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Eldred C. Nelson, Los Angeles, Calif., assignor, by mesne
assignments, to Hughes Aircraft Company, a corpora-
tion of Delaware

Application September 8, 1953, Serial No. 379,045
14 Claims. (Cl. 178-—23)

This invention relates to a high-speed printing system,
and more particularly to a serially operable high-speed
printing system in which the information characters in
a line of intelligence information to be printed are se-
quentially ccmpared with each type character which is
sequentially presented to be printed.

Relatively recent advances in the field of high-speed
electronic data-processing machines have fostered the
need for reliable high-speed output devices to convert
processed intelligence information in the form of electri-
cal signals to visual indications of the results of the data-
processing operation. In particular, there has been an
ever increasing need in the art for high-speed printing
systems to rapidly convert the electrical output signals
irom the data-processing machine to a printed record.

The high-speed printing systems of the prior art have
one basic mode of operation, namely parallel, wherein
all like characters in the line of intelligence information
are printed simultaneously, the printing being accom-
plished by selectively energizing a plurality of printing
transducers to bring an intermittently movable printing
medium 1nto engagement with a rotatable straight-line
printing cylinder having a plurality of longitudinally
aligned rows of type characters disposed about its pe-
riphery. The number of printing transducers employed
i1s dependent upon the number of line spaces or columns
in the line of intelligence information to be printed, one
transducer being provided for each column on the print-
ing medium,

In these high-speed printing systems of the prior art,
each printing transducer is coupled to an associated elec-
tronic register, usually a flip-flop counter, the number
of counters corresponding to the number of printing
transducers incorporated in the system. In operation
the signals corresponding to the information characters
in the line of intelligence information to be printed are
first entered, either serially or in parallel, into the
ceunters corresponding to the spacing of the information
characters in the line of intelligence information. The
counters are then pulsed in parallel by an electrical pulse
signal penerated by the associated printing cylinder as it
rotates, the count in each counter changing one number
for each puise received, one pulse being received each
time the printing cylinder has rotated sufficiently to
place the succeeding row of type characters in printing
position.

As each counter becomes full or empty, depending
upon whether a count-up or count-down counting se-
quence is employed, the counter generates an electrical
cutput signal for energizing its associated printing trans-
ducer to print on the printing medium the type character
in printing position on the printing cylinder. Thus, if sev-
eral counters have the same information signals entered
therein prior to the pulsing operation, the counters will
generate output signals simultaneously for energizing their
assoclated printing transducers simultaneously to print
the same Information character in their respectively as-
soclated columns or spaces on the printing medium.
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One of the principal disadvantages of these prior art
printing systems 1s that they require tremendous multipli-
cation of electrical circuitry and components, such as
vacuum tubes, and are thercfore almost prohibitively ex-
pensive. Other logical consequences of their inherent
complexity are unreliability of the system as a whole
and excessive size and weight. Another significant dis-
advantage of these prior art systems is that they are
incapable of printing at speeds in excess of five to ten
lines per second, even when the intelligence information
is restricted to numerical information alone.

The present invention, on the other hand, obviates the
above and other disadvantages of the prior art printing
systems by providing a reliable and relatively inexpensive
serially operable high-speed printing system for printing
the information characters in a line of intelligence in-
formation by sequentially comparing each information
character with each type character which is sequentially
presenied to be printed. According to the fundamental
concept of this invention, a plurality of serially applied
electrical mmformation signals corresponding respectively
to the information characters in the line of intelligence
information are sequentially compared with an electrical
character signal corresponding to the type character in
printing position on an associated printing cylinder to
selectively actuate a plurality of associated printing trans-
ducers to print on a printing medium the type characters
corresponding to the information characters.

More particularly, according to the preferred embodi-
ment of the present invention, the electrical information
signals correspond respectively to the binary-coded nu-
merical equivalents of the information characters and
are serially applied to a single electronic comparator
network where they are compared with an electrical
character signal which is binary coded in accordance with
the rotation of the printing cylinder. The comparator
network functions to produce a comparator output signal
each time an information character in the line of in-
telligence information corresponds to the type character
in printing position. Each comparator output signal is
applied in turn to a distributor network which is con-
nected to the printing transducers and which is respon-
sive to the application of a comparator oufput signal for
selectively energizing the printing transducers. The trans-
ducer energized corresponds to the spacing in the line of
intelligence information of the information character be-
Ing compared in the comparator network, thereby print-
1ag In the corresponding space on the printing medium
tne type character corresponding to the information char-
acter being compared.

Each line of intelligence information is compared se-
quentially with the type characters which may be printed
by continuously recirculating the electrical information
signals and by applying these signals to the comparator
network once for each different electrical character signal.
Accordingly, one comparator output signal is produced for
cach information character, thereby selectively energiz-
mg the printing transducers to print the type characters
corresponding to all of the information characters in
the line of intelligence information.

The printing system of the present invention may in.
clude either the conventional straight-line printing cylin-
der, or a continuously rotatable skeyed-type printing cyl-
inder similar to those disclosed in copending U. S. patent
application, Serial No. 360,998, for “Printing Cylinders
for High-Speed Printing Systems,” by R. A, Hartley, filed
June 11, 1953. In addition, by employing an interference
type printing transducer similar to that disclosed in co-

pending U. S, patent application, Serial No. 377.818. for

“High-Speed Electromechanical Printing Transducer,” by
S. M. Fomenko et al., filed October 1, 1953, identical

information characters in the line of intelligence informa-
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tion may be printed either in sequence, with a skewed-
‘(Liype cylinder, or simultaneously with a straight-line cylin-
er.

Another basic feature of the high-speed printing system
of this invention is the use of logical network theory to
provide simplified electronic circuits which further in-
crease the inherent reliability and speed of the system and
which further decrease both the initial and operating ex-
pense of the system. In practice it has been found that
the printing system of the present invention is capable of
printing intelligence information, represented by as many
as sixty different type characters, at speeds in excess of
fifteen lines per second.

It is, therefore, an object of this invention to provide
a reliable and relatively inexpensive serially operable
high-speed printing system capable of prinfing inteliigence
information, at speeds in excess of fifteen lines per second.

Another object of this invention is to provide a logi-
cally designed high-speed printing system for printing the
information characters in a line of intelligence informa-
tion as corresponding type characters on a printing me-
dium by sequentially comparing the information charac-
ters with each type character which may be printed.

It is also an objecct of this invention to provide a high-
speed printing system for printing a line of intelligence in-
formation by sequentially comparing the information
characters in the line of intelligence information with
each type character which may be printed to selectively
energize a plurality of associated printing transducers
to print in corresponding cclumn spaces on a printing
medium the type characters corresponding to each of
the information characters.

An additional object of this invention is to provide a
high-speed printing system for printing the information
characters in a line of intelligence information, stored in
the form of coded binary numbers, by sequentially com-
paring electrical information signals, corresponding to
the binary numbers, with electrical signals corresponding
to the type character in printing position to produce elec-
trical output signals for selectively energizing a plurality
of printing transducers, corresponding to the column
spacing of the information characters.

Still another object of this invention is to provide a
high-speed printing system in which electrical signals cor-
responding to the sequential information characters in a
line of binary-coded intelligence information are sequen-
tially compared with electrical signals corresponding to
the type character in printing position for energizing a
printing transducer, corresponding to the column spacing
of the information character being compared, each time
the information character being compared corresponds
to the type character in printing position.

It is another object of this invention to provide a high-
speed printing system for printing a line of binary-coded
intellicence information by sequentially comparing all ot
the information characters in the line of intelligence in-
formation with electrical signals corresponding to each of
the type characters which may be printed for selectively
energizing a plurality of printing transducers, correspond-
ing in number to the number of information characters
in the line of intelligence information, to print on a print-
ing medium the type characters corresponding to the in-
formation characters in the line of intelligence.

It is still another object of this invention to provide a
high-speed printing system for printing mtelligence In-
formation, serially presented as electrical information sig-
nals corresponding to a plurality of binary-coded In-
formation characters, by sequentially comparing the in-
formation signals with electrical signals corresponding to
the sequential type characters which are in printing posi-
tion to produce an electrical comparison signal each time
an information character corresponds to the type charac-
ter in printing position, and by selectively energizing a
printing transducer corresponding to the column spacing
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of the information character being compared in response
to each comparison signal.

The novel features which are believed to be charac-
teristic of the invention, both as to its organization and
method of operation, together with further objects and ad-
vantages thereof, will be better understood from the foi-
lowing description considered in connection with the ac-
companying drawings, in which a preferred embodiment
of the invention is illustrated by way of example. It is
to be expressly understood, however, that the drawings
are for the purpose of illustration and description only,
and are not intended as a definition of the limits of inven-
tion.

Fig. 1 is a block diagram of a high-speed printing sys-
tem, according to the present invention;

Fig. 2 is a schematic diagram of one form of character
counter which may be utilized in the printing system of
Fig. 1,

Fig. 3 is a schematic diagram of a serially operable
comparator network which may be employed with the
character counter shown in Fig. 2 in the high-speed
printing system of Fig. 1;

Figs. 4 and 5 are schematic diagrams of a column
counter and a transducer energizing network, respective-
ly, which may be employed in combination in the high-
speed printing system of Fig. 1 for controlling the ener-
gization of the printing transducers;

Fig. 6 is a schematic diagram, partly in block diagram
form, of one type of order control network which may
be utilized to control the operational functions of the
high-speed printing system of Fig. 1,

Fig. 7 is a schematic diagram of a modified character
counter which may be employed with the serial compar-
ator of Fig. 3 in the high-speed printing system of this
invention;

Figs. 8 and 9 are schematic diagrams of a modified
column counter and a transducer energizing network, re-
spectively, which may be employed in the high-speed
printing system of this invention;

Fig. 10 is a schematic diagram of a different type of
character counter which may be utilized in the high-speed
printing system of Fig. 1;

Fig. 11 is a schematic diagram of a parallel comparator
circuit which mayv be utilized in cooperation with the char-
acter counter shown in Fig. 10 in the high-speed printing
system of Fig, 1;

Fig. 12 is a circuit diagram illustrating a typical “and”
gate employing dicde rectifiers,

Fig. 13 is a circuit diagram illustrating a typical “or”
gate;

Fig. 14 is a perspective view schematically illustrating
a printing cylinder mechanism; and

Fig. 15 is a sectional view illustrating a type of printing
transducer.

Referring now to the drawings, there is shown in Fig. 1
a serially operable high-speed printing system, according
to the present invention, for printing on a printing medi-
um 100 intelligence information stored in the form of
binary-ccded electrical signals in a data storage unit 102.
The high-speed printing system includes four basic com-
ponents, namely, data storage unit 102 for storing the 1n-
telligence information to be printed, a high-speed printer
104 for printing on medium 100 the type characters corre-
sponding to the information characters in the stored
intelligence information, a logical control network 106
for synchronizing the operation of data storage 102 with
printer 104 to control the printing sequence of the indi-
vidual characters of the stored intelligence information,
and a distributor network 108 for selectively controlling
the operation of printer 104 so that each informaticn char-
acter is printed in the proper space on printing medium
100.

In order to simplify the description of the high-speed
printing system of this invention, it will first be assumed
that one full line of intelligence information to be printed
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is stored in data storage unit 102. It will also be assumed
for purposes of illustration that each line of intelligence
information includes a predetermined number of informa-
tion characters corresponding to the number of characters
which may be printed on one line of printing medium 100,
each information character being represented by a six-
digit electrical signal weighted in the 32-16-8—4-2-1
binary code. The time interval required to serially pre-
sent each binary digit signal of each information char-
acter at the output circuit of the data storage unit will
hereinafter be termed a digit time interval. while the time
required to serially present the six-digit signal correspond-
ing to an information character will be termed a word
time interval. Similarly, the time required to serially
present the full line of stored intelligence information
at the output circuit of the data storage unit will here-
inafter be termed a line time interval, while the time re-
quired to print the full line of intelligence information
will be termed a line printing interval.

Data storage unit 102 preferably includes a magnetic
memory unit, such as a rotatable magnetic drum 110, an
associated clock pulse generator 112, and associated elec-
tronic circuits. Magnetic drum 110 is mechanically cou-
pled to and rotated by a drive source 111 in printer 104,
and includes at least three magnetic tracks 114, 116, and
118 respectively, for storing binary-coded intelligence in-
formation and order signals in the form of magnetized
cells on the drum periphery.

The associated electrical circuits of data storage unit
102 include three reading circuits 120, 122, and 124 which
are positioned adjacent magnetic tracks 114, 116, and
118, respectively, and are responsive to the magnetiza-
tion of their associated tracks for producing electrical
signals corresponding to the binary values represented by
the magnetization of the tracks.
produced by reading circuits 120, 122, 124 are applied, in
turn, to three respectively associated flip-flop or bistable
multivibrator circuits Fy, Fyw, and F, to set these flip-
flops to conduction states corresponding to the binary
values represented by the applied signals. Thus, if the
magnetization of a particular cell on a magnetic track
corresponds to the binary value one, the associated flip-
flop is set to the conduction state corresponding to the
binary value one, whereas the flip-flop is set to the other
conduction state if the magnetization of the cell on the
associated magnet track corresponds to the binary value
Zero.

It will be assumed that one complete line of binary-
coded intelligence information is serially entered on mag-
netic track 114 through an associated writing circuit, not
shown, so that the complete line of intelligence informa-
tion may be serially read by reading circuit 120 once
during each line time interval, thereby serially present-
ing at the output circuit of flip-flop F; electrical voltage-
state signals corresponding to the sequential binary digits
of each of the successive information characters in the
stored line of intelligence information. It will also be
assumed for purposes of illustration that the intelligence
mformation is serially presented at the output circuit of
flip-flop Fy in the order of least significant binary digit
first.

Magnetic track 116 and its associated reading circuit
are utilized to set flip-flop Fyw to the conduction state
corresponding to the binary value one during the sixth or
last digit time interval of each word time interval. Flip-
flop Fg, on the other hand, is set to the conduction state
corresponding to the binary value one during the sixth or
last digit time interval of the last word time interval of
each line time interval. In other words, flip-flop Fg is
set to the conduction state corresponding to the binary
value one during the last digit time interval of each cir-

culation of the intelligence information by the magnetic

drum.,
Clock pulse generator 112 is utilized to produce a peri-
odically recurring electrical clock pulse of predetermined

The electrical signals :
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polarity, one clock pulse occurring during each digit
time interval. It will hereinafter be assumed that each
clock pulse is relatively sharp negative electrical pulse
which occurs at the beginning of each digit time interval.

High-speed printer 104 includes three basic elements,
nameiy, drive mechanism 111, a rotatable prinfing cyl-
inder 132 coupled to the drive mechanism, and a trans-
ducer netwerk including a plurality of selectively energiz-
able printing transducers 13¢-1, 130-2, 130-3, . . .
130-(n—2), 130—(n—1), and 130—(n, respectively, posi-
ticned odiacent printing cylinder 132 and adapted to co-
operate with the printing cylinder for printing intelli-
gence mformation on printing medium 160.

The printing transducers are operable under the control
of distributor network 108 and are preferably of the type
disclosed In copending U. 8. patent application, Serial
Ne. 377,956, for “Electromechanical Transducers,” by
E. M. Baldwin et al., filed October 1, 1953. These trans-
ducers are preferred because of their relatively high effi-
ciency and their exceptionally high operating speeds. It
will be recognized however, that other printing transducers
may be utilized with the high-speed printing system of
this invention.

Printing cylinder 132 may be a skewed-type printing
cylinder similar to those disclosed in the aforementioned
cepending application by Richard A. Hartley, or may be
of the conventional straight-line type in which a plurality
of rows of type characters are lengitudinally disposed
about the periphery of the printing cylinder. In each of
these 1wo basic forms of printing cylinders, one row of
type characters is provided for each different type char-
acter which may be printed, each row including a plu-
rality of identical type characters corresponding in num-
ber to the number of printing transducers employed in
the printer.

A typical example of such a cylinder is illustrated in
Fig. 14, In an effort to simplify this illustration, the
type characters on the face of the cylinder are represented
only as numerals. These type characters are generally
designated 160 and range from 0 through 9, circumferen-
tially. The type of printing cylinder herein illustrated
involves skewed rows of type characters in which each
row represents a different type character and the char-
acters in individual rows are identical. The rows are
skewed in an amount wherein the character at one end
of one row occupies a position in a plane axially of the
cylinder, approximately overlapping the number at the
other end of an adjacent row.

The minimum number of characters in each row usually
corresponds to the number of different characters cir-
cumferential cf the cylinder. The characters are spaced
in the rows as required to provide proper type spacing
for printing purposes. A printing transducer is associated
with each circumferential ring of characters. These trans-
ducers are arranged in spaced relation axially of the cyl-
inder in correspondence with the axijal spacing of the
characters on the printing cylinder. The printing trans-
ducers lie in an axial plane which substantially parallels
the axis of rotation of the printing cylinder and are pref.
erably radially disposed of the printing cylinder.

Assuming clockwise rotation of the printing cylinder as
viewed, the first character of a skewed row which appears
beneath a printing transducer is on the left side of the
printing cvlinder. Continued rotation of the cylinder
thus sequentially brings the characters, from left to right
of a row, beneath the respective printing transducers.
Thus, by controlling the printing transducers in time se-
quence with the appearance of the characters in a skewed
row beneath the respective transducers and further COn-
trolling the transducers each time a character in the Iine
of intelligence information to be printed, corresponds to
the characters of the type row in printing position, a com-
plete line of characters may be printed across a printing
medinm such as a web or a sheet of paper passing cver
the printing cylinder beneath the transducers.



2,850,566

7

In keeping with the numbering in Fig. 1 of the draw-
ings the transducers are identified as 130-1 through 130-n.
It is to be appreciated, however, that in the interest of
drawing convenience, a printing cylinder bearing only
numeral-type characters has been illustrated in Fig. 14,
having a definite length sufficient only to contain the re-
quired number of type numbers In the respective skewed
rows. Thus, the cylinder is not illustrated with an inter-
mediate break as in Fig. 1. In Fig. 14, the driving means
is schematically represented as 111 and the connection
of the drive mechanism 111 to the roll of printing ma-
terial has not been shown. Such details are within the
skill of the ordinary mechanic.

A type of printing transducer which might be employed
with the arrangement herein illustrated appears in Fig. 15
and is identified 130-1. Since the printing transducers arc
identical, this illustration, of course, is typical of all of
the transducers. Reference is made hereinabove to a
patent application of E. N. Baldwin et al. for “Electro-
mechanical Transducer.” The transducer therein 1llus-
trated differs in principle from that illustrated in Fig. 15
depending primarily upon the kinetic energy stored in a
rotating body for supplying mechanical energy for operat-
ing the printing hammer. The representation in Fig. 15
in this application is purely of a schematic nature to
indicate an operable arrangement for actuating the type
hammer and is not to be construed as representing a
preferred way or the only way of actuating the type
hammer.

In Fig. 15 type hammer 161 is driven by a solenoid
plunger 162 which is spring loaded by a spring 163 to the
retracted position illustrated. The solenoid plunger 162
is slidably mounted in a housing 164 of magnetic material
and the plunger mass is axially eccentric with respect to
the magnetic field produced by an annular coil 165 dis-
posed within the magnetic housing and through which the
solenoid plunger strokes. It will be appreciated that
energization of coil 165 produces a magnetic field hnking
the solenoid plunger 162 and the plunger moves in a
direction tending to center its mass in the magnetic field.
The direction of motion being downwardly, as viewed,
compressing spring 163 and displacing type hammer 161
downwardly. For the position of the printing transducers
illustrated in Fig. 14 this downward displacement of the
type hammer impinges printing sheet 100 against the char-
acters on the printing cylinder transferring the character
impression by means of a carbon tape, not shown, or
other suitable printing transfer medium, on to the under-
side of the printing sheet 100. The manner in which
the selective and synchroncus control of the transducers
is achieved for printing a line of intelligence information
is described hereinafter. Further details as to a practical
type of printing transducer and further details with re-
spect to the printing cylinder per se may be had by refer-
ence to the aforesaid copending applications of E. M.
Baldwin et al. and Richard A. Hartley, respectively.

Printing cylinder 132 is preferably continuously rotated
by drive mechanism 111, although intermittent rotation
of the type cylinder is permissible with the conventional
printing cylinders of the prior art. The speed of rota-
tion of the printing cvlinder relative to that of magnetic
drum 110 is such that the complete line of intelligence
information is serially presented at the output circuf
of flip-flop F; once for each row of type characters on
the printing cylinder, or in other words, a different row
of type characters is presented for printing during each
successive line time interval. For example, if it 13
assumad that printing cylinder 132 includes m rows of
type characters uniformly spaced about the printing
cylinder periphery, and that the complete line of intel-
ligence information is scanned once per revolution of
magnetic drum 110, the magnetic drom is rotated through
- revolutions for each revolution of the printing cyhinder.
If, on the other hand, m rows of type characters are
disposed about only a portion of the printing cylinder
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periphery which subtends a radial angle 6, the ratio

of the rotational speeds of magnetic drum 110 and print-
ing cylinder 132 may be shown to be

360m
,

Logical control network 106 is provided to compare
the electrical information signals with electrical signals
corresponding to the type character which is in g printing
position relative to the printing transducers. The logical
control neiwerk includes a character counter 134 which
presents an electrical character signal corresponding to
the type character in printing position, and a comparator
network 136 which is connected to clock pulse generator
112, flip-flop Fy, and character counter 134 for producing
ond applying to distributor network 108 an electrical
cuiput signal each time an information character in the
line of intelligence information corresponds to the type
character in printing position.

Character counter 134 is connected to clock pulse
generator 112 and to flip-flop Fg in order to change the
count in the character counter during the last digit time
interval of each line time interval to correspond to the
next succeeding type character which may be printed.
in addition, the character counter is connected to the
output circuit of a flip-flop Fg which 1s set to the con-
duction state corresponding to the binary value one dur-
ing the last line time interval of each line printing interval
in order to reset the count in the character counter to
zero after each line of intelligence information has been
printed on the printing medium. Flip-flop Fy may be
cctuated from drive mechanism 111, as shown in Fig. 1,
or may be actuated from a line time interval counting
circuit in the data storage unit if desired.

The function of distributor network 108 is to selec-
tively actuate the printing transducers, in response to
output signals from the comparator network, to print
each information character in the line of intelligence
information as a corresponding type character in its
proper line spacing on printing medium 109. The dis-
tributor network includes a column counter 138 which
is connected to the output circuit of flip-flop Fw and
to clock pulse source 112 in order to count the number
of word time intervals in each line time interval. Thus,
the electrical output signal from column counter 138
corresponds to the spacing in the line of intelligence
information of the character being compared In com-
parator network 136. In addition, the column counter
is connected to the output circuit of flip-flop Fo for
resetting the counter to zero count during the last digit
time interval of each line time interval.

The distributor network also includes a transducer
energizing network 140 which is connected to each of
the printing transducers and to the output circuits of
column counter 138 and comparator network 136. The
transducer energizing network is operable under the
control of column counter 138 for sequentially rendering
the printing transducers energizable and is respoinsive to
an output signal from the comparator network for ener-
pizing the particular printing transducer which corre-
sponds to the line spacing of the information character
being compared.

The high-speed printing system of this invention also
includes an order contrel network 142 which is connected
to flip-flops F; and Fyw and to clock pulse generator 112,
and which is responsive to predetermined binary-coded
electrical signals in the line of intelligence information
for controlling certain operational sequences of the print-
ing system. For example, the order control network may
he utilized to actuate the printing system to skip or slough
a predetermined number of lines on the printing medium
between successive printings of two lines of intelligence
information. Again, the order control network may be
utilized for indicating when additional intelligence in-
formation should be entered on magnetic drum 110.
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In addition to instituting these operations, the order
control network may be employed to temporarily sup-
press or prevent the printing « f characters on the printing
medinm while other operations are being performed. As
shown in Fig. 1, therefore, the order control network is
connected to comparator network 136 by a conductor
144 and to drive mechanism 111 in printer 104 by a
conductor 146 in order to provide “on-off” control of the
printing operation and to provide for sloughing of print-
mg mediovm 196, In operation, the control network
presents a refatively high-level voltage on conductor 144
when it senses that printing operations should be per-
formed, and a relatively low-level voltage at all other
times.

In order to more clearly describe the operation of the
high-speed printing system of the present invention, it
will be assumed that the printing system is capable of
printing 60 different characters corresponding, respec-
tively, to 60 of the 64 possible code combinations of the
six-digit binary code. It will also be assumed that two
of the remaining four combinations of digits correspond
to order control signals which are recognizable by order
control network 142 for separating the printing operation
from the other operational functions of the printing sys-
tem, and that one of the remaining two binary numbers
corresponds to a blank space. The following illustra-

DO omao ok cpg o
b cooamo o ~o
Umrcxwaoohwo~o

tive table correlates the six-digit binary code with the or-
der control signals and the 60 different type characters
which may be printed;

Table [
Binary Type Binary Tyvpe Binary | Type character
Number |character|| number | charagter | numher
000000 .. __._ 0 G10101___ L 101010___
000001 ._. 1 010110___ M 101011, .. *
050010_..__ _ 2 010111 __ N 101100, .. L
000011 __ .. __ ] 011000 _ O 101101___ o
000100 __ 4 011001 _._ Pl 101110 __ &
000101 ... __ 5 011G16_ __ Q ' 101111 . —
000110.__.__ B 011011___ R 110000__ . {
000131 ____.._ fi o OL1I0G. g s 110001 .. }
001000 ... . 8 1 011101_ . T 110010 . °
¢O1001__.__._ Q 011110___ [ ) 110011__._ o
001010 .. ___ A 011111, _.! (Blank) 118100, . [
001011 _____. B 180000_ . V { 110101_.. f
01100 __.__ O 1GG001_ W 1101106_ __ e
001101._..__. D 100G10__ _! X 110118 . ~+
001110._.___ ] E 100011_ .. Y 1130060, . ‘
0O11%3...__. F 100300_ .. y/ 111001__. &
10000 ____ G 100161 / 111010__. £
010001______ H || 100110 _. . 111011__. :
010010_.___. I 100111 .. 3 111100___ ¢/o
010011, ..., J 101000, __ , 111101 .| Stop printing;
order follows.
010100...-.. K (| 101001... # 111110__. Rielfume print-
g.
111111 .

If it is assumed that character counter 134 counts se-
quentially in the conventional six-digit binary code, the
rows of type characters on printing cylinder 132 are pOSi-
ttoned about the periphery of the printing cylinder in
accordance with the sequence of characters set forth in
Table I. For example, in a conventional straight line em-
bodiment of printing cylinder 132, each row of type char-
acters on the printing cylinder may comprise 30 identical
raised or elevated type characters disposed longitudinally
along the surface of the cylinder in a line substantially
parallel to the axis of the cylinder. In accordance with
the sequence of type characters shown in Table I, each of
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the 30 identical type characters in a first row on printing
cylinder 132 is capable of printing the numeral 0 through
an intervening carbon paper or print ribbon onto an ad-
vancing paper record medium, whenever the paper is
pressed against the type character by a printing trans-
ducer. The type characters in succeeding rows of print
cylinder 132 can print the numerals and characters 1, 2,
3, 4, 5, 6, 7, 8, 9, A, B, C, D, etc.,, respectively. It
will be noted that the binary number 011111 is utilized
to represent a blank space in the line of intelligence in-
formation and does not actually represent a type charac-
ter. Consequently, the character counter may be con-
structed to skip this particular count, or, on the other
hand, a vacant type row may be provided on the printing
cylinder periphery. In addition, it will be noted that the
binary number 111101 is utilized for actuating control
network 142 to stop the printing operation, whereas the
binary number 111110 is employed to signify that print-
ing operations should be resumed.

To further illustrate the arrangecment of the type char-
acters upon printing cylinder 132, in the following Table
I-A, the numerals 0 through 9 and the alphabetical char-
acters A tnrough D are arranged in rows and columns in
the same relative positions in which the corresponding
type characters are disposed on the surface of the de-
scribed embodiment of printing cylinder 132.

Table I-A

Tl b omuasmomwngwos
ot omaoo hwmni-o
DO W 000~ o b oy
Uﬁﬁ’,}-:ﬂmqmﬂuﬂwmhn::
TNk om~aconm o m o
DO 00 s ) e
Uogbeowacomwn~o
DO comamum ko m e
CUhghboowgacuawomo
D omad o b o — o
Wh fovl =TT TG O,
Oompomamumb o
o b b DO T D e O =
Uﬂmb@mﬂmmﬁmwmc
ﬂﬂw%@mqmmﬁmmHg
PO cmam bt m—we
@ﬁmbﬂmqamﬁWMHm
Uﬂmhﬂmqmmmmmmc
tjﬁw';ﬂ-@ﬁﬂqmtn-ﬁWMH:a
Uﬂmhﬂmqmmmmmwg
Uﬂwb@m-:mr_n M Gad S
Qb © 00 ~2hcn s 0O RD e e
Uhpprovaaonswmnme
O omam ot -

Additicnal rows of type characters are provided on
printing cylinder 132 for the printing of the remaining
characters of the alphabet and for the printing of punctua-
tion ‘marks and other indicia as indicated in Table I. An
individual printing transducer is associated with each col-
umn of type characters on printing cylinder 132, Thus,
for the described 30-column printing cylinder, there are
provided 30 printing transducers designated 130-1, 130-2,
to 136-n, respectively, where »n is equal to 30.

These printing transducers, as shown in Fig. 1, may be
arranged in a single row adjacent printing cylinder 132
and parallel to the rows of type characters, each printing
transducer being positioned with respect to the type char-
acters in its associated celumn so that it is operable when
appropriately energized by network 140 for hammering
the intervening portion of record medinm 109 against the
printing face of the type character in its associated col-
umn which has reached a printing position immediately
cpposite the printing transducer. The engagement of
record medium 1090 with the type character which has
reached printing position causes the character to be
printed upon the record medium. Thus, for example,
printing transducer 139-1 is selectively operable for print-
ing any one of the 60 type characters contained in the
first column of printing cylinder 132 upon the corre-
sponding first column of record medium 100, while the
printing transducer 130-3 is similarly operable for print-
ing a predeterminced character in the third print column
of record medium 108. The particular embodiment of
the invention which is to be described is adapted for print-
ing a complete line of information during a single revo-
lution of printing cvlinder 132,

If it be assumed that a line of intelligence information
which is to be printed contains the numeral 0 at the [2th,
29th, and 30th columns, then as that row of print cylinder
132 which comprises 30 identical 0 type characters at-
tains the printing position, transducers 130-12, 130-29,
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and 130-30 are energized by network 140 to print the
desired character in the named columns. Similarly, as
succeeding rows of type characters attain the printing po-
sition, the appropriate transducers are energized, so that
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counter, in turn, control transducer energizing network
140 for sequentially rendering each of the printing trans-
ducers energizable in accordance with the column count.
Consequently, the printing transducer corresponding 1o

by the time a complete revolution of print cylinder 132 8§ the line spacing of the compared information character
has been completed, the complete line of intelligence in- is selectively energized to print each time an electrical
formation is printed upon record medium 100. signal is applied to the transducer energizing network

The described sequence of operations will be clarified from comparator network 136.
at a later point in the specification by the information It may be recalled that the complete line of intelligence
presented in Table II, and by the descriptive material 10 information is continuously recirculated in data storage
supplied in connection with Table L unit 182 and is serially applied to the comparator net-

When the high-speed printing system of Fig. 1 is placed work once during each line time interval. Accordingly,
in operation, character counter 134 and column counter the information signals representing each character in
138 may assume any arbitrary counts, due to circuit the line of intelligence information are compared with
transients and allied phenomena, and may not respec- 15 each different count to which the character counter is in-
tively represent the type character in printing position and dexed, thereby enabling the high-speed printing system of
the proper line spacing of information characters, as de- this invention to print the complete line of intelligence in-
sired. As printing cylinder 132 finishes its first revolli- formation during only one revolution of the printing cyl-
tion, however, the character counter 1s reset to zero count inder. The following table inllustrates the sequence 1n
during the last digit time interval of the last line time 20 which a typical 30-space line of intelligence information
interval through the combined signals from flip-flop Fg, may be printed:

Table I
Line spacing or columns

o{1(2|3|4|5i6|7|8[0]10]11 12| 13} 14 15] 16| 17 mf 19| 20 21| 22| 23| 24| 25! 26| 27| 28/29
Line to be printed | A| C] O] O] U} N| T g3l 2| of 7 |- 3 | C| Al M 8 @ s 5 . ofo

Line time intervals: |
U 0 a ol 0
: SRS 2 0 | 0{ O
4 e r 31 2 ¢ 3 i_ 0 0
B e 3] 21 0 3 5| 0| 0
- S 3 2 0 7 3 | 5 0l 0
1§ DU A 3 20 o 7 3 A ; 5 0| 0
%, DO Al C| C 3l 21 0o 7 * 3 C| A , i 0| 0
v P A| O] C 30 2] 0 7 3 C| Al M 5 0 O
v S AlCICl | N 3l 2 0 7 3 Cl Al M 5 1 olo
L AfC{Ci O N 3 2 0 7 3 Ct Al M 5 0{ 0
5 S Al ClCl O N i 3 2 o 7 3 Cl A| M| 8 | 5 0| @
1) PR Al C] Cl O Nj T 3 2 0 7 30 | Cl AL M| 8§ | 5 0 0
S S A Cl CL Ol Ul NI T 3l 21 O] 7 a3 | G Al M} 8 5 0 0
DR AlCIClO U N T 3l 2 0] 7 3l 1 O A M| & 5 o 0
40 e JAlCICIOj U N T 3 2| 0 7 3 C| A] M| 8 3 5 0| 0
do. . Al C/ClO/T|N|T 4| 3| 2 0 T 3l | C A|M| 8 3 5 0 0
46 oo AlCICIO U N T | 3 2/ o 7 | 3 Ci Al M| 5 @ $ & 0} 0
a8 AlClCiolu N T | # 38 27 | |3 |[CAMS @ 3§53 0l 0
Fo and clock pulse generator 112. Similarly, at the end ,5  Printing medium 100 may be advanced continuously
of the first line time interval, the column counter is resct by drive mechanism 111 during the line printing opera-
to zero count by the combined effects of the clock pulse tion or may be advanced intermittently when the com-
signals and the output signals from flip-fiop Fg. Con- plete line of intelligence information has been printed.
sequently, as the printing cylinder and the magnetic drum Each of these technigues is discussed in more detail in
continue to rotate thereafter, the binary counts stored in g the above-mentioned copending application by Hartley.
the character counter and in the column counter are in addition, the printing medium may be more rapidly
continuously indexed from data storage unit 102 and advanced a predetermined number of lines when desired
printer 104, thereby respectively presenting electrical out- by the application to drive mechanism 111 of an electri-
put signals corresponding to the type character in print- cal signal from order control network 142. This func-
ing position and the information character being com- 55 tion of the order control network will be described 1n

pared. more detail below with regard to Fig. 6.

Assume now that a line of intelligence infcrmation has It will be recognized, of course, that the high-speed
been entered on magnetic track 114 of the magnetic drum printing system shown in Fig. 1 may employ numerous
and that a high-level voltage is applied to comparator net- component circuits well known to the art and is especially
work 136 from order control network 142 to indicate that gp adaptable to the use of various component circuits well
the intelligence information is to be printed. The com- known in the field of electronic high-speed digital com-
plete line of intelligence information is serially applied puting machinery. Several different electronic circults
to comparator network 136 from flip-flop Fy once during which may be employed in the high-speed printing sys-
each line time interval, the binary digit signals corre- tem of this invention will now be described.
sponding to each information character being compared g5  As set forth above, the electronic circuits utilized in
with the binary digit signals corresponding to the type character counter 134 and comparator network 136 are
character in printing position. Each tume an infcrma- preferably selected to serially compare the information
tion character signal correspondings to a type character characters in the line of intelligence information with
signal, an electrical output signal is applied to transducer the count stored in the character counter. Mote particu-
energizing network 140. o larly, the logical control network preferably untilizes a

During the comparison interval, the count in column serially operable comparstor network, for comparing the
counter 138 is advanced once each word time interval successive binary information character signals with the
in accordance with the spacing in the line of intelligence correspondingly weighted character counter signals, least
information of the characters being compared. The elec- significant binary digits first. If the signals being com-
trical signals corresponding to the count in the column 7g pared are identical, the comparator network applies an
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electrical output signal to distributor network 108 during
the last digit time interval of the associated word time
1nterval,

It will be recognized that if a serial comparator net-
work is to be utilized in logical network 106, character
counter 134 should not only be capable of counting in
the binary system of numbers during the last digit time
mterval of each line time interval, but should also be
able 1o operate as a six binary digit circulating register
in order to serially apply to the comparator network,
during each word time interval, the six successive binary
digits of the binary-coded character count. In addition,
the character counter should be capable of being resct
to zero count at the end of each revolution of the print-
ing cylinder to insure that the character count corre-
sponds to the type character in printing position.

Referring now to Fig. 2, there is shown a high-speed
electronic character counter 200 for accomplishing the
above-mentioned results, counter 200 including six flip-
flops, F;, Fa, F3, Fy, F5, and Fg, respectively, and six
respectively associated gating matrices 201, 202, 203, 204,
203, and 206 which intercouple the Input circuits of their
associated flip-flops with the output circuits of flip-flops
Fo and Fg for controlling the operation of the counter.
In order to more clearly describe the structure and op-
eration of the character counter shown in Fig. 2 and of
the other electrical circuits to be described later, it will
be advantageous to first consider briefly the electrical
connections of a typical flip-flop circuit and to describe
how the mechanization and function of specific gating ma-
trices may be expressed in terms of logical or Boolian
algebraic equations.

Each flip-flop or bistable multivibrator includes two
input terminals, hereinafter termed the j-input and the k-
input terminals, respectively, and two output terminals
for producing complementary bivalued electrical output

signals hereinafter termed Q and Q, respectively., Sig-
nals applied separately to the j-input and k-input ter-
minals set the flip-flop to conduction states corresponding
to the binary values one and zero, respectively, while sig-
nals applied simultaneously to both input terminals trigger
or change the conduction state of the flip-flop. The j-
and A-inputs to any pariicular flin-flop will hersinafter
be designated by a numerical sub-script corresponding
to the numerical designation of the particular flip-flop.

When the flip-flop is in the conduction state correspond-

ing to the binary value one, signals Q and Q have rela-
tively high-and-low level voltages, respectively, whereas

signals Q and Q have relatively Jow-and-high level volt-
ages, respectively, when the conduction state of the flip-

flop corresponds to the binary value zero. The Q and Q
output signals from any particular flip-flop will herein-
after be designated by a numerical subscript correspond-
ing to the numerical designation of the flip-flop which
produces the output signals. For example, the comple-
mentary output signals from flip-flop Fo will be desig-

nated Qs and _Q-o, while the output signals from Fg will

be designated Qg and Qpg, respectively. A typical flip-
flop circutt is shown in Fig. 4 of the copending U. 8.
patent application, Serial No. 322,665, for “Arithmetic
Units for Binary-Coded Decimal Computers,” by Eldred

C. Nelson, filed November 26, 1952,
Each of gating matrices 201 through 206 includes one

or more logical “and” and “or” gates, such as gates 208
and 210, respectively, which are interconnected and mech-
anized in accordance with logical equations representing
the various functions of the character counter, such as
shift, count, and reset. In operation, each “and” gate
produces a high-level output signal corresponding to the
binary value one, only when all of the associated input
signals are likewise at their high-level values; whereas
each “or” gate produces a high-level output signal when
any one or all of the associated input signals are at their
high-level values. The above-mentioned copending ap-
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plication by Nelson also includes a detailed description
of the structure of logical gating circuits and the manner
in which they may be mechanized in accordance with
logical equations. It will be understood, of course, that
both the logical gating circuits and the flip-flop circuits
may include either vacuum tubes or passive element elec-
tronic devices, such as semiconductor diodes and tran-
sistors.

For purpose of illustration and further clarification,
there 1s shown in Fig. 12 a typical “and” gate 250, em-
polying diode rectifiers and adapted for combining three
arbitarary input signals Q,, Q,, and Q, to produce an
output signal 0,.0,.Q, which is at its high level only
when all of the input signals are at their high levels. As
shown m Fig. 12, within “and” gate 250, each of the input
signals Qy, Qy, and Q, is applied to the cathode of a re-
spectively associated diode rectifier, the anodes of these
three diodes being connected together at a common ter-
minal 251. Terminal 251 is connected to an output con-
ductor 252 and is also coupled through a resistor 253 to
a source of positive voltage, not shown. In operation,
if it be assumed that the level of the voltage source is
higher than the high level of any of the input signals,
then it is clear that if all of the input signals are at their
high levels, the voltage at terminal 251 will be maintained
at the common high level. However, if any of the input
signals should be at its low level, the associated diode
will conduct strongly to maintain the voltage at terminal
251 at the low level. It should be clear that additional
signals may be combined in the “and” gate through pro-
vision of additional diode rectifiers.

A typical “or” gate 260 is illustrated in Fig. 13. “Or”
gate 260 is adapted for combining the arbitrary Input
signals Qy, Qy, and Q, to produce a corresponding out-
put signal Q.+Q,+Q,. Within “or” gate 260, cach of
the input signals Q,, Qy, and Q, is applied to the anode
of a respectively associated diode rectifier, the cathodes
of the three diodes being connected together at a common
terminal 261. Terminal 261 is connected to an outpit
conductor 262 and is also coupled through a resistor 263
to a point at ground potential. In operation, if any of
the input signals is at its high level, the associated diode
will conduct strongly to thereby maintain terminal 261
at the high voltage level.

Considering first the shifting function of the character
counter shown in Fig. 2, it may be recalled that in order
to operate with a serially operable comparator network,
the binary count in the character counter must be cir-
culated through the counter once during each word time
interval. If it is assumed that the output signals from
flip-flop Fg are applied to the comparator network and
Ehat the least significant binary digit of the stored count
is normally stored in this flip-flop, it is clear that the
bmary number stored in the counter must be circulated
from left to right, as viewed in Fig. 2, in order to sequen-
tially present the successively higher weighted binary
digit signals at the output terminals of flip-flop Fs. The
shifting function of counter 200 may, therefore, be ex-
pressed by the following logical equations:

J 1s=gst§o-cp (1)
kls—"—“Qﬂ-_go-CP (2)
fzs-‘:g:t-gmci’ (3)
kzs=Q1:go-CP (4)
fss=gaige-CP (5)
kas=03.00.Cp (6)
Jas={3.00.Cp (7)
k4S=Q3£0-CP (8)
15s=0L4.L0.Cp (9)
kss=04Q0.Cp (10)
Jos=C5.00.Cp (11)
kes=05.00.Cp (12)
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where the dot (.) represents the logical “and” function,
Cp represents the clock pulse signal, and Qo is a signal

indicating that it is not the last digit time interval of a
line time interval. For example, if it is not the last digit

time interval of a line time interval (Qo), “and” the
binary digit one is stored in flip-flop Fg (Qg), the clock
pulse signal is applied to the j-input of flip-flop F; in
accordance with Equation 11 to set the flip-flop to the
conduction state corresponding to the binary digit value
one. If prior to the application of the clock pulse, flip-
flop Fy was in its conduction state corresponding to the

binary digit value zero (Qs), the clock pulse signal is
simultaneously applied to the k-input of flip-flop Fg in
accordance with Equation 12 to set flip-flop Fg to the
conduction state coresponding to the binary value zero.
Thus the six-digit binary number stored in character
counter 200 is completely circulated once each six clock
pulses, or in other words, once per word time interval,
thereby serially presenting at the output circuit of flip-
flop Fg electrical signals correspending to the sequential
binary digits of the stored binary count.

Considering now the counting function of counter 200,
it may be recalled that the stored count must be advanced
to the next binary count during the last digit time
interval of each line time interval (Qg). It is apparent,
however, that in the digit time interval preceding the
receipt of signal (Qg), or in other words, during the fifth
digit time interval of the last word time interval, the
least significant binary digit of the character count is
stored in flip-flop F5;. Accordingly, during the last digit
time interval of the line time interval (Qg), the stored
count must be changed to correspond to the next suc-
ceeding type character in printing position and must
simultaneously be shifted one digit in order to store the
least significant binary digit of the new count in flip-
ﬂDP Fﬁ.

For example, if the binary number 011101 1s being
circulated in the character counter once during each word
time interval, the position of the count in flip-flops ¥,
through Fg during the penultimate digit time interval of
the line time interval is such that the most significant
binary digit is stored in flip-flop Fe while the least sig-
nificant digit is stored in flip-flop Fj, thereby giving the
appearance that the binary number 111010 is stored in
the counter. During the next digit time interval, there-
fore, the count must be changed to the next succeeding
binary number 011110 with the least significant binary
digit again stored in flip-flop F¢ and the most significant
binary digit again stored in flip-flop F;.

The counting function of character counter 200 may be
expressed by the following logical equations:

j10=00.Qs.Cp (13)
kic=0Q0-[Q6C2.03.Q4.C5

Qs (Qa+0Q3 +§4+EE) 1.Cp (14)
jac=00-Q1.CP (15)

kao=0o. [Q1+Q3'Q4-Q5+§1* (-Q-s +-§-L:i-§5) 1.Cp (16)

jsc=Q0.02Cp (17)
kan=Q0.[02.04.05+Q2(Qs+U5)1.CP (13)
f4c=Qo-Q_:_a_-.C£ (19)

kseQo (Q3.05+05.05).Cp (20)
jise=00-Q4.CP (21)
kﬁC=QD-_Q__4-CP (22)
jec=00.05.CP (23)
kec=0Q0.05.CD (24)

where the plus (4 ) represents the logical nonexclusive
“or” function. For example, Equation 20 signifies that a

clock pulse signal (Cp) is applied to the k-input terminal

of flip-flop F, when it is the last word time interval of
2 line time interval (Qg) “and” either binary ones are
stored in flip-flops Fy and Fg (Q3.05) “or” (-+) binary

zeros are stored in flip-flops F3 and Fj (63.Q5).
It will be recognized by those skilled in the art that
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the above logical equations are simplified forms and may
be transformed to other equivalent forms by applying
logical network theory. A comprehensive treatment of
this subject may be found in copending U. 5. patent
application, Serial No. 327,131, for “Binary-Coded Flip-

- Flop Counters,” by Robert Royce Johnson, filed Decem-
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ber 20, 1952. It will also be recognized that if the count
is always reset to zero before the counter has achieved
e maximum count, the term (Qs.Q2.0:.04.05) in Equa-
tion 14 may be omitted since this term is only employed
for setting flip-flop Fg to zero after the maximum count
has been achieved.

The combined gating functions of character counter
200 may be determined by combining Eguations 1 through
12 with Equations 13 through 24 and introducing a reset
function for resetting all flip-flops to zero at the end of
each revolution of the printing cylinder. The reset func-
tion is derived from flip-flops Fg and Fg and is expressed
by the function kg=00.Ur which indicates that a reset
pulse is applied to the k-input of each of the counter flip-
flops during the last digit time interval before printing
cylinder 132 starts its next revolution. In addition to
providing a reset pulse, it is also desirable to inhibit the
application of a clock pulse signal to the j-input of any
flip-fiop during the digit time interval when the counter
is being reset to zero in order to prevent a flip-flop
from being triggered to the conduction state correspond-
ing to the binary value one. This may be accomplished

by including the “or” function jr=(Qo+0r) in the j-in-
put functions to all flip-flops, thus signifying that a pulse
may not be applied to a j-input when the counter is being
resct.

For example, referring for -the moment particularly
to flip-flop F;, combined shifting-counting-reset functions
j; and k; may be obtained for the j and & 1nputs, respec-
tively, of flip-flop Fy by combining the jig (shift) func-
tion, the jio (count) function, and the jg (reset) function,
to form the j; function, and by combining the kg, Kic
and kg, functions to form the &y function.

The desired function j; may be defined in the follow-

ing manner:

j1=(jis+i1c) IR (25a)
Remembering that:
fisr—Qﬁ-ao-CP (1)
leiQD*gﬁ-CP (13)
in=(Qo+Qr).Cp (250)

Then it is clear that:

j1== (QE-EG-CP+Q6-QD-CP}-(§¢J +Q07).Cp (25¢)

Equation 25¢ may be simplified by factoring Cp from one
of its terms:

i = (06 0o405.00).(Qo+0r).Cp.Cp  (25d)

In the logical algebra, a term such as A.A is equal to A.
Similarly, Cp.Cp=Cp. Theretore:

i =(06.00+06.00)-(0o+Qr).Cp (25¢)

Equation 25¢ may be further simplified by factoring out
Qg to obtain:

1= (00+00).Qs.(Co+Qr).Cp (25f)

Those skilled in the art will readily recognize that

(Qo+00o)=1, since the signals _(30 and Qo are comple-
mentary and, therefore, one of these signals must be at
its high (l-representing) level, while the other signal iS
at its low (O-representing) level. (Qp-+Qp) must, there-
fore, equal (1-40) which 1s, in turn, equal to 1. By

substituting 1 for the ferm {-Q'O—inD) in Equation 25f
there is obtained a complete simplified logical Equation
75 for the desired shifting-counting-reset function Jy:

j1=Qﬁ-{—Q-{}+ER) Cp (25)
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The desired shifting-counting-reset function k., which
may be defined by the logical Equation &=k, 5+ ko + kg,
may be similarly derived from the corresponding separate
shift, count, and reset functions.

In the same manner, the j and % gating functions for
cach of the flip-flops of character counter 200 may be
similarly derived.

The complete gating functions of character counter 288,
Including the shifting, counting and reset functions may
be expressed by the following simplified logical eguations:

(Gating matrix 201)

jlfQﬂ*L-Q-O_I;ER)*CP (23)
kl:[aﬂ*(§G+Q2+Q3+Q4+Q5)*i“QO-QR}-Cp (26)
(Gating matrix 202)
fzzQ_i-(—Q:g+§R)-CP
Ky== QO-Ql-QﬁaQq-Qs*FQl-(Q_g-l- .
05+04+05) +00.0z1.Cp  (28)
(Gating matrix 203)

(27)

_ j3=03.(Qo+0r) .Cp (29)
ks=100.03.04.05+05.(Qo-+ 04+ C5) +00.0x1.Cp (30)
(Gating matrix 204)

j4=03.(00+0r).Cp (31)

Ke=[0Q0.02.05+05.(Co+0s) +Uo.@r1.Cp (32)
(Gating matrix 205)

fs:Q4-(§oi§R)-CP (33)
k5=1Q0.04+00.05+0Q0.Qr1.Cp (34)
(Gating matrix 206)
Je=L (Q:L-éo -l_‘_':Q-s-Qo_l- (ED"E_QR) 1.Cp
={(5.00+05.Q0.0r).Cp (35)
ke=105.00+05.Q0+00.01.Cp (36)

The mechanization of logical Equations 25 through 36
will be understood more readily by consiuering e struc-
wre of gating matrix 206 which is mechanized according
v Equaticns 35 and 36. In mecharizing the F-input func-
toen to fiip-fiop Fg tne signals (Ws) and {Gg) are firat
cornbmed inan “and” gate 212 to prodace wi cutput
signal corresponding to the term ((5.0p). Signal
((5.Qo) will have a high ( l-representing) level only

when both signal (Qs) “and” signal (6{3) are at their
high (1) levels. In the symbology of the logical algebra,

it (Qy) is at a high level ((Js=1) “and” (69_) 15 at a
high level {'E}G:l}, then QE,.EO:I.]:] and, therefore,
signal ( Q5.§g_) will then be at a high (1-representing)
revel,  On the other hand, if O:=1 and 5{3:*-0, then sig-
nul (Qﬁ.ﬁg)z{l.(])::{) and will, therefore, be at a low

(U) level. Finally, if Q-==0 and E =0, then Q;.Qn==
(4.0==0, and is, therefore, at a low (0) level.

brom the foregoing it is clear that the level of an
ouiput signal produced by the interaction of two-level
electrical signals in an *“and” gate can be discovered by
firsi substituting the appropriate 1 or 0 values for the cor-
responding symbols in the logical expression which repre-
sents the “and” gate, and then applying the ordinary rules
of multiplication: namely, that l.1=1, 1.0=0, and
0.0=0. Tt can also be demonstrated in a similar manner
that, for an “oi” gate, the level of its output signal is
related to the levels of its input signals in accordance
with the following rules which closely resemble the or-
dinary rules of addition: namely, that 1-+0=1, 04-0=0,
and 14+1=1. Even for a very complicated gating func-
tion, composed of a plurality of “and” and “or” gates,
the level of an output signal can be discovered in the
same manner by systematic substitution of appropriate 1
or O values for the input signals and reduction to a fianl
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i or () value in accordance with the foregoing rules. The

signals (Qs), (Qo), and (Qg) are combined in an “and”
gate 214 to produce an elcctrical output signal corre-

sponding to the term ( 55.{?0.53). The output signals
from each of “and” gates 212 and 214 are then combined
in an “er” gate 216 to produce a high-level (1-represent-
ing) electrical output signal corresponding to the term

(Q5.§G+§5.QO.§R), the output signal from the “or” gate
being applied to a clock pulse “and” gate 220 which is
connected to the j-input of fip-flop Fy and has an addi-
tional input terminal connected to the clock pulse gen-
crator for receiving the clock pulse signal (Cp). Each
clock pulse “and” gate is structurally similar to the other
“and” pgates and differs only functionally in that it is
selectively operable to pass the applied clock pulse signal
to 1t8 zssociated flip-flop input circuit, only when all of
the voltage-state signals applied to the input terminals
of the “and” gate are at their high-level (1-representing)
values.

Equation 36 is similarly mechanized by three “and”
gates 224, 226, and 228 corresponding to the terms

(Qﬁ'Q{}}: (QE*QC?): and {Q{:}'QR): I‘ﬂSPﬂCtinﬂy, an “or”
gate 230, and a clock pulse “and” gate 232 having its
output terminal connected to the k-input of flip-flop F,.
Gate 228 is located outside of gating matrix 206 because
the combined signal ( (0.Cr) is also applied to matrices
201 through 285 for partially mechanizing Equations 26,
28, 30, 32, and 34. It wil] be recognized by those skilled
in logical algebra, of course, that Equations 25 through
36 may be transformed by Boolian algebra to permit mod-
ified mechanizations of the equations, and consequently,
the mechanization of the gating matrices shown in Fig.
2 1s merely illustrative.

In the foregoing description of the structure of charac-
ter counter 200, the following pattern of explanation has
been followed: First, logical Equations 1 through 12 were
presented and fully explained, these equations being rep-
resentative of gating structure which could accomplish
the desired shifting function of counter 200. Next, log-
ical Equations 13 through 24 were presented which were
represenfative of gating structure for the accomplishment
of the counting function of character counter 200, and
also for the accomplishment of an additional shift of
Information within character counter 209 iu conjunction
with each increase of count in the counter. Next, the
reset function Qp.0r, for the k-inputs to the flip-flops of
counter 200, was presented and explained, and an as-
sociated reset function Qo“f"gm for the inhibition of
clock pulse signals to the j-inputs of the flip-flops of
counter 208 during the reset interval, was also presented
and described. Then, to obtain the complete combined
shifting-counting-and reset functions represented by log-
ical Equations 25 to 36, the scparate corresponding shift
functions, count tunctions, and reset functions were COmi-
bined and simplified in accordance with the laws of the
logical algebra.

Equation 25, for example, which is descriptive of the
gating function for the j-input of flip-flop F,y; was obtained
by combining the right hand terms of Equations ! and
13 with the reset function Qo—f—Q-TR* It should be noted
that Equation 1 is representative of the shift function for
the j-input to flip-flop F{, and that Equation 13 is repre-
sentative of the count function for the j-input of flip-flop
Fe. It will be understood that each of the other com-
bined gating functions is similarly obtained by combining
the corresponding shift, count, and reset functions for
the associated flip-flop inputs. Finally, the exact and
definite correspondence between the terms of the logical
equations and the corresponding gating structures of Fig.
2 was clarified, by way of example, by relating each of
the terms of Equations 35 and 36 to the corresponding
gates shown in Fig. 2, it being understood that the terms
cf each of the other logical equations is similarly mech-
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anized by exactly corresponding gating structurees shown
in Fig. 2.

To those skilled in the art, the foregoing derivation of
the combined gating functions 25 through 316, from sep-
arate elementary shift, count, and reset functions, is suf-
ficient to establish the validity of these functions and,
therefore, the operability of the structure of the corre-
sponding gating matrices 201 to 206 for the accomplish-
ment of the desired combined shifting-counting-reset
functions. However, to further illustrate the operations
of counter 200, and to more directly relate the control-
ling or descriptive logical equations to the gating madtrices
which they represent, it will be helpful to follow the nu-
merical examples provided below. In these examples the
functions jg and kg are evaluated, first for the reset of
counter 200 at the last digit time of a line printing in-
terval, then for the cyclical shift of counter 200 during
the immediately succeeding line time interval, and finally
for the advance or increase by one of the character count
«tored in counter 200 during the last digit time of this Jine
time interval.

During this described sequence of operations, each of
the counter flip-flops, F; through Fe, is first set to the
0 state, by the reset operation, to store the binary num-
ber 000000 in the counter. Then, during the shift opera-
tion, this number 000000 is continuously shifted in cylical
fachion around the counter. Finally, during the count
operation, flip-flop Fg is changed from the O state to the
{ state, thereby increasing the character count by 1 from
the binary number 000000 to the binary number 000001,

During reset, each of the flip-flops F, through Fg is to
be set to the zero state without regard to its former state.
Tt is clear that during reset a clock pulse signal Cp must
be applied to the k-input of each of the flip-flops of
counter 200, while the clock pulse signal must be pre-
vented from reaching the j-input of each of the flip-flops.
Expressed in the logical algebra, the requirement for suc-
cessful reset is that during reset, each of the gating func-
tions k; through kg must equal 1.Cp, while each of the
gating functions j; through jg must equal 0.Cp. Accord-
ingly, it will be demonstrated below that during reset
(during the last digit time of the line printing interval),
ke=1.Cp while jg=0.Cp. The method used below for
determining the levels of signals kg and jg may also be
applied to verify the levels of the other signals j; through
j= and k; through ks.

1t will be remembered that at reset, flip-flop Fr and Fo
are both in the 1 state. Therefore, at reset:

Qr=1 Qo=1
0g=0  Qo=0
From Equations 35 and 36:

jo=(05.00+05000r)-CP _ _
ke=105.00+0Q5.00+CQ0.Cr1.CP

Substituting values:

jo=(Q5.0+05.1.0).Cp
Reducing, there is obtained:

ke=[05.0--05.1-+1.11.Cp

Je={0--0).Cp ke=[0+05+11.Cp
In final form, at reset: i
fﬂ=0.Cp k6=l.Cp

Considering next the shifting functions of counter 200,
during a shift each flip-flop is to be set each digit time to
the state prevailing in the immediately preceding flip-flop.
Thus, if flip-flop Fs is in its 1 state during a shift, flip-
flop Fg will be set to the 1 state, while if F; had been
in its O state, flip-flop Fg will, during shift be set to 1ts 0
state. Thus, it is clear that for successful shift of infor-
mation from flip-flop Fy to flip-flop Fg, signal jg should

equal Qs.Cp while signal kg should equal O5.Cp.
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1t will be remembered that during shift, flip-flops Fg
and Fq are both in the 0 state.
Therefore, during shift:

Qr=0

Or—=1
From Eguations 35 and 36:

fe:(Qs-éo-!—Es-QGaR)-CP .
kEi:[QE-QO+Q5-QO+Q0-QR]-CP

_ QJo=0

Qo=1

Substituting values:

is= (0514 05.0.1).Cp  ke=105.1+05.0+0.01.Cp

Peducing, there is obtained:
ie=(05+0).Cp  he=105+0+01.Cp
In final form, during shift:
js=Qs.Cpr = ke=U5.CP

In the same manner, it may be shown that during shift,
1=0QeCp, z=01.Cp, ii=02.Cp, jar=Qa.Cp, [5==Q4.CP.
and that k,=Q4.Cp, k3=01.Cp, ka=0Qs.Cp, ks=03.CPp,

kﬁzQ4.CP. |

Finally, to complete this detatled illustration of the
operation of counter 200, consider the advance of count
in the counter, during the last digit time of the line time
interval following reset. During reset, the counter fiip-
flops were set to the number 000000. Then, during the
succeeding line time interval, this number was cyclically
shifted through the flip-flops of counter 200, a full shift
cycle being completed every word time (every stx-digit
times). Finally, during the last digit time of the line
time interval, the counter is to be advanced by 1, by
changing flip-flop Fg to its 1 state, thereby changing the
stored number to 000001. Thus, during count, it is clear
that for flip-flop Fs, js should equal 1.Cp while ke should
equal 0.Cp.

It will be remembered that, during count, flip-flop Fp
is in its 1 state while flip-flop Fg is in its 0 state.

Therefore, during count:

Qr=0  Qo=1
Or=1  Qo=0

In addition, it will be recalled that during the first
line time interval, the number 000000 is being circulated
in character counter 200 and, therefore, all flip-flops F,
through Fg are in their O states. Thus, it 18 certain that
flip-flop Fs is in its O state and, therefore, that:

Qs=0 Os=1
From Equations 35 and 36:

fﬁI(Qs-ao-l-as-QoER)*CP o
kﬁ:[QE-QG+Q5-Q0"+*Q0-QR]=CP
Substituting values:

= (0.04+1.1.1).Cp  kg=[1.040.041.01.Cp

Reducing, there is obtained:
ja==(0-+1).Cp kelO--0+1.Cp
In final form, there is obtained:
ja=1.Cp ke=0.Cp

Thus, it is clear that for this count, flip-flop F will be
changed to its 1 state. In like manner it can be demon-
strated that the other flip-flops of counter 200 are main-
tained in their O states, to thereby obtain the required
number 000001 at the completion of this count.

The overall operation of counter 200 may be briefly
summarized:

In operation, character counter 200 presents atl the
output terminals of flip-flop Fg electrical signals corre-
sponding to the successive binary digits of the stored
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character count, these signals repeating once each word
time interval throughout the line time interval corre-
sponding to the stored count. At the end of each line
time interval, the stored count is advanced in accord-
ance with the counting sequence shown in Table I, In
order to compare all of the information character signals
in the line of intelligence information with the succeed-
ing type character signal, In addition, at the end of the
line printing interval, or in other words, during the last
digit time interval of the last line time interval, the charac-
ler count is reset to zero preparatory to printing the suc-
ceeding line of intelligence information.

Referring now to Fig. 3, there is shown a sertally oper-
able comparator network 300 which may be utilized with
the character counter shown in Fig. 2 for performing
the function of logical control network 106 in Fip. 1.
Comparator network 300 includes an equality flip-flop Fg
and a plurality of logical “and” and “or” gates for de-
termining when the character signals received from flip-
flop F; in the data storage unit correspond to the count
signals received from flip-flop Fg in the character counter.

It may be recalled that in a serially operable compara-
tor network the successive binary digits of each infor-
mation character in the line of intelligence information

are sequentially compared with the correspondingly ‘'

weighted binary digits of the character count, the least
significant binary digits being compared first. Thus, as
shown in Fig. 3, if each of the six binary digits of the
information character correspond to the character count,
an output signal! (Gy) is presented at the output terminal
of an “and” gate 302 and applied to the distributor
network for energizing a printing transducer.

Flip-flop Fg is set to the binary value one during the
last digit time interval of each word time interval (Qw)
and is utilized for sequentially comparing the first five
binary digit signals of the information signal with the
first five binary digit signals of the information signal with
the first five binary digit signals representing the character
count. If the first five binary digit signals of an infor-
mation signal correspond, respectively, to the first five
binary digit signals of the character count signal, flip-
flop Fg remains in the conduction state corresponding to
the binary value cne and thus presents a high-level out-
put signal (Qg). If, on the other hand, there is a dis-
similarity between any one of the first five digit signals
of the information character signal and the correspond-
Ing character count digit signal, flip-flop Fg is triggered
to its other conduction state and presents a low-level out-
put signal. The gating matrix utilized for mechanizing
the input functions to flip-flop Fy includes “and” gates 303
and 304 “or” gatz 306, and clock pulse “and™ gates
308, 310. The mechanization of these gates may be ex-
pressed by the following logical equations:

Je=C0Qw.Cp

kg=0w. (Q1.0s +07.06) O

The operation of the gating
to logical Fguations 37 and 38 may be readily verified.
During the last digit time of a word time interval, flip-flop
Fw is in the 1 state and, therefore:

Ow=1 éﬁr:‘)

Therefore, by substitution in Equations 37 and 38,
it may be shown that, during said last digit time:

And, therefore, it is clear that flip-flop Fyr is set to its
1 state at the end of the last digit time of each word time
interval.

In the succeeding 5 digit times of the next word time
interval, flip-flop Fyy is in the 0 state and, therefore, dur-
1ng these periods:

(37)

(38)
structure corresponding

Qw=0  Op=1
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Therefore, during these five digit time intervals:

kg=1.(01.06+01.04).Cp
If flip-flops Fy or Fg should fall into unlike states during

these five digit times, then either signal Q;.éﬁ or signal

(2;1.J¢ will attain its high level. For example, if flip-
Hop Fp is in its 1 state when fiip-flop Fg is in 1ts O state,

then Qr.Q¢=1.1==1, while if Fy is in its O state when Fg

1s In its 1 state, then 0;.Qq=—=1.1=1. Thus, it is clear
that whenever the flip-flops F; and Fg are in unlike states,
signal kg will equal 1.(1).Cp=1.Cp and, therefore, will
reset flip-flop Fy to its O state. Thus, flip-flop Fp will
remain in its 1 state at the end of the fifth digit time of
a word time interval only if the digit signals produced by
iip-fleps Fp and Fg have been identical for the said first
five digit time intervals.

it will be recognized, therefore, that if flip-flop Fgx con-
tinues to present a high-level oufput signal Fg at the end
of the fifth digit time interval of a word time interval,
it i1s only necessary to compare the sixth or last informa-
tion character digit signal with the sixth character count
digit signal in order to determine if the information char-
acter corresponds to the type character in printing posi-
tion. Accordingly, the gating matrix for generating the
comparator network output signal (G;) may be repre-
sented by the following logical equation:

G1=0w%.Qr.0p.(01.Q4+0;.0%) (39)

where the signal (Qp) is a high-level signal received from
the order control network indicating that the printing
function of the printer is being performed. The factor

(Q;.Qﬁ—kQ;Eﬁ) in Equation 39, represents equality be-
tween the sixth or last digit signals.

In order to clearly described the energization of the
printing transducers by the distributor network in re-
sponse 1o a comparator output signal (G,), it will be
assumed that the line of intelligence information includes
30 sequential information characters which are to be
printed in 30 corresponding line spaces on the printing
medium by 30 corresponding printing transducers. It fol-
lows, therefore, that the column counter in the distributor
network should have a minimum capacity of thirty counts,
in order to be capable of selectively rendering operable
all of the printing transducers.

Keferring now to Fig. 4, there is shown 2 five-stage
Hip-flop column counter 400 which includes five flip-flops,
10, Fi1, Fia, Fia, and F.4, respectively, and associated
gating matrices for controlling their sequence of opera-
tion. Celumn counter 400 is connected to flip-flop Fy
in the data storage unit and is responsive to the high-level
output signal (Qw) which occurs during the last digit time
interval of each word time interval for advancing the
column count in accordance with the spacing in the line
of intelligence information of the sequential information
characters being compared in the comparator network.
The counter is also connected to flip-flop Fq in the data
storage unit and is responsive to its high-level output sig-
nal (Qgp) during the last digit time interval of each line
time interval for resetting the column count to zero at
the beginning of the succeeding line time interval.

The gating matrices of column counter 490 are mech-
anized in accordance with the following logical equations
In order to control the counting and reset functions of
the associated flip-flops:

jr=0.Cp

i10=00.Qw.Cp (40)
K10=Qw.Cp (41)
1=Q0-Qw.010.Cp (42)
k11=(QwQ10+00).Cp {43)
i12=0Q0.-Qw.Q10.11.Cp (44)
K12=(Qw.010-C1:+CQ0).Cp (45)
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j13=00-Cw-010-C11-12.CP (46)

kyz= (Qw-O10-C11.C121+C0)-CP (47)
j14=00-Qw-010-Q11-Q12-C13-CP (48)
kis=(Qw.Q10-C11-Ch3-C13+C0)-CP (49)

or kia=00o.Cp (50)

It will be noted that according to Equation 49 the
electrical pulse should be applied to the k-input of flip-
flop F,4 when either of two conditions are fulfilled,
namely; when (Qp) is at 1ts high-level voltage indicating
reset to zero, or when flip-flops Fyy, F;;, Fio, and Fy3 are
in the conduction state corresponding to the binary value
one “and” it is the last digit time interval of a word
time interval (Qw.Q10-C11-Q12.C13). It will be recognized
by those skilled in the art, however, that this latter term
of Equation 49 is unnecessary because flip-flop Fiq will
be reset to zero by the signal (Qp) when the counter
has counted the required number of columns. Thus, the
k-input function of flip-flop Fyy may be mechanized In
accordance with Equation 50.

It will be recognized from Equations 40 through 50
that certain combinations of electrical signals appear in
several of the equations. In practice, signal combina-
tions represented by common terms in several different
equations may be factored out 1o effect a saving in the
aumber of electrical components employed in the mech-
anization of the equations. For example, as shown In

Fig. 5, signals (50) and (Qw) are combined 1n an “and”
oate 402 for controlling the application of the clock pulse
sienal (Cp) to the j-input of flip-flop Fyo. It will be
noted from Equations 42 through 48 however, that the
i-input function of flip-flops Fyy, Fia, Fia, and Fy4 also in-
cludes the factor (Qo.Cw). Accordingly, the j-input
function of flip-flop F;; may be mechanized by combin-
ing in an “and” gate 404 the signal Q,, from flip-flop Fio
and the factor (Qo.Qw) from “and” gate 402 to produce
the desired function (Qo.Qw.Q10). Similarly, the i-input
function of flip-flop Fg, as given by Equation 44, may be
mechanized by combining in and “and” gate 406 the
signal (Q,;) from flip-flop Fy; and the output signal from
“and” gate 404.

The use of this factoring technique in mechanizing log-

ical equations is limited by the fact that it is usually de- ¢

sirable to avoid connecting more than four gating circuits
:n cascade in order to prevent excessive power drains
from the driving flip-flops. Thus, in Fig. 4, for example,
the signals (Qo) and (Qw) are applied to the j-input of
flip-flop F,5 through cascaded “and” gates 402, 404, 406,
and a clock pulse “and” gate 408. A single “and” gate
410, therefore, is utilized for mechanizing all but the
clock pulse term of Equation 46, the output signal from
this gate again being applied to a cascaded “and” gate
412 for mechanizing Equation 48.

Referring now to Fig. 5, there is shown 2 transducer en-
ergizing network 500 which is connected to both output
terminals of each flip-flop in column counter 400 and
which is responsive to the application of comparator out-
put signal (G,) for selectively energizing the printing
transducer corresponding to the count stored in the col-
umn counter. If it is assumed that the high-speed print-
ing system of this iavention includes 30 printing trans-
ducers, transducer network 500 includes 30 respectively
associated blocking  oscillators, 510-0, 510-1, . ..
510-29, the output circuit of each blocking oscillator be-
ing connected to its associated printing transducer, while
the input circuits of the blocking oscillator are connected
to the output terminals of thirty respectively associated
clock pulse “and” gates, 520-0, 520-1, . . . 520-29,
The transducer energizing network also includes a plu-
rality of 2-input terminal “and” gates, such as pate 530,
for combining the output signal (G,) from the com-
parator network and various combinations of output sig-
nals from the column counter to control the actuation of
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“and” gates 520-0 through 520-29. The electrical clock
pulse signal (Cp) is also applied to one input terminal of
each of the four-input terminal “and” gates for triggering
the blocking oscillators when the “and” gates are actuated
to pass the clock pulse. The mechanization of the trans-
ducer energizing network and the triggering functions for
the 30 blocking oscillators may be expressed by the fol-
lowing logical equations:

Triggering Functions
For Blocking Oscillator
5§10~

OZGl-Qlﬂ-QH-QIE*QIB*EM*CP (31)
1=G1-Q_10-Q11-Q12-Q13-2 14-Cp (52)
3:’G1-210-211-@_12-Q13*Q14-CP (33)
3= G1-21m-§%11-§212'-9151-(_;_’;14-(74TJ (54)
4=G1.010¢ 11-@12.013.Q14.CP (55)
5=G1-910-9_11-Q12-Q13-g14-cl? (56}
5=G1-210-%11-Q12-Q13-Q14-CP (37)
7=G1.010:011.012-013-C14-CP (58)
3='31-2m-Qu-Q_-m-Q_zs-Qm-CP (59)
9=G1-910*Q111£_2_12‘Q13-Q_14-CP (60)
ul:Gl*gll}-Qi1-Q_IE~Q13-QM*CI’ (61)
11:Gl-g10-Q11-Q12-Q13-Q_14-CF (62)
lzxG1-Q_1{|‘Q11-Q12-213-Q14-CP (63)
13:Gl-QlU*QII*le-Q13-214*613 (64)
14=G1.010.011.C13-C13.C 13.Cp (63)
15=G1.010-011.C12.C13-C14.CP (60)
16:=G1.010-011-C12-213.C14.CP (67)
17=G1.Q10:¢ TEUTRERY 14-CPp (68)
13'—"—-“GI-Qm*gn-gm-QmQu-Cﬂ (62)
19=G1'Q10-211-Q 12-213-@14-(3? (70)
20=G1.010.C11-012-013-Q15.CP (71)
21:GerQu-le-Q13-5214~CP (72)
22=G1-Q13-_Q_11-Q12*Q13-Q14~CP (73)
23=G1-Q10-Q11-912-912~Q_14-CP (74)
24=G1.010-C11.C12.C13.C14.CP (75)
25=G1.010-011.Q12-Q13.-C14.Cp (76)
26=G1.010-@11-012-C13:Q14.CP (77)
27=G1.010-011-012.C13.014.CP (78)
ZS:GI-Qll}-QH*QIE-g_lﬂ-Q 14.Cp (79)
29=G1*Q13*Q11-Q12-Q13-Q14-CI—? (80)

It will be recognized by those skilled in the art that cer-
tain of these equations are generalized in form. For ex-
ample, one factor in each of Equations 65, 66, 73, 74, and
77 through 80 may be eliminated by virtue of the fact
that the column counter will not count to the binary num-
bers 11110 and 11111 when only thirty transducers are
controlled by the transducer energizing network.

In operation, each clock pulse “and™ gate is responsive
to the application of high-level voltages from the asscci-
ated 2-input terminal “and” gates for passing the applied
clock pulse signal to trigger its associated blocking oscil-
lator, thereby energizing its associated printing trans-
ducer. Tt is apparent from Equations 51 through 80 that
a comparator output signal () is necessary {o energize
each printing transducer, the specific nrinting transducer
energized by a comparator output signai corresponding to
the count stored in column counter 400.

In the foregoing description of typical component Cir-
cuits which may be utilized with the synchronous high-
speed printing system of this invention as shown in Fig. 1.
+ has been assumed for purposes of illustration that all of
the 6-digit binary numbers in the line of intelligence m-
formation corresponded to informaticn characters which
were to be printed. It may be recalled, however, that pre-
determined order signals may be entered into the printing
system for actuating order control network 142 in Fig. 1
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to prevent further printing operations from being per-
formed until other operational functions have taken place
in the printing system. It may also be recalled from the
description of Table I above that two predetermined
6-digit binary numbers may be utilized for controlling the
printing operations of the high-speed printing system, the
binary number 111101 signifying that printing should be
stopped and the binary number 111110 signifying that

printing should be resumed. |
Referring now to Fig. 6, there is shown one embodi-

ment of an order control nctwork 609 which may be
utilized with the high-speed printing system of this in-
vention. The printing functions of the printing system
are controlied from within order control network 600
by a six-stage shifting register 602, a printer control flip-
flop Fp, and two gating matrices 604 and 606 intercou-
pling the j-and-k inputs, respectively, of flip-flop Fp with
the output circuit of register 692.

Register 602 may be any of numerous high-speed se-
rially operable shifting registers known to the art and is
responsive in the application of the clock pulse signai
(Cp) during each digit time intervai for storing each se-
quential information character in the line of intelligence
information as represented by the cutput stgnal (Qy)
from flip-flop F;. Predetermined combinations of the
output signals froem the six stages of register 602 are
applied to gating matrices 604 and 606 where they are
oombined with the output signal (Qw) from flip-fiop
Fw, mdicating the last digit time interval of each word
time interval. The output circuits of matrices 604 ad
646 are, in turn, coupled to the j-and-k inputs respective-
ly of flip-flop Fp through two clock pulse “and” gates
608 and 610. If it is assumed that register 602 includes
SIX ﬂip'ﬂﬂpﬂ Fzg, PEIE F22: Fgg, FE-E& Fﬂﬁ_& TESpecﬁvel}f, the
mechanization of the gating matrices, in accordance with
Table I, may be expressed by the following logical equa-
tions:

fP"—':QW*QZ{}-Q21-922*Q23-§24-Q25-CP (81)
kp=Qpw.020.021.022.025.024.025.Cp (82)

where the output signals from flip-flops Fyp through F.;
correspond to the particular binary numbers preselected
to indicate that printing operations should be stopped
and resumed.

It is clear, therefore, that if the binary number 111101
i1s presented at the output circuit of flip-flop F; during
one word time interval, flip-flop Fr will be set to the
conduction state corresponding to the binary value 0 and
a relatively low level voltage will be applied to the com-
parator network to prevent the application of a compari-
son output signal (G;) to the transducer energizing net-
work. It is also clear that fiip-flop Frs will remain in
this conduction state until the binary number 111110
is shifted into register 602 from flip-flop ¥, to set flip-
flop Fp back to its other conduction state, thereby pre-
senting a high-level output signal (Qp) to the com-
parator network to indicate the resumption of printing
operations.

Order control network 600 may also Include other
electrical circuits and components such as 2 galing ma-
trix 612 and a flip-flop Fg which are responsive to pre-
determined binary-coded order signals occurring during
the period when printing operations are hajted for per-
forming other operational functions in the printing sys-
tem. Assuming, for example, that a high-level output sig-
nal (Qgs) from flip-flop Fg is to be utilized to signify to
the printer drive mechanism that the printing medium is
to be sloughed a predetermined number of lines before
printing operations are resumed. In addition, assume
that the binary number 001010, which ordinarily repre-
sents the type character (A) as gtven in Table I, is also
employed to represent the order “slough two lines” when
this number occurs between the “stop printing” and “start

Printing“ binary-coded order signals which contro! the
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operation of flip-flop Fp. The input functions to flip-flop
Fg may then be mechanized by gating matrix 612 and
two “and” gates 614 and 616 in accordance with the fol-
lowing logical eguations:

js=0p.Qr.Ow. (520-521-Q22-523-Q24-§25) .Cp (83)
ko=kp (84)

Consider now the operation of the printing system
when a 30-word line of intelligence information includ-
ing a “stop printing” order, a “slough two lines” and a
“resume printing” order in the 28th, 29th, and 30th word
time intervals, respectively, is presented at the output
circuits of flip-flop Fy. The printing system will operate
in the manner previously described to print the informa-
tion characters occurring during the first 27 word time
imtervals of each line time interval. During the 28th
word time interval of cach line time interval, flip-flop
Fp is triggered in accordance with Equation 81 to pre-
vent printing; and thus, the order signal representing
“slough two lines” will not be printed as a character on
the printing medium. In addition, during the last word
time interval of each line time interval, flip-flop Fg will
be actuated in accordance with Equation 82 to resume
the printing operation as the intelligence information js
again recirculated for comparison with the next type
character in printing position.

It 1s important to note from Equation 83 that the or-
der signal for sloughing the printing medium will operate
to trigger flip-flop Fgs during the 2%9th word time jnter-
val of only the last line iime interval, since the signal
(Qgr) is at its high-level valgs only during the last line
time interval of each revolution of the printing cviinder.
Accordingly, flin-flon Fs nresents a high-level signal
(Qg) for sloughing the printing medium only after sli
ot the information characters in the line of inteiligence
information have been printed. During the 30th word
time interval of the last line time mterval, both flip-flop
Fp and Fg are restored to their normal conduction states
and the printing system is prepared for printing the suc-
ceeding line of intelligence information.

It should be clear, of course, that the order signals
need not occur during the last 3 word time intervals of
a line time interval. For cxample, the order to stop
printing could occur during the 6th word time interval
followed in the 8th word time interval by the order to
slough and in the 30th word time interval by the order
to resume printing. 1t is obvious that in this instance in-
formation characters could be printed only in the first
5 line spaces on the printing medium, since only the in-
formation signals occurring during the first 5 word time
intervals correspond te information characters,

In the foregoing description of the high-speed print-
Ing system of this mvention, it has been assumed that only
one line of intelligence information is stored in the data
storage unit. Tn practice, however, it is often desirable
to store at least two full lines of intelligence informa-
tion in the data storage unit so that printing of the sec-
ond line may be started immediately after the first line
has been printed. The use of this technique then permits
the continuous printing of intelligence information, since
a 3rd line may be entered in the data storage unit to re-
place the first line while the second line is being printed.

The two lines of intelligence information may be stored
either on two separate magnetic tracks on the magnetic
drum, or in a single magnetic track having two associ-
ated reading and writing circuits, for continuously cir-
culating the two lines on two separate portions of the
same track. Regardless of the manner in which the
intelligence information is stored, however, it is clear
that the order control network in such a system should
include an additional circuit for switching the input to
flip-flop F; so that the stored lines of intelligence infor-
mation are alternately presenting at the flip-flop output
circuit,  As shown in Fig. 6, for example, order control
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network 600 also includes a flip-flop Fe which is trig-
gered from an “and” gate 618 during the last digit time
interval of the last line printing interval (Qo.Ogr) to
produce two complementary outpul signals (Qq) and

(Qc) which present alternately high and low-level ontput
signals, the level of each signal changing at the end of
each revolution of the printing cylinder. These signals
are. in turn, applied to the intelligence reading circuit
in the data storage unit for controlling associated gating
circuits to switch the input circuit of flip-flep F; once
per revolution of the printing cylinder.

It will be recognized that still other electronic contirol
circuits may be included in the order control network
for controlling the entry of additional intelligence infor-
mation into the data storage unit, for example, or to
prevent the printing of intelligence information below a
predetermined point on a paper form blank which may
comprise the printing medium. Again, if the printing
medium is moved intermittently between line printing
operations, rather than being moved continuously, means
should be provided to suspend printing operations during
the interval when the medium is being advanced. Ac-
cordingly, it should be understood that the order control
network shown in Figs. 1 and 6, is merely illustrative
of one method for controlling the high-speed printing
system of this invention and is not intended to limit the
scope of the appended claims.

In view of the foregoing description of the high-speed
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It will be apparent to those skilled in the art of high-
speed digital computing techniques that the component
circuits shown in Figs. 2, 3, 4, and 5§ may be replaced
by still other high-speed electronic circuits capable of
performing the desired operational functions. Several
modifications of the electronic circuits which may be
employed in the printing systems of this invention will
now be described,

Referring now to Fig. 7, there is shown a character
counter 708 which may be utilized in the high-speed
printing system of this invention in place of the char-
acter counter shown in Fig. 2. Character counter 700
is a modified form of the general type disclosed in co-
nending U. S. patent application, Serial No. 373,538, for
“Shifting Register Counters,” by Robert Royce Johnson,
filed September 11, 1953, and may be advantageously
employved because of its relatively low cost, low power
consumption, and inherent reliability. Character counter
700 is similar to the counter shown in Fig. 2 in that it
may be employed with the serially operable comparator
network shown in Fig. 3 and includes shifting, counting,
and resetting functions, the principal functional differ-
ence between the two character counters being in the
numeric sequence in which they count. Stated differ-
ently, while the character counter shown i1n Fig. 2 counts
in accordance with the conventional binary progression,
character counter 700 counts in a nonsequenfial manner,
as shown in Table III:

Table 111
]
¥l Faf F3| Fy4} Fs| Fei Type | 1| Fq| F3] Fy| Fs| Fei Type char.
char. ! :
| G Cil0oj1|111{11 F 33__ . Q100110 4
y L 0jojofl1i111 7 34_______. 1100701111 Y
, S 010|010 ]1 1 3 30 ... T T I R N I A )
4. . olayo0 (0011} 1 a6_ . __._. 1171111 ]010{0] ’
L 0ig:G1 ;0104 0 ¥ gl 1110740 L
JTR 1/0[G35070790 YV 5+ S 1761171140 &
y S o|l1{0{0;0;:0! G 39________|6i1101111}1 N
- S 1]0!/110:19 |90 s 1 40 ._. G083y |00 11 B
! S 6lii0;1 08106 K ji41__._ .. _. ofQia0 |16 |11 ;
1 ) S 1|of(110!1]0; 42 ... 017010, 0 10 2
| 1 G 01110]1{0G¢1 L 43 . ... (110107010, W
| & S olal1i10611i0] A 44 ... 11116101019 (
| 1 S, 11010101 / 45_ __ ... Q(1]1110§07]0 0
¢ YU 11110101170 0 46. . ____. 10111100 A
1 ol1l1i0¢0|1Y| P Y 47_____._ 401 0117188 M
| 1 S 0011111010 O 48 - Titop1laor 1y *
I S 110{0jt|1lof . 49_ ... _. 11y ]0 101 '
| 1 S gij1t01011!1 ] 14 S SEBERREGEREEE  §
19 ... (011|010 :1 G 5l ... 01111117071 T
y' | S 6i0Dj0|1i0d: 40 :| B2 - vy 0l Q1110 E
74 R 110101011148 X 5% T 11010114011 $
7., S 01110101011 H 54 __ ... 11{1]0;0,1 1 ==
23 . i0o|l0i1 010G 0 8 55 .. 1 | 1}170]0:1 0,
2 SR 110{0(10]|01 Z ;3 T 111100 ¢/o
y'L; J Ql1]0!0;1]101 I 7 @11y 1111¢0 T
] S 1:/0(1}0]|071 # i BB .. ... 1011111 —
y.¢ S 1{110]1;0190 | SN 11 D 114071111 +
'+, S gl1t11011:40; Q 60___ .. .. 111|011 ] 71 .
20 . 1{011{110 |1 @ 61_._.....;p 1111111 |01} 8top printing.
1 S tl1iol1]10| = 62____ ... 1 i1/111]1] 0] Resume print.-
31 _ ... 6l 111;0 1111 R ] ' ing.
32 .- 601110 (1 D 63 .- 011111 H 1 | {(Blank).
z | |

printing system of this invention and of the component
circuits which may be employed therein, it is clear that
the printing system is capable of printing one full line
of serially presented intelligence information during one
revolution of the printing cylinder. In addition, by em-
ploying continuous movement of the printing medium in
cooperation with the proper combination of printing cyl-
inder and printing transducers, as discussed hereinabove,
the system is capable of printing successive lines of intel-
ligence information during successive revolutions of the
»rinting cylinder. In practice, it has been found that the
nrinting system of the present invention is capable of
nrinting alpha-numeric intelligence information at speeds
in excess of 15 lines per second, the term alpha-numeric
signifying that all of the characters in the alphabet, the

numbers zero to nine, and other special type symbols may
be printed in each line.
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It will be recognized that each specific 6-digit binary
number in Table 1II corresponds to the same type char-
acter as the identical binary number listed in Table L.
It will also be recognized that if characier counter 700
is utilized in the high-speed printing system of this tnven-
tion, the rows of type characters on the printing cylinder
should be arranged in the order shown in Table Jll.
One particularly advantageous feature obtained by utiliz-
ing this type of character counter resides in the fact that
the binary numbers corresponding to “blank” and to the
orders for “stop” and “start” printing occur in sequence.
Accordingly, it is obvious that the character counter may
be prevented from ever advancing to theses particular
counts by resefting the counter to the binary number
001111, after the line of intellizence information has
been compared with the binary number 111011 corre-
sponding to the semi-colon punctuation mark. Thus, no
vacant or blank sectors are required on the printing cyl-
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inder periphery to prevent the printing of a type char-
acter when an order signal or blank space signal is
included in the line of intelligence information.

It may be shown by analysis of the character counter
operational features, as sef forth previously with regard
to Fig., 2, that the operational functions of character
counter 700, including shift, count, and reset, are express-
tble by the following logical equations:

}=100.Q6+Q0.(Q6.05+06.05).0z1.Cp  (85)
ky=[00.06+Qo.(Cs-05+0sQ05) +00.0r1.Cp (86)
j27=1Q0.Q1+00.06.01.Cp (87)
ka=[00.01+0Q0.06+Q0.051.Cp (88)
js=[Q0-Ca+LC0-01+Q0.Cr1.Cp (89)
k3= [00.034+Q0.01.021.Cp (90)
js==[Q0.Q3+C0.03+Q0.Qr1.Cp (91)
ks=1[00.03+00.02.0r1.Cp (92)
js=100.04+00.03-+00.0r).Cp (93)
ks=100-Cs+Q0.05.0£1.Cp (94)
i5=[00.05+00.04+00.0r1.Cp (95)
ke=[Q0.05+Q00.04.051.Cp (96)

Equations 85, 87, 89, 01, 93, and 95 may be shown
to be the complements of Equations 86, 88, 90, 92, 94,
and 96, respectively. In other words, the terms of Equa-
ftons 85 and 86, for example, signify that one of the
equations must always be satisfied and that an electrical
clock pulse signal must be applied to either the j-or-k
input of fiip-flop F; during each digit time interval, the
specific terminal to which the pulse is applied being deter-
mined by which of the two equations is satisfied, The
fact that each pair of equations is complementary permits
the character counter to be mechanized by utilizing a
gating matrix connected in conformance with only one
equation of each pair, the output circuit of the matrix
being coupled to both the j-and-& inputs of the associ-
ated flip-flop through a complementary signal generating
network of the type disclosed in copending U. S. patent
application, Serial No. 308,045, for “Complementary Sig-
nal Generating Network,” by Daniel L. Curtis, filed Sep-
tember 3, 1952.

Referring again to Fig. 7, character counter 700 in-
cludes six flip-flops F;, F, F;, F4, Fs, and Fs, respec-
tively, and six respectively associated complementary
signal generating networks 711 through 716 connected
to j-and-%t inputs of their associated flip-flops. Each
complementary signal generating network is also con-
nected to the clock pulse generator for receiving the clock
pulse signal (Cp), and has an input terminal connected
to an associated logical pating matrix. The logical gat-
ing matrices corresponding to {flip-flops F; through Fg
are mechanized in accordance with Egquations 85, 87,
89, 91, 93, and 95, respectivelv, each matrix presenting
a relatively high-level output signal when the associated
equation s satisfied and presenting a relatively low-level
ocutput signal when the equation is not satisfied. Each
complementary signal generating network, in turn, is re-
sponsive to the level of the output signal from the asso-
ciated gating matrix for passing the applied clock pulse
siginal to the j-and-% input terminals of its associated
flip-flcp when the output signal is at its relatively high
and relatively low levels, respectively.

In operation, character counter 700 functions as a seri-
ally opernble shifting register during each line time inter-
val, 1n the manner described previously for the charac-
ter counter in Fig. 2. At the end of each line time

interval, on the other hand, the count is advanced in non-
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numeric sequence in accordance with the count set forth 75
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in Table TII. In addition, after each information char-
acter in the line of intelligence information has been
compared with each different row of type characters on
the printing cylinder, the counter is reset to the binary
number 001111 during the last digit time iaterval of the
last line time interval by the combined signals (Qp.0r).

In describing the character counters in both Fig. 2 and
Fig. 7, it has been assumed that the stored count is both
shifted and changed during the last digit time interval
of each line time interval. It should be poainted out,
however, that the printing system of this invention could
be modified by including an additional digit time interval
between successive line time intervals for changing the
count independently of the shifting operations. Although
this modification would result in a somewhat simpler
mechanization of the character counter, it would decrease
the speed of operation of the printing system by adding
an additional digit time interval for each line time interval.

Still another modification may be made in the high-
speed printing system of this invention by employing a
column counter different from that shown in Fig. 4.
Referring now to Fig. 8, there is shown a 5-stage column
counter 800 which includes five flip-flops Fie, Fiyy, Fio.
Fi3, and Fy; which are controlled by simplified gating
matrices 802, 804, 806, 808, and 810, respectively, to
count 1n ponnumeric sequence order in accordance with
the following table, which correlates the column spacing
of each character in the line of intelligence information
with the column count presented during each word time
interval:

Table 1V

Line spacing of information characters Column count
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Counter 800 is of the type disclosed in the aforemen-
tioned copending application by Robert Royce Johnson,
and is mechanized in accordance with the following
logical equations to count in the nonnumeric sequence

set forth in Table IV. For purposes of simplicity, only
the mechanization of matrix 802 is shown in detail.

f1u=§13-Qw-!-2-o-CP (97)
k10=(Q14.Qw+00).Cp (98)
jllz_glﬁ-QW*Eﬂ-Cp (99)
k={(C10.Qw+Q0).Cp (100)
J12 =211+QW-§G-C£’ (101)
Y19=({(11.Qw+ Qo) .Cp (102}
f13=_QIE-QW-EG-CP (103)
k13=(%2-Qw+Qo) Cp (104)

j1a=013.Qy.C0.Cp (105)
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k14=(Q13.0w+C0).Cp (106)

It will be readily recognized, of course, that the spe-
cific energizing net work shown in Fig 5 may not be
emploved with column counter 800, since the gates of the
transducer energizing network of Fig. 5 are connected to
sequentially render the associated blocking oscillators
energizable in accordance with the conventional counting
sequence of the column counter shown in Fig. 4. Re-

ferring now to Fig. 9, there is shown a transducer ener- -

gizing network 900 which may be employed with column
counter 800 for rendering 30 transducer blocking oscil-
lators 910—0 through 910-29, respectively, sequentially
energizable.

The manner in which transducer energlzmg network
909 is mechanized is similar to the manner in which the
prevmusly described transducer energizing network of
Fig. 5 is mechanized. The only sngmﬁcant difference 1n
the mechanization of transducer energizing network 900
is in the specific interconnections between the “and” gates
in the network. The mechanization of transducer ener-
pizing network 900 may be expressed by the following
logical equations:

Blocking Oscillator
910

0=G;. Qn} Q11 le le QH Cp (107)
1=G1.O10 O11- Q12 le Qu Cp (108)
2=G1.C1o- O Q12- Q13 0.4.Cp (109)
3=G1-L1o- Qi1 iz Oss- Q14 Cp (110)
4=G;. Qm (11 012 Q13- Q14 Cp (111)
5=G1.0x. Q11 Or2 013.014.Cp (112)
6=G1.Cho- Q1. Q12 Q13-Q14.Cp (113)
7=G41.010. Qu1- Q2. Q13 Q14.Cp (114)
8=G1.01p- Q11 Q12 Q13 Qm Cp (115)
9=G1-21(}-Q11-Q12-g_13-Q14-CP (116)
10:G1-Q13-211-Q19-Q13-214-CP (117)
11=G1.C10.O11. le 13- QM Cp (118)
12"“_'Gl O10-C11- le le Q14 Cp (119)
—G1.010.011.012.-013.C14.Cp (120)
l4‘““‘(}'1 Q10-011-012-Q13.C14.Cp (121)
15:—-‘(?1'210-%1-Q12-Q13-Q14~CP (122)
16=0G,. Qm Q11 Qm (2135.014.Cp (123)
17=0. Qw Qu Qm Q13 Q14.Cp (124)
18=G, Qm Qn Qm Q13 Q14 Cp (125)
19=G,.010-011. Qm Qla 01.Cp (126)
20=0G;. Qw Q11 Q12 Q13 Q14 Cp (127)
21—61 O 011 Q12.015.C14.Cp (128)
=0r1-Cro. O11- Q12-Q13-L1s. Cp (129)
23 G- Qu} Q- 0o Q13.014.Cp (130)
24=—=0,. Qm Q11 Qm Q13 014 Cp (131)
25=G1.010.011.012 _Q_13 014.Cp (132)
35:Gi-gm«-Qu-Q12-Q13-g14-cp (133)
27=G;. Qm Qu 12-013. Qm Cp (134)
28=0(7,. Om Q:u 012 (13- Qm Cp (135)
29—10(r;. Qm Qu Q12 (1. QM Cp (136)

I't shouvld be kept in mind that one of the basic features
of the high-speed printing system of this invention is the
use of a single comparator network with an associated
character counter for comparing each invention character
in the line of intelligence information with the type
character in printing position. Although the serially
operable comparator network shown in Fig. 3 and either
nf the character counters shown in Figs. 2 or 7 are pref-
crably emploved in the high-speed printing system of this
invention, it will be recognized by those skilled in the
art that a paralle] comparator network may be utilized
with a conventional electronic counting circuit.

15

29

30

3D

40

311

60

£

75

32

Referring now to Fig. 10, there is shown a character
counter 1000 which may be employed in cooperation with
a parallel comparator network in the high-speed przntmg
system of this invention. Character counter 1000 1n-
cludes six flip-flop stages F,, Fa, F3, F4, Fs, and Fg, re-
spectively, for counting in the numerical sequence shown
in Table I, the associated gating matrices of the counter
being mechanized for only counting and reset functions
while the shifting functions previously described with
regard to Figs. 2 and 7 are omitted. The mechanization
of character counter 10088 may be expressed by the fol-
lowing logical equations:

1=00.06.0r.Cp (137)
ki1 =00.{Qs+0r).Cp (138)
j2=00.01-0z.Cp (139)
ko=Q0o.(C1+Cr).Cp (140)
fBZQO-(Q£+_QR)*CP (141)
k3=00.09.0rCp (142)
fi=00.(Qs+0r) Cp (143)
ks=0o. Qa QR Cp (144)
is=C0o- (Q4+QR) Cp (145)
ks=00.04.05.Cp (146)
je=Lo-(Cs+Ur) Cp (147)
ke={o- Q5 QR Cp (148)

For purposes of simplicity, only the mechanization of
137 and 138 is shown in detail. A complete descrip-
tion of the counting philosophy of character counter
1000 and of its theory of operation may be found In
the previously mentioned copending application by
Robert Royce Johnson.

With reference to Fig. 11, there is shown one em-
bodiment of a parallel comparator network 1160 which
may be utilized with the character counter of Fig. 10 for
sequentially comparing each information character with
the character count by simultaneously comparing all of
the binary digit signals representing each information
character with all of the binary digit signals representing
the type character to be printed. As shown 1n Fig. 11,
the comparator network includes a six-stage shifting
register 1102 comprising flip-flops Fqy, Fai, Foe, Fasz, Fag,
F.:, respectively, and a gating matrix 1104 connected to
the output terminals of the flip-flops in shifting register
1102 and in character counter 1000.

It will be understood, of course, that the parallel com-
parator does not require a separate shifting register if
a similar shifting register is emploved elsewhere in the
highspeed printing system. For example, if the printing
system includes an order control network of the type
shown in Fig. 6, the shifting register utilized in the order
control network may also be employed with the parallel
comparator gating matrix in lieu of shifting register 1102.

The mechanization of gating matrix 1104 may be ex-
pressed by the following logical equation:

G1=0w.Qp-(Q20-01+020.01).( Qo102+ 021.0).
((Qas. Q:H-sz Qs) ((293.04- %‘Q?a Qe;)
(Qay. Q5+§224 Qa) (Qo5.06- f‘Qzﬁ QE) (149)

Tt mayv be seen from Equation 149 that the parallel com-
parator network will produce a high-level output signal
(G,)} whenever the order is to print during the last digit
time interval of a word time interval (Qw.C@p) “and” the
binary digits of the information character stored in shift-
ing register 1102 are identical with the corrcspondingly
weighted binary digits of the character count.

It should be understood, of course, that numerous
other modifications may be made in the high-speed
printing system of this invention. For example,
although the printing system as shown and described is
capable of printing alpha-numeric intelligence informa-



2,850,566

33

tion, it is clear that the system may be readily modified
to print numerical information alone.

In still other applications of the printing system of this
invention, it may be desirable to limijt the number of
information characters stored on one track of the mag-
netic memory to some preselected figure, such as thirty.
It this is done and it is thereafter desired to print one
hundred and fifty information characters, for example,
on one line of a printing medium during each revolution
of the printing cylinder, five separate magnetic tracks
may be employed for storing thirty sequential informa-
tion characters in each. A single character counter and
a single column counter may then be employed with five
comparator networks and five transducer energizing net-
works, one comparator network and one transducer ener-
gizing network for each group of thirty information
characters. Because of this basic feature of the high-
speed printing system of this invention, it should be ex-
pressly understood that the term “line of intelligence
information,” as utilized throughout the specification,
refers to the intelligence information applied to a single
comparator network, and may represent only a portion of
the mtelligence printed on a single line on the printing
medium,

It ts clear, therefore, that numerous modifications and
alterations may be made in the high-speed printing sys-
tem of the present invention withount departing from the
spirit and scope of the invention, as set forth in the
appended claims.

What 1s claimed as new is:

1. A high-speed printing system for printing on a print-
ing medium a line of intelligence information including
a plurality of information characters represented by a
corresponding plurality of applied electrical information
signals, said system comprising: a high-speed printer in-
cluding a rotatable printing cylinder positioned adjacent
one surface of the printing medinm and having a plu-
rality of rows of different type characters disposed about
its periphery, the characters in each row being identical,
means for rotating said printing cylinder, and a plurality
of printing transducers positioned adjacent the other sir-
face of the printing medium and opposite the printing
cylinder, one of said printing transducers being associ-
ated with each information character in the line of intel-
ligence information; a logical control network including
a character counter indexible in accordance with the ro.
tation of said printing cylinder for generating an elec-
trical character signal corresponding to the type char-
acter row on said printing cylinder which is in printing
position relative to said printing transducers, and a com-
parator network having a first input circuit recelving
said information signals and having a second input cir-
cuit coupled to said character counter and receiving
said electrical character signal for generating a com-
parator output signal each time an information character
in the line of intelligence information corresponds to
the type character in printing position: a plurality of
“and” gates having respective output circuits connected
to energize said transducers, a column counter synchro-
nized with said electrical information signals and hav-
ing electrical outputs connected as input to said “and”
gates to sequentially apply gating signals to said “and”
gates, and circuit means applying said comparator output
signal as input to said “and” gates, the simultaneous
occurrence of said gating signals, and said comparator
output signals as input to an “and” gate efiecting ener-
gization of the connected transducer to print the asso-

ciated character on said printing medium.

2. ‘The high-speed printing system defined in claim 1
wherein said logical control network includes a serially
operable comparator network. |

3. The high-speed printing system defined in claim 1
wherein said logical control network includes a paralle]
comparator network.
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4. A high-speed printing system for printing on a print-
ing medium a line of intelligence information including
a plurality of information characters represented by a
corresponding plurality of serially applied electrical in-
formation signals, said system comprising: a high-speed
printer including a rotatable printing cylinder positioned
adjacent one surface of the printing medium and having
a plurality of rows of different type characters disposed
the characters in each row being
identical, means for rotating said printing cylinder, and
a plurality of printing transducers positioned adjacent
the other surface of the printing medium opposite the
printing cylinder, one of said printing transducers being
associated with each information character spacing in
the line of intelligence information; a logical control
network including a comparator network, and a char-
acter counter synchronized with said cylinder for gen-
erating an electrical character signal corresponding to
the type character row on said printing cylinder which is
N printing position relative to the printing transducers:
means including a first input circuit in sajd comparator
network for serially applying to said comparator net-
work the electrical information signals corresponding to
the line of intelligence mformation, once for each row
of type characters on said printing cylinder, means in-
cluding a second input circuit in said comparator net-
work coupling said comparator network to sajd char-
acter counter to receive said electrical character sig-
nal, said comparator network being responsive to the
information signals and to the electrical character
signa] for generating a comparator output signal each
time an information character in the lipe of intel-
ligence information corresponds to the type character
in printing position; and a distributor network syn-
chronously controlled with said information signals and
connected to said printing transducer to control sajid
printing transducers in response to the comparator out-
put signal for energizing the printing transducer corre-
sponding to the spacing of the information signal being
applied to said comparator network to print on said
printing medium the corresponding type character where-
by the line of intelligence information is printed during
one revolution of the printing cylinder.

5. A high-speed printing system for printing on a print-
ing medium a line of intelligence information including
a plurality of sequential information characters repre-
sented by a corresponding plurality of electrical informa-
tion signals, said system comprising: a high-speed printer
including a rotatable printing cylinder positioned adja-
cent one surface of the printing medium and having a
plurality of rows of different type characters disposed
about its periphery, the type characters of each row be-
ing identical means for rotating said printing cylinder,
and a plurality of printing transducers positioned adja-
cent the other surface of the printing medium opposite
the printing cylinder, one of said printing transducers be-
ing associated with each information character spacing
in the line of intelligence information; a logical control
network including a comparator network, and a char-
acter counter synchronized with said cylinder for gen-
erating an electrical character signal corresponding to
the type character row on said printing cylinder which is
In printing position relative to the printing transducers:
a data storage unit controlled in synchronism with said
cylinder for storing the line of intelligence information
and having an output coupled to said comparator net-
work for serially applying to said comparator network,
once for each row of type characters on sald printing
cylinder, the electrical information signals corresponding
to the sequential information characters in the line of
intelligence information, means coupling said character
counter to said comparator network to apply said elec-
trical character signal to said comparator network, said

comparator network being responsive to the information
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signals and to the electrical character signal for pgep-
erating a comparator output signal egach time an infor-
mation character in the line of intelligence information
corresponds to the type character in printing position;
and a distributor network controlled in synchronism with
said electrical information signals and connected to sald
printing transducers and to said comparator network,
<aid distributor network being responsive to the compara-
tor cutput signal for energizing the printing transducer
corresponding to the spacing of the information signal
being applied to said comparator network to print on
said printing medium the corresponding type character
whereby the line of intelligence information is printed
during one revoluticn of the printing cylinder.

6. The high-speed printing system defined in claim 9
wherein said data storage unit includes a memory unit
for storing the line of intelligence information, said mem-
ory unit being synchronized with said printing cylinder
and coupled to said comparator network to serially ap-
ply the electrical information signals corresponding to
the line of intelligence information to said comparator
network each time a row of type characters on said
printing cylinder is In printing position relative to said
transducers.

7. The high-speed printing system defined in claim 6
wherein said memory unit is a rotatable magnetic drum
drivingly coupled to said means for rotating said print-
ing cylinder.

8. The high-speed printing system defined in claim 3
wherein said distributor network includes an electronic
column counter electrically connected to said data stor-
age unit for generating an electrical column count sig-
nal corresponding to the spacing in the Jine of intelligence
information of the information character represented by
the information signal being serially appled to said
comparator network, and a transducer energizing net-
work connected to said printing transducers and operable
under the control of said column-count signal for ren-
dering said printing transducers selectively energizable
in accordance with the spacing in the line of intelligence
nformation of the information characters being com-
pared in said comparator network, said transducer ener-
gizing network being responsive to an output signal from
said comparator network for emergizing the printing
transducer corresponding to the spacing in the line of In-
telligence information of the information character being
compared when said comparator output signal 1s gen-
erated.

9. The high-speed printing sysiem defined in claim 3
wherein each of said electrical information signals is a
composite electrical signal including a plurality of binary
digit signals represeting the binary-coded numerical equiv-
alent of the information character represented thereby,
and said character-counter output signal is a composite
electric signal including a corresponding plurality of bi-
nary digit signals representing the binary-coded numer-
ical equivalent of the type character row in printing
position, and wherein said comparator network is se-
rially operable to sequentially compare the binary digit
signals of each composite information signal! with the
binary-digit signals of said composite character-counter
output signal to present said comparator ocutput signal
when a composite information signal corresponds to the
composite character-counter output signal.

10. A high-speed printing system for printing on a print-
ing medium a line of intelligence information includ-
ing a plurality of sequential information characters rep-
resented by a corresponding plurality of electrical In-
formation signals, sald system comprising: a high-speed
printer including a rotatable printing cylinder positioned
adjajcent one surface of the printing medium and hav-
ing a plurality of rows of different type characters dis-
posed about its periphery, the type characters of each
row being identical, means for rotating said printing
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cylinder, and a plurality of printing transducers poOSi-
tioned adjacent the other surface of the printing medium
opposite the printing cylinder, one of said printing trans-
ducers being associated with each information character
spacing in the line of intelligence information; a logical
control network including a comparator network, and
o character counter synchronized with said cylinder for
cenerating an electrical character signal corresponding to
the type character row on said printing cylinder which
is in printing position relative to the printing transducers;
@ data storsge unit including a magnetic drum for mag-
nctically storing the line of intelligence information,
means connecting said magnetic drum to said means for
rotating said printing cylinder to rotate said drum once
each time a row of type characters on said cylinder moves
to printing position, a magnetic transducer associated
with said drum and connected to said comparator net-
work for serially applying to said comparator network,
once for each row of type characters on said printing
cylinder, the electrical information signals correspond-
ing to the sequential information characters in the line
of intelligence information, means coupling said char-
acter counter to said comparator network to apply said
electrical character signal to said comparator network,
said comparator network being responsive 1o the infor-
maiion signals and to the electrical character signal for
generating a comparator output signal each time an in-
formation character in the line of intelligence informa-
tion corresponds to the type character in printing posi-
tion; and a distributor network controlled in synchronism
with said cylinder and connected to said printing trans-
ducers and 1o said comparator network, said distributor
network being responsive to the output signals from said
comparator network to selectively energize salid print-
ing transducers to print in corresponding spaces on said
printing medium the type characters corresponding to
the information characters in the line of intelligence in-
formation.

11. The high-speed printing system defined in claim
10 which also includes an order control network elec-
trically connected to be controlled by said data storage
unit and having an output connected to control sald log-
ical control network, said order control network being
responsive to a first predetermined electrical information
signal from said data storage unit to inhibit said com-
parator network from producing a comparator output
signal,

12. The high-speed printing system defined in claim
11 wherein said order control network also includes means
responsive to a second predetermined electrical infor-
mation signal for permitting said comparator network
to produce » comparator output signal when succeed-
ing electrical information signals correspond to the
electrical character signal from said character counter.

13. The high-speed printing system defined 1n claim
i wherein said data storage unit includes first and sec-
ond means for storing the electrical information signals
corresponding to two lines of intelligence information,
respectively, and third means responsive to the rotation
of said printing cylinder for alternately coupling said
first and second means to said comparator network,
cach of said first and second means being coupled to
said comparator network for one revolution of said
orinting cylinder to serially apply the electrical informa-
tion signals corresponding to one line of intelligence in-
formation to the comparator network during one revolu-
tion of the printing cylinder and to serially apply the
slectric information signals corresponding to the other
line of intelligence information to said comparator net-
work during the succeeding revolution of the printing
cylinder, whereby one line of intelligence information is
printed during each revolution of said printing cylinder.

4. A high-speed printer for printing on a printing
medium information characters in a line of intelligence
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information comprising: a rotatable printing cylinder po-
sittoned adjacent one surface of the printing medium
and having a plurality of rows of different type characters,
each row containing identical characters disposed in
spaced relation; a row of printing transducers disposed
adjacent the opposite surface of said printing medium
and spaced in correspondence with the characters in said
rows; drive means connected to rotate said printing cyl-
inder; electrical means- synchronized with said cylinder,
producing an electrical character signal group represent-
ing the character of a type character row on said cylin-
der in printing position; electrical means synchronized
with said cylinder, producing a series of electrical infor-
mation signal groups each time a type character row on
said cylinder is in printing position, each information
signal group representing a character in said line of in-
telligence information and said information signal groups
of said series corresponding in sequence and in number
to the sequence and number of the characters in said line
of intelligence information; electrical means synchronized
with said information signal groups producing a syn-
chronizing signal upon the occurrence of each informa-
tion signal group; electrical comparator means having a
first input circuit receiving said information signal groups
and having a second input circuit receiving said elec-
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trical character signal groups, said electrical comparator
means comparing said information and character signal
groups and producing an output signal upon correspond-
ence of said respective signal groups; a coincidence cir-
cuit coupled to and controlling each printing transducer
and each coincidence circuit having a pair of input con-
nections; means sequentially applying said synchronizing
signals to one input connection of said coincidence cir-
cuits; and means applying said output signal to the re-
maining input connections of said coincidence circuits.
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