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CATHODE RAY TUBE DISPLAY WITH MEANS FOR 

RECORDING THE TUBE DISPLAY 
Otis E. Hull, South Pasadena, Calif., assignor to Hull In 

struments, Inc., South Pasadena, Calif., a corporation 
of California 

Filed Dec. 7, 1962, Ser. No. 244,237 
6 Claims. (Cl. 340-324) 

The present invention relates to read-out systems for 
converting binary coded data, or other types of coded 
data, into numeric, or other types of characters to be 
displayed and recorded. 
The present application is a continuation-in-part of 

copending application Serial No. 173,904, tiled February 
19, 1962, and now abandoned, in the name of the present 
inventor, and assigned to the present assignee. ’ 
The invention is particularly concerned with a printer 

type of read-out system for providing a permanent record 
of the characters formed thereby in response to the coded 
input data. 
The read-out system of the invention finds utility, for 

example, in telemetry systems. In a telemetry system it 
is usual for digital information to be transmitted and 
recorded on a magnetic tape at the receiving station. 
The read-out system of the present invention may be 
used in conjunction with a conventional counter at the 
receiving station to decode and record the numeric data 
represented by the information recorded on the mag 
netic tape. 
The read-out system of the invention also ñnd gen 

eral utility in conjunction with usual present-day elec 
tronic digital computers. The system of the invention 
may be coupled to the output of a digital computer and 
is capable of responding to the multi-digit binary output 
numbers from the computer to produce corresponding 
decimal characters of numeric or alphanumeric form. 
When used in conjunction with a digital computer, the 
extremely high speed capabilities of the system of the 
,present invention obviates the need for the usual output 
buífers in the computer output circuits, and for the usual 
logic and control circuitry normally associated therewith. 
A still further object is to provide such an improved 

read-out system which is capable of displaying and 
recording an analog representation of the coded input 
information, along with the decimal, or other characters 
displayed and recorded thereby as representative of such 
input information. 
The embodiment of the read-out system of the inven 

tion to be described includes what may be termed a high 
speed, direct read-out printer. T he particular system 
to be described includes a pair of cathode-ray tubes for 
forming the characters which are subsequently projected 
onto a light-sensitive heat-developed paper. The maxi 
mum print rate of the system is limited only by the 
photographic sensitivity and developing time of the paper 
used. In the embodiment to be described, the pair of 
cathode-ray tubes is used, rather than a single cathode 
ray tube, to provide a large-scale display surface for the 
characters without the attendant requirement of exces 
sively high deflection voltages for the cathode-ray beams 
in the cathode-ray tubes. 
The characters are formed electrically on the face of 

the cathode-ray tubes in a manner to be described by the 
controlled deflection of the cathode-ray beams therein. 
The characters so formed on the face of the cathode-ray 
tube are optically projected on light-sensitive paper. In 
the embodiment to be described, this projection is carried 
out by a lens system commonly referred to as a “über 
optics” lens system. The light-sensitive paper is drawn 
across the lens system to be exposed by the displayed 
characters, and the exposed paper is subsequently drawn 
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over a heated platen for developing purposes. The 
resulting information recorded on the paper constitutes 
the permanent record of the output information. The 
mechanical details of the above-mentioned apparatus are 
more fully described in copending application Serial No. 
180,510, ñled March 19, 1962, in the name of Thomas N. 
Ross, and assigned to the present assignee. 
The system to be described operates in a serial char 

acter manner. That is, each binary coded input number 
applied to the system is stored in an appropriate register, 
and the binary coded input is subsequently transformed 
into corresponding blanking signals for the cathode-ray 
beams of the cathode-ray tubes. The resulting blanking 
signals are applied in a serial manner to the cathode-ray 
tubes and in synchronism with a controlled deflection of 
the cathode-ray beams. The serial application of the 
blanking signals to the cathode-ray tubes, together with 
the controlled deflection of the cathode-ray beams, in a 
manner to be described, causes the characters to ,be` 
successively formed on the screens of the cathode-ray 
tubes. At the completion of the formation of each such 
character, a signal is transmitted back to the source of 
the coded input data to inform the source that the systemv 
is ready to receive the next binary coded input number. 

In a second embodiment, the binary coded input infor 
mation is also fed to a digital-to-analog converter so that 
the analog signal corresponding thereto may be derived. 
This latter signal is applied to a cathode-ray tube, gal 
vanometer, or other device, so that a trace of the analog 
signal may be obtained. 
The analog signal trace and the characters successively 

formed on the screen of the cathode-ray tubes are then 
projected together onto the light-sensitive paper to obtain 
a recording of the characters and the analog trace. The 
characters and analog trace are preferably projected in 
side-by-side relationship on the recording paper for corn 
parison purposes. 
The features of the invention which are believed to be 

new are set forth in the claims. Other objects and 
advantages of the invention will become apparent from a 
consideration of the following description in conjunction 
with the accompanying drawings, in which: 
FIGURE 1 is a simplified block diagram of a system 

representative of one embodiment of the present 
invention; 
FIGURE 2 is a more detailed block diagram of the 

embodiment of FIGURE 1; 
FIGURE 3 is a diagram useful in explaining the func 

tioning of the system of FIGURE 2; 
FIGURE 4 is a representation of a pair of curves 

representing the configuration of the horizontal and ver 
tical sweep signals used in the system of FIGURE 2; 
FIGURE 5 is a series of curves useful in describing 

the operation of the system of FIGURE 2; 
FIGURE 6 is a circuit representation of a conversion 

matrix shown in block form in FIGURE 2; 
FIGURE 7 is a circuit representation of a clocking 

matrix shown in block form in FIGURE 2; 
FIGURE 8 is a circuit representation of a sawtooth 

generator shown in block form in FIGURE 2; 
FIGURE 9 is a circuit representation of certain blank 

ing circuits shown in block form in FIGURE 1; 
FIGURE 10 is a circuit representation of a signal 

generator shown in block form in FIGURE 2; and 
FIGURE 1l is a simplified block diagram of a system 

representing a second embodiment of the invention and 
suitable for combined character and corresponding analog 
trace recordings. 
The simplified block diagram of FIGURE 1 includes 

a source 10 of binary coded data. This source, as 
explained above, may be a counter positioned in a receiv 
ing station of a telemetering system; it may be an elec 
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tronic digital computer; or it may be any other appropriate 
source of binary coded data. 
The source 10 introduces the binary coded data to a 

blanking signal generator 12. This generator, as will be 
explained in more detail subsequently, transforms the 
coded input signals into appropriate blanking signals. 
The blanking signals from the generator 12 are applied 
to a blanking circuit 14 and to a blanking circuit 16. 
The blanking circuit 14 is connected to the input elec 

trode of a cathode-ray tube 18, and the blanking circuit 
16 is connected to the input electrode of a cathode-ray 
tube 20. The cathode-ray tubes 18 and 20 may each 
include the usual beam forming electrodes and deflection 
plates. A cathode-ray beam is formed in each of the 
cathode-ray tubes, and the beams in the tubes are blanked 
at the proper intervals by blanking signals applied to the 
respective input electrodes by the blanking circuits 14 and 
16 
The cathode-ray beams in the tubes 18 and 20 are de 

ñected horizontally and vertically across the respective 
faces of the tubes. A liber optic system. 22 is mounted 
on the face of the tube 18, and a fiber optic system 24 is 
mounted on the face of the tube 20. As the cathode-ray 
beam of the tube 18 is deflected across the screen of the 
tube 18, the resulting light produced by the screen is 
projected by the optical system 22. Likewise, as the 
cathode-ray beam in the tube 20 is deñected across the 
screen of the tube, the resulting light produced by the 
screen is projected by the fiber optic system 24. 
The construction of cathode-ray tubes with associated 

liber optic systems is known to the art, and a detailed 
description of the tubes 18 and 20 and their associated 
optical systems 22 and 24 is deemed to be unnecessary 
herein. A particular type of cathode-ray tube and asso 
ciated über optic system ideally suited for use in the sys 
tem of the present invention is disclosed and claimed, for 
example, in copending application Serial No. 180,651, 
ñled March 19, 1962. 

In a manner described more particularly in the copend 
ing application Serial No. 180,510, a light sensitive paper 
26 is drawn across the faces of the fiber optic systems 
22 and 24, so that the characters displayed on the screens 
of the cathode-ray tubes 18 and 20 may be projected by 
the respective optic systems 22 and 24 onto the light 
sensitive paper 26. The paper 26 is developed by appro 
priate heating means and it forms a permanent record 
for the characters. 
The system of FIGURE 1 also includes a clocking logic 

unit 28. A clock input from a suitable clock pulse source 
27 is applied to the logic unit 28. A print command is 
also applied to the unit 28, and the display and recording 
of each separate character is initiated upon the receipt 
of the print command from, for example, the computer 
or other source of the binary coded data. 
As each character is displayed by the system of FIG 

URE 1, an “end of character” command is formed, and 
the latter command is returned to the source of binary 
coded data 10 to indicate that the system of FIGURE 1 is 
ready for the next character. 
The clocking unit 28 is coupled to a deflection signal 

forming generator 30 which applies synchronizing signals 
to the blanking signal generator 12, as will be described. 
The generator 30 also forms the appropriate dellection 
signals which are amplified in a horizontal deflection 
amplifier 32 and in a vertical deflection amplifier 33. 
yThe horizontal and vertical deflection plates of the 

cathode-ray tubes 18 and 20 are connected in parallel 
with one another. The horizontal deflection signal am 
pliñer 32 and vertical deflection signal ampliñer 33 apply 
appropriate deflection signals, as will be described, respec 
tively to the horizontal and vertical deñection plates of the 
cathode-ray tubes 18 and 20. 
As shown in FIGURE 2, the blanking signal generator 

12 of FIGURE 1 includes a plurality of ílip-ñops 100, 102, 
104 and 106. These flip-flops form a register, and the 
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binary coded input data from the source 10 isintroduced 
in parallel manner to the ñip-ñops. As indicated, the 
least significant digit (20) is stored, for example, in the 
ñip-ilop 100, and the most significant digit (23) is stored 
in the flip-flop 106. 
The output terminals of the flip-flops 100, 102, 104 and 

106 are connected to a conversion matrix 108. The con 
version matrix serves to convert the binary coded data 
stored in the flip-ñops 100, 102, 104 and 106 into cor 
responding blanking signals for the blanking circuits 14 
and 16 of FIGURE l. These blanking signals appear at 
the output terminals 1-8 of the conversion matrix 108, 
and they are introduced to a clocking matrix 110 in 
FIGURE 2. 
The clocking matrix 110 of FIGURE 2 serves to syn 

chronize the blanking signals from the conversion matrix 
108 with the deñecion signals applied to the cathode-ray 
tubes 18 and 20, so that the blanking signals correspond 
ing to each particular character may be successively in 
troduced in a clocked, serial manner from the clocking 
matrix 110 to a pair of “and” gates 112 and 114. The 
“and” gate 112 is connected to the blanking circuit 14 
of FIGURE 1, and the “and” gate 114 is connected to 
the blanking circuit 16 of FIGURE 1. 
The clocking logic unit 28 of FIGURE 1, includes in 

FIGURE 2, a print command flip-flop P and a pair of 
clock flip-flops C/2 and C/ 4. The print command flip 
ilop P responds to the print command from the source 
10 of FIGURE 1 to be set true so as to render the term 
P true. This ñip-ñop also responds to an “end of charac 
ter” signal, to be described, to be set false at the end of 
the character time Tc (FIGURES 4 and 5 )so as to setV 
the term P false. 
The clock flip-flops C/2 and C/ 4 respond to successive 

clock input pulses C to be set to their true and false states. 
These flip-flops are connected as a counter, and the out 
put signal from the clock Hip-Hop C/4 has 1A the fre 
quency of the clock input pulses C, and the outputs from 
the clock flip-flop C/4 are designated C/4 and m. 
These outputs are applied to the clocking matrix 110. 
The deflection signal forming generator 30 includes an 

“and” gate 116 which responds to the signals P and C/ 4, 
and which is included in a three position counter 118. 
The three position counter controls a three level stair 
case generator 120, and the three position counter also 
controls a flip-flop 122. The “and” gate 116 applies the 
term P. C/ 4 to a flip-flop 119, the three position counter 
118, and the three position counter 118 in effect divides 
the frequency of that term by 3. 
The counter 118 also includes an “and” gate 121, a 

one-shot multivibrator 123 and a further flip-flop 125. 
The “and” gate 121 is connected to the one-shot multivi 
brator which, in turn, is connected to the flip-flops 119 
and 125. The flip-flops 119 and 125 are both connected 
to the staircase generator 120; and these flip-flops are 
inter-connected and connected to the “and” gate 121 as` 
illustrated. The flip-flop 119 applies its outputs C’ and 
_Ó7 to the clocking matrix 110; the flip-flop 125 applies its 
output C” to the clocking matrix and the output Ü” to 
the flip-flop 122. 
The flip-flop 122 acts as a frequency divider, and the 

outputs from the llip-ñop are designated C’" and Um. 
The output (T7 is applied to the clocking matrix 110 
and is also applied to the print command flip-flop as the 
“end of character” signal. 
The term ÜF is also applied to a twenty-two position 

counter 124, the output of which is applied to a flip-flop 
126. The true and false outputs of the latter flip-Flop are 
applied to the “and” gates 112 and 114, respectively. The 
twenty-two position counter 124 also controls a twenty 
two level staircase generator 128, the output of which is 
applied to the horizontal deflection signal ampliñer 22 
of FIGURE 1. 
The terms P and C/4 are also applied to a sawtooth 
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generator 130. The sawtooth 
output signal “S.T.” which is applied to a pair of “and” 
gates 132 and 134. The three level staircase generator 
120 develops an output signal “S.C.” which is applied to 
a pair lof “and” gates 136 and 138. Theflip-flop 122 
applies the term UT” to the “and” gates 132 and 138; and 
the flip-flop applies the term C’" to the “and” gates 136 
and 134. 
The “and” gates 136 and 132 are connected to an “or” 

gate 140 which, in turn, is connected to the staircase gen 
erator 128. The “and” gates 134 and 138 are connected 
to an “or” gate 142 which, in turn, is coupled to the ver 
tical deflection signal amplifier 33 of FIGURE 1. 

In the formation of each character, the cathode-ray 
beams in the cathode-ray tube 18 and in the cathode-ray 
tube 20 are deflected in unison across their corresponding 
screens, each in accordance with the pattern shown in 
FIGURE 3. For example, the control is such that de 
flection signals have a minimum amplitude, the cathode 
ray beam in each of the cathode-ray tubes assumes the 
position A in FIGURE 3. As shown in the waveforms 
of FIGURE 4, the time required to form each character 
is` designated as Tc. In the first time interval t1, the 
cathode-ray beam in each cathode-ray tube is deliected 
horizontally by the sawtooth wave of FIGURE 4A from 
the position A to the position B in FIGURE 3. The 
beam is then returned to the position A. Then, in the 
time interval t2, the vertical deflection signal is stepped, 
as shown in the waveform of FIGURE 4B, and the beam 
is again deflected horizontally by the illustrated sawtooth 
wave of FIGURE 4A from the position C to the position 
D of FIGURE 3. In like manner, during the interval t3, 
the beam is deflected from the position E to the position 
F of FIGURE 3. 
The beam is again returned to the position A of FIG 

URE 3 and in the interval t4, the beam is deflected ver 
tically from the position A to the position C and from 
the position C to the position E in FIGURE 3. Like 
wise, during the time inten/al t5, the beam is deflected ver 
tically from the position G to the position H, and during 
the interval z5, the beam is deflected vertically from the 
position B to the position D and from the position D to 
the position F. 

It should be noted that the pattern of deflection of the 
beam described above in conjunction with FIGURES 3 
and 4 occurs in the time interval Tc for the formation of 
each character. It should also be noted that the deflec 
tion elements of both the cathode-ray tubes 18 and 20 of 
FIGURE l are parallel-connected so that their beams are 
deflected in unison by the deflection signals of FIGURE 4. 

In the formation of each character, the incoming coded 
binary data is converted and synchronized in a manner 
such that the beam of the corresponding cathode-ray tube 
18 or 20 is blanked and unblanked at the appropriate in 
tervals, so that certain ones of the traces of FIGURE 3 
are deleted, in order that the desired characters may be 
formed. 
As shown in FIGURE 2, the incoming clock pulses C 

are introduced to the clock flip-flop C/ 2, and the output 
from the clock flip-flop C/2 is applied to the clock flip 
flop C/4 in the clocking logic unit 28. The clock flip 
flop C/4 produces the clocking pulses C/4 which have 
one quarter the repetition frequency of the clock pulses C. 
The clock pulses C/ 4 have the waveform shown by the 
curve C/4 in FIGURE 5. It will be observed in FIG 
URE 5 that each character interval Tc is composed of six 
time intervals tl-te. These time intervals are timed by 
the clock pulses C/4. 
Upon the receipt of a print command P by the clock 

ing unit 28 of FIGURE 2, the flip-flop P is set true to 
enable the “and” gate 116 and thereby set the three-posi 
tion counter 118 into operation; and also to cause the saw 
tooth generator 130 to commence generating sawtooth 
waves. Then, the clock pulses C/ 4 cause the three-posi 
tion counter 118 to count, so that the three level staircase 

generator 130 develops an 
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6 
generator 120 produces the‘three level staircase signal 
designated S.C. in FIGURE 5. The clock pulse C/4 now 
also causes the sawtooth generator 130 of FIGURE 2 
simultaneously to produce the sawtooth signal designated 
S.T. in FIGURE 5. 
As illustrated in FIGURE 5, each cycle of the sawtooth 

wave S.T. from the sawtooth generator 130 corresponds 
to one of the time intervals t1-t6, and these sawtooth wave 
cycles proceed in successive ones of the time intervals 
t1-t6. Likewise, the staircase signal S.C. from the stair 
case generator 120 proceeds through its three steps in 
each group of three successive time intervals correspond 
ing, for example, to the time intervals t1-t3 and tris. 
The flip-flop 119 is controlled by the clock pulses C/ 4 

during the character interval Tc. It should be pointed 
out at this time that the print command P marks the be 
ginning and end of the character interval T¿. The flip 
flop 119 also responds to pulses from the one-shot multi 
vibrator 123, and as a result, the output pulses from the 
flip-flop 119 have the waveform illustrated by the curve 
C’ in FIGURE 5. Likewise, the flip-flop 125 is con 
trolled by the pulses from the one-shot multivibrator 123 
and by the output from the flip-flop 119, so that the flip 
flop 125 produces an output designated C", the wave 
form of this latter output also being shown in FIGURE 5. 
The flip-flop 122 is controlled by the flip-flop 125 so 

that its output C’" is false during the iirst three time in 
tervals t1, t2, and t3, and is true during the latter three 
time intervals t4, t5 and t6, of the character time Tc. The 
waveform for the signal C’" is also shown in FIGURE 5. 
When the flip-flop 122 is set false at the end of the char 
acter time Tc, the print command flip-flop P is set false 
to terminate the character time interval. The “end of 
character” command is also sent to the source of the 
binary data to indicate that the system is ready to receive 
the next multi-digit binary number. The next character 
time Tc is not being initiated until a subsequent print com 
mand from the source of binary data sets the print com 
mand flip-iiop P true. ' 

During the first three intervals t1-t3 of the character 
time Tc, the flip-flop 122 is false. This causes the “and” 
gates 132 and 138 to be enabled. Therefore, during the 
ñrst three time intervals t1-t3, the sawtooth wave from 
the sawtooth generator 130 is applied through the twenty 
two level staircase generator 128 to the horizontal deflec 
tion signal amplifier 32; and the staircase signal from the 
three level staircase generator 120 is applied through the 
“and” gate 138 to the vertical deflection signal amplifier 
33 of FIGURE 1. In this manner, the waveforms illus 
trated in FIGURES 4A and 4B during the intervals t1, t2 
t3 are realized. 
At the end 0f the time interval t3, the flip-flop 122 is set 

true. This causes the “and” gates 134 and 136 to be en 
abled for the time intervals t4, t5 and t6. The staircase 
signal S.C. from the three level staircase generator 120 
is now applied through the twenty-two` level staircase gen 
erator 128 to the horizontal deflection signal amplifier 32, 
and the sawtooth signal from the sawtooth generator 130 
is applied through the “and” gate 134 to the vertical de 
flection signal amplifier 33 of FIGURE 1. Therefore,y 
the waveforms illustrated in FIGURE 4 as occurring dur 
ing the time intervals t4, t5 and t6 are realized. 
The deflection signal forming generator 30 of FIGURE 

2 provides deflection signals to the deflection signal 
amplifiers 32 and 33, therefore, which are capable of 
detlecting the cathode-ray beams in the cathode-ray tubes 
18 and 20 through the configuration of FIGURE 3 dur 
ing each character time Tc. The twenty-two position 
counter 124 is controlled by the flip-flop 122 to cause 
the twenty-two level staircase generator 128 to rise in 
voltage through one step at the end of each character 
time Tc and to remain at the latter voltage step for the 
duration of the following character time Tc. This latter 
staircase signal is also applied to the horizontal deflec 
tion plates of the cathode-ray tubes 18 and 20, and it 
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serves to move the beams across the cathode-ray tubes 
in twenty-two discrete horizontal increments. This en 
ables each cathode-ray tube to display twenty-two separate 
and distinct characters at adjacent positions across its face. 
The system is controlled, in a manner to be described, 
so that the characters are successively displayed across 
the face of one of the cathode-ray tubes and then across 
the face ofthe other. 
The fiip-ñop 126 is controlled by the twenty-two posi 

tion counter 124 to control the “and” gates 112 and 114. 
The control is such that during the first twenty~two steps 
of the staircase generator 128 one of the cathode~ray 
tubes 18 and 20 is rendered inoperative, and during a 
second twenty-two steps of the staircase generator 128 
the other cathode-ray tube is rendered inoperative. This 
permits a first group of twenty-two characters to be suc 
cessively displayed at adjacent positions across the face 
of one of the cathode-ray tubes, and a second group of 
twenty-two characters to be successively displayed at ad 
jacent positions across the face of the second cathode-ray 
tube. These characters are recorded in forty-four ad 
jacent positions across the sensitized paper 26 of FIGURE 
1. The sensitized paper is then moved vertically to a 
second row, and a second series of forty-four characters 
may be recorded on the paper. This results in forty-four 
columns of different characters on the sensitized paper 
26, as the system operates, and as the characters are suc 
cessively displayed and recorded. 

It is evident that for the proper formation of each 
character, the cathode-ray beam of the particular opera 
tive cathode-ray tube 18 or 20 (at any particular char 
acter time Tc) must be blanked in synchronism with 
the deñection of the cathode-ray beam in that tube, so 
that selected ones of the traces of FIGURE 3 may be 
deleted to form the desired character in each instance. 
An examination of FIGURE 3 will reveal that eight 

distinct traces are identiíied. These eight traces corre 
spond to the eight different blanking, or unblanking, 
signals produced by the conversion matrix 108 of FIG 
URE 2. These blanking signals in the particular embodi 
ment under consideration represent different decimal 
digits of from 0 to 9 when properly synchronized with 
the deflection signals of FIGURE 4. As shown by the 
curves 0-9 of FIGURE 5, the diiferent synchronized 
blanking signals from the clocking matrix 110 have suc 
cessive true or false conñgurations during the intervals 
t1-t6 in accordance with the particular .decimal digit 
which corresponds to the particular binary coded number 
applied to the conversion matrix 108. 
For example, if the coded binary input number to the 

conversion matrix 108 is 0, the signals across the output 
terminals 1-8 of the conversion matrix assume the con 
figuration shown by the wave-form 0 in FIGURE 5. 
Likewise, the decimal digits 1-9 corresponding to the 
binary input data are represented by the waveforms desig 
nated 1-9 in FIGURE 5. 

It will be appreciated that when a waveform, such as 
the waveform 0 of FIGURE 5 is produced by the con 
version matrix 108 and synchronized with the detiection 
signals in the clocking matrix 110, the traces 2 and 6 of 
FIGURE 3 will be blanked, so that the display on the 
face of the corresponding cathode-ray tube will have a 
rectangular trace, simulating 0. Likewise, when the 
character to be displayed as 7, the curve 7 of FIGURE 5, 
will blank the traces 1 and 2, as well as the traces 4, 5 
and 6 of FIGURE 3. The resulting illuminated traces 
3, 7 and 8 on the screen of the corresponding cathode-ray 
tube will simulate the number 7. This also applies for 
the other waveforms of FIGURE 5 corresponding to the 
other decimal digits. 

It will also be appreciated that the conversion matrix 
108 may be constructed so that the output blanking 
signals, when properly synchronized with the cathode~ray 
tube deñection signals, produce blanking in the corre 
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sponding cathode-ray tube corresponding to letters so 
that an alphanumeric decoding may be realized. 
As noted above, the function of the clocking matrix 

110 is to cause the blanking signals from the conversion 
matrix 108 to be synchronized with the diíîerent deñection 
signals (FIGURE 4) applied to the corresponding 
cathode-ray tube 18 or 20, so that the cathode-ray beam 
in that cathode-ray tube may be blanked at the proper 
intervals to produce the desired display. 

As noted above, the particular embodiment under con 
sideration is capable of printing fortyafour columns of 
numeric decimal digits. The sensitized paper 26 of FIG 
URE 1, for example, may be six inches wide. As noted, 
the different characters or digits are projected onto the 
light-sensitive paper, and the exposed paper then passes 
over a heated platen for development and then appears 
as the output record. At the »completion of each char 
acter time To, an “end of character” command is sent to 
the data source, and the system is ready to receive the 
next character. 
The circuit details of the conversion matrix 108 are 

shown in FIGURE 6. The conversion matrix 108 is 
illustrated as having input terminals 200, 202, 204, 206, 
208, 210, 212, and 214. The ñip-ñop 100 is connected 
to the input terminals 200 and 202 and introduces its 
outputs 1 and Í to those respective input terminals. The 
flip-flop 102 applies its outputs 2 and 2 to the respective 
input terminals 206; the flip-flop 104 applies its outputs 
4 and Ã to the respective input terminals 208 and 210', 
and the ñip-ñop 106 applies its outputs 8 and 8 to the 
input terminals 212 and 214. As explained above, the 
ilip-ñops 100, 102, 104 and 106 store during any partic 
ular character time Tc the binary coded data to be trans 
formed by the‘conversi-on matrix 108 into the correspond~ 
ing character-forming blanking signals. 
The matrix 108 includes a plurality of diodes CR1 

CR31, and RC1-RC30. The term 1 from the input termi 
nal 200 is applied .to the anodes of the diodes CR1, 
CR4, CRS and RC15. The term Í from the input ter 
minal 202 is applied to the anodes of the diodes RC1, 
RC4, RC9, RC11, CR11 and CRIS. 
The term 2 from the input terminal 204 is applied 

to the anodes of the diodes CR2, RC5, CR9, and RC10. 
The term 2 from the input terminal 206 is applied to 
the anodes of the diodes RC3, CRS, CR12, CR14 and 
RC14. 

’ The term 4 from the input terminal 208 is applied 
to the anodes of the diodes CRS, RC7, RCS, CR10, 
RC12, RC13 and CR16. The term Ã Jfrom the input 
terminal 210 is applied to the anodes of the diodes RC2, 
RC6, CR6 and CR13. 
The term 8 from the input terminal 212 is applied to the 

cathodes of the diodes CR21, CR24, CR31, RC 21, RC25 
and RC30. The term ä'from the input terminal 214 is 
applied to the anode of the diode CR7. The cathodes 
of the diodes CR1 and CR2 are connected to the base of 
a PNP transistor 216 and to a resistor 218. The transis 
tor 216 is connected as an emitter follower. The emitter 
of the transistor is connected to a grounded resistor 220, 
and the collector of the transistor is connected to the 
negative terminal of a l2-volt direct voltage source. 
The resistor 218 may have a resistance of 22 kilo~ohms, 
for example, and the resistor 220 may have a resistance of 
l0 kilo-ohms. The emitter of the transistor 216 is con 
nected to the cathodes of the diodes CR17, CR22 
and CR26. 
The cathodes of the diodes CRS and CR4 are con-v 

nected to a resistor 222. The resistor 222 may have a 
resistance of 10 kilo-ohms, and it is connected to the 
negative terminal of the 12-volt direct voltage source. 
The cathodes of the diodes CRS and CR4 are also con 
nected to the cathodes of the diodes CR18 and CR27. 

v The cathodes of the diodes CRS, CR6, CR7 and CRS 
are connected to a resistor 224. The resistor 224 may 
have a resistance of 22 kilo-ohms, and it is connected 
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to the negative terminal lof the 12-volt direct voltage 
source. These cathodes are also connected to the output 
terminal 6 of the conversion matrix 106. 
The cathodes of the diodes CR9 and CR10 are con 

nected to a resistor 226. The resistor 226 may have a 
resistance of 10 kilo-ohms, and it is connected to the 
negative terminal of the l2-volt direct voltage source. 
These cathodes are also connected to the cathodes of the 
diodes CR19 and CR28. 
The cathodes of the diodes CR11 and CR12 and CR13 

are connected to a resistor 228. This latter resistor may 
have a resistance of 22 kilo-ohms, and it is connected to 
the negative terminal of the l2-volt direct voltage source. 
These cathodes are also connected to the cathode of the 
diode CR29. 
The cathodes of the diodes CR14, CR15 and CR16 

are connected to a resistor 230. This resistor may have 
a resistance of 10 kilo-ohms, and it is connected to the 
negative terminal of the 12-volt direct voltage source. 
These cathodes are also connected to the cathodes of the 
diodes CR25 and CR30. 
The cathodes of the diodes RC1 and RC2 are con 

nected to a resistor 232, the cathodes of the diodes RC3 
and RC4 are connected to a resistor 234. The resistors 
232 and 234 may each have a resistance of 22 kilo-ohms, 
and each are connected to the negative terminal of the 
12-volt direct voltage source. 
The cathodes of the diodes RC5 and RC6 are con 

nected to a resistor 236, and the cathodes of the diodes 
RC7 and RCS are connected to a resistor 238. Each of 
these resistors may have a resistance of l() kilo-ohms, 
and each is connected to the negative terminal of the 
l2-volt direct voltage source. 
The cathodes of the diodes RC9 and RC1() are con 

nected to a resistor 240, the cathodes of the diodes RC11 
and RC12 are connected to a resistor 242, and the 
cathodes of the diodes RC13, RC14 and RCIS are con 
nected to a resistor 244. Each of these resistors may 
have a resistance of 22 kilo-ohms, and each is connected 
to the negative terminal of the 12-volt direct Voltage 
source. 
The cathodes of the diodes RC1 and RC2 are con 

nected to the base of a PNP transistor 246. The collector 
of the transistor 246 is connected to the negative termi 
nal of the 12-volt direct voltage source, and the emitter 
of the transistor is connected to a 10 kilo-ohmgrounded 
resistor 248. The transistor 246 is connected as' an 
emitter follower, and its emitter is connected to the 
cathodes of the diodes CR20, CR23, RC16 and RC26. 
The cathodes of the diodes RC3 `and RC4 are con 

nected to the cathode of the diode RC18. The cathodes 
of the diodes RC5 and RC6 are connected to the 
cathodes of the diodes RC22 and RCZS. The cathodes 
of the diodes RC7 and RCS are connected to the 
cathodes of the diodes RC19 and RC23. 
The cathodes of the diodes RC9 and RC1() are con 

nected to the emitter of a PNP transistor 250. The 
collector of the transistor 250 is connected to the negative 
terminal of the l2-volt direct voltage source. The emit 
ter of the transistor is connected to a grounded l0 kilo 
ohm resistor 252. The transistor 250 is connected as 
an emitter follower, and its emitter is connected to the 
cathodes of the diodes RC17, RC24, and RC27. 
The cathodes of the diodes RC11 and RC12 are con 

nected to the cathode of the diode RC20. The cathodes 
of the diodes RC13, RC14 and RC15 are connected to 
the cathode of the diode RC29. 
The anodes of the diodes (3R17, CR18, ̀ CR19, CR20 

and CR21 are all connected to a resistor 254. The 
resistor 254 may have a resistance of 47 kilo-ohms, and 
it is connected to ground. These anodes are also con 
nected to the output terminal 3. 
The anodes of the diodes CR22, CR23, CR24 and 

CR25 are connected to a resistor 256. The resistor 256 
may have a resistance of 47 kilo-ohms, and it is grounded. 
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These latter anodes are also connected to the output 
terminal 8. 
The anodes of the diodes CR26, CR27, CR28, CR29, 

CR30 and CR31 are all connected to a resistor 258. The 
resistor 238 may have a resistance of 47 kilo-ohms, and 
it is grounded. The anodes of these diodes are also 
connected to the output terminal 7. 
The anodes of the diodes RC16 and RC17 are con 

nected to a resistor 260; the anodes of the diodes RClS, 
RC19, RC20 and RC21 are connected to a resistor 
262; the -anodes of the diodes RC22, RC23, RC24, and 
RCZS are connected to a resistor 264; and the anodes of 
the diodes RC26, RC27, RC28, RC29 and RC30 are con 
nected to a resistor 266. The resistors 260, 262, 264 and 
266 are all grounded, and each may have a resistance of 
47 kilo-ohms. The resistor 260 is connected to the output 
terminal 4, the -resistor 262 is `connected to the output ter 
minal 5, the resistor 264 is connected to the output termi 
nal 2, and the resistor 266 is connected to the output ter 
minal 1. 
The conversion matrix 108 operates as a usual diode 

matrix to convert the outputs from the flip-flops 100, 
102, 104 and 106 into the character-forming blanking 
output signals, such as shown by the curves 0-9 of 
FIGURE 5. For example, when all the Flip-flops 100, 
102, 104 and 106 are false to represent the binary 
equivalent of 0, thek diode matrix of FIGURE 6 causes 
the output signals at the terminals 1, 3, 4, 5, 7 and 8 to 
be low, and at the terminals 2 and 6 to be high. This 
provides the waveform 0 of FIGURE 5 which, in the 
manner described above, when synchronized with 
the deilection signals causes the corresponding cathode 
ray tubes 10 or 20 to display the numeral 0. In like 
manner, when the ilip-iiop 100 is true, and' the other 
flip-flops 102,v 104 and 106 are false, so as to represent 
the binary coded equivalent of the decimal digit 1, the 
conversion matrix 108 causes the blanking signal outputs 
at the output terminals 1, 2, 3, 4, 5, 7 and 8 to be high, 
and the output at the terminal 6 to be low. This provides 
a blanking for all the traces of the diagram of FIGURE 3, 
with the exception of the number 6 trace, so that the 
number 1 is displayed. In like manner, the conversion 
matrix 108 responds to the different states of the ñip 
liops 100, 102, 104 and 106 to provide the other blanking 
signal equivalents at the output terminals 1-8. 
An appropriate circuit for the clocking matrix 110 is 

shown in FIGURE 7. The circuit includes an “or” gate 
301 comprised of a plurality of diodes 301, 302, 304, 306, 
308, 310, 312 and 314. The anodes of these diodes are 
all connected to a grounded resistor 316, which may have 
a resistance of 47 kilo-ohms, and to the “and” gates 112 
and 114 of FIGURE 2. 
The clocking matrix of FIGURE 7 also includes a 

plurality of “and” gates 318, 320, 322, 324, 326, 328, 
330 and 332. The “and” gates are connected to respec 
tive resistors 334, 336, 338, 340, 342, 344, 346 and 348. 
Each of these resistors may have a resistance of 22 kilo-~ 
ohms, and the resistors are connected to the negative ter 
minal of the 12 volt direct voltage source. The “and” 
gates 318, 320, 322, 324, 326, 328, 330 and 332 are also 
connected to the cathodes of respective ones of the diodes 
301, 302, 304, 306, 308, 310, 312 and 314 of the “or” 
gate 300. 
The clocking matrix 110 responds to the different sig 

nals from the deliection signal forming generator 30 of 
FIGURE 2. These signals include the signals C/ 4, C', 
C” and C’" described above and illustrated in FIG 
URE 5. 
The dilïerent “and” gates 318, 320, 322, 324, 326, 328, 

330 and 332 of the clocking matrix 110 respond to the 
different signals C/ 4, C', C" and C’" (and to the comple 
ments thereof m, Ü, nÖ” and W) so that the output 
terminal 1 of the conversion matrix 108 may be effectively 
connected to the “and” gates 112 and 114 in the t1 time 
intervals; so that the output terminal 2 of the conversion 
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matrix 108 may be effectively connected to the “and” gates 
during the t2 time interval; so that the output terminal 3 
of the conversion matrix may be connected to the “and” 
gates in the time interval t3; so that the output terminal 4 
of the conversion matrix may be etîectively connected to 
the “and” gates during the ñrst half of the time interval 
t4, and so that the output terminal 5 of the conversion 
matrix may be effectively be connected thereto during 
the latter half of the interval t4; so that the output terminal 
6 of the conversion matrix may be effectively connected 
to the “and” gates during the time interval t5; so that the 
output terminal 7 of the conversion matrix may be effec 
tively connected to the “and” gates during the first half 
of the time interval t6; and so that the output terminal 8 
of the conversion matrix 108 may be effectively connected 
to the “and” gates 112 and 114 during the latter half of 
the time interval t6. 
The above-mentioned effective connections are made at 

the proper time intervals tl-ts by the clocking matrix 110, 
by the application to the different “and” gates 318, 320, 
322, 324, 326, 328, 330, 332 of the signals C/4, C', C” 
and C’” in the manner illustrated in FIGURE 7. As 
illustrated in FIGURE 7, the signals C/4, Ü, C” and 
C’" are applied to the “and” gate 318. These signals 
cause the “and” gate 318 to be enabled during the latter 
half of the time interval t6, so that the signal at the output 
terminal 8 of the conversion matrix 108 is applied during 
that time interval through the “or” gate 300 to the “and” 
gates 112 and 114 of FIGURE 2. , 

Likewise, the signals Ü/TI, Ü, C” and C”’ are applied 
to the “and” gate 320 to cause the “and” gate 320 to be 
enabled during the ñrst half of the time interval t6. This 
permits the signal appearing at the output terminal 7 of 
the conversion matrix108 to be applied through the “or” 
gate 300 to the “and” gates 112 and 114 of FIGURE 2 
during the time interval t6. 
The signals C', W, and C’" are applied to the “and”, 

gate 322. These signals enable the “and” gate 322 during 
the time interval t5. This permits the signal at the output 
terminal 6 of the conversion matrix 108 to be applied 
through the “or” gate 300 to the “and” gates 112 and 114 
at that time interval. 
The signals C/4, Ü, ÜF and C’" are applied to the 

“and” gate 324. These signals enable the “and” gate 
324 during the latter half ofthe t4 interval. This permits 
the signal appearing at the output terminal 5 of the 
conversion matrix 108 to be applied to the “and” gates 
112 and 114 of FIGURE 2 at that time. 
The signals C_/4, Ü, C” and C’" are applied to the 

“and” gate 326. These signals enable the “and” gate 326 
during the ñrst half of the t4 interval. This allows'the 
output signal appearing at the terminal 4 of the conver 
sion matrix 108 to be applied to the “and” gates 112 and 
114 during that interval. 
The signals Ü, C” and Ü” are applied to the “and” 

gate 328. These signals enable the “and” gate 328 during 
the time interval t3. This permits the signal appearing 
at the output terminal 3 of the conversion matrix 108 to 
be applied through the “or” gate 300 to the “and” gates 
112 and 114 of FIGURE 2 during that interval. 
The signals C', Ü” and Íl-’ï are applied to the “and” 

gate 330. These signals enable the “and” gate 330 during 
the t2 time interval. This permits the signal appearing 
at the output terminal 2 of the conversion matrix 108 to 
be applied through the “or” gate 300 to the “and” gates 
112 and 114 during that interval. 

Finally, the signals '(57, W and Ü” are applied to the 
“and” gate 332. These latter signals enable the “and” 
gate 332 during the t1 time interval.> This permits the 
signal appearing at the output terminal 1 of the conver 
sion matrix 108 to be applied to the “and” gates 112 and 
114 during the t1 time interval. 

Therefore, by the action of the clocking matrix 110, 
the signals at the output terminals of the conversion ma 
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trix 108 are applied to the blanking circuits of the cathode 
ray tubes 18 and 20 at the proper intervals to blank or 
unblank the cathode-ray beams in the tubes in synchro 
nism with the deflection of the cathode-ray beams so that 
the desired characters may be successively displayed on 
the faces of the tubes and recorded on the sensitized paper 
26 of FIGURE l. 
The circuit details of the sawtooth generator 130 of 

FIGURE 2 are shown in FIGURE 8. The circuit of FIG 
URE 8 includes an input terminal 399 to which the print 
command P is applied. This input terminal is connected 
to a variable resistor 400 which may, for example, have 
a resistance of 200 kilo-ohms. 
The resistor 400 is connected to a grounded capacitor 

402 and to the collector of a PNP transistor 404. The 
capacitor 402 may have a capacity of 1200 micro-micro 
farads, for example, when the clock frequency is 100 kilo 
cycles. The transistor 404 may be of the type presently 
designated 2N404. The emitter of the transistor 404 is 
grounded, and the collector is further connected to the 
base of a transistor 406. The transistor 406 may also 
be of the type presently designated 2N404. 
The clock pulses C/4 are applied to an input terminal 

408. The input terminal 408 is connected to a capacitor 
410 which, in turn, is connected to a resistor 412. The 
capacitor 410 may have a capacity of 33 micro-micro 
farads. The resistor 412 may have a resistance of 33 
kilo-ohms, and it is shunted by a capacitor 414 which may, 
for example, have a capacity of 100 micro-microfarads. 
The resistor 412 is connected to the base of a transistor 

416. This transistor may be of the type presently desig 
nated 2N711. The emitter of the transistor 416 is 
grounded, and the base is further connected to a resistor 
418. The resistor 418 may have a resistance, for example, 
of 150 kilo-ohms, and it is connected to the positive ter 
minal of the l2 volt direct voltage source. 
The collector of the transistor 416 is connected to a 

resistor 420 and to a resistor 422. The resistor 420 may 
have a resistance of 3.9 kilo-ohms, and it is connected 
to the negative terminal of the 12 volt direct voltage 
source. The junction of the capacitor 410 and resistor 
412 is also connected to the negative terminal of the l2 
volt direct voltage source through a resistor 422. The 
resistor 422 may, for example, have a resistance of 33 
kilo-ohms. 
The resistor 422 may have a resistance, for example, 

of 2.2 kilo-ohms, and it is connected to the base of the 
transistor 404. ` The base of the transistor 404 is also con 
nected to a resistor 424. The latter resistor may, for 
example, have a resistance of 4.7 kilo-ohms, and it is 
connected to the positive terminal of the l2 volt direct 
voltage source. 
The collector of the transistor 406 is connected to the 

negative terminal of the 12 volt direct voltage source. 
The emitter of the transistor is connected to a grotmded 
resistor 426. The resistor 426 may, for example, have a 
resistance of l0 kilo-ohms. The emitter of the transistor 
406 is also connected to a resistor 428 and to a resistor 
430. The resistor 428 has a resistance, for example, of 
100 kilo-ohms, and the resistor 430 has a resistance, for 
example, of l5 kilo-ohms. The resistor 428 is connected 
to the positive terminal of the 12 volt direct voltage 
source, and the resistor 430 is shunted by a capacitor 432. 
The capacitor 432 may have a capacity of l0() micro 
microfarads. 
The resistor 430 is connected to the base of a transistor 

434. The transistor 434 may be a PNP transistor, of the 
type presently designated 2N404. The base of the tran 
sistor 434 is connected to a resistor 436. The resistor 
436 may, for example, have a resistance of 100 kilo-ohms, 
and it is connected to a variable resistor 438. The re 
sistor 438 may, for example, have a resistance of 500 kilo 
ohms, and it is connected to the positive terminal of the 
12 volt direct voltage source. 
The collector of the transistor 434 is connected to a 
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resistor 440 and to a resistor 442. The resistor 442 may, 
for example, have a resistance of 75 kilo-ohms, and it is 
connected back to the base of the transistor 434. The 
resistor 440 may, for example, have a resistance of 4.7 
kilo-ohms, and it is connected to the negative terminal 
of the 12 volt direct voltage source. The collector of 
the transistor 434 is also connected to an output terminal 
designated STI“, The sawtooth wave S.T. shown in FIG 
URE 5 is developed at that output terminal, and this 
sawtooth wave is applied to the “and” gates 132 and 134 
of FIGURE 2. 
The sawtooth generator of FIGURE 8 is a transis 

torized ramp signal generator. The application of the 
signal P to the input terminal 399 causes the capacitor 
420 gradually to charge from Zero towards a positive 
value. The charging of the capacitor 420 continues un 
til the occurrence of the next clock pulse C/ 4 at the in 
put terminal 404. The occurrence of the next clock pulse 
causes the transistor 404 to become conductive, so that 
the capacitor 420 is rapidly discharged. The resulting 
sawtooth wave across the capacitor 402 is applied to the 
emitter follower circuit of the transistor 406, and the saw 
tooth wave from the emitter follower is ampliñed by the 
ampliñer circuit of the transistor 434. 
The circuit details of the blanking circuits 14 and 16 

of FIGURE 1 are shown in detail in FIGURE 9. The 
blanking signal from the “and” gate 112 of FIGURE 2 
is applied to an input terminal 500, and the blanking sig 
nal from the “and” gate 114 of FIGURE 2 is applied to 
the input terminal 502. The vertical deilection signal 
from the “or” gate 142 of FIGURE 2 is applied to an 
input terminal 504, and the horizontal deflection signal 
from the staircase generator 128 of FIGURE 2 is applied 
across a pair of input terminals 506 and 508. 
The input terminal 500 is applied to the control grid 

of a pentode 510. This pentode may be of the type desig 
nated 6AU6. The cathode of the pentode 510 is 
grounded, and its screen electrode is connected to the re 
sistor S12. The resistor 512 may, for example, have a 
resistance of 33 kilo-ohms, and it is connected to the posi 
tive terminal of a 300 volt direct voltage source. The 
suppressor electrode of the pentode 510 is also grounded, 
and the anode of the pentode is connected through a 
choke coil 514 to a resistor 516. The choke coil 514 
may, for example, have an inductance of 2.5 millihenries, 
and the resistor may have a resistance of 6.8 kilo-ohms. 
The resistor 516 is also connected to the positive terminal 
of the 300 volt direct voltage source. The junction of 
the inductance coil 514 and resistor 516 is connected to 
a resistor 518. The resistor 518 and the anode of the 
pentode 510 are both connected to a coupling capacitor 
520. 
The input terminal 502 is connected to the control grid 

of a pentode 522. The pentode 522 may also be a 6AU6 
pentode, and it is connected in a manner similar to the 
connections of the pentode 510. The anode of the pen 
tode 522 is connected to a coupling capacitor 524. The 
coupling capacitors 520 and 524 may each have a capacity 
of .0047 microfarad. The capacitor 520 is connected to 
the junction of a resistor 526 and a resistor S28. The 
resistor 526 has a resistance of 470 kilo-ohms, and it is 
shunted by a diode 530. The resistor 528 has a resist 
ance, for example, of 47 kilo-ohms, and it is shunted by 
a capacitor 532. The capacitor 532 may have a capacity 
of .0l microfarad. The resistor 528 is connected to the 
control grid of the cathode-ray tube 18. 
The coupling capacitor 524 is connected to the junc 

tion of a pair of resistors 534 and 536. The resistors 
may have the same respective values as the resistors 526 
and 528. The resistor 534 is shunted by a diode 538, 
and the resistor 536 is shunted by a capacitor 540. The 
capacitor 540 may have a capacity of .01 microfarad. 
The resistor 536 is connected to the control grid of the 
cathode-ray tube 20. 
The circuit of FIGURE 9 includes a direct voltage 
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14 
source 541 having a value, for example, of 3 kilovolts. 
The positive terminal of the source is grounded, and the 
negative terminal is connected to a grounded capacitor 
542 and to the movable arm of a balancing potentiometer 
544. The capacitor 542 may, for example, have a capac 
ity of 0.5 microfarad. The potentiometer 544 is con 
nected to a resistor 546 and to a resistor 548. Each of 
these resistors may have a resistance, for example, of 
470 kilo-ohms. The resistor 526 is connected to one 
side of the potentiometer 544, and the resistor 534 is con 
nected to the other side of the potentiometer. 
A brightness control potentiometer 550 is connected 

across the resistor 548. The potentiometer 550 may, for 
example, have a resistance of 250 kilo-ohms. The mov 
able arm of the brightness control potentiometer 550 is 
connected to the cathodes of the cathode-ray tubes 18 and 
20. A capacitor 552 is bridged between the movable 
arm of the potentiometer 550 and one of the fixed con 
tacts of the potentiometer. This capacitor may, for eX 
ample, have a value of .1 microfarad. 
The input terminal 504 is connected to a potentiometer 

560. This potentiometer may have a resistance of 10 
kilo-ohms, and its other fixed contact is grounded. The 
movable arm of the potentiometer 560 is connected to 
the control grid of a pentode 562. The pentode 562 may 
be of the type designated 6CL6, and it is connected as 
a vertical deñection signal ampliíier. 
The cathode of the pentode 562 is connected to a 

grounded resistor 564. The resistor 564 may, for ex 
ample, have a resistance of 820 ohms. The suppressor 
grid of the pentode 562 is grounded, and the screen 
grid is connected through a resistor 566 to the positive 
terminal of the 300 volt direct voltage source. The 
resistor 566 may, for example, have a resistance of 82 
kilo-ohms. The anode of the pentode 562 is connected 
to a resistor 56S. The resistor 568 may, for example, 
have a resistance of 10 kilo-ohms, and it is connected 
to the positive terminal of the 30() volt direct voltage 
source. The anode of the pentode 562 is also connected 
to one of the vertical deflection plates of the cathode-ray 
tube 18 and to one of the vertical deñection -plates of 
the cathode-ray tube 20. 
The input terminal 506 is connected to a resistor 570 

which is shunted by a capacitor 572. The resistor 570 
may have a resistance of 22 kilo-ohms, and the capacitor 
572 may have a capacity of 10 micro-microfarads. The 
resistor 570 is connected to the control grid of a pentode 
574. The pentode 574 may be of the type designated 
6CL6. 
The input terminal 508 is connected to a resistor 576 

which is shunted by a capacitor 578. The resistor 576 
may have a resistance of 22 kilo-ohms, for example, 
and the capacitor 578 may have a capacity of 10 micro 
microfarads. The Iresistor 576 is connected to t-he control 
grid of a pentode 580. rl'ïhe pentode 574 and the pentode 
580 are connected as a horizontal deflection signal 
amplifier. 
The cathode of the pentode 574 is connected to a poten 

tiometer 582, and the cathode of the pentode 580 
is connected to the opposite side of the potentiometer 
582. The suppressor grids of the pentodes 574 and 580 
are both connected to the negative terminal of the 12 
volt direct voltage source. The cathodes of the pentodes 
are also connected to the negative terminal of the 12 
volt direct voltage source through respective 1 kilo-ohm 
resistors 586 and 588. The movable arm of the poten 
tiometer 582 is connected to the cathode of the pentode 
580. 
The screen electrodes of the pentodes 574 and 580 are 

both connected to a resistor 590. The resistor 590 may, 
for example, have a resistance of 15 kilo-ohms, and it is 
connected to the positive terminal of the 300 volt direct 
voltage source. A potentiometer 592 is connected to 
the control grids of the pentodes 574 and 580. The poten 
tiometer 592 may, for example, have a resistance of 100 
kilo-ohms, and its movable arm is grounded. 



The anodes of the pentodes are connected through re 
spective inductance coils 594, 596 and through respective 
resistors 598 and 600 to the positive terminal of the 300 
volt direct voltage source. The inductance coils may 
each have an inductance of 2.5 millihenries, and the 
resistors may each have a resistance of 7 kilo-ohms. The 
anode of the pentode 574 is connected to one of the 
horizontal deflection plates of the cathode-ray tube 18 
and to one of the horizontal deflection plates of the 
cathode-ray tube 20. The anode of the pentode 580 is 
connected to the other horizontal deilection plate of the 
cathode-ray tube 18, and to the other horizontal de 
flection plate of the cathode-ray tube 20. 
The brightness control potentiometer 550 is connected 

to a resistor 602. The resistor 602 may, for example, 
have a resistance of 470 kilo-ohms, and it is connected 
to a focus control potentiometer 604. The focus control 
potentiometer may have a resistance of 500 kilo-ohms, 
and its movable arm is connected to the focus electrodes 
of the cathode-ray tubes 18 and 20. 
The potentiometer 604 is connected through a series 

of resistors 606, 608, 610 and 612 to ground. The 
resistor 606 may have a resistance of 470 kilo-ohms, 
the resistor 608 may have a resistance of 560 kilo-ohms, 
the resistor 610 may have a resistance of 470 kilo-ohms, 
and the resistor 612 may have a resistance of 560 kilo 
ohms. 
The cathode-ray tubes 18 and 20 include further elec 

trodes which are connected to the movable arm of an 
astigmatism control potentiometer 614. The potentiom 
eter 614 and further potentiometers 616 and 618, are 
connected between the positive terminal of the 300 volt 
direct voltage source and ground. Each of these poten~ 
tiometers may have a resistance of 250 ohms. The 
movable arm of the potentiometer 616 is connected to 

` the other vertical plate of the cathode-ray tube 18, and 
this potentiometer serves as a manual control for the 
vertical positioning of the beam in the cathode-ray tube 
18. The movable arm of the potentiometer 618 is con 
nected to the other vertical dellection electrode of the 
cathode-ray tube 20, and this latter potentiometer serves 
as a manual adjustment for the vertical position of the 
beam in the cathode-ray tube 20. 

Both the cathode-ray tubes 18 and 20 are normally 
Vblanked by the voltage source 541. However, when the 
“and” gate 112 of FIGURE 2 is enabled, the unblanking 
signals passed through that “and” gate cause the cathode 
ray tube 18 to be selectively unblanked, in the manner 
described above. 

Likewise, when the “and” gate 114 of FIGURE 2 is 
enabled, the unblanking signals passed through that “and” 
gate cause the cathode-ray tube 20 to be selectively un 
blanked in the described manner. 
The brightness of the reproduced characters may be 

controlled by the brightness control potentiometer 550. 
The cathode-ray tubes may be balanced by adjustment 
of the potentiometer 544. The potentiometer 614 con 
trols astigmatism in the reproduced characters. The 
potentiometers 616 and 618 control the initial undeilected 
vertical position of the beams in the cathode-ray tubes 
18 and 20. As mentioned above, it is desirable that the 
initial condition of the beams be adjusted so that they 
assume the point A in the representation of FIGURE 3 
for their undeflected position, at the beginning of each 
character time Tc. 
The vertical deñection signal from the “or” gate 142 

lof FIGURE 2 is ampliiied in the vertical deflection signal 
amplifier of the pentode 562 and applied to the vertical 
deflection plates of the cathode~ray tubes 18 and 20. The 
horizontal deñection signals are amplified by the circuits 
of the pentodes 574 and 580, and applied to the horizontal 
deflection plates of the cathode-ray tubes. These deflec 
tion signals have the waveform discussed above, and are 
Synchronized with i116 @bows-described unblanking signals 
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so that the desired characters may be reproduced on the 
screens of the cathode-ray tubes 18 and 20. 
The staircase generator 120 of FIGURE 2 is shown 

in circuit detail in FIGURE 10. It will be understood 
that the 22-level staircase generator 128 may be similarly 
constructed. 
The staircase generator 120 includes a pair of input 

terminals 700 and 702. The input terminal 700 receives 
the term C’ from the ilip~ñop 119 of FIGURE 2, and 
the input terminal 702 receives the term T” from the 
flip-ñop 125 of FIGURE 2. 
The input terminal 700 is connected to a resistor 704 

which, in turn, is connected to the |base of a transistor 
706. The input terminal 702 is connected to a resistor 
706 which is connected to the base of a resistor 708 
which, in turn, is connected to the base of a transistor 
710. The base of the transistor 706 is connected through 
a resistor 712 to the positive terminal (+V) of a source 
of direct current exciting potential. The base of the 
transistor 710 is connected through the resistor 714 to 
the positive terminal of that source. The emitters of the 
transistors 706 and 710 are grounded. 
The collector of the transistor 706 is connected through 

a resistor 716 to the negative terminal (-V) of thev direct 
current source, and to a resistor 718. The collector of 
the transistor 710 is connected through a resistor 720 
to the negative terminal (-V) and to a resistor 722. 
The resistor 718 is shunted by a diode 724, and the 
resistor 722 is shunted by a diode 726. 
A resistor 728 is connected to the resistors 718 and 

722. The resistor 728 is further connected to a grounded 
resistor 730. The junction of the resistors 718 and 
728 is connected to a grounded resistor 732. The junc 
tion of the resistors ‘728 and 730 is connected to an out 
put terminal 734, at which the staircase signal S.C. ap 
pears. This output terminal, as described in conjunc 
tion with FIGURE 2, is connected to the “and" gates 
136 and 138. The resistors 716, 718, 720, 722, 728, 730, 
and 732 all have equal value. 
Thte circuitry of FIGURE 10 is a usual ladder-adder 

network. The transistors 706 and 710 are controlled by 
the Iiip-flops 119 and 125 in a manner such that during 
the ñrst time interval of each cycle the transistor 706 
is conductive and the transistor 710 is non-conductive, 
during the second time interval of each cycle the transistor 
706 is non-conductive and the transistor 710 is con 
ductive, and during the third time interval of each cycle 
both the transistors 706 and 710 are conductive. 

During the iirst time interval the transistor 706 is 
non-conductive and the transistor 710 is conductive. The 
non-conductivity of the transistor 706 establishes the 
junction X of the resistors 716, 718 at the -V potential 
level. This causes the diode 724 to become conductive, 
and a current Ílows through the resistors 732 and 736 to 
establish a potential of -V/2 at the junction Z of the 
resistors 718 and 732. A current also iiows through the 
resistors 728 and 730 to establish a potential -V/4 at 
the output terminal 734. During this íirst time interval, 
the conductivity of the transistor 710 establishes the junc 
tion Y between the resistors 720 and 722 at ground 
potential, so that there is no current ñow through the 
resistors 722 or 730 due to this transistor. 

During the second time interval, the conductivity of 
the transistor 706 establishes the junction X of the 
resistors 716 and 718 at ground potential, so that there 
is no current flow through t-he resistors 718, 728 or 732. 
The non-conductivity of the transistor 710 during this 
ñrst time interval establishes the junction Y of the resistors 
720 and 722 at the -V potential level. This causes the 
diode 726 to become conductive and a current to flow 
through the resistor 730. This establishes an output volt 
age -V/2 at the output terminal 734. 

During the third time interval of each cycle, both of 
the transistors 706 and 710 are rendered non~conductive. 
This means that there is no current flow through the net 
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Work, and the output terminal 732 is established at 0 
or ground potential. 

Therefore, in the described manner, the potential at the 
output terminal 734 rises in three steps from -V/4 to 
~V/2 to zero during each cycle. The particular wave 
form S.C. is shown in t-he curves of FIGURE 5, and 
described above. 

Portions of the system shown in FIGURE l1 are 
similar to the system of FIGURE 1, and like elements 
have been identified by the same numerals. 

As in the system of FIGURE 1, the source 10 in 
FIGURE l1 introduces binary coded data to the blank 
ing signal generator 12. The generator 12, as before, 
transforms the coded input signals into appropriate blank 
ing signals. 

In the formation of each character, the cathode-ray 
beam in the cathode-ray tube 20 is deflected across the 
screen of the tube. The incoming coded binary data 
from the source 10 is converted and synchronized in the 
described manner such that the beam ofthe cathode-ray 
tube 18 is blanked and unblanked at appropriate intervals, 
in order that the desired characters may be formed. 

In the manner described, the cathode-ray tube is con 
trolled to display, for example, twenty-two separate and 
distinct characters at adjacent positions across its face. 

In the system of FIGURE 11, the binary coded data 
form the source 10 is also applied to a digital-analog con 
verter 800. The converter 800 may be of any known 
appropriate type, and it operates in known manner to 
convert the binary coded data from the source 10 into 
corresponding analog signals. 
The counter 124 of FIGURE 2 is connected to a 

twenty-two level staircase generator 802. The output 
from the generator 802 and the output from the converter 
800 are applied to a summing network 804 which in turn 
is connected to a horizontal deflection signal amplifier 
806. 
The horizontal deflection signal amplifier 806 is con 

nected to the horizontal deflection plates of the cathode 
ray tube 20. The cathode-ray tube 20 is excited, in the 
system of FIGURE 1l, so that its cathode-ray beam has 
constant intensity. The beam in the tube 20 is deflected 
horizontally only. 

In the system of FIGURE 1l, the various characters 
are reproduced on the screen of the cathode-ray tube 20 
in the manner described above. At the same time the 
cathode-ray tube 20 reproduces the analog signals cor 
responding to the different characters and which appear 
as traces on the sensitized paper 26. 
The system of FIGURE 11, therefore, is capable of 

presenting a record not only of the decimal characters, 
or the like, corresponding to the received binary coded 
data, but also curves representative of the equivalent 
analog quantities. 

It will be appreciated that the combined read-out sys 
tem of FIGURE ll can be modified and extended to 
embrace combined analog and facsimile representations, 
combined decimal character and facsimile representa 
tions, and so on. 

It will also be appreciated that the analog quantities 
can be reproduced by a galvanometer, or the like, instead 
of the cathode-ray tube 20. 
The invention provides, therefore, an improved read 

out system for converting binary coded data, or other 
types of coded data, into numeric or other types of 
characters. The improved system of the invention in 
cludes cathode-ray tubes and associated circuitry which 
responds to the input data to cause the corresponding 
characters to be displayed on the faces of the cathode 
ray tubes. The displayed characters are projected onto 
a sensitized recording paper, so that a permanent record 
may be made. 

While a particular embodiment of the invention has 
been described, modifications may be made, and it is 

20 

25 

30 

35 

40 

45 

50 

60 

65 

70 

75 

intended in the claims to cover all such modifications as 
fall within the scope of the invention. 
What is claimed is: 
1. A read-out system including: input circuit means 

for receiving input signals representative of certain data; 
cathode-ray tube means including at least one viewing 
screen, means for forming a cathode-ray beam in the 
tube and means for deflecting the beam across the viewing 
screen; means coupled to said beam deflecting means for 
producing deflection signals for deflecting the beam 
across said viewing screen in a predetermined manner 
to enable a series of predetermined characters to be 
displayed on the viewing screen; means coupled to said 
input circuit means and to said deflection signal pro 
ducing means for controlling the intensity of said beam 
in accordance with said input signals and in synchronism 
with said deflection signals selectively to cause different 
ones of said characters to be displayed on said screen; 
converter circuit means coupled to said input circuit 
means for converting said input signals into corresponding 
analog signals; and display means coupled to said con 
verter circuit means and responsive to said analog signals 
therefrom for displaying representations corresponding 
thereto. 

2. A read-out system including: input circuit means 
for receiving binary coded input signals representative of 
binary coded data; cathode-ray tube means including at 
least one viewing screen, means for forming a cathode 
ray beam in the tube, and means for deflecting the beam 
across the viewing screen; circuit means for cyclically 
producing a predetermined series of deflection signals 
and coupled to said beam dellecting means for deflecting 
the cathode-ray beam across the viewing screen in a 
predetermined pattern to enable a series of predetermined 
characters to be displayed on the viewing screen; further 
circuit means coupled to said input circuit means and to 
said deflection signal producing circuit means for causing 
the cathode-ray beam to be blanked at particular inter 
vals in each of the deflection cycles thereof in accordance 
with said binary input signals and in synchronism with 
said deflection signals selectively to cause different ones 
of said characters to be displayed on said screen; con 
verter circuit means coupled to said input circuit means 
for converting said binary coded input signals into corre 
sponding analog signals; and display means coupled to 
said converter circuit means and responsive to said analog 
signals therefrom for displaying representations corre 
sponding thereto. 

3. The read-out system of claim 2 in which said dis 
play means comprises a cathode-ray tube having a display 
screen disposed adjacent said first mentioned viewing 
screen for displaying said analog representations adjacent 
the corresponding characters displayed on said first men 
tioned viewing screen. 

4. A read-out system including: register means for 
receiving binary input signals representative of binary 
coded data and including a plurality of flip-flops for 
storing said data; cathode-ray tube means including a 
viewing screen, means for forming a cathode-ray beam 
in the tube, horizontal and vertical deflection means for 
deflecting the cathode-ray beam across said viewing 
screen; circuit means for producing a predetermined 
series of deflection signals in each of a plurality of suc 
cessive deflection cycles, each of said deflection cycles 
including six time intervals. said circuit means being 
coupled to said beam deflection means for dellecting the 
cathode-ray beam across said viewing screen in a pre 
determined pattern to enable a series of particular char 
acters to be displayed on said viewing screen, and said 
circuit means including saw-tooth signal generating means 
and step signal generating means, with means for coupling 
said saw-tooth signal generating means to said horizontal 
deflection means and said step signal generating means 
to said vertical deflection means during the first three of 
said six time intervals of each deflection cycle and for 
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coupling said saw-tooth signal generating means to said 
vertical deflection means and said step signal generating 
means to said horizontal deñection means during the 
second three of said six time intervals of each deñection 
cycle; a conversion matrix network coupled to said register 
means for producing a plurality of beam blanking signals 
in response to the data stored in said ñip-ñops, synchro 
nizing circuit means coupled to said conversion matrix 
network and to said deflection signal producing means 
and responsive to said beam blanking signals for causing 
the cathode-ray beam to be blanked at particular intervals 
in each of the deilection cycles thereof in synchronism 
with said deflection signals selectively to cause diiïerent 
ones of said characters to be displayed on said screen; 
sensitized paper means disposed adjacent said viewing 
screen for recording the characters displayed on said 
viewing screen; and optic ñber means interposed between 
said viewing screen and said sensitized paper means for 
transferring the characters displayed on said viewing 
screen to said sensitized paper means. 

5. The read-out system of claim 4 in which said saw 
tooth signal generating means produces a saw-tooth 
signal during each of the six time intervals of each deñec 
tion signal and in which said step signal generating 
means produces a three-step signal during each three 
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successive ones of said six time intervals of each deflec 
tion cycle. 

6. The read-out system of claim 4 in which said deflec 
tion signal producing means includes a further step signal 
generating means coupled to said horizontal deilection 
means for causing the cathode-ray beam to be deflected 
from one position to another across said screen for each 
of said successive deñection cycles. 
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