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HEAT SENSITIVE PRINTING ELEMENT 
AND METHOD 

Alexander Murray, Rochester, N. Y., assignor to 
Eastman Kodak Company, Rochester, N. Y., a 
corporation of New Jersey 

Application February 27, 1947, serial No. 731,173 
(Cl. 101-426) 5 Claims. 

This invention relates to photo reproduction 
and particularly to processes and apparatus for 
producing a fairly large number of printS. 

Straight photographic processes are inefficient 
and unnecessarily expensive when the number of 
reproductions exceeds 100 or 200, particularly in 
the case of color reproductions. On the other 

5 

hand, photoengraving and photolithographic 
methods of color reproduction require expensive 
equipment whose cost is not warranted unless 
the total number of reproductions exceeds 5,000 
or 10,000, say, in each case. The primary object 
of the present invention is to provide a process 
and apparatus for efficiently producing reproduc 
tions, particularly color reproductions, where only 
1,000 or 2,000 prints are required. Adequately to 
satisfy the large market for such a printing 
process, the process itself must be a rapid and 
relatively inexpensive one. Of course the inven 
tion is applicable even When the number of printS 
required is larger or Smaller than this particular 
range. 
A further object, particularly of certain em 

bodiments of the invention, is to provide a print 
ing process in which coloring material is ap 
plied directly to paper, either as a halftone pat 
tern or as a continuous-tone pattern, in accord 
ance with a continuous-tone negative or positive 
transparency without the intermediate step of 
making a halftone negative. 
The various embodiments of the invention de 

scribed below and in co-pending applications re 
ferred to below, have individual advantages such 
as simplicity, rapidity and ease of operation, etc., 
each of which constitutes an object of the in 
Vention. 
According to the invention a picture to be re 

produced is scanned by a line proceeding side 
Ways Over the whole area of the picture at Once 
in counter-distinction to Ordinary Scanning pro 
cedures in which a dot scans the picture a line at 
a time. It is well known that quality reproduc 
tion of pictures requires a certain number of lines 
per inch distinctively reproduced, but the num 
ber of lines depends on the size of the picture. 
For example, there is no point in using a fine 
ness of 150 lines per inch in the production of a 
billboard. For the sake of definiteness, a limit 
of acceptable quality will be here taken as that 
represented by 50 lines in the total width of the 
picture. Fewer lines is considered inacceptable 
for most purposes. The line which scans the 
picture according to the invention, is made up 
of at least 50 small juxtaposed photosensitive 
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final reproduction being a positive, of course. 
The term “reproducing' is intended to mean both 
the production of a positive from a positive, or 
the production of a positive from a negative. The 
line of elements is, of course, made up of dis 
crete and usually slightly separated elements. 
Just as there is an equivalence between contact 
and projection printing in photography, the 
scanning may be by projection through an optical 
system or by having the elements effectively in 
contact with the record. Each element of the 
Scanning line produces a track and, in accordance 
with the above definition of minimal quality and 
definition, the width of each track must be less 
than two per cent of the width of the picture. 
Furthermore, the total Width of all the Scanning 
tracks must be at least equal to the width of the 
picture in order to encompass the whole picture 
by a single Scanning operation. 
Synchronously with the Scanning of the picts 

ture, an image receptive sheet, such as a sheet of 
paper to receive ink or a photosensitive layer, is 
Scanned with a corresponding number of juxta 
posed density control elements. When this inven 
tion is applied to the making of enlarged pictures, 
for example, the density control elements are con 
siderably larger than the photosensitive elements 
which scan the picture, but there is still a one 
for one correspondence between density control 
elements and photoSensitive elementS. Each 
density control element may be a Valve or other 
means for controlling the deposition of ink, or it 
may be a valve for controlling the quantity of 
radiant energy falling on a sensitive medium. In 
accordance with the invention, each density con 
trol element is operated according to the response 
of the corresponding photosensitive element. In 
this way, a whole picture is scanned in a single 
sweep and a single print is made relatively rapidly. 
Thus there is eliminated one of the main objec 
tions to prior Scanning processes in Which the 
picture is scanned a line at a time. 

It is not necessary that the scanning be exactly 
at right angles to the lines of elements, and it is 
preferably at an acute angle since an oblique 
arrangement of the photosensitive elements sim 
plifies the manufacture in some instances, es 
pecially when the elements are very Small ones. 
Another embodiment of the invention having the 
Same advantage of permitting easy manufacture 
of very small elements, employs a zig-zag line of 
elements. 
A preferred embodiment of the invention em 

ploys as its photosensitive elements Small fluid 
elements, and the direction of Scanning is at an 55 containing cells, in which the expansion of the 
angle, either a right angle or an acute angle, to 
this scanning line. The picture to be reproduced 
Will be either a positive or a negative record, the 

fluid in the cells controls the deposition of ink on 
a paper. A small capillary leads from each cell 
to the point at which the ink is deposited on the 
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paper. In one form of this embodiment, the whole 
cell and capillary are filled with ink, but prefer 
ably the cell is filled with a gaseous medium or 
other material having a high coefficient of expan 
Sion, which material in turn forces the ink from 
the capillary. 

Cross reference is made at this point to a 
photoelectric embodiment of the invention de 
Scribed in co-pending application, Serial Number 
731,372, filed concurrently herewith, by C. Q. 
Glassey, now U. S. Patent 2,487,865. In another 
alternative a relief image is scanned by a line 
of tactile elements to control corresponding ink 
depositors or other density control elements. 
Reference is also made to an application of 
thermal expansion cells to printing a whole area 
at once rather than by scanning, which areal 
block is described in copending application, 
Serial Number 745,019, filed April 30, 1947, by 
C. Q. Glassey, now Patent No. 2,543,013 dated 
February 27, 1951. This latter case describes a 
number of methods of making expansion cells 
Which may be used alternatively to the one de 
Scribed herein for either a line or an area of 
cells. 

In the application of thermal expansion cells 
to the above described scanning arrangements, 
it is preferable to deposit one line of ink, either 
in halftone dots or with a controlled amount of 
Spreading of the ink to give a continuous-tone 
effect, and then to refill the capillaries and to 
cool the cells before repeating the operation to 
print the next line. That is, the cells are ar 
ranged in a line onto which an image of the pic 
ture to be reproduced is projected, either by an 
Optical system or by contact printing. The heat 
in the image is transferred to the cells differen 
tially in accordance with the image, which heat 
causes the fluid in the cells to expand, forcing 
proportional amounts of ink from the capillaries 
onto the adjacent paper. The image is then cut 
of momentarily, the cells are allowed to cool, 
the working pressure in the cells is reestablished, 
and the capillaries recharged with ink. During 
this interval the picture is moved the width of 
the Scanning line, and the paper is correspond 
ingly moved to receive the next line of ink de 
positions. The light is turned on by a suitable 
shutter arrangement for the necessary interval 
of time to deposit the ink properly, and then 
the whole cycle is repeated. 

Obviously this line of cells is made up of very 
Small cells, especially when there are 150 cells 
to the inch, for example. These cells may be 
made and assembled in various ways, but one 
particularly simple method involves forming a 
relief matrix, for example by electrodeposition 
on pre-determined areas, and then by stripping 
plastic sheets from this matrix with the cell 
Structure incorporated as intaglio in the plastic. 

Registration is always a problem in color print 
ing processes, and in the present invention, it 
can be obtained by any of the usual careful 
methods used in other color printing processes. 
However, one particularly applicable system in 
volves four-color printing simultaneously, two 
Colors being printed on each side of a thin trans 
parent pellicle, which may be later laminated 
to an opaque white support. 
". Other advantages and features of the present 
invention will be apparent from the following 
description of various preferred embodiments 
thereof when read in connection with the ac 
Companying drawings, in which: 

Fig. is a perspective view of one embodiment 
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4. 
of the invention which illustrates the general 
principles thereof. 

Fig. 2 is an enlarged detail of One feature of 
Fig. 1. 

Figs. 3 and 4 illustrate preferred arrangements 
of the line of elements in Fig. 1. 

Fig. 5 is a greatly enlarged front view of ele 
ments according to a preferred embodiment of 
the invention. 

Fig. 6 is a vertical CrOSS-Section of the same 
elements, also greatly enlarged. 

Figs. 7 and 8 are respectively plan view and 
Vertical Section, both greatly enlarged of a slightly 
different embodiment of the invention. 

Figs. 9 and 10 are respectively a greatly en 
larged vertical Section and a perspective view 
of a preferred embodiment of the invention. 
Fig.11 is a diagrammatic vertical section of 

an embodiment of the invention. 
Fig. 12 similarly illustrates another embodi 

ment of the invention. 
Figs. 13 to 16 illustrate a preferred method of 

manufacturing expansion cells such as illustrated 
in Figs. 5 to 12. 

Fig. 17 is a greatly enlarged perspective view 
Of a preferred arrangement of expansion cells 
for the invention. 

Figs. 18 and 19 are respectively front and side 
elevations of a preferred form of printing press 
employing one embodiment of the invention. 

Fig. 20 illustrates a detail of the carrier belt 
of Figs. 18 and 19. 

For clarity, unessential details have been 
omitted from Fig. 1. In this figure a color trans 
parency 39 is moved as indicated by the arrow 
31, by means not shown, under a triple scanning 
line provided by three lamps 32, red, green, and 
blue filters 33 and cylindrical lenses 34. The 
broken line 36 indicates the red line as focused 
on the transparency 30. The necessary light 
shields for confining the scanning beams to their 
respective paths are not shown in the drawing 
Since they would confuse the illustration. The 
light passing through the transparency 30 im 
pinges On a row of photosensitive elements 38 
Which are shown as photoelectric or selenium 
cells manufactured in accordance with Serial 
Number 731,372, now U. S. Patent 2,487,865, 
Glassey, mentioned above. Alternatively, these 
photoSensitive elements may be expansion cells 
as described in connection with Figs. 5 to 20 of 
the present application. For acceptable quality 
there should be at least 50 such cells in the total 
Width of the transparency 30. 50 to 150 lines 
per inch gives Satisfactory reproduction for many 
purposes. 
The reaction of the photosensitive elements 

38 is used, according to the invention, to con 
trol the deposition of ink on a strip of paper 
40, which is moved as indicated by arrow 4 
Synchronously With the movement of trans 
parency 30. This control of ink depositing ele 
ments 42 is illustrated schematically by con 
necting wires 43. 
Warious direct control arrangements for the 

ink depositing elements may be used, such as 
the differential heating of bi-metallic pen ori 
fices in accordance with the current from photo 
electric or Selenium cells. However, I prefer to 
employ electrostatic repulsion of ink as illus 
trated in Fig. 2. Any ink whose vehicle has 
a relatively high electrical resistance is subject 
to electrostatic repulsion from a charged point. 
Many, if not most, inks have this property. In 
Fig. 2 the individual elements 46 are insulated 
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from each other by insulating layers 4, and 
each element comes to a relatively sharp point 
48. The space 50 between the points is filled 
with ink and normally this ink is flush with 
the end of the points 48. The charge on the 
particular point 51, however, is sufficient to re 
pel some of the ink which thus forms a drop 
52, which moves away from the point 5 and 
over to a layer 40 of paper which is carefully 
held just a short distance below the points 48. 
I prefer to operate this embodiment of the in 
vention intermittently wherein a line of the 
transparency is Scanned, the ink corresponding 
to that line is deposited, and then the Whole 
press is reset to print the next line, the trans 
parency being moved the width of one line, an 
inking member being applied to the pen points, 
and the paper to be printed being moved one 
line. As illustrated, the transparency 30 should 
be a negative in order to produce a positive final 
print. Continuous deposition is possible but 
adequate quality control is not so easily assured. 
The manufacture of the photosensitive ele 

ments in a line is Somewhat difficult because 
of the Small size of the elements, and there 
fore, it is preferable, as illustrated in Figs. 3 
and 4, to have this line oblique or Zig-Zag. The 
width of the track Scanned by each element is 
still the same size as it was, but more Space 
is provided around , each element to permit 
greater rigidity of the Supporting members. 
Both the oblique line and the Zig Zag line are 
still referred to as a line of elements, and the 
direction of Scanning is Said to be at an angle 
to this line. In Fig. 1 the direction of scanning 
is at a right angle, in Fig. 3, it is an acute an 
gle, and in Fig. 4 it is alternately acute and ob 
tuse having tWo values Supplementary to each 
other. 
A highly preferred embodiment of the inven 

tion makes the photoSensitive elements and the 
density controlled elements as a single unit. 
The light responsive element is simply a small 
cell containing a fluid whose expansion under 
the ladiant energy is the response of the ele 
ment. As illustrated in Fig. 5, Such a cell 69 
is provided with a capillary 6 to an Orifice 62 
from which ink is ejected to deposit on the 
paper being printed. A plurality of such cells 
60 are juxtaposed, perhaps 150 to the inch, and 
each is provided With a heat absorbing cover 
63. As before, it is preferable to employ inter 
mittency in the Scanning. So that the ink cells 
are re-charged after each is printed. A simple 
arrangement for doing this is shown in Fig. 6, 
in which the ink 65 in the cells 60 is supplied 
through a tube 66 from an ink reservoir 6. 
After one cycle of printing is completed, the 
paper 70 is moved as indicated by arrow and 
the transparency 2 is Synchronously moved as 
indicated by the arrow 3. The valve 5 is 
opened, allowing ink to flow into the cell 60, 
filling the capillary right down even with the 
orifice 62. The valve 5 is then closed, and the 
printing light, as indicated by arrows 6, is then 
turned on, for example by opening a shutter. 
This light passes through the transparency 72 
and differentially heats up the cell 65 in accord 
ance With the image in the transparency. This 
causes ink to be ejected from the Orifice 62 and 
deposited on the paper 70, after which the cy 
cle is repeated. 

Figs. 7 and 8 show a slightly different embodi 
ment of the invention in which the expansion 
cells 80 are on the top of a printing bar 8, and 
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the capillaries 82 extend from the cells down 
through this bar to reach the printing Surface 
83. The upper surface of the cells is covered 
by transparent plate 84, and the Supply chan 
nels 85 extend to the Side of the bar 8, whereat 
they alternately connect to and are cut off from 
ink supply channels 87. These ink supply chan 
nels are carried in blocks 88, Which are Spring 
urged against the bar 8 by Springs 89. The 
periodic printing operation requires the bar 8 
to be moved out of contact with the paper 83, 
and at the same time the ink channels 8 to 
be connected to the cells 80. In Fig. 8 the right 
hand side of the figure illustrates One part of 
the cycle, whereas the ieft hand illustrates an 
other part of the cycle, and in practice both 
sides are either in the up or in the dOWn poSi 
tion at any one time. The motion of the Various 
members is provided by means not shown in this 
particular figure. An alternative arrangement 
is shown in Fig. 9, which has the advantage that 
only the printing bar 9 need be moved. That 
is, the bar 9 is noved into contact with or very 
near the paper 92 for printing and the image 
light indicated by arrows 93 is turned on, eX 
pelling the ink from the cells 9 through the 
Orifices 95. The bar 9 is then raised out of 
contact with the paper bringing the cells 94 
into contact with the supply reservoirs 96, during 
which time the light 93 is cut off by a Suitable 
Shutter. This operation is illustrated in per 
spective in Fig. 10 wherein light from a lamp 

illuminates a narrow band 0 of a trans 
parency 62. This line of light is focused by 
a lens 93 on the upper surface 97 of the print 
ing bar 9, causing ink to be printed on the paper 
92. The light is then cut off by a shutter 04, 
and Simultaneously the printing bar 9 is raised 
by a can 05 coupled to the shutter 04 to move 
synchronously therewith. The cam G5 is to one 
side of the paper web 92 so that it raises only 
the printing bar 9 and does not raise the pape 
at the Sane time. This raising of the printing 
bar 9 brings the expansion cells into contact 
With the ink supply C6, which is supplied through 
channels 96. At the same time the transparency 
O2 and the paper 92 are moved forward the 

Width of the Scanning sit. Then the cam 05 
lowers the printing bar 9 into contact with the 
paper, the shuttei 04 opens and light falling 
on the surface 9 causes the ink to print on the 
paper, after which the cycle is repeated. The 
transparency O2 is shown flat for clarity, but 
in practice it is Wrapped on a cylinder so that 
the printing operation is continuously repeated 
making a large number of prints on the roll of 
paper 92. 

Before describing preferred embodiments in 
which the expelling medium is different from 
the ink being expelled, I wish to point out how 
the late of operation of the invention is coin 
puted for the Simple ink filled cells illustrated 
in Figs. 5 to 10. The following data is given 
for a 300 line per inch picture and for a print 
ing Source Which in the exposure time allowed 
gives a 5° C. rise in temperature through the 
least dense portion of the negative, that is, the 
maximum temperature increase is 5° C. 
The Wolute of each Cell Such as shown in 

Fig. 5 is approximately .006' x .010’’ x .004'', 
Which When converted to cubic centimeters 
equals 3.75X10-6 cc. Thus from each cell con 
taining an alcoholic ink about 1.9 x 108 cc. of 
ink is expelled. The total volume of ink ex 
pelled from the 2100 cells comprising a seven 
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inch line, not counting the differential reduc 
tion due to the density of the image is about 
4X105 cc. The heat absorbed by a single cell 
to raise the temperature of the alcohol. 5 C. is 
about 9X10-6 calories which in turn Works out 
to .019 calories for the 2100 cells, 
These figures correspond to the usual amount 

of ink deposited in printing. That is, the maxi 
nun ink expelled from a cell is equivalent to 
a Square of ink .003' x 003' x .0001'. 
The length of the capillary which is emptied 

When this ink is expelled depends of course on 
the diameter of the capillary and also on the 
eXpansion thereof. For example, a capillary 
.00004' in diameter Will expel a length of ink 
equal to 0.8 inch whereas one .0003'' in diameter 
Will Only expel .016 of ink from the tube. All 
though a long capillary travel favors accurate 
rendering of density variations, it is easier to 
make the larger diameter capillaries. The capil 
laries need not be highly regular or uniform in 
Section. Thus without going to inconveniently 
intense light Sources, it is possible to cut exposure 
time per line to .001 second, but I prefer to use 
SomeWhat leSS intensity and slightly longer 
printing time. 
The coefficient of expansion of inks is not 

as high as that of certain other liquids, Solids, 
and particularly gases. Therefore, for higher 
Speed Operation, I prefer to uSe a gaseous ne 
dium in the expansion cells. One arrangement 
for doing this is illustrated in Fig. 1, Wherein 
the expansion cell C is normally at atmospheric 
pressure when the valve is open as shown 
and the shutter f2 is closed so that no light 
from the object 3 through the lens 4 falls 
on the cell Surface 5. In this condition the 
capillary connected to the cell O is also 
connected to an ink reservoir 8, which is at 
atmospheric pressure since the valve 9 is open. 
The capillary attraction of ink from the reservoir 

8 to the orifice 2 is augmented by a slight 
vacuum applied through a valve 22 and an 
overflow pipe 23 right at the orifice. Prefer 
ably this Vacuum is arranged SO as to bring 
the ink quickly down to the orifice but not suffi 
cient to draw off any appreciable amount of 
ink during this operation. The valves , 9, 
and 22 are then all closed and the Shutte 2 
opened so that the image falls on the expansion 
cell G. Since the valves are all closed, the 
expansion of the gas in the cell 0 forces ink 
from the orifice 2 onto the printing paper 
25. The cycle is then repeated by closing the 

shutter 2 and opening the three valves. 
This gas cell type of printing is applicable to 

the printing press shown in Fig. 10 by using an 
arrangement Such as ShoWn in Fig. 12. During 
printing, light as indicated by arrows 39 passes 
through a transparent or heat transmitting plate 
i3 to cause the medium in the cells 32 to 
expand, forcing ink from the orifices 33. The 
printing bar 34 is down during this operation 
so that the Supply tubes 35 are cut off by the 
face 36 of the ink Supply channels 37. After 
the printing part of the cycle is completed, the 
bar 34 is raised away from the paper to the 
position indicated by the broken lines 38. In 
this position the cells 32 are connected directly 
to the atmosphere through openings 39 and the 
capillaries are connected through tubes 35 to 
the ink supply 40 in the ink supply channels 37. 
There are many ways in which the Small cells 

may be manufactured, but One of the least ex 
pensive and most satisfactory imethods involves 
printing and electroforming of a matrix, from 
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8 
which the cells are cast by simple molding 
operations. Such an arrangement is illustrated 
in FigS. 13 to 16. A base plate 45 is first printed 
by any suitable printing method with a spot f46 
and a line 4 of a conducting medium, Such 
as silver. Photographic processes may be used 
for depositing the Silver as a Spot and a line 
corresponding to each cell. The silver is then 
copper plated by electrolytic deposition until the 
line is built up to a height equal to the desired 
capillary thickness, as illustrated by 48 in Fig. 
14. The plate 45 is then withdrawn from the 
electrolytic. Solution to the point indicated by 
broken line 50, so that only the spot f46 re 
mains in the Solution. Copper deposition is con 
tinued until a high bump 49 is formed on each 
spot, 46. This matrix, consisting of plate 45 
and the copper pattern formed thereon, is then 
coated with a suitable transparent plastic 5, 
which covers the strip 48 but does not quite 
cover the top of the bump 49. If any plastic 
does coat on the bumps 49, this is removed by 
a light hand-buffing before the plastic is stripped 
from the mold. A pair of such strips 52, after 
being Stripped from the mold, are placed in 
register so that an expansion cell 53 is formed, 
corresponding to the holes through both Strips, 
and the capillary 54 is formed by the line in 
the upper of the two strips. These strips are 
then cemented Securely to a plate 55, which 
has been perforated with a row of perforations 
SS corresponding to the cells. The front Sur 

face of the cell is covered by a transparent strip 
5 cemented to the bottom of the lower strip 
2. The centent 58 used in this case is Sufi 

cient to fill the Small groove 59, which exists 
in the lower strip by reason of its similarity to 
the upper strip in which the corresponding 
groove forms the Capillary required. One emi 
nently satisfactory Way of aSSuring register be 
tWeen the plate 55 and the Strips 52 is shown 
in Fig. 16 in which the plate 55 is made first 
and the plate 45 is made from it photographi 
cally by exposing through the Orifice i56 on to 
a photosensitive layer 60. The exposure at the 
point 6 is continued until a considerable size 
spot is fogged and then the plate 45 is moved 
steadily and fairly fast under the orifice f 56 so 
that lines leading from each spot to the edge 
of the plate are exposed, eventually to form the 
lines 47. 

Fig. 17 is included to show a zig-zag arrange 
ment of the expansion cells 65 and a corre 
SpOnding Zig-Zag arrangement of the orifices 66. 
With this arrangement the cells completely cover 
the length of the scanning line. That is, the 
Width of the cell 67, as indicated by broken 
lines fé8, is exactly equal or even slightly greater 
than the Space between the cells 69. Too much 
Overlapping Would reduce the definition of the 
finished print, Whereas too much space between 
the cells reduces the efficiency of the printer. 

Figs. 18 and 19 illustrate a four-color printer 
for printing simultaneously, according to the 
present invention, from four color separation 
transparencies 75. These four transparencies 
are carried by an Invar belt 76, which is driven 
by rollers 7 over a series of rollers 78, all 
inside a large housing 80. Where the color 
Separation transparencies are all film, the pre 
ferred method of a SSuring proper register is to 
register all of the films one on top of the other 
and then to perforate all four of them. The 
films are then mounted on the belt 76 by prop 
erly located pins carried by the belt 7 6. Alter 
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natively, and preferably, glass plates are used 
for the color separation records, and in this case 
the plates are provided with registration marks 
shown as crosses 8 in Fig. 20, which registra 
tion marks are accurately located with respect 
to perforations f 82 in the Invar belt (76. The 
plate as indicated by broken lines 83 is then 
clamped in place by Suitable clamps 84. The 
registration of the lower two transparencies 5 
is “advanced' relative to that of the upper two 
to allow for the Offset of the corresponding print 
ing stations 2 to be described later. 
The purpose of using Invar as the support 

ing belt is to insure maintenance of register 
throughout a long run of, say, 5,000 prints, by 
avoiding temperature effects on the length of the 
belt. The four color separation records T5 are 
illuminated a line at a time by two lamps 90 
and 9. From each side of each lamp a beam 
of light passes through a spherical lens 92 and 
a cylindrical lens 93 to be reflected from a 
plane mirror 94 and to form a line of light 
95 on the color separation record f 15. The 
housing fB is shielded from each lamphouse by 
windows 97. These windows 97 may have a 
predetermined relative density or may be in the 
form of density wedges to permit color balance 
adjustment of the printer. The intensity of the 
lamps are controlled respectively by rheostats 
200 and 20. Photoelectric cells 202 and 203 
are provided adjacent to each lamp to permit 
accurate control of the relative intensity of the 
two lamps throughout the printing operation. 
The connections to these photoelectric cells are 
not shown Since they are not an essential part 
of the present invention, but the control may 
be either manual operation of the rheostats 200 
and 20 in accordance with meter readings, or 
may be automatic. The lamphouses are cooled 
by fans 205 and an insulation layer 206 is pro 
vided to keep the heat of the lamphouse from 
unnecessarily being transmitted to the printing 
chamber. 

Light from the color separation records T5 
is then focused by lenses 20 to form a line of 
light on rows of juxtaposed expansion cells 2, 
in accordance with the invention. The lenses 
20 are shown as simple positive elements for 
clarity, but actually, highly corrected lenses are 
used. The details of the expansion cells 2 are : 
SO Small that they cannot appear in this Fig. 18 
but such details are illustrated in Figs. 5 to 12. 
A supply roll 220 of a transparent pellicle feeds 
a strip of material between two pairs of the 
ink depositing units 2 it. A motor 22 through 
a gear 222 and gears 223 and 224 synchronously 
drives the pellicle 225 and the Invar belt 6. 
TWO colors are deposited on each side of the 
pellicle which then passes over a diagonal roller 
230 and out of the box through an aperture pro 
vided therein, particularly as shown in Fig. 19. 
Usually an illuminator 23 as shown by broken 
lines in Fig. 19 is provided for quick inspection 
of the picture 232 on the pellicle as it passes 
from the printer. 
After each print is made the Invar belt is 

returned to the starting position by disengaging 
the gear 224 from the gear 222. In the arrange 
ment shown, this is performed manually, but a 
Simple direct gearing arrangement may be em 
ployed for quickly driving the Invar belt f6 
back to its starting position between the making 
of Successive prints. Furthermore, in the ar 
rangements shown relatively quick drying inks 
are used which permit the use of rollers engaging 
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the full width of the pellicle. Obviously rollers 
which engage only the edges of the pellicle are 
used with more slowly drying inks. The pellicle, 
after inspection, is laminated to any opaque 
white support desired, such as paper. To permit 
a new set of color separation negatives to be 
mounted on the Invar belt 76 and to permit 
a new supply roll 220 of pellicle to be inserted, 
the wall 24 of the housing 80 is removable as 
indicated by attaching screws 24. 

Fiaving thus described the preferred embodi 
ments of my invention, I wish to point out that 
it is not limited to these structures but is of the 
Scope of the appended claims. 

I claim: 
1. The method of reproducing a picture which 

comprises filling with ink a line of juxtaposed 
capillary orifices in a solid block, each connected 
to a fluid-filled cell, the cells also being in line, 
illuminating a line of a negative of the picture 
in printing relation to the line of cells, eXposing 
the cells by light from the line of the negative 
to heat the cells thereby causing expansion of 
the fluid and emission of ink from the Orifices, 
receiving the emitted ink on an ink receptive 
support, and periodically replenishing the capil 
lary orifices with ink while synchronously scan 
ning the negative by the line which exposes the 
cells and the support by the line of orifices. 

2. The method according to claim 1 in which 
said fluid in the cells is solely ink, contiguous 
With the ink in the capillary Orifices. 

3. A printing device comprising a block con 
taining a plurality of Small juxtaposed ink filled 
cells each including an ink filled capillary ex 
tending to an orifice in the printing Surface of 
the block, the orifices forming one and at most 
two single straight lines, means for filling the 
cells with ink, means for closing the cells Com 
pletely except for said capillaries and means for 
exposing the So closed cells to a line of an infra 
red inhage. 

4. A printing device comprising a block con 
taining a plurality of Small juxtaposed fluid filled 
cells each having a capillary extending to an 
orifice in the printing Surface of the block, at 
least the part of the fluid in the capillary being 
ink, the orifices forming one and at most two 
Single Straight lines, means for filling the cells 
with ink, means for closing the cells completely 
except for said capillaries and means for ex 
posing the SO closed cells to a line of an infra 
red in age. 

5. A printing device according to claim 4 in 
which the fluid in the cells is partly the ink 
and partly gas and in which there is means for 
Supplying ink to the capillaries other than 
through the gas-filled portions of the cells. 

ALEXANDER MURRAY. 
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