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ever, various disadvantages. I ~ 

METIIOD AND DEVICE FOR PRODUCING PRINTS 
AND THE LIKE ' ‘ - ' 

CROSS-REFERENCE To REALTED 
APPLlCATlQNS . 

This isacontinuation of application Ser. No. 59,134 
?led on July-‘29, 1970, now abandoned, which in turn 
is a continuation-in-part application of the copending 
application Ser. No. 405,330 ?led on Oct. l3,..l964 for 
“Method and Device for Producing‘Prints or the Like” 
now abandoned. ' ‘ 

BACKGROUND OF THE ‘INVENTION The'present 
. invention relates to a method and apparatus for 
producing selected visiblercharacters on a recording 
area by irradiating particles'lo'cated in the region of the 
recording ,area‘with a contoured beam of radiation of 
an Outline corresponding ‘to the respective character to 
thereby produce from the radiated particles a visible. ' a 

i 20 image according to the selected character on the ' 
.l ' ' recording area.? . 

Most of the methods used to produce visible charac 
ters’such as print on a‘recording'area used printing 
types which: are arranged on key levers, rollers or the 
like which are applied by mechanical or electrome 
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Such systems which require, besides the actual print 
ing operation, transfer and fixing operations are expenr _ 
sive and time-consuming in addition do not permit di 
rect reading of the character produced on the record 
ing area during the actual typing operation. 
Other systems are also known in which the print or 

type character is first projected by opticalmeans on an 
intermediate carrier and ?xed thereto by an electric 
charge. The thus-produced character is however still 
invisible and will become visible on the recording area 
onlyafter the completion of several additional method 

7 stops. 

chanical means against the recording area with a color ‘ 
carrier such as ink, an inked ribbon or the like inter 
posed between the’ printing types and the recording 
area.' l, ' ‘v v. ' - 

' ‘These known typing'and printing means have,=how-' 

First-ofv all, the making of conventional typewriters 
requires a substantial amount of mechanical high preci 
sion ‘components whose proper assembly and adjust 
ment is expensive andrequires high-skilled labor. 
Furthermore, typewriters and similar'printing appa 

rratus'havve a large number of relatively heavy compo 
nents which, for reason of stresses they are subjected 

’ to during operation, cannot'bemade from lighter and 
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cheaper synthetic materiaL'and the mass forces en- . 
countered during operation of ‘such apparatus .do not 
permit to increase the 7typing or printing speed substan 
tially beyOndqlS strokes; per second. This is of special 
disadvantagein ‘typewriters or ‘similar ‘printers which 
are constructed for automatic operation from‘ memo 
ries or storages such as for insta'nceiperfora'ted tape. ' 

> Another. disadvantage of such a‘pparatus'is the ma. 
tive loud noise they produce during operation which, 
even by use of sound‘absorbing wmeans, cannot be re 
duced to a desired minimum. I ' > v 
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Besides the above mentioned prior art ‘printing and 
typing devices, other systems 'for producing ‘:visible' 
characters are known: which, although they'include 
types, do not require a mechanical stroke. Such devices 
include for instance magnetic‘ typing systems wherein 
the types are magnetically conductive and, as an ~ex--v 
citer magnet is turned on. will produce a change of the 
magnetized condition'on 1a ‘magnetic .carrier corre 
sponding to the respective character to be printed. In 
such systems,.however,there'will be produced ?rst an ' 
invisible magnetized image-on an intermediate carrier, 
which only subsequently by powdering‘this magnetized 
image by means of ‘a magnetic powder will produce ‘a 

‘ visible image Onthe actual recordingv surface, and'such 
visible image has to be ‘fixed substantially to the record 
ing ‘surface by heat. ‘ ' ' I ' 
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- Such systems have there-forealso the disadvantage 
that the characters thus produced cannot be read dur- ‘ 
ing the actual typing or printing operation and that they 
require expensive auxiliary devices for'charging, pow 
dering and cleaning of the intermediate carrier and the' 
transfer of the intermediate invisible image to the ‘re 
cord carrier on which it is ?nally ?xed in form ofa visi 
ble image. " ' 

SUMMARY OF THE‘ INVENTION . i 
.It is an objectof the present inventionv to ‘providt? a 

method and apparatus for producing selected visible 
I characters on successive portions of a recordingarea ‘ 
and which avoid the disadvantagesof methods and ap 
paratus known in the; art for this purpose.‘ 

It is a further object of the present invention to pro 
vide for a method and apparatus of the aforementioned 
kind which can be operated at a'speed far exceeding - 

- ‘the speeds of typing and 
1‘ known in the art. ' 

similar ‘printing apparatus 

It is alsoan object of the present invention to provide 
for a methodand apparatus of the, aforementioned kind 
which will produce visible'lcharacters during ‘the actual 
printing operation. ' ’ ‘ ' ' 

It is an additional object ‘of the "present invention to ' 
provide for an apparatus “of the aforementioned kind 
which is relatively simple in construction so as to be 
produceable‘ at reasonable’ cost and so as to‘operate 
trouble-free under extensive use. I - 

With these objects in view, the "method-according to 
' the present invention‘ of producing selected visible . 

characters‘on'successive- portions of atleast one re 
cording area mainly comprises the ‘steps of positioning - 
a selected'one of-a‘ plurality of character forming means 
adjacent a selected portion of the recording'area, in?u-_ 
encing a beam of electromagnetic radiation by the se- . 
lected character; forming means so as to project a modi 
?ed beam of radiation forming an outline correspond- ' 
ing to. the selected character to be produced toward 
particles in the region of. the selected portion ofvthe re-' 
cording area so~that~particles which are irradiated by 
the modified beam¢will absorb part of the radiation en 
ergy so as to change the properties of ‘ the irradiated. 

‘ particles, and producing only from the irradiated parti 
cles visible characters on the recording area‘ while the 
relativeposition of the beam and the recording area is 
maintained. _ ' v v c , . 

The change in the properties of the radiated particles - 
may be a color change, or a softening, respectively liq 
uifying of the particles. ' » i I 

The apparatus according to the‘ present invention 
mainly comprises support means movably supporting a 
sheet on which the- characters are to be produced, a 
source of radiation spaced from the support means for 
producing .a beam of electromagnetic radiation die 



3 
rected toward particles located in the region of a face 
of'the sheet opposite the face which is supported on the 
support means, and a plurality of character forming 
means for selectively in?uencing the beam of radiation 
produced by the source of radiation so as to project a 
modi?ed beam of radiation forming an outline corre 
sponding to the selected character forming means to 
ward a selected portion of the sheet so that particles lo 
cated in the path of the modi?ed beam will be irradi 
ated tov thereby change the properties of the irradiated 
particles and to produce from such irradiated particles 
a visible character on the portion of the sheet while the 
relative position of the'latter, the source of radiation 
and the character forming means is. maintained. 
The. novel features which are. considered as .charac 

vter'istic of the invention are 'set forth in particular in the 
appended claims. The improved device itself, however,v 
both as to its construction and its mode of. operation, 
together ‘with additional features and advantages 
thereof, will be best understood upon perusal of the fol- - 
lowing detailed description of certain speci?c embodi 

' ments with reference to the accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic view of an apparatus according 
to the present invention forinfluencing a beam' of radi 
ation produced by a source of radiation so as to project 

3,854,808 

0 

5 

20 

a modi?ed beam of radiation forming an outline corre- - 
sponding to a selected character toward a selected por 

’ tion of a recording area; 

FIG. 2 is a schematic partial view of a modi?ed form 
of the apparatus shown in FIG; 1;‘ _ 

. FIG. 3 is a schematic view of the major components 
of an apparatus according to the present invention in 
which the particles to be irradiated are located on the 
recording area;. 
FIG. 4 is a schematic view of a modi?ed apparatusv 

according to the present invention in which‘ the parti- ' 
vcles to be irradiated are transported on a carrrier past 
the recording area and transferred thereto by mechani- ' 
cal pressure; 4 - _ 

FIG. 5 is a schematic view of 'a further modi?cation 
which is similar to the embodiment shown in FIG. 4; 

- FIG. 6 is a partial view of an apparatus according to 
the present invention‘ and illustrating application‘ of 
particles to be irradiated onto the .carrier; ' 
FIG. 7 is a'further partial view of an-apparatus ac 

cording to the present invention and showing a differ 
ent method for applying particles to be irradiated to a 
vcarrier; and 

FIG; 8 is a schematic view of a further apparatus ac 
cording to the present invention for applying particles 
to be irradiated to a carrier and for transferring the ir 
radiated particles from the carrier onto a recording 
area without applying mechanical pressure to‘ the car 
rier. . . 

DESCRIPTION OF THE PREFERRED 
‘ EMBODIMENTS ' 

The present invention relates to a method and appa 
ratus for producing selected visible characters on suc- - 
cessive portions of at least one recording area. ‘The 
method is carried out by positioning a selected oneof 
a plurality of character forming means adjacent a se 
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project a modi?ed beam of radiation forming an out- ' 
line corresponding to the selected character to ‘be pro 
duced toward‘ particles in the region of the selected 

- portion of the recording area so that such particles will 
be irradiated by the modi?ed beam andabsorb part of 
the irradiated particles. ._ I 

The character forming means are preferably in the 
form of a plurality of masks or portions of a single mask 
which are formed with cutouts or transparent portions 
corresponding to the shape of the selected character 
and such masks or mask portions are selectively placed 
between a source of radiation and the recording area 
so hat only a modi?ed beam of electromagnetic radia 
tion having an outline according to the cutout 'or trans 
parent portion formed in the’ selected mask or mask 

. portion will pass toward the recording area. 
The particles to be irradiated by this modi?ed beam ' 

may be incorporated on the surface of the recording 
area, or the‘ particles to be irradiated may be trans-_v 
portedin a thin layer on a radiation permeable carrier 
strip which is moved ‘spaced from and longitudinally. 
along the recording area so that the irradiated particles 
in abosrbing the radiation energy are softened and then 
transferred by pressure-contact onto the recording area 
to which the softened particles will then adhere to form 
visible characters thereon, or the particles to be irradi 
ated may‘ be electrostatically charged and moved 
spaced from and longitudinally along the recording 
area for instance on a carrier bandso that the particles 
which are irradiated bythe modi?ed beam will loose 

‘ their charge and'will be transferred on to the recording 
area by additional electromagnetic and/orelectrostatic 

I attractingforce applied thereto. ' 

.Common to the three modi?cations according to the 
method of the present inventionis a ?rst step of modi 

' fying a beam of radiation emanating from the'source of 
radiation so as to project a modi?ed beam of radiation 
forming an outline corresponding to the selected char 
acter to be produced towardvpartic'les in the region of 
a selected portion of the recording area. As mentioned 
above, this is preferably accomplished by placing a se 
Iected'one of a pluralityof masks or selected portions 

_ I of a single mask having cutouts or transparent portions 
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lected portion of the recording area to thereby in?u- ' 
ence a beam of ‘electromagnetic radiation vso as to 

according to the selected character to be produced 
therein in the path of a beam of radiation ‘emanating ' 
from a source of radiation and directed toward-the re 
cording area. Various apparatus for placing such masks 
or mask portions in the path of a beam of radiation are 
known in the art, and FIG. 1 schematically illustrates 
such as apparatus. , ‘ ' _ ‘ 

As schematically shown in FIG. 1‘, this apparatus may 
comprise a plurality of pivotally mounted-key operated 
levers A, A1 and soon arranged side-by-side and each 
carrying a plurality of downwardly extending pins Bar 
ranged along the ‘respective level spaced from each 
other according to the code different for each lever and 
adapted during depressing of the respective lever to 
close a plurality of switches C to produce in a coder in 
‘circuit with the switches coded impulses which are 
transmitted to a comparator D. A disc 2, which may be 
formed from thin sheet glass covered with an opaque 
layer of metal or the like, the opaque layer having in 
the region of the periphery a plurality of cutouts re 

' spectively of an outline‘corresponding to selected char 
acters to be produced,'for instanceletters A, B,[C and 
so on, uniformly spaced from each other and radially 
inwardly therefrom a plurality of uniformly spaced slots 
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E each- corresponding. to one of the, cutouts, is rotated 
uniformly about a vertical axis by a motor. The disc 2 
is further provided with a single additional slot F radi 
ally inwardly placed from the annulus of'slots E and 
aligned with one of the same. Axially aligned with the 
annulus of slots E and the single slot F are two lamps 
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‘G ‘and H to one side of the disc so that the rays pro‘ _ 
' duced by the lamps G and H may. pass during rotation 
of the disc 2 respectively through successive-slots E and 
the slot F onto a‘ pair ofreceivers J respectively axially 
aligned with the lamps G and H' and located on the 
other side of the disc. The receivers J are connected to 
a counter K which in turn is connected to the compara 
tor D and the latter is connected through a circuit L to 
a source of radiation 1. - > g _, 

' The apparatus schematicallyillustrated in FIG.v 1 will 
operate as follows: The counter K will start counting 
when during rotation of the disc 2 the single slot F will 
be in axial-alignment with the lamp l-l so that the light 

, beam emanating from this lamp will impinge on one of 
the receiversJ. By depressing one of the ‘levers im 

0 

' s'ec./cm"’ and the spectral region of the necessary rays -. 
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pulses are-transmitted to the comparator‘ D corre- - 
sponding to the number and spacing of the pins B on 
the respective lever and when these impulses corre 
spond with the impulses counted’ by the counter K, the 
radiation source 1 will be momentarily energized while 
rotation of the disc may be momentarily stopped so 

that the beam of radiation _4 thus produced will pass‘ 
through a selected cutout and thus produce amodi?ed 
beam of radiation 4a according to the thus selected 
character toward the recording area 3. While FIG. 1 
.showsonly two levers A and Al, it is to be understood - 

25 

30 

that the-apparatus has to'include as many levers as are . ' 

cutouts for characters'to be printed on thedisc 2. 
FIG. 2 shows a slight modi?cation of the arrange 35 

ment schematically, illustrated in FIG. 1 which may be » 
- used when't'he source of radiation 1, shown in FIG. 1 
‘is continuously energized. in this modi?cation the-cir- ’ 
cuit L is not connected to the radiation source 1,‘ but 
to an electromagnet M having a movable core to which 
a shutter N is connected‘ for 'movementtherewith in 
longitudinal direction.‘ The shutter N has a dark'opaque 
portion andalight transparent portion, and this shutter 
is biassed by a spring '0' in the direction'of the arrow l 
so that normally the opaque portion will be located in 
the path of the beam of radiation emanating from the 
source 1 and so that only if the magnet M isenergized, 
the shutter l will'be moved against the bias of the 
spring!) to a position in which the transparent portion 
ofvhe shutter is aligned with the rays 4 emanating from 
the source l.'As schematically indicated in FIG. 2 the 
shutter N is located closely adjacent the disc between 
the light radiation source 1 and the disc. The shutter N . 
may be formed from thin sheet metal and the transpar 
ent portion thereof may simply be a cut out formed in 
the sheet metal. . _ 

Similar apparatus as vdescribedabove in connection 
with FIG. 1 and 2 for placing a selected portion of a 
disc carrying cutouts or transparent portionsof an out-' 
lineaccording to the characters to be produced into the 
path-of rays emanating‘ from a source 'of radiation are 
known inlthe art and a similar apparatus is for instance 
disclosed vin the. US Pat.'No. 2,787,654. - 
FIG. .Bschematically illustratesthe useof a vmask 2 

and apparatus connected thereto, as described abovein 
‘connection. with FIGS. 1 and2,'in one embodiment ac 
cording to the present invention. In this embodiment 
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. ator l, a masking-arrangement 2-, which-may be con-' 

.6 
themask 2 is interposed between a radiation generator 
land a record carrier ‘3 which carries on the face 
thereof facing the radiation generatorl a layer of parti 
cles ?xed thereto which are to be- irradiated by the 
modi?ed beam 4a. ' g ' , ' 

In this embodiment the record carrier 3 is a radiation 
sensitive paper provided with a layer of particles ?xed 
thereto which change their color whenirradiated by 
the modi?ed beam 4a. Such radiation sensitive papers 
are well known in the art and for instance described in 
the US. Pat. ‘No. 3,028,254 to Edwin Allen Grant, Jr. 
‘When such papers are subjected to ultraviolet rays em- _ 
anating from the radiation generator 1, the portions ra 
diated by the modi?ed beam 4a will change their color 
by absorbing the energy of the radiation. Papers‘with 
a particle layer sensitive to ultraviolet radiation will re 
quire a‘ radiation intensity of ' 20 — 50 microwatt 

is for ultraviolet sensitive‘ papers in the region of >150 — 
350 nanometer. , . v 

Other papers sensitive to heat rays are also ‘described 
in the US. Pat. No. 2,953,454 which describes a paper 
provided with a layer composed of the following ingre- ‘ 
dients:_ v ' 

Ingredients Parts by Weight I 

Camaub'a wax I l l 
Ouricury wax . 4 
Lanolin ' 7 

Blown rapseed oil 8 ‘ 
'Mineral oil . ‘ - ll 

vCrystal violet ,dyestuff ‘59 

Such papers are to be irradiated with a radiation in 
tensity of 750- lSOJmilliwatt sec/cm2 and the spectral 
region for such paperswshould"bebetween>8007and 
2,000 nanometer. _’ ‘ . I ‘ 

As radiation generators for the spectral region of 
l50-' 350 nanometers discharge lamps or, ?ash lamps , - 
are suitable whereas'for the spectral region of 800 - 
2,000 nanometer incandescent lamps or infrared lamps‘ 
are bestsuitahletmm M V. i. . _ I - 

Another embodiment'according ,tothe present inven 
tion is schematically illustrated in FIG.‘ 4. The embodi- ‘ 
ment shown'in this Figure comprises a radiation gener 

structed as described abovein connection with FIGS. 
1 and 2,'for inserting a selected one of a plurality of 
cutouts or transparent portionsof an outlinecorre 
sponding to the selected character to be printed into 
the path, of the rays 4 emanating from the radiation 

- generator so as to provide a moi?ed beam of radiation 
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4a downstream of the mask. This modified beam 4a 
passes through the, bottom wall of'a pot-shaped ham‘ 
_mer 7 whichyis ‘transparent and for instance formed of 
glass, preferably of Plexiglass, and through formed of 
glass, preferably of Plexiglass, and through a likewise 
transparent carrier band 5 held in taught condition, by 
means not shown in the drawing, against the .bottom 
face of the pot-shaped hammer 7. They carrier band 5 
is formed from a ?exible plastic material, for instant ‘ 
polyvinyl chloride; This material has'not only to be 
transparentbut also to withstand.v properly without soft‘ 
eningthe temperature» it is subjected to during radia 
tion. ‘At. higher radiation energies or temperature 
‘polytetra?uor-ethylene is preferably used instead of 
polyvinyl chloride, The bottom face of the carrier band 
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5 carries a thin opaque layer of thermoplastic material 
v5a which may consist of carbon black enclosed in wax. 
Such layer material is known in the art and it may for 
instance include 40 parts by weight of carnauba wax, 
40 parts by weight of mineral oil and I5 parts by weight 
of carbon black. - I ‘ 

Other materials usable for thispurpose may be com 
posed of 36 parts by weight of carnauba wax, 1 part by 
weight of ozokerit, 40 parts by weight of mineral oil, 5 
parts by weight of oleic acid, 3 parts by weight of crys 
tal violet, and 15 parts by weight of carbon black. This 
material will, soften when radiated by the modi?ed 
beam 4a and the softened parts of this layer 5a will then 
be- transferred by pressure contact onto the recording 
surface 3 which in this case may be standard paper. A 
stationary stop 10 is provided abutting against the bot 
tom face of the paper 3 and this stop may be formed 
from any suitable material, for instance, metal. 
The pot-shaped hammer 7 carries fixed to the upper 

rim thereof in any suitable manner an iron ring 8 to 
which, a ?exible membrane 9, ?xedly mounted at the 
cuter periphery thereof on a stationary support, is con 
nected to thus yieldably holdthe ring 8 and the ham 
mer 7 connected thereto in arestposition andcentrally 
with respect to the radiation generator 1. A stationary 
magnet coil 6 is arranged coaxial with and downwardly 
spaced from the ring 8 so that the latter will be down 
wardly moved against the tension of the membrane 9 
when the coil'_6 is energized.’ , . 

The above-described arrangement will operate as fol 
lows: After advance of the paper 3 into the position for 
printing a selected character thereon and simulta-. 
neously movement of theimask 2 to bring a selection 
generator 1, the generator 1 is energized so that a mod 

' ified beam of radiation 4a will pass through the carrier 
band 5 whereby the layer 5a thereon will be locally 
heated according to the outlined the modi?ed beam 
4a, that is according to the outline of a selected charac 
ter to be printed. The energy absorbed by the irradiated 
portion of the layer 50 will be suf?cient to locally 
soften, respectively liquefy this layer. ‘ 
An adjustable electronic time delay of known‘ con 

struction may be provided to energize the magnet coil 
6 after the modi?ed beam of radiation has acted for a 
predetermined time on the thermoplastic‘ layer 5a to 
thereby draw the iron ring 8 against the bias of the 
membrane 9 into the coil 6 so as to momentarily press 
the carrier band 5 and the layer 5a on the bottom face 
thereof against the top face of the paper 3, which will 
transfer the locally softened portion of the layer 5a cor 
responding to the selected character onto the paper 3. 

By the. provision of proper means it can be assured 
that the transferred character will'stick to and harden, 
respectively solidfy on the paper 3 without causing the 
carrier band 5 to adhere to this paper. The above 
mentioned materials for the carier band 5 and for the 
layer 50 thereon will satisfy this requirement. , 
The necessary radiation intensity required for carry 

ing out the method with the above-described embodi 
ment is in the range of 20 - I00 milliwatt sec/ cm2 and 
the spectral region for the necessary radiation is ‘in the 
region of 800 ,- 2000 nanometer. Incandescent- lamps 
or infrared lamps are especially suitable as radiation 
generators in this case. ' 

In order to reduce the surface tension of the carrier 
band 5 when the latter is formed from polyvinyl chlo 
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ride it is preferred to apply to the bottom surface of the 
carrier band 5 a very thin layer of ~ polytetra?u- ' 
orethylene, respectively to form the carrier band 5 
from the last-mentioned material, Polytetra?uoethy 
.lene has, as well known, a very small surface tension. 

It is also possible to accelerate the return movement 
of the hammer 7 to its rest position as shown' in FIG. 4 
by providing an additional solenoid-coil ll; upwardly‘ 
spaced from the solenoid coil 6 which when- energized 
will quickly lift the hammer'7 so that by the suction 
thus created on the bottom face of the hammer the car 
rier band 5 will be quickly liftedfrom the paper 3. For 
this purpose it may also be advantageous to .provide at . 
the bottom of thehammer 7 a rubber sleeve .12 which 
fluidtightly' engages the upper surface of' the carrier 
band 5. It is further advantageous to provide for ener 

_ gizing of the magnet coil 7 van exactly adjusted elec 
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tronic control arrangement of known‘ construction 
which will cause movement of the hammer 7 to its rest 
position at time in which the portion of the layer 5a 
transferred to the paper 3 is not fully hardened‘ so that 
separation of the carrier band 5 and the paper 3 will 
occur before the hardening of the radiated layer por 
tion 5a which is transferred onto the paper 3. 
FIG. 5 illustrates schematically a further‘embodiment 

according to the present invention which 'will operate 
in a manner similar to the embodiment described above‘ 
in connection with FIG. In this embodiment theposi- , 

. tion of the hammer l3 and the stop‘ 14 are reversed as 
compared to the arrangement shown in FIG. 4, that is 
the stop 14 is'arranged to engage the top face of the 
carrier band 5,'whereas the hammer 13 is arranged to 
engage the- bottom face of the recording papers 3. In 
this'case the stop 14 has evidently to bemade of trans 
parent material and it is preferably formed from Plexi 
glass. The arrangement shown in FIG. 5 has the advan 
tage that the construction of the hammer '13. can be 
simpli?ed. In addition it is possible to provide'for- the 
drive of the hammer for its working and return stroke 
an electrodynamic system 15 which will assure a‘maxi 
mum speed of the hammer movement. ' » 

The arrangement according to FIG. '4 ‘and 5 has the 
. advantage that a carrier band and the color layer 5a 
thereon may be used which during normal room tern 
perature will not smudge and be color-fast. 
Since the radiation energy necessary forsoftening re 

spectively liquefying portions of they layer 5a will de 
pend on the difference between the softening'te'mpera 
ture t. and the temperature to of the surrounding atmo 

' sphere, it is possible by preheating the carrier band 5 
to a preheating temperature 1, before it passed in the 
region of the radiation beam emanating from the gener 
ator 1 so that the amount of heat to be transmitted to 
he particles of the layer 5a by the beam 4a may be con 

, siderably reduced. For this purpose a heating element 
16 may be-provided adjacent the stop 14 in the region 
of the latter upstream of the path of the rays 4a, as con 
sidered in the direction of the movement of the carrier 
band 5 indicated by the arrow shown at the right por 
tion of the band, and the heating energy transmitted 
from the heating'elementl6 to the stop l4is preferably 
controlled by a thermostate 17in circuit with the heat 
ing element 16 so that the preheating temperature of 
the stop 14 may be regulated in accordance with the 
temperature of the surrounding atmosphere. ' 
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‘ Usually it is assumed that it is not necessary to pro-' ‘ - 

I duce carbon copies withthe embodiments illustrated in 
FIGS. 4 and 5 since copies can be made in a simple 

10v 
charging device 42 which charges the band in the man 

' ner as-described-above in connection with FIG. 7 and 

manner with known-copying processes. If, however, in ' 
special cases‘ the described method should be used for 
the production of carbon copies, then it is possible to 
introduce between the hammer 7- respectively 13 and 
the stop 10, respectively 14 a plurality of carrier bands 
5 with the ‘layers 5a thereon and recording papers 3 al 
ternately sandwiched therebetween in a plurality of lay 
ers so that for instance by ‘selection of proper heat radi 
ation a division on the plurality of layers will occur so 
that after energizing the radiation generator and move 
ment of the hammer 4 respectively 13 along its working 
stroke a simultaneous printing of the desired character 
delineated by the beam of radiation 4a will occur in the 
various layers. , . ' , ' 

FIG. 6_-schemati_cally illustrates an arrangement to re 
generate the layer 5a on the carrier band 5. For this 
purpose, the carrier band 5 may be in the'form of an 
endless band guided by guide rolls as shown in FIG. 6 
about an endless path and movable in the direction as 
indicated by the arrow. After passing the printing posi 
tion 51 schematically indicated in FIG. 6, the band‘5 

_ passes heatable calender rolls 52 which apply from a 
likewise heatable container 54 a new layer 15a of the 
composition as mentioned above‘to the band 5. Before 
entering the calender arrangement 52 the band 5 may 
be preheated by a heating device 55 which will assure 

~ that the layer 5a will be applied with uniform thickness 
to theband, 
FIG. 7 schematically illustrates another arrangement 

for regeneratingthe layer 5a on the'carrier band 5. 
j‘This arrangement actssimilar to the known xero 

graphic principle. The endless carrier band 5 after pass 
ing, through ‘the printing position 51, schematically 
shown in .FIG. 7, passesbeneath an electric charging 
device 56 which for instance may apply a positive 
charge to the carrier‘ band 5. The thus charge band 
passes above a'radiation source 57 which-due to the ra 
diation will neutralize thecharge imparted to the band 
at such position of the latter at which the printing layer 
has been removed in .the printing position of the band. 
The band passes thereafter beneath a powdering cham 
ber 58 in which likewise positively charged thermoplas 
tic color powder is applied to the band which will stick 
to the‘ latter only at a portion thereof in which no 
charge remains since at the other portions the posi 
tivelycharged band and the positively charged particles 
will repulse each other. This powdered band is then 
passed by a heating chamber 59 in which the newly ap 
plied powder is lique?ed to form with the remaining 
portions of the layer 5a a uniform uninterrupted layer 
which isthen passed again to the printing station 51. 

_ Color powders suitable for this process are for instance ' 
disclosed in the reissue U.S. Pat. No. 25,136 or in the 
U.S. Pat. No. 2,659,670.‘ ‘ ~ 
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thereafter the band passes adjacent-a spraying device ‘ 
43 in which a thermoplastic powder of acomposition 
as mentioned above in connection with FIG. 7 is uni 
formly applied against the outer surface of the band 
and due to the charge applied to the band the powder 
will adhere to the latter. When the thus prepared band 
passes into the printing position‘ in which modi?ed 
beam passes through the band 41“ and onto the powder 
layer applied thereto, the electric charge applied to the 
band will collapse at the portion thereof impinged by . 
the modi?ed vbeam of radiation and at three portions 
the powder particles will move under the in?uence of ' 
an electric potential applied to the guide surface 44 or 
by an additional magnetic .?eld onto the recording 
paper 3 to which it will stick due'tothe softening, re 
spectively liquefying of the powder particles. The soft 
ening or liquefying can be realized by transferring an 
additional heating energy to the recording paper sur 
face. This energy may be produced by convential infra 
red radiation means or the like. . 

The radiation intensity for-the ?rst step should'be in 
. the order of 20-50 microwatt sec./cm2 whereas for the 
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FIG. 8 illustrates a further embodiment according to I 
the present invention. , 
This embodiment'includes alsoan endless carrier 

band 41, a portion of which is guided for ‘movement in 
the direction as indicated bythearrowparallel toand 
adjacent to the recording surface 3 which in the case 
may also be standard writing ‘paper. The moving band 
passes upstream of the beam of‘ radiation emanating 
from the radiation generator .1, which‘ is modi?ed by 
passing through the mask 2, ‘?rst through an electric 
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second step irradiation energy in the order of 50-150 
milliwatt sec./cm2 is required. The spectral region for 
the first step should be in the order of 150-700 nano 
meter and for the second step 800-2000 nanometer. 
For the ?rst step gas discharge lamps or incandescent 
lamps are best suitable and for the second step incan 
descent lamps or infrared lamps are best suitable. I 
As material for the band 41, the materials mentioned 

in connection with FIGS. 4 and 5 are suitable and a 
band material as described in the U.S. Pat. No. 
3,392,642 may also be used in the embodiment as 
shown in FIG.,8. ' ' . ' i 

The embodiment described in connection with FIG. 
8 has somesimilarity with the xerox copying methods, 
for instance described in U.S. Pat.No. 2,735,785, 
3,166,420, or 3,301,152. - _' ' 
The embodiment shown in FIG. 8_ has the advantage 

that no hammer is provided so that the method carried 
out therewith is completely noiseless. ' ' v 

Instead of the radiation generators mentioned in'con 
nection with the various above-described embodi 
ments, it is also possible to use a laser as radiation gen-~ , - 
erator. Such lasers are advantageously used since they 
have very advantageous switching characteristics and 
produce a very. high radiation energy. Radiation gener 
ators such as low pressure gas-discharge tubes, light 
emitting diodes, lasers and microwave, oscillators may 
be directlylelectrically controlled so that such radiation , ‘ 

generators may be used in connection with the control 
arrangement shown'in FIG.,.1, whereas other radiation 
generators such as \high'pressure gas-discharge tubes, 
incandescent lamps or infrared-lamps have to be used 
with an arrangement as described above in connection ‘ 
with FIG. 2 in which a shutter isused to control the ' 
beam of radiation; . - 

It will be understood that each of the elements de 
scribed above, or two or more together, may also?nd 
a useful application in other typesof printing apparatus 
differing from the types described above. 
While the invention has been illustrated‘ and .de 

scribed as embodied in printing apparatus usinga beam 
of radiation for producing selected characters‘on a re 
corded area, it isnot intended to be limited totherde 
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tails shown, since various modi?cations and structural 
changes may be made without departing .in any way 
from the spirit of the present invention. 
Without-further analysis, the foregoing will so fully 

reveal the gist of the present invention that others can 
be applying current knowledge readily adapt it for vari 
ous applications without omitting features that, from 
the standpoint of prior art, fairly constitute‘ essential 
characteristics of the generic or specific aspects'of this 
invention and, therefore, such adaptations should and 
areintended to be comprehended within the meaning 
and range of equivalence of the following claims. ' 
What-is claimed is new and desired to be protected 

by letters Patent is set forth in the appended claims. 
1. A method of producing selected visible characters 
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modi?ed beam of radiation forming arr-outline corre 
sponding to ‘the selected character forming means to 

' ward a selected portion of said sheet‘lso that said parti 

‘ and therespective character forming means which has - 

on successive portions of at least one recording area, ' 
comprising the, steps of operating a selected one of a' 
plurality of key means for positioning a selected one of 
a plurality of character forming masks adjacent a se 
lected portion of the recording area; in?uencing a 
beam of'thermal radiation by the selected character 
forming mask so as to project a modi?ed 'beam of radia 
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tion having an outline corresponding to the selected I 
character to be produced toward colored particles 
which soften when irradiated and which are connected 
to one face of a band facing said recording area; mov 
ing said band in a ?rst direction substantially parallel to 
and spaced from said recording area through said mod 
i?ed beam so that the particles which are irradiated by 
said modi?ed beam will softemand moving a portion 
of said band on which said irradiated particles are lo~ 
cated' and an opposite portion of said recording area 
relative to each other in a second‘ direction transverse 
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to‘said ?rst direction so that said irradiated softened ‘ 
particles will contact and adhere to a selected portion 
of- said recording-area to thus produce visible charac 
ters thereon. . . 

2. A method as de?ned in claim 1, wherein said sec 
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0nd moving step comprises thestep of vflexing said por- ' 
tion of said bandvtoward said selected portion of said 
recording area. . - . 

3. A method as defined in claim, 2, wherein said ?ex 
ing of the band is carried out by imparting a sudden 
blow onto said- portion of said band, after particles 
thereon have been irradiated and softened by said irra 
diation. - 

4. A method as de?ned in claim I, and including the 
step of preheating the band prior to the movement of _ 
said portion thereof over said selected portion of said 
recording area to preheat the particles on the band to 
a temperature, below the softening point thereof. ' 

5. Apparatus for producing selected visible charac 
ters on successive portions of at least one recording 
area comprising, in combination, support means mov 
ably supporting a sheet on which the characters are to 
be produced; a source of radiation spaced from said 
support means for producing a beam of electromag 
netic radiation directed toward particles which change 
their properties when subjected to electromagnetic ra 
diation and which are located in the region of the face 
of the sheet opposite the face which is supported on 
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said support means; a plurality ‘of character forming ‘ 
means for selectively in?uencing the beam of radiation 
produced by said source of radiation; means including 

1 a plurality of individually operable key means for plac 
‘ ing a selected one of said plurality of character forming 
means into the path of said. beam so as to producea 
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- maintaining the latter in said rest position. _ ‘ . 

'9‘. Apparatus as de?ned in claim 8, wherein said bias 

cles located in the path of said modi?ed beam will be 
irradiated to thereby-change the properties of the irra 
diated particles and produce from said irradiated parti 
cles a selected visible character on a portion of said 
sheet, while the relative position of ' said sheet, said 
source of radiation, and‘said character forming means '_ 
are maintained; means for transporting said particles in 
a layer of particles between said. one face of‘said sheet 

been placed into the path of said beam, said transport 
ing means comprising a band of radiation permeable 
material with a layer of particles applied to that surface 

. of said band which faces said one face of said sheet; and '_ 
means for transferring the irradiated particles from said 
band onto said one face of said sheet and comprising 
means for ?exing a portion of said band located in the 
path of said beam of radiation toward said one face of 
said sheet so as to transfer the irradiated particles tothe 
latter, said ?exing means comprising a member of radr 
ation permeable material arranged between said means 
for producing said beam of radiation and said band and 
movable from a rest to an active'position. de?ecting 
said band, and means for moving said member sud 
denly from said rest to said active position. 1 

6. Apparatus as de?ned in claim 5, wherein said par~ v 
ticles are color particles whichsoften when irradiated. 

7. Apparatus as de?ned in claim 5, wherein said‘ 
member is cup-shaped member having an upper rim 
.and'a bottom wall facing the surface of said band oppo 
site the surface of the latter to which-said particles are" ' 
applied, and. including an annular component of mag 
netizable material ?xed to said rim of said cup-shaped 
member, and wherein said means for moving'said mem 
ber comprises solenoid'means cooperating with said 
component of magnetizable material. . 

8. Apparatus as de?ned in claim 7 and including bias 
sing means connected to said ‘member for yieldably 

ingmeans comprises a'?exible' membrane connected at 
a central portion thereof to said member and ?xedly 
mounted at the‘ periphery thereof on a stationary sup 

. port. ' 

' 10. Apparatus as de?ned in claim 8 and including ad 
ditional solenoid means ‘cooperating with said magne 
tizable component for returning said member at accel 
erated speed to said rest position. . 

11. Apparatus as defined in claim 10, and including. ' 
suction means ?xedto the bottom end of said member 
and engaging said band. ‘ ' ' 

12. Apparatus as de?ned in claim 4, wherein said 
particles are color particles which soften when irradi 
ated, and including means outsidethe pathxof said 
beam of radiation forheating said additional support 
means to preheat the layer of particles on said band, 
prior to the radiation of said particles, to a temperature ' 
below the softening temperature. 

13. Apparatus for producing selected visible charac 
ters on successive portions of at least one recording 
area comprising, in combination, support means mov 
ably supporting a sheet on which the characters are to 
be produced; a source of electromagnetic radiation 
spaced from said supporting means for producing a' 
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beam of electromagnetic radiation toward particles 
which change their properties when subjected to ther 
mal radiation and which are located adjacent a selected 
portion of one face of the sheet opposite the face which 
is supported on said support means; a plurality of char 
acter forming means for selectively in?uencing the 
beam of radiation produced by said source-of electro 
magnetic radiation; means for transporting said parti 
cles in a layer of particles between said one face'of said 
sheet and a selected one of said plurality of character 
forming means, said means for transporting said layer ‘ 
comprising an endless band movable in one direction; 
means outside the path of the beam of radiation for 
electrically charging said band; means for applying said 
particles in a layer onto the surface of said band which 
during movement of the latter faces said one face of 
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14'v 
said sheet; and means including'a plurality of in'dividu- ‘ 
ally operable key means for placing a selected one of 
said plurality of character forming means-into the path 
of said beam of radiation so as to project a modi?ed 
beam of radiation forming an outline corresponding to 
the selected character forming means toward said se 
lected portion of said sheet so that said particles lo 
cated in the path of said modi?ed beam will be irradi 
ated to thereby change the properties of the irradiated 
particles and to produce from said irradiated particles 
a selected visible character on a portion of said sheet, 
while the relative position of said sheet, said source of 
radiation and said character forming means are main 
tained. 

* * *1 * * 


