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Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

ABSTRACT OF THE DISCLOSURE

A controlled ink-jet apparatus for producing multi-color
reproduction of a subject copy comprises a photoelectric
scanner for developing video signals representative of the
red, green, and blue components of the signal picked up
by the scanner. The copy is reproduced on a record sheet
disposed on a drum rotated in synchronism with the scan-
ner. For each color component there is provided a set
of ink jets disposed on a head which scans the record
sheet. Each set comprises a plurality of ink jets or noz-
zles. The jets from these nozzles pass through individual
electric charging cylinders which individually charge the
ink droplets emerging from the jets and these droplets
then traverse reflecting fields which direct the ink drops
either to the record sheet or to the drain, By supplying
inks of different optical densities to the several jets of
each set and by selectively deflecting ink from predeter-
mined jets to the drain, the optical density of each ink
spot on the record can be controlled over a wide range of
values to produce effectively a continuous tone color rée-
production of the original copy.

This invention relates to controlled ink-jet copy-repro-
ducing apparatus and, while it is of general application, it
is particularly adapted for making color reproductions
from a colored subject copy, for example, a color trans-
parency or a positive or negative print. It is, however, ap-
plicable also to making monochrome reproductions.

- ‘Heretofore there have been marketed or proposed
various apparatus for making multiple color prints from
an original colored subject copy. Among these, the earliest
and that in widest use, are multi-color printing presses
using color-separation printing plates made by photo-
graphic processes. This method is attractive for very large
volume printing such as magazines and newspapers, for
which it represents a relatively low cost method, but the
production of the color-separation printing plates is time-
consuming and extremely costly, so that the cost of mak-
ing a limited number of reproductions is excessive.

A second method of producing multiple color prints
has been by regular photographic processes, generally
using a laminated film or other.photosensitives medium
including a plurality of photosensitive dyes which are
fixed to transmit light of different chromaticities. This
method of making copy prints involves costly and time-
consuming developing and printing processes and is sub-
ject to the further limitation that there are only a limited
number of photosensitive dyes available and those do not
ordinarily give the primary colors most desirable, for
example saturated red, green, and blue colors, in the re-
sulting prints. An additional and rather severe limitation
of the color photographic process is that those dyes which
Iend themselves to being generated as the end products
of the series of reactions initiated by photographic de-
velopment are not, in general, the dyes which exhibit
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optimum stability in the presence of light, humidity, etc.

It is an object of the invention, therefore, to provide
a new and improved controlled ink-jet copy-reproduc-
ing apparatus which obviates one or mode of the above-
mentioned limitations and disadvantages of prior appara-
tus and methods for reproducing multicolor subject copy.

It is another object of the invention to provide a new
and improved controlled ink-jet copy-reproducing appara-
tus which has one or more of the following advantageous
characteristics: relative simplicity and low cost; relative-
ly extremely rapid reproduction of a limited number of
copies; and virtually unlimited selection of colors for
the reproducing medium.

In accordance with the invention, there is provided
a controlled ink-jet apparatus for reproducing a subject
copy on a record sheet comprising input means for sup-
plying at least one video signal representative of the serial
information content of a subject copy to be reproduced
and including synchronizing information, a support for
a record sheet, a head for scanning a record sheet on
the record sheet support in synchronism with the input
video signal, ink-jet means controllable over a range of
values disposed on the scanning head for depositing ink
on a record sheet on its support and including at least one
ink-jet for developing a stream of discrete ink droplets,
and means responsive to the input video signal for indi-
vidually controlling the discrete ink droplets to control
the optical density of the ink deposit on the record sheet
over a range of values, thereby to produce an effectively
continuous-tone reproduction of the subject copy. The
term “effectively continuous-tone reproduction™ is used
herein and in the appended claims to refer to a reproduc-
tion which has a large number of tonal values between
its extreme values, including half-tone reproduction, in
contradistinction to two-tone reproduction in which each
elemental area is reproduced in one or the other of the
extreme tone values.

For a better understanding of the present invention,
together with other and further objects thereof, reference
is had to the following description, taken in comnnection
with the accompanymg drawings, while its scope will be
pointed out in the appended claims.

Referring to the drawings:

FIG. 1 as an outline view in elevation showing the
general physical layout of the several components of ap-
paratus embodiment in the invention;

FIG. 2 is an outline end view of the apparatus of
FIG. 1;

FIG. 3 is a detailed side elevation of one of the ink-jet
heads of the apparatus of FIGS. 1 and 2;

FIG. 4 is a detailed view of a single ink-jet of the type
embodied in the apparatus of FIG. 3;

FIG. 5 is a schematic functional diagram of a com-
plete controlled ink-jet copy-reproducing apparatus em-
bodying the invention;

FIG. 6 is a schematic circuit diagram of the sampling
circuit included in FIG. 5, while

FIGS. 7 and 8 represent the wave forms of the signals
developed and applied to certain of the units of FIG. 5.

Referring now more particularly to FIGS. 1 and 2 of
the drawings, there is represented a controlled ink-jet
apparatus for reproducing a multicolor subject copy on a
record sheet comprising a base or frame 10, on which is
mounted a rotatable support such as a drum 11 for a
record sheet 12, which may be of paper or other suitable
material. The drum 11 is mounted on a shaft 13 journalled
in upstanding arms 14, 14 of a carriage 15 slidable on a
pair of ways 16 similar to those widely used in machine
tools. The shaft 13 is hollow and is actuated by a drive
shaft 17 which extends into the hollow shaft 13 for a
considerable distance and is splined thereto to permit
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riving of the shaft 13 while the carriage 15 travels along
1e ways 16.

The drive shaft 17 is driven by a motor 18, preferably

synchronous motor, which also drives a delay assembly
9, described hereinafter, and a gear train 20. The gear
rain 20 drives a lead screw 21, the gear ratio being such
1at, in one revolution of the shaft 17 and the drum 11,
1e lead screw 21 will advance the carriage 15 by exactly
1e line-to-line displacement of the image reproduced on
1e record sheet 12.

The motor 18 is supplied from a suitable power supply
ircuit, described hereinafter, of a frequency which pro-
uces an acceptable resolution along the length of a
anning line on the record sheet 12, Associated with the
rum 11 is a stationary head assembly 22 for scanning the
scord sheet 12 on the drum 11 in synchronism with a
ideo signal or signals, as described hereinafter. This
;anning head 22 includes a frame member 22a which
arries a plurality of ink-jet heads 23, 24, and 25, de-
sribed hereinafter, one for each color component, and is
ivotally supported on a bracket 10a upstanding from the
:ame 10 so that the ink-jet heads individually deposit inks
f different colors on the record sheet 12.

One of the ink-jet heads, for example the head 23,
. shown in detail in FIGS. 3 and 4. This head comprises
ve ink jets or nozzles 26a—26e, inclusive, the tips of
‘hich are directed to the record sheet 12 on the drum 11.
he frame 22a carries a flexible hinge member 27 spaced
ierefrom by a spacer 28 and secured by a clamping plate
9. The flexible hinge 27 is secured to a supporting plate
r strip 30 on which the five ink jets or nozzles 26a—26e,
iclusive, are mounted in any suitable fashion. Each of
1e ink jets, such as the ink jet 26¢ of FIG. 4, is provided
ith a flexible section, such as the section 31c, which con-
scts to a rigid ink supply pipe such as the pipe 32c. The
k-jet head assembly comprising the supporting plate 30
ad the 'ink jets 26a-26e, inclusive, includes means for
scillating the ink jets to break up the ink discharged
ierefrom into discrete droplets. Specifically, the plate 30

oscillated vertically at a high frequency, for exam-
le 10,000 to 100,000 c.p.s., by means of an exciting
inding 33 energized from high-frequency supply termi-
1ls 33a and cooperating with magnetostrictive armature
ement 34 secured to the supporting plate 30 and to
ame 22a.

Individually associated with the ink jets 26a—26e are

plurality of means for developing electric fields indi-
dual to and encompassing the trajectories of the ink
ts to cause the same to deposit ink on the same spot of
ie record sheet 12 for each bit of signal information sup-
ied thereto. This means may be in the form of a plu-
lity of conductive charging cylinders 35a-35e, inclusive,
rough which the jets of ink from the nozzles 26a-26e,
clusive, pass. It is important that the cylinders 35a-35e,
clusive, enclose their respective ink jets at the points
here the stream breaks up into droplets. The cylinders
5a-35e, inclusive, are individually and selectively ex-
ted with video signals from input terminals 36a—36e, in-
usive as described hereinafter.

Each of the ink-jet heads 23, 24, 25 also comprises
series of vertical deflection plates 37-42, inclusive, dis-
ysed in parallel and capable of developing deflection
1lds individual to the jets of ink from the nozzles 26a—
we. The plates 37-42, inclusive, are excited in pairs to
‘'oduce electric deflection fields. For example, alternate
ates 37, 39, and 41 are connected to the positive termi-
il 43 of undirectional supply circuit terminals 43, 44
hile the other plates 38, 40, and 42 are connected to the
:gative terminal 44.

The arrangement of the ink nozzles 26a—26e, inclusive,
e charging cylinders 35a-35e, inclusive, and the deflec-
m plates 37-42, inclusive, is such that normally, that is

the absence of video-signal components when no elec-
ic charge is imparted to the ink droplets as they pass
rough the cylinders 35a-3Se, inclusive, the ink jets
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proceed directly to the record sheet 12, as schematically
represented by the jet 26aa from the nozzle 26a. However,
when an electric charge is impressed upon the ink jet by
one of the cylinders 35a-35¢, the jet is deflected to ome
of a series of drains 45a-45e, respectively, which are re-
turned to an ink reservoir 46 by gravity, as shown, or
by a pump, if required. As shown, the deflection fields
between successive pairs of the plates 37-42 are of op-
posite polarities; in such an arrangement, the polarities
of the charges induced on the ink droplets from the noz-
zles 26a-26e, inclusive, should also reverse polarity from
nozzle to nozzle.

Ink is supplied to each of the nozzles 26a—26¢ from an
individual reservoir by an individual pump, such as res-
ervoir 46 and pump 47, providing a high-velocity jet, for
example 20 to 200 inches per second. It will be under-
stood that there is an ink supply annd circulating system
for each of the ink-jet nozzles of the heads 23, 24, and 25.

Referring now to FIG. 5 of the drawings, there is shown
schematically a complete elecirical system for energizing
the charging cylinders 35a—35e, inclusive, of the ink-jet
heads 23, 24, and 25. This apparatus includes an input
circuit for supplying a plurality of video signals each rep-
resentative of the serial information content of one color
component of a subject copy to be reproduced and includ-
ing synchronizing information. Specifically, the video sig-
nals representative of the red, green, and blue color com-
ponents of the subject copy are supplied at terminals 50,
51, and 52. These color component video signals may be
supplied from any suitable source but there is shown, by
way of example, an apparatus for deriving these signals
from a color slide or transparency 53 and comprising a
flying-spot scanner cathode-ray tube 54, an objective lens
55, and a condenser lens 56. The optical system compris-
ing the lenses 55, 56 projects the illuminated spot on the
face of the cathode-ray tube 54 onto a dichroic mirror
system comprising a red-reflecting dichroic mirror $7,
which reflects light onto a red-sensitive photocell 58, and
a blue-reflecting dichroic mirror 59, which reflects light
onto a blue-sensitive photocell 61, the green component of
light passing through the dichroic mirrors 57, 59 to a
green-sensitive photocell 60. The photocells 58, 60, and
61 are connected to red, green, and blue signals-translat-
ing channels including the amplifiers 62, 63, and 64, re-
spectively, and gamma corrector circuits 65, 66, and 67,
respectively, which, in turn, are connected to a masking
circnit network shown generally at 68.

The red, green, and blue output connections of the
masking circuit network are connected to black level set-
ting circuits 69, 70, and 71, respectively, for stabilizing
each of the signal outputs of the networks 68 on the black
level of the signal. The elements 54-71, inclusive, form
no part of the present invention and may be conventional,
for example as shown in the textbook Mcllwain and Dean
“Principles of Color Television,” John Wiley & Sons, 1956,
FIGURES 13-3, 13-16, and 13-17.

The black level setting units 69, 70, and 71 are con-
nected to analog-to-digital converters 72, 73, and 74, re-
spectively. The converters 72, 73, and 74 comprise an
electrical system for quantizing each of the red, green, and
blue video signals into a plurality of components of dis-
crete amplitude levels, specifically to five different binary
amplitude levels, and developing coded trains of five pulses
representative of such amplitudes. These converters like-
wise form no part of the present invention and may be
constructed as described in an article by W. M. Goodall,
“Tglephony by Pulse Code Modulation,” Bell System
Technical Journal for July 1947, FIG. 4. The output ter-
minals 150, 151, and 152 of the converters 72, 73, and
74, respectively, are individually connected to distributors
785, 76, and 77, each of which includes a sampling circuit
for each of the pulse positions corresponding to the five
amplitude levels of the signal input, as indicated by the
sampling circuits 77a~77e, inclusive, of distributor 77.
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The electrical system further comprises a timing signal
generator 78 which is connected to synchronize the opera-
tion of the flying-spot cathode-ray tube 54 via connection
79, the analog-to-digital converters 72, 73, and 74 via con-
nection 80, the black level setting units 69, 79, and 71
via a connection 80a, the various sampling circuits of the
distributors 75, 76, and 77 via a connection 80b, and a
power generator 78a for emergizing the motor 18 via a
connection 80c.

In FIG. 8 are shown the wave forms of the various
signals developed by the timing signal generator 78 during
three periods, period I being any given initial period,
period II following period I by one line-scanning period,
and period III following period I by one complete picture-
scanning period. Curve C represents the wave form of the
sine wave master timing signal from which all other tim-
ing signals are derived. Curve D represents a pulse signal
of one-half the frequency of Curve C which is applied to
the analog-to-digital converters 72, 73, 74 via connection
80. Curve E represents a pulse-wave signal of the same
frequency as Curve D which is applied to the sampling
circuits of the distributors 75, 76, 77 via connection 80b.
It also corresponds to curve A of FIG. 7. Curve F repre-
sents a sine-wave signal of one-half the frequency of the
signals of Curves D and E and is connected to excite the
driving windings 33 of all of the magnetostrictive actuators
of the several nozzles. Since a drive of this type responds
similarly to half cycles of both polarities, the nozzles are
oscillated at the same fréquency as the signals of Curves
D and E. Curve G represents—4 line-synchronizing pulse
for synchronizing the flying-spot scanner 54 in the line
direction via connection 79 and also serves as a control
pulse for the black level setting circuits 69, 70, and 71.
The signal represented by Curve G is shown in an “inter-
laced” relation to the signal of wave form D to produce the
relationship in which the dots in one reproduced picture
line are offset from the dots in adjacent lines. Wave form
H represents the synchronizing pulse for controlling the
picture frequency scanning of the flying-spot scanner 54.
It is shown in noninterlaced relation with respect to the
line pulses since each picture is entirely independent of
preceding and following pictures so that no gain in per-
formance is obtained by such interlacing,

Each of the sampling circuits may be of any type well
known in the art but there is shown in FIG. 6 by way of
example, one sampling circuit suitable for use in the dis-
tributors 75, 76, and 77. Assuming that the circuit of FIG.
6 represents the sampling circuit 77a having an input ter-
minal 81a and an output terminal 82a, this sampling cir-
cuit includes a diode switch comprising four diodes 83,
84, 85, and 86 connected in a conventional square. One
diagonal of the square is connected between input termi-
nal 81a and output terminal 82a. The conjugate diagonal
is connected to the secondary winding of a pulse trans-
former 87 in series with a capacitor 88 which, in turn, is
shunted by a resistor 89. The primary winding of trans-
former 87 is connected via a delay network 90 to the out-
put connection 80b of the timing signal generator 78.

In the operation of the sampling circuit of FIG. 6,
a pulse waveform, represented by waveform A of FIG.
7, is applied from timing generator 78 via connection 80b,
the delay network 90 and the transformer 87 to the diode
switch. Simultaneously, a quantized and encoded video
signal represented by waveform B of FIG. 7 is applied
to the diode switch via the input terminal 81a from the
analog-to-digital converter 74. 'Waveform B shows a
typical signal which may appear on terminal 152 of FIG. 5
and thus be applied simultaneously to input terminals
81a-81e of sampling circuits 77a~77e. In waveform B, the
several pulse positions are identified with numerals rep-
resenting the intended destination for use of these pulses.
Thus the pulse labeled 81a is intended for use by sampling
circuit 77a at its terminal 81a; pulse 81b is similarly in-
tended for use by sampling circuit 77b etc. Nevertheless,
each of these pulses is applied simultaneously to all five of
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the sampling circuits. In wave-form B, the dotted lines in-
dicate the fact that each of the pulses may be present or
absent, depending on the amplitude of the particular pic-
ture elements from which the pulse group has been derived.
Waveform A is shown in FIG, 7 with its pulse approxi-
mately centered in time upon the pulse 81a of waveform
B. If waveform A were to represent the input to sampling
circuit 77b via its input terminal 81b, the pulse of wave-
form A would coincide approximately in time with the
center of the pulse 81b of waveform B. The arrange-
ment is such that diode switch 83-86 is rendered con-
ductive by a pulse of Curve A only during the time inter-
val in which a quantized video signal, as represented by
pulse 8la of waveform B, may be available at input
terminal 81a. During the remaining portion of the cycle
of the timing signal generator 78, the diode switch inter-
rupts the connection from the input terminal 81a to the
output terminal 82a of the sampling circuit 77.

Each of the several sampling circuits of the distributors
75, 76, and 77 has an individually selected delay circuit,
such as the circuit 90, with circuit constants such that,
for example, the sampling circuit 77a will sample during
the time period allotted to the first pulse of the quantized
video signal, the sampling circuit 77b to the time interval
allotted to the second pulse of the quantized video signal,
etc. Thus each distributor responds to the series of five
pulses of the quantized video signal from its respective
analog-to-digital converter and places an output voltage
pulse, corresponding to the presence or absence of a par-
ticular pulse of the quantized video signal, on each of
the distributor’s five output terminals.

The controlled ink-jet copy-reproducing apparatus of
the invention further comprises means responsive to the
video signals such as the red, green, and blue signals at
the terminals 50, 51, 52 but, more specifically, to the quan-
tized and sampled signals appearing on terminals 83a—
83e of distributor 75, the output terminals 84a-84e of the
distributor 76, and the output terminals 82a—82e of the
distributor 77 for controlling the ink-jet means to control
the optical density of the ink deposits on the record sheet.

The optical density of each elemental area of the
reproduced copy may be controlled by controlling the
quantity of ink discharged from a single controllable jet,
or by controlling a plurality of jets having different ink-
discharge characteristics, e.g. by the selection of one or
more of a plurality of ink-jet nozzles having different
rates of ink discharge, or, as described herein, by the
selection of one or more of a plurality of ink-jet nozzles
discharging inks of different dye concentrations or opaci-
ties.

It will be noted that in the construction represented in
FIGS. 3 and 4, the ink-jet means of each of the heads
23, 24, and 25 comprises a plurality of controllable ink
jets or nozzles which are displaced in the direction of
scanning by equal increments and, as stated above, the
electric fields developed by the charging cylinders 35a—
35¢ and the deflection plates 37—42 are such that the ink
jets are normally directed so as to deposit ink on the
record sheet. The ink jets or nozzles of each head, such as
the nozzles 26a—26e of head 23, are individually supplied
with inks of the same color but of different concentrations
or opacities. For example, their opacities may be in the
ratio 1:2:4:8:16, making possible thirty-one tonal grada-
tions for each elemental area or spot of the copy reproduc-
tion.

As described hereinafter, the fifteen controllable ink
jets of the heads 23, 24, and 25 are individually controlled
by the quantized signals appearing on the terminals 83a—
83e, 84a—84e, and 8§2a-82e. Because of the incremental
displacements of the ink jets in the direction of scanning
of the record sheet 12, as described, it becomes necessary
to provide means for progressively delaying the quantized
signal components. delivered by the groups of terminals
83a-83e, 84a-84e, and 82a-82¢. To this end, there is pro-
vided a delay or storage means 19 (FIG. 1) which may be
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1 the form of a magnetic storage drum 91, shown in the
wm of a planar development of its periphery for conven-
mnce. The drum 91 has a plurality of storage tracks 91a
qual in number to the total number of quantized video-
gnal components, in this case fifteen. Individually asso-
iated with the tracks 91a are an equal number of record-
1g heads 92 individually connected to the groups of dis-
sbutor terminals 83a-83e, 84a—84e, and 82a-82e¢.

The drum 91 is also provided with a corresponding
umber of readout heads 93 individually associated with
1e tracks 91a, the readout heads being connected to
roups of output terminals 94a-94e, 95a-95¢, and 96a—
6e. These three groups of terminals are connected to
1e fifteen charging cylinders of the ink-jet heads 23, 24,
nd 25, such as to charging cylinders 35a-35e of FIG. 3,
or individually controlling the ink jets in response to the
elayed quantized signal components, If desired, conven-
onal amplifiers may be included in the conmections de-
cribed and appropriate ones of the connections will be
1ade with reversed polarity to take into account the op-
osite polarities of the fields between successvie pairs of
eflection plates 37-42, as described above. The design
f the system is such that the incremental delays of the
ignal components effected by the sampling circuits of
1e distributors 75-76-77 are substantially equal to the
wcremental scanning time differences of their respective
1k jets due to their respective displacements about the
eriphery of the drum 11.

Coming now to the operation of the controlled ink-jet
opy-reproducing apparatus embodying the invention and
sferring to FIGS. 1 and 2, a record sheet 12, on which a
wilticolor print is to be formed, is mounted on the drum
1. The motor 18 is energized, rotating the drum 11 and
oncurrently, via the lead screw 21, actuating the carriage
5 carrying the drum 11 axially past the scanning head
2 carrying the ink-jet means. The speed of rotation of
1e motor 18 is controlled via the timing signal generator
8 and power generator 78a (FIG. 5) so that the drum
1 rotates in timed relation with the scanning of the sub-
«ct copy, that is the transparency 53, by the flying-spot
canner 54.

Turning now to FIG. 5, the flying-spot scanner and its
ssociated circuitry consisting of elements 54-71, inclu-
ve, operate in the manner described in aforesaid
fcIlwain and Dean reference to generate red, green, and
lue video-signal components representing the image on

1e slide 53. These red, green, and blue video-signal com-~

onents are amplified and their gamma corrected to com-
ensate for departures from unity gamma in the flying-
ot scanner, the signal-translating channels, and the re-
ectances of the inks as deposited on the record sheet
2, etc. The gamma of the signal components may be ad-
1sted also to get desired artistic effects. The units 69, 70,
nd 71 are effective to stabilize the red, green, and blue
ideo-signal components, respectively, on the black level,
1at is, on the level corresponding to an absence in the
ibject copy of any luminance of red, green, or blue
hromaticity.

The analog-to-digital converters 72, 73, 74 operate as
escribed in the aforesaid Goodall article. The output of
ach of the converters 72, 73, 74 consists of a series of
ve pulse positions in each of which a pulse will be present
r absent, depending upon the amplitude of the input
gnal at the time of sampling. The five pulses (if present)
ceur in a regular time sequence and are applied to the
istributors 75, 76, and 77, respectively. As stated above,
ich of these distributors includes five sampling circuits
hich are keyed or gated by the signal represented by
urve E of FIG. 8 from timing signal generator 78 to
-anslate a signal only at the pulse position corresponding
» its respective quantized signal.

As a result, there are potentially developed fifteen
nantized video signals, five each representing the red,
reen, or blue video-signal component, and these quan-
zed video signals are individually impressed upon the
;cord heads 92 of the magnetic storage means on which
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they are recorded as a series of pulses of amplitudes repre-
sentative of the sampled video components. In normal
operation, the drum 91 rotates in timed relation, specifi-
cally in synchronism, with the record sheet 12 on the
drum 11. Pulses recorded on the drum by the heads 92
are subsequently read out by the heads 93 and applied to
the charging cylinders associated with the ink-jet heads
23, 24, 25 such as the charging cylinders 35a--35e, inclu-
sive. As stated above, in the absence of a video signal on
a charging cylinder, the disposition of parts is such that
the ink jet from the associated nozzle is directed onto the
record sheet 12. When a charging cylinder receives a
video-signal component, the ink droplets passing there-
through receive an electric charge so that, in passing
through the deflecting field developed by a pair of the de-
flection plates 37-42, inclusive, they are deflected into one
of the drains such as the drains 45a-45e, inclusive. Ob-
viously, the converse of this arrangement might be used.

The peripheral displacement between the record heads
92 and their respective readout heads 93 is progressively
increased from track-to-track along the drum 91, the in-
cremental delay between successive associated heads be-
ing equal to the incremental time intervals between the
scanning of any given spot on a record sheet 12 by the
several ink jets of the heads 23, 24, 25. Thus, the circuit
means described is effective individually and selectively
to excite the electric field charging cylinders 35a-35e,
inclusive, in response to the delayed signal components
from the drum 91 to direct and deposit ink droplets from
their associated ink jets onto the record sheet or away
from the record sheet into the drains, such as the drains
45a-45¢, inclusive.

Assuming that the amplitudes of the quantized signal
outputs of the converters 72, 73, 74 are in the ratio
1:2:4:8:16, the inks supplied to the jets of each of the
several heads 23, 24, 25 are given such concentrations
that the opacities of the inks discharged from the several
jets are in the same ratio. Conseguently, on each spot of
the record sheet will be deposited a plurality of minute
droplets of red, green, and blue inks representative of
thirty-one tonal gradations of the red, green, and blue
components of each elemental area of the slide 53 being
scanned.

The controlled ink-jet copy-reproducing apparatus de-
scribed above avoids the time-consuming and costly proc-
ess of fabricating color-separation printing plates required
for conventional multicolor printing and also avoids the
costly and time consuming developing and printing proc-
esses required for multicolor photographic reproduction.
Furthermore, the reproduction copies may be formed on
ordinary inexpensive paper rather than on expensive mul-
ticolor photographic print paper.

While there has been described what is, at present,
considered to be the preferred embodiment of the inven-
tion, it will be obvious to those skilled in the art that
various changes and modifications may be made therein,
without departing from the invention, and it is, therefore,
aimed in the appended claims to cover all such changes
and modifications as fall within the true spirit and scope
of the invention.

What is claimed is:

1. A controlled ink-jet apparatus for reproducing a
subject copy on a record sheet comprising:

input means for supplying at least one video signal

representative of the serial information content of
a subject copy to be reproduced and including syn-
chronizing information;

a support for a record sheet;

a head for scanning a record sheet on said support in

synchronism with said video signal;

ink-jet means controllable over a range of values

disposed on said scanning head for depositing ink
on a record sheet on said support and including at
least one ink jet for developing a stream of discrete
ink droplets;
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and means responsive to said video signal for individu-
ally controlling said ink droplets to control the ink
deposits on the record sheet over a range of values,
thereby to produce an effectively continuous-tone
reproduction of the subject copy.

2. A controlled ink-jet apparatus for reproducing
a subject copy on a record sheet in accordance with claim
1 in which said ink-jet means includes means for selec-
tively and individually electrically charging said ink
droplets upon their breakup from the ink jet.

3. A controlled ink-jet apparatus for reproducing a
subject copy on a record sheet in accordance with claim 1
in which said in-jet means includes a fluid passage from
which emerges a stream of discrete ink droplets and
means for selectively and individually electrically charging
said ink droplets after emergence from said fluid passage.

4. A controlled ink-jet apparatus for reproducing a
subject copy on a record sheet in accordance with claim 1
in which said ink-jet means includes an ink jet from which
emerges a continuous ink stream which subsequently
breaks up into discrete ink droplets and means for period-
ically acting upon said ink jet to regulate the breakup
of said ink stream into discrete ink droplets.

5. A controlled ink-jet apparatus for reproducing a
subject copy on a record sheet comprising:

input means for supplying at least one video signal

representative of the serial information content of a
subject copy to be reproduced and including syn-
chronizing information; :

a support for a record sheet;

a head for scanning a record sheet on said support in

synchronism with said video signal;

ink-jet means controllable over a range of values dis-

posed on said scanning head for depositing ink on
a record sheet on said support and including at least
one ink jet for developing a stream of discrete ink
droplets;

and means responding to said video signal for individu-

ally controlling said ink droplets to control the
optical density of the ink deposits on the record
sheet over a range of values, thereby to produce
an effectively continuous-tone reproduction of the
subject copy.

6. A controlled ink-jet apparatus for reproducing a
subject copy on a record sheet comprising:

scanning means for developing at least one video signal

representative of the information content of a subject
copy to be reproduced;
a support for a record sheet;
a head for scanning a record sheet on said support in
synchronism with the scanning of the subject copy;

ink-jet means controllable over a range of values dis-
posed on said scanning head for depositing ink on
a record sheet on said support and including at least
one ink jet for developing a stream of discrete ink
droplets;

and means responsive to said video signal for individu-

ally controlling said ink droplets to control the
density of the ink deposits on the record sheet over
a range of values, thereby to produce an effectively
continuous-tone reproduction of the subject copy.

7. A controlled ink-jet apparatus for reproducing a
subject copy on a record sheet comprising:

input means for supplying at least one video signal

representative of the serial information content of
a subject copy to be reproduced and including syn-
chronizing information;
a rotatable support for a record sheet;
a stationary head for scanning a record sheet on said
support in synchronism with said video signal;

ink-jet means controllable over a range of values dis-
posed on said scanning head for depositing ink on
a record sheet on said support and including at least
one ink jet for developing a stream of discrete ink
droplets;
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and means responsive to said video signal for individu-
ally controlling said ink droplets to control the
optical density of the ink deposits on the record sheet
over a range of values, thereby to produce an
effectively continuous-tone reproduction of the sub-
ject copy.

8. A controlled ink-jet apparatus for reproducing a

multicolor subject copy on a record sheet comprising:
input means for supplying a plurality of video signals,
each representative of the serial information content
of one color component of a subject copy to be
reproduced and including synchronizing information;

a support for a record sheet;

a head for scanning a record sheet on said support in
synchronism with said video signal;

a plurality of ink-jet means controllable over a range
of values disposed on said scanning head for indi-
vidually depositing inks of different colors on a record
sheet on said support, each of said ink-jet means
including at least one ink jet for developing a stream
of discrete ink droplets;

and means responsive to said video signals for individu-
ally controlling said ink droplets to control the optical
density of the ink deposits on the record sheet over
a range of values, thereby to produce an effectively
continuous-tone reproduction of the subject copy.

9. A controlled ink-jet apparatus for reproducing a

subject copy on a record sheet in accordance with claim
E5] 8 in which the plurality of ink-jet means are spaced in
the direction of scanning of a record sheet and which
includes means for imparting delays to certain of said
video signals, whereby inks of different colors deposited
on any given spot of the record sheet correspond to the
same instant of time of the corresponding video signals.

10. A controlled ink-jet apparatus for reproducing a

subject copy on a record sheet comprising:

input means for supplying at least one video signal
representative of the serial information content of a
subject copy to be reproduced and including syn-
chronizing information;

a support for a record sheet;

a head for scanning a record sheet on said support in
synchronism with said video signal;

a plurality of controllable ink jets disposed on said
scanning head and having different predetermined
ink-discharge characteristics;

an electrical system for quantizing said video signal
into a plurality of components of discrete amplitude
levels;

and circuit means for individually controlling said ink
jets in response to said signal components.

11. A controlled ink-jet apparatus for reproducing a

subject copy on a record sheet comprising:

input means for supplying at least one video signal rep-
resentative of the serial information content of a
subject copy to be reproduced and including syn-
chronizing information;

a support for a record sheet;

a head for scanning a record sheet on said support in
synchronism with said video signal;

a plurality of controllable ink jets disposed on said
scanning head to deposit ink on the same spot of
said record sheet in response to video information
representative of an elemental area of the subject
copy and having different predetermined ink-dis-
charge characteristics;

an electrical system for quantizing said video signal
into a plurality of components of discrete amplitude
levels;

and circuit means for individually controlling said ink
jets in response to said signal components.

12. A controlled ink-jet apparatus for reproducing a

subject copy on a record sheet comprising:

input means for supplying at least one video signal
representative of the serial information content of a
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subject copy to be reproduced and including syn-
chronizing information;

a suppoit for a record sheet;

a head for scanning a record sheet on said support in
synchronism with said video signal;

a plurality of ink jets disposed on said scanning head
normally directed so as to deposit ink on said record

v sheet and having different predetermined ink-dis-
charge characteristics;

a plurality of means for developing electric fields, indi-
vidual to and encompassing the trajectories of said
ink jets;

an electrical system for quantizing said video signal
into a plurality of components of discrete amplitude
levels;

and circuit means for individually and selectively excit-
ing said electric field means in response to said signal
components to deposit ink from their associated jets
onto the record sheet.

13. A controlled ink-jet apparatus for reproducing a

ubject copy on a record sheet comprising:

input means for supplying at least one video signal
representative of the serial information content of a
subject copy to be reproduced and including syn-
chronizing information;

a support for a record sheet;

a head for scanning a record sheet on said support in
synchronism with said video signal;

a plurality of controllable ink jets disposed on said
scanning head displaced in the direction of scanning
and having different predetermined ink-discharge
characteristics;

an electrical system for quantizing said video signal
into a plurality of components of discrete amplitude
levels;

means for progressively delaying said quantized signal
components;

and circuit means for individually controlling said ink
jets in response to said delayed signal components;

said delays of said signal components substantially
equalling the scanning time differences of their re-
spective ink jets.

14. A controlled ink-jet apparatus for reproducing a

ubject copy on a record sheet comprising:

input means for supplying at least one video signal rep-
resentative of the serial information content of a
subject copy to be reproduced and including syn-
chronizing information;

a support for a record sheet;

a head for scanning a record sheet on said support in
synchronism with said video signal;

a plurality of controllable ink jets disposed on said
scanning head displaced by equal increments in the
direction of scanning and having different predeter-
mined ink-discharge characteristics;

an electrical system for quantizing said video signal
into a plurality of components of discrete amplitude
levels;

means for progressively delaying said quantized signal
components;

and circuit means for 1nd1v1dua11y controlling said ink
jets in response to said delayed signal components,

said incremenial delays of said signal components sub-
stantially equalling the incremental scanning time
differences of their respective ink jets.

15. A controlled ink-jet apparatus for reproducing a

ubject copy on a record sheet comprising:

input means for supplying at least one video signal rep-
resentative of the serial information content of a
subject copy to be reproduced and including syn-
chronizing information;

a support for a record sheet;

a head for scanning a record sheet on said support in
synchronism with said video signal;
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a plurality of ink jets disposed on said scanning head
and having different predetermined ink-discharge
characteristics;

means for oscillating said ink jets to break up the
ink discharged therefrom into discrete droplets;

a plurality of means for developing electric fields indi-
vidual to and encompassing the trajectories of said
droplets;

an electrical system for quantizing said video signal
into a plurality of components of discrete amplitude
levels;

and circuit means for individually and selectively excit-
ing said electric field means in response to said signal
components to direct said ink droplets to or away
from the record sheet.

16. A controlled ink-jet apparatus for reproducing a

multicolor subject copy on a record sheet comprising:
scanning means for developing a plurality of video sig-
nals each representative of the information content of
one color component of a subject copy to be re-
produced;

a support for a record sheet;

a plurality of heads, one for each color component,
for scanning a record sheet on said support in syn-
chronism with the scanning of the subject copy;

a plurality of controllable ink jets disposed on each
of said scanning heads and having different predeter-
mined ink-discharge characteristics;

an electrical system for quantizing each of said video
signals into a plurality of components of discrete
amplitude levels;

and circuit means for individually controlling said ink
jets on each of said heads in response to the corre-
sponding quantized signal components of one of said
video signals.

17. A controlled ink-fet apparatus for reproducing a

subject copy on a record sheet comprising:

storage means for storing in digital form and later sup-
plying at least one video signal representative of the
serial information content of a subject copy to be
reproduced;

a support for a record sheet;

a head for scanning a record sheet on said support;

ink-jet means disposed on said scanning head including
at least one ink jet for developing a stream of discrete
ink droplets directed toward the record sheet;

an output connection from said storage means to said
ink-jet means;

said ink-jet means including a charging electrode receiv-
ing the signal from said storage means for selec-
tively charging each droplet;

and a drive controlling the scanning of said head and
the stimulation of said ink jet in synchronism with the
unloading of information from said storage means.

18. A controlled ink-jet apparatus as defined in claim 17,
wherein said drive includes a master timing signal gener-
tor.

19. A controlled ink-jet apparatus as defined in claim
17, including scanning means for scanning the subject copy,
converter means receiving an analog signal from said scan-
ning means and producing a video signal representing the
copy as digital information, and circuit neans connect-
ing the output of said scanning means to said storage
means.

20. A controlled ink-jet apparatus for reproducing a
subject copy on arecord sheet comprising:

storage means for storing digital information representa-
tive of the serial information content of a subject copy
to be reproduced;

a support for a record sheet;

a head for scanning a record sheet on said support;

ink-jet means disposed on said scanning head includ-
ing at least one nozzle and means for breaking a
stream of ink from said nozzle into discrete droplets
directed toward the record sheet;
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a charging electrode adjacent said nozzle at the point
of drop separation for selectively charging each drop-
let;

an output connection from said storage means to swd
charging electrode for supplying the serial informa-
tion to said charging electrode,

and a drive connected to provide synchronized scanning
of said head, stimulation of said ink stream from said
nozzle, and serial unloading of information from said
storage means.

21. The method of reproducing a subject copy on a
record sheet from a video signal representing the serial in-
formation content of the copy, comprising the steps of

{a) storing the video signal in @ memory device,

(b) producing scanning movement between at least one
ink-jet device from which discrete droplets are pro-
jected and a record sheet toward which the droplets
are directed,

. (c) charging selected ones of the droplets to the same
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charge level and removing droplets of one charge
status to prevent their deposit on the record sheet,

{d) unloading the memory device and also snmulatmg
the ink-jet device in synchronism with the scanmng
movement, and

(e) employing the information unloaded from the
memory device to control the selective chargmg of
the droplets. :
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