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This invention relates to high speed printing and more 
particularly to an improved printer device which utilizes 
shock wave and plasma energy from a spark discharge 
in a compressible gas. 

Printing devices and methods are known in which 
pressure waves produced in a compressible gas are used to 
perform a work function which produces a mark on a 
record medium. Heretofore, such prior devices and 

' methods required the movement of a type element or mark 
ing member or extensive movement of a paper against 
such an element or member to produce an imprint. Be 
cause of the extra mass involved in such mechanisms and 
methods of printing, high energy was required thereby 
reducing the e?iciency of printing, the speed of impacting 
was somewhat limited, and the repetition rate whereby suc 
cessive imprints can be accomplished wasalso limited. 
The net effect of such limitations was therefore to reduce 
the speed potential whereby large quantities of data can 
be printed. 

It is the general object of the present invention to pro 
vide an improved spark discharge printing device in which 
the above defects and‘limi'tations are avoided. 

‘It is a speci?c object of the present invention to provide 
an improved spark discharge printing device which utilizes 
shock wave and plasma to obtain greater print efficiency, 
impacting speed, and an improved repetition rate of im 
pact with less consumptionof energy to afford a poten 
tially higher print output. 

It is a further object to provide an improved printing 
device in accordance with the previous objects which 
would also provide good quality printing at high speed. 
A still further object of the present invention is to pro 

vide an improved printing device whereby higher printing 
speeds are obtainable with improved efficiency without 
sacri?cing print quality. 
The above as well asother objects are attainable in ac 

cordance with thepractice of the present invention by 
producing a pattern of shock waves and plasma in a 
compressible gas in the form of a character to be repro 
duced and impacting a pressure sensitive record material 
directly with the pattern of waves and plasma to produce 
a visible mark having the desired data identi?cation. 
Thus, the method eliminates the mass of an impact ele 
ment or the mass of a paper to be moved thereby increas— 
ing the efficiency of printing. In the preferred form, the 
data pattern is produced by shaping shock waves and 
plasma generated in a compressible volume of gas by a 
spark discharge. By utilizing shock wave and plasma 
generated by the spark discharge in a compressible gas, a 
high impact speed is attainable since shock wave and 
plasma phenomena travel in gas, such as air at ambient 
pressure and temperature, in the supersonic velocities. In 
the preferred embodiment, the shock wave and plasma 
generated in a ?nite volume of gas are passed through a 
stencil member having apertures arranged to shape the 
shock waves and plasma in the form of data to be printed. 
The shaped waves and plasma are then directed against 
a pressure sensitive marking medium which might prefer 
ably include one or more sheets of interleaved paper and 
carbon paper. 

In the preferred embodiment of the invention, the spark 
discharge printer device comprises a shock wave and 
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2 
plasma generator including electrodes mounted on a shock 
wave re?ector member. The electrodes are mounted on 

I the re?ector member in a manner such that a spark gap is 
formed adjacent to a reflecting surface of the re?ector 
member. A focusing member having a focusing passage 

. way is positioned adjacent the re?ector member so that the 
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passageway de?nes a ?nite volume of gas with the re?ector 
member in the region of the spark gap. A stencil member 
having shock wave and plasma shaping aperture means 
therethrough is positioned against the focusing member 
such that the aperture means overlay the end of the focus 
ing passageway. In the preferred form the shaping aper 
tures through the stencil member are tapered so that one 
or more converging channels is provided for the shock 
wave and plasma produced in the compressible gas within 
the focusing passageway. Improved print quality has been 
obtained at high speeds utilizing such tapered apertures in 
the stencil member. In the preferred embodiment both 
the focusing channel and the stencil apertures are tapered 
so as to present successive converging passageways from 
the re?ector member to the region of impact with a print 
medium. However, the desired improved print quality 
can be realized with focusing passageways which are 
either straight or diverging when used in combination with 
the convcrgingly tapered apertures through the stencil 
member. In such a device, high speed impacting is readily 
attainable because neither marking element nor print me 
dium need be moved against an impression device to form 
the imprint. A h-igherrepetition rate within the limita 
tions of the energizing means for producing a spark dis 
charge from the electrodes becomes possible. Further 
more, a higher impact and repetition rate necessarily 
affords greater output print speed. 
The foregoing and other objects, features and advan 

tages of the invention will be apparent from the following 
more particular description of preferred embodiments of 
the invention, as illustrated in the accompanying drawings. 

In the drawings: 
FIG. 1 is a section drawing with circuit diagram show 

ing the spark discharge print device of the subject inven 
tion. 

FIG. 2 is a plan view of a stencil member of FIG. 1 
illustrating the single alphabetic character U. 

FIG. 3 is a perspective view showing the spark generator 
assembly of FIG. 1. 
FIG. 4 is a pictorial representationillustrating the oper 

ational steps for practicing the method of the present in 
vention. 

FIG. 5 is a perspective view in schematic of a high speed 
printer apparatus embodying spark discharge print devices 
in accordance with the present invention. 

Referring to the drawings in FIG. 1, an assembly for 
printing with a pattern of shock waves and plasma com 
prises an electrode support and shock wave re?ector plate 
10 which may be mounted on a support plate 11 by suit 
able means such as brackets 12 and screws 13. In the 
preferred embodiment, re?ector plate 13 is a block formed 
of electrical insulating mate-rial preferably a moldable 
plastic. A pair of electrodes 14 and 15 are mounted on 
plate 10 for generating a spark discharge adjacent the 
upper face ltia thereof. The electrodes 14 and 15 are 
mounted on the plate 10 in such a manner that a spark 
gap 16 is formed between the ends thereof across the face 
Ida of plate It}. While various techniques may be used 
for mounting the electrodes onplate 10, in the preferred 
embodiment, the electrodes 14 and 15 are conductor strips 
of material such as tungsten embedded in block 10 so that 
the conductors lie in the surface 10a of block 10 on either 
side of the gap 16. ' 
Means for producing a spark discharge across gap 16 

of electrodes 14 and 15 comprises a storage capacitor 17 
connected in series with a ?ring switch by leads 19 and 
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p24} to electrode 14 and to electrode 15 by lead 21. When 
capacitor 17 has been energized to the appropriate energy 
level, switch 18 is closed to apply a potential adequate to 
produce breakdown across gap 16 in the gas adjacent the 
gap 16 thereby generating shock waves and plasma which 
are re?ected by surface 1011. I 

Various means may be provided to charge capacitor 17 
as is known in the art. One form shown in FIG. 1 in 
cludes an electrical power source such as battery 22 con 
nected by leads 23 and 24 in series with charging switch 
25 to one side of capacitor 17 and'by lead to the other 
side thereof, With ?ring switch 18 open, on the closing 
of charging switch 25, battery 22 is connected across the 
capacitor 17 causing it to become charged to an energy 
level to produce a spark upon discharge. Upon comple 
tion of the charging ' operation, charging switch 25 is 
opened. The operation of switching means to perform 
the charging and discharging of capacitor may, of course, 
be performed manually or automatically using control 
elements well known in the art. , . 

For the purposes of practicing this invention, capacitor 
17 is preferably an energy storage capacitor having a low 
internal inductance, internal resistance. An energy stor 
age capacitor of approximately 0.5 microfarad was found 
desirable for producing 5-7 kv. discharges across gap vM 
having a Width of .O3(),—.15() inch. 

In accordance with the present invention, the spark dis 
charge occurs in a ?nite volume of a compressible gas at 
an energy levelwhich produces shock wave pressure dis 
turbance with plasma which. is shaped into a data pattern 
of shock waves and plasma and then directed against a 
pressure sensitive print medium. As seen in FIGS. 1—3, 
the preferred device for accomplishing this includes a fo 
cusing plate member or cap 3i} having a focusing pas 
sageway 31 therethrough. The focusing plate 3% which 
preferably is formed of a molded plastic material 
with the passageway 31 machined therethrough is posi 
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tioned to rest on and coact with surface lltla of re?ector - 
plate 19 with the passageway 31 located to de?ne a gas 
filled region proximate spark gap 16. One suitable mate 
rial usable for making the focusing plate 30 can be an 
acrylic resin such as methyl r’nethacrylate which is com 
mercially available, for example, under the trademark 
Lucite. 
To shape the shock wave and plasma a stencil plate 

member 32 having wave and plasma shaping apertures 33 
con?gured to de?ne a data pattern is superimposed on 
the focusing plate 36 to place the wave shaping apertures 

. I 33 in alignment with the upper end of the passageway 31. 
’ Stencil member is preferably made of metal such as 
brass and the apertures are ground therein by a power tool 
or the like. A pressure sensitive medium, preferably com~ 
prising a paper sheet 35 superimposed on a pressure sen 
sitive ink bearing paper 36 is placed to overlay the aper 
tures 33 in stencil member 32. A ?at surfaced backup 
plate 37 overlays the print medium 34. The entire as 
sembly is secured and the position of the stencil member 
32, focusing plate 30 and re?ector plate 10 is maintained 
by means such as screws 38 which pass through suitable 
openings in the various members into threaded engage 
ment with openings 10b in re?ector plate Jlti (see FIG. 3). 

While various types of focusing passageways 31 and 
wave shaping apertures 33 may be formed in focusing 
plate 30 and stencil member 32 respectively, in the pre 
ferred form, both passageway 31 and apertures 33 are ta 
pered as seen in FIGS. 1 and 2. In addition, improved 
printing results with the focusing plate 3t) and stencil 
member 32 arranged so that the large ends of the open 
ings face the re?ector plate 10 so as to present a succes 
sion of converging channels downstream from the spark 
gap 16. 

FIG. 4 illustrates pictorially essentially what occurs in 
practicing the present invention. With the focusing plate 
30 in position against re?ector plate 10, and stencil plate 
‘32, print medium 34., and backup plate 37 superimposed in 
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4.1 
that order, a spark discharge at one end of passageway 
31 sets up a shock wave disturbance lid and generates 
plasma in the gas or air Within passageway 31. The shock 
wave 453 and plasma are re?ected from re?ector surface 
Elicia of re?ector plate 16‘ and emanate from passageway?l 
to impinge on the inner face of stencil member 32. Por 
tions of the shock wave and plasma pass through the aper 
tures 33 thereby taking on the pattern characteristic of 
the apertures as identi?ed by wave lines 41 and 42. 
The wave and plasma pattern'so produced are thus di 
rected by the stencil member 32 against the print medium 
34 where an impact occurs. The backup ‘plate 37 being 
completely ?at, the visible imprint resulting is entirely 
attributable to the wave and plasma pattern produced by 
the stencil. ' 

While FIG. 4 shows the parts widely separated, in 
actual practice, they are preferably assembled in close 
proximity more or less in the manner shown in FIG. 1. 
The separation of FIG. 4 was made for purposes of 
illustrating the wave and plasma generation and shaping 
in a pictorial'manner. In addition, it is to be noticed 
that in FIG. 4, the heavy lines, e.g., 43, represent suc 
cessive peaks in the shock waves, a phenomenon asso 
ciated with a spark discharge using an underdamped 
capacitor discharge circuit as shown in FIG. 1. 
FIG. 5 illustrates a printer apparatus embodying the 

principles of the present invention in a form which pro 
duces printing of data a line at a time. A pressure sen 
sitive print medium of the type shown in FIG. 1. takes 
the form of a continuous document 50. Behind docu~ 
ment 5th is a backup plate or platen 51 and on the 
other side is a shock wave impact generator assembly 
52 comprising plural spark generators uniformly spaced 
apart and‘ arranged in a row along a print line. At 
each print position there is a spark, generator compris 
ing a pair of electrodes '53 and 54 with focusing plate 
member 55 having a focusing passageway 56 formed ' 
therein. in the embodiment shown in FIG. 5, the shock 
wave shaping means is a stencil member taking‘ the 
form'of a continuous band 57 having a plurality of 
character apertures 58 and mounted on a pair of spaced 
drive pulleys 59 and 6f}, the former being connected to 
a drive means 61. With drive means 61 operating, the 
stencil band 57 moves at a continuous rate of travel 
past the various passageways 56 in the focusing plate 
55. Upon the arrival of various character con?gura 
tions 58 in the stencil band 57 at the various print posi 
tions, the‘ various electrodes 53' and 54 are energized 
to. generate shock Waves and plasma within the indi 
vidual passageways 56 which are shaped at the appro 
priate print positions by character apertures 58 causing 
the various select wave patterns to impact print medium 
5t? against platen 51. When a line of data has been 
printed, document 5% may be moved in a manner Well 
known in the art to a second'line position and the oper— 
ation repeated 

While the invention has been particularly shown and 
described with references to preferred embodiments 
thereof, it will be understood by those skilled in the art 
that various changes in form and details may be made 
therein without departing from the spirit and scope of 
the invention. 
What is claimed is: 
l. A spark discharge impact printing device compris 

0 ing in combination 
(a) a spark generator including electrode means 
mounted on a reflector member, 

(b) said electrode means being mounted on said re 
?ector member such that a spark gap is formed 
by ‘said electrodes adjacent a surface of said re 

' ?ector member, i ' i 

(c) means for producing a high energy spark dis 
charge across said electrode means pressure wave 
re?ector member, . v 

(d) focusing means positionable adjacent said surface 
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of said re?ector member, said focusing means hav 
ing a focusing passageway positionable at one end 
against said re?ector surface so as to de?ne a ?nite 
volume of a compressible gas in the region proxi 
mate said spark gap, 

(e) a stencil member having shock wave and plasma 
shaping apertures therein operable for producing a 
data pattern of shock waves and plasma from shock 
waves and plasma produced in said gas Volume in 
said focusing passageway, 

(f) means for locating said stencil member with said 
shaping apertures adjacent the second opening of 
said focusing passageway, 

(g) and platen means for supporting pressure sensitive 
record material adjacent the anterior surface of said 
stencil member in impact receiving position over said 
shaping apertures in said stencil member. 

2. A spark discharge printing device in accordance with 
claim 1 in which 

(a) said focusing passageway is convergingly tapered 
from the opening adjacent said re?ector member to 
said stencil member and said stencil member is posi 
tioned adjacent the lesser opening of said tapered 
passageway. 

3. A spark discharge printing device in accordance with 
claim 1 in which 
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(a) said shock wave and plasma shaping apertures of 
said stencil member are convergingly tapered and 
said stencil member is positioned adjacent said focus 
ing plate so as to present converging passageway to 
said shock Wave and plasma emanating from said 
focusing passageway. 

4. A spark discharge printing device in accordance with 
claim 2 in which 

(a) said shock wave and plasma shaping apertures of 
said stencil member are convergingly tapered and 
said stencil member is positioned adjacent said focus 
ing plate so as to present converging passageway to 
said shock Wave and plasma emanating from said 
focusing passageway. 
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