cally charged particles in the space between the print 
and initiating electrode and said back electrode; a second 
high impedance pulse driver, means connecting said Sec 
ond pulse driver to apply, when energized, a voltage be 
tween said initiating electrode and said print electrode, of 
sufficient amplitude, in conjunction with the voltage pro 
duced by said first pulse driver when energized, to produce 
a disruptive electrical discharge between said print elec 
trode and said initiating electrode. 

3. A matrix print head comprising: a body portion 
which has a print face, a plurality of print electrodes 
which intersect said print face and terminate substantially 
at said print face and form in their intersection with the 
said print face an array in which each said print electrode 
is substantially equidistantly spaced from the other print 
electrodes nearest it and in which the said print electrodes 
are arranged in rows and columns substantially at right 
angles to each other; and a plurality of initiating elec 
trodes, each operatively associated with an individual one 
of the print electrodes, and each of which intersect said 
print face and terminate substantially at said print face 
in closely spaced electrically insulated relation to the 
print electrode with which it is associated. 

4. An electrostatic printing head comprising, in com 
bination, a body having a print face and carrying a plu 
rality of print electrodes which terminate substantially 
at said print face and form therewith a matrix array in 
which the print electrodes are located at the intersections 
of rows and columns of the matrix, and a plurality of 
initiating electrodes carried by the body, each of which is 
operatively associated with an individual one of the print 
electrodes and terminates substantially at said print face 
closely adjacent to but electrically insulated from its 
associated print electrode. 

5. Electrostatic printing apparatus comprising, in com 
bination, a printing head having a print face and carrying 
a plurality of print electrodes which terminate Stubstan 
tially at said print face and form therewith a matrix 
array in which the print electrodes are located at the in 
tersections of rows and columns of the matrix, a plurality 
of initiating electrodes carried by the printing head, each 
of which is operatively associated with an individual one 
of the print electrodes and terminates substantially at said 
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print face closely adjacent to but electrically insulated 
from its associated print electrode, means for applying 
selectively to the print electrodes an electromotive force 
to create an electric field extending substantially perpen 
dicularly away from said print face and into the proximate 
atmosphere, and means for applying between each print 
electrode and its associated initiating electrode a Second 
electromotive force coincidentally in time with the first 
electromotive force and sufficient to create a short dis 
ruptive electrical discharge therebetween to initiate cumu 
lative ionization in the atmosphere of the electric field 
established by the print electrode. 

6. Electrostatic printing apparatus comprising, in com 
bination, a printing head having a print face and carrying 
a plurality of print electrodes which terminate Substan 
tially at said print face and form therewith a matrix array 
in which the print electrodes are located at the intersec 
tions of rows and columns of the matrix, a plurality of 
initiating electrodes carried by the printing head, each of 
which is operatively associated with an individual one of 
the print electrodes and terminates substantially at Said 
print face closely adjacent to, but electrically insulated 
from, its associated print electrode, means for applying 
selectively to the print electrodes an electromotive force 
to create an electric field extending Substantially perpen 
dicularly away from said print face and into the proximate 
atmosphere, and means for selectively applying between 
print electrodes and selected ones of their associated 
initiating electrodes a second electromotive force coin 
identally in time with the first electromotive force and 

sufficient to create a discontinuous disruptive electrical 
discharge therebetween to initiate cumulative ionization 
in the atmosphere of the electric field established by the 
print electrode so as to cause a desired symbol in a desired 
location. 

7. An electrographic recording printing station com 
prising: a back electrode having a support face, a print 
head forming a print face, said back electrode and print 
head adapted to be mounted so that said print face is 
spaced a fixed distance from and opposite to said Support 
face, a print electrode terminating at said print face, an 
initiating electrode terminating at said print face, Said 
initiating electrode being insulated fron and Spaced close 
to said print electrode, a first low impedance pulse driver, 
means connecting said first pulse driver to apply, when 
energized, a voltage between said print electrode and said 
back electrode, the magnitude of Said voltage being less 
than the threshold value necessary to introduce electrically 
charged particles in the space between the print and ini 
tiating electrode and said back electrode; a second high 
impedance pulse driver, means connecting said second 
pulse driver to apply, when energized, a voltage between 
said initiating electrode and said print electrode, of Sufi 
cient amplitude, in conjunction with the voltage produced 
by said first pulse driver when energized, to produce a 
disruptive electrical discharge between said print elec 
trode and said initiating electrode but not of sufficient 
amplitude without said voltage produced by said first 
pulse driver when energized to produce said disruptive 
electrical discharge. 

3. An electrographic recording printing station con 
prising: a back electrode having a Support face, a print 
head forming a print face, said back electrode and print 
head adapted to be mounted so that said print face is 
spaced a fixed distance from, and opposite to, said Sup 
port face, a plurality of pairs of electrodes, each pair 
comprising a print electrode terminating at said print face 
and an initiating electrode terminating at Said print face, 
in each pair said initiating electrode being insulated from, 
and spaced close to, said print electrode, first low imped 
ance pulse driver means, means connecting said first pulse 
driver means to apply selectively, when energized, a volt 
age between a selected print electrode, selected print 
electrodes, or all of said print electrodes and said back 
electrode, the magnitude of said voltage being less than 
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the threshold value necessary to introduce electrically 
charged particles in the space between the print and ini 
tiating electrode pair and said back electrode; second 
high impedance pulse driver means, means connecting 
Said second pulse driver means to apply selectively, when 
energized, a voltage between a selected initiating elec 
trode, selected initiating electrodes or all of said initiating 
electrodes and the print electrode corresponding thereto, 
of sufficient amplitude, in conjunction with the voltage 
produced by said first pulse driver means, when ener 
gized, to produce a disruptive electrical discharge between 
each pair of said print electrodes and said initiating elec 
trodes to which both pulse driver voltages are applied 
such that discharge towards the back electrode occurs only 
at selected locations of pairs wherein both print and ini 
tiating voltages have been applied. 

9. The process of establishing electrically charged 
areas on a dielectric recording medium comprising the 
step of establishing an electric field insufficient alone to 
cause ionization of the atmosphere ambient about the said 20 

5 

10 

5 

10 
dielectric recording medium and having a component 
normal to the surface of the said dielectric recording 
medium, and the step of producing an avalanche of elec 
trical charges toward the said dielectric recording medium 
by causing a discontinuous disruptive electrical discharge 
in the said ambient atmosphere to introduce into the said 
electric field a copious Supply of charged particles. 
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