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3,311,908 
CATHODE RAY TUBE DISPLAY DEVICE EM 
PLOYING CONSTANT VELOCITY BEAM 
DEFLECTION 

Charles P. Halsted, Oreland, Stanley J. Savinese, Ridley 
Parik, and Gilbert Yanisiaevsky, Philadelphia, Pa., as 
signors to Burroughs Corporation, Detroit, Mich., a 
corporation of Michigan 

Filed Oct. 2, 1964, Ser. No. 400,981 
11. Claims. (Cl. 340-324) 

This invention relates to symbol generators, and more 
particularly relates to a system for changing the dimen 
sions of the character displayed by a symbol or character 
generator. 
The use of large capacity digital computers in decision 

making devices requires a means for displaying informa 
tion to the operator of the computer rapidly and in the 
form which can be easily understood. One system for 
displaying such information presents a graphic Symbol on 
a display screen to the operator, which symbol indicates 
the desired information. It is formed by a unit in the 
computer called a character generator or a symbol gen 
erator. 
One type of character generator receives information 

from a computer in the form of coded words and Selects 
a symbol in accordance with these coded words for presen 
tation upon a cathode ray tube (CRT) screen. A char 
acter generator of this type is described in the application 
of Charles P. Halsted, Ser. No. 277,796, filed May 3, 
1963, entitled, “Symbol Generating Apparatus,” and as 
signed to the same assignee as the instant application. 
In this type of character generator, the characters are 
stored as indications of a plurality of straight lines, each 
line being designated by length and polar angle. The 
character generator moves the electron beam of the CRT 
to form a series of straight lines which together compose 
the desired character. 

It is desirable for a character generator to be capable 
of displaying information to a human operator as fast as 
possible. The number of individual symbols that may 
be put on the CRT at any one time is limited by: one, 
the resolution of the cathode ray tube; two, the speed of 
the symbol generator; three, the CRT phosphor persist 
ence; and four, the ability of the human operator to single 
out and concentrate on one symbol when it is among a 
large quantity of other symbols. 

Because of the limitations on the number of Symbols, 
other techniques for increasing the information which is 
perceived by the human operator are required. One such 
technique is to vary the size of the characters in accord 
ance with additional information. For example, when a 
symbol is used to indicate an airplane in flight, informa 
tion indicating that it is gaining in altitude may be con 
veyed to the human operator by increasing the size of 
the symbol in a dynamic manner by causing selected Sym 
bols to appear to bloom out at a controlled rate. This 
does not require an additional symbol and therefore avoids 
the limitations, discussed above, on the number of Sym 
bols which may be perceived by an operator of the char 
acter generator. This technique is increased in its ca 
pabilities by increasing the range of sizes which a char 
acter may have and by increasing the number of the 
patterns that it may follow in changing its size. That is, 
not only may information be conveyed by the direction 
of a change in size or the amount of change in size, but 
also by a pattern of change in size. The rate of change 
in size, for example, may be a modulation by a saw-tooth 
indicating one kind of information or a sine wave indicat 
ing another kind of information. Accordingly, it is an 
object of this invention to provide an improved character 
generator. 
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2. 
It is a further object of this invention to provide a 

character generator in which information flow is increased 
by changing the size of the characters that are to be dis 
played. 

It is a still further object of this invention to provide 
an improved system which permits the selection of the 
size of a character and the selection of the manner in 
which the size of a character will be changed by a char 
acter generator without necessitating the storage of dif 
ferent characters for discrete sizes of characters independ 
ently. 

It is a still further object of this invention to provide 
a system for changing the size of a character to be dis 
played by a symbol generator which system increases the 
range of sizes and the patterns of changes in sizes. 

In accordance with the above objects, a character gen 
erator is provided in which the size of the characters is 
controlled by the frequency of a blocking oscillator. The 
frequency of the blocking oscillator is controlled, in turn, 
by the magnitude of current applied to a timing capacitor 
in the blocking oscillator. A system for controlling the 
line length of line segments that are to be displayed by a 
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the character generator. 

character generator by controlling the repetition rate of 
a blocking oscillator is described more fully in the patent 
application to Gilbert Yanishevsky, Ser. No. 365,276, 
filed May 6, 1964, entitled, “Frequency Control.” 
To increase the size of a character stored in the char 

acter genertaor so as to provide an alerting mechanism 
or for any other reason, another source of current is elec 
trically connected to the same timing capacitor of the 
blocking oscillator. This source of current may be gen 
erated by any function generator desired. The function 
generator may be turned on and the current supplied to 
a current adder by an alerting bit from the computer of 

The character being displayed 
then varies according to the manner in which the func 
tion generator generates current. In this way variations 
in the form of a ramp or a step increase may be provided. 
The invention and the above-noted and other features 

thereof will be better and more fully understood from 
the following detailed description considered with ref 
erence to the accompanying drawings in which: 
FIGURE 1 is a block diagram of a computer-display 

combination which may include an embodiment of the 
invention; 
FIGURE 2 is a schematic circuit diagram of a matrix 

memory which may be used in an embodiment of the 
invention; 
FIGURE 3 is a block diagram illustrating the connec 

tion of an embodiment of the invention in a character 
generator; 
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FIGURE 4 is a schematic circuit diagram of a line 
segment length control according to an embodiment of 
the invention; 
FIGURE 5 is a block diagram of a size control circuit 

according to an embodiment of the invention; 
FIGURE 6 is a block diagram of a modified size con 

trol circuit according to the invention. 
In FIGURE 1 a block diagram of a computer-display 

system that may include an embodiment of the invention 
is shown having a computer or keyboard device 100 
which selects the character to be displayed on the CRT 
102. The computer 100 sends digital information to 
the buffer memory 103, which stores such information 
as type of character, location of character, and size of 
character. A conventional drum or magnetic core mem 
ory may be used for the buffer memory 103. This mem 
ory merely keeps sending the same information to the 
character generator over and over until new information 
is to be displayed. In practice the entire display is re 
produced many times a second to eliminate visible flicker. 
The buffer memory 103 is electrically connected to the 
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character generator 104, to the course X axis digital-to 
analog converter (course D/A-X) 106 and to the course 
Y axis digital-to-analog converter (D/A-Y) 108. 
The course D/A-X 106 is electrically connected to the 

course horizontal deflection plate 16, or coil in mag 
netically deflected systems, or the CRT 102 through the 
course deflection amplifier 112 and the course D/A-Y 
108 is electrically connected to the vertical course deflec 
tion plate 114, or coil in magnetically deflected systems, 
through the course deflection amplifier 116. 
The information that determines character location is 

sent from the buffer memory 103 to the two course D/A 
converters 106 and 108 of the course deflection system. 
The course D/A-Y 108 determines the general vertical 
position (or line) upon which a character is to be dis 
played, while the D/A-X converter determines the gen 
eral horizontal area (or place on the line) where a 
character is to be displayed. 
The character generator 104 is electrically connected 

to the intensity amplifier 18, to the X fine-deflection 
amplifier 120 and to the Y fine-deflection amplifier 22. 
The intensity amplifier 118 is electrically connected to 
the electron gun 124; the X fine-deflection amplifier 120 
is electrically connected to the fine horizontal deflection 
plate or coil 126 of the cathode ray tube 102; and the Y 
fine-deflection amplifier 122 is electrically connected to 
the vertical fine-deflection plate or coil 128. 
The buffer memory 103 sends the character selection 

information to the character generator 104. The char 
acter generator 104 sends analog information to the de 
flection amplifiers 120 and 122 to indicate the angle of 
the line segments that are to form the selected character. 
They cause the electron beam in the CRT 102 to trace 
straight lines across the face having the polar angle of 
the line segments which together compose the selected 
character. The character generator sends intensity in 
formation from a timing circuit through the intensity am 
plifier 118 to the electron gun 124. The character gen 
erator also determines the tracing time or the limits of 
the lines which together compose the selected character. 
This tracing time controls the size and configuration 
of the character. The ratio of the distance of the ver 
tical deflection to the distance of the horizontal deflection 
of a given stroke determines the slope of the line to be 
displayed. 

In FIGURE 2, a schematic circuit diagram of a mem 
ory matrix containing the information necessary for one 
character is shown having a selection terminal 200, six 
line selection terminals 202A-202F, sixteen angle de 
flection output terminals 204A-204P, three timing signal 
output terminals 208A-208C, a blanking signal output 
terminal 250, and an end-of-character output terminal 
212. 

Each of the six line-selection terminals 202A-202F are 
electrically connected to a corresponding one of the emit 
ters of the six NPN transistors 214A-214F. Each of 
the bases of the transistors 214A-214F is electrically 
connected to the selection terminal 200 through a differ 
ent one of six base resistors. Each of the collectors of 
the six transistors 24A-214F is electrically connected 
to corresponding ones of the six line or column con 
ductors 216A-216F. 

Information is stored in the matrix shown in FIGURE 
2 by electrically connecting diodes at selected locations 
having their cathodes connected to a selected one of the 
line conductors 216A-216F and their anodes connected 
to a selected one of the output terminals. The char 
acter matrix is selected for readout by applying a volt 
age to the terminal 200. This permits the transistors 
214A-214F to act as closed switches. The line selection 
terminals 202A-202F are electrically connected to a 
pulse distributor from which they receive voltage pulses 
in sequence so as to progressively energize line conductors 
216A-216F one at a time. 

Each time one of the line conductors 216A-216F is 
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4. 
information is sufficient to generate one line of the de 
sired character stored in the matrix of FIGURE 2. It is 
understood that there is a separate matrix for each symbol 
and that a transistor, magnetic core, or other type of 
matrix may be used. The slope of this line is determined 
by the choice of angle deflection output terminals 204A 
204P that are programmed through a connecting diode. 
Each of these output terminals represents an angular 
increment in the slope of the line. 
The length of the line is controlled by the diode con 

nection between the line conductors and the timing output 
terminals 208A-208C. These terminals determine the 
period of time that the CRT beam traces across the dis 
play surface. The terminal 210 provides a blanking 
voltage to a blanking amplifier to prevent display of the 
retrace sweeps of the electron beam of the CRT. The 
terminal 212 provides an end-of-character signal to the 
computer or keyboard which may then cause the char 
acter to be retraced a number of times or select another 
character for display if the display contains a number 
of symbols. 
The operation of this matrix and the character gen 

erator with which it is used is disclosed more fully and 
completely in the above-identified patent application, 
Ser. No. 277,796, to Charles P. Halsted. The remainder 
of this discussion will be concerned primarily with the 
outputs from the timing terminals 208A-208C which de 
termine the length of the lines that are read out of the 
character matrix. In an embodiment of this invention, 
the outputs from these three lines are supplemented in 
such way as to change the size of the character which is 
to be displayed. This change in size takes place under 
the control of either the computer or under the control 
of an operator. 

In FIGURE 3 a block diagram is shown illustrating 
the manner in which an embodiment of the invention is 
interconnected with a display computer unit. A com 
puter 300 selects a character memory matrix for display 
on the CRT (not shown) by applying a voltage pulse 
to one line 302 of the 128 lines corresponding to 128 
different characters, which remaining unselected lines are 
indicated by the line 304. The line 302 is electrically 
connected to a 24-bit shift register 306 and the selection 
terminal indicated as 200 in FIGURE 2, The voltage 
pulse applied by the computer to this line preconditions 
the shift register so that it steps from character line to 
character line under the control of the drawing time 
control 308 which is electrically connected to the shift 
register 306. Of course, the six input terminals 202A 
202F shown in FIGURE 2 are illustrative of the 24 ter 
minals necessary in the shift register 306 to trace a 
complex symbol. 
The shift register 306 is electrically connected to the 

character matrix. 310, which is that portion of the memory 
matrix shown in FIGURE 2 having output terminals 
204A-204P. The outputs from this matrix are electri 
cally connected to the X ramp generators 312 and to the 
Y ramp generators 314 through a gating circuit. The 
ramp generators 312 and 314 generate the X afid Y 
deflection voltages for the cathode ray tube each time 
the shift register 306 steps to a new line of the character 
matrix. 310. The output terminals 316 and 318 of the 
ramp generators 312 and 314 respectively provide the de 
flection voltages that determine the slope of each line, 
which lines together compose the character stored in the 
memory matrix. The drawing time control 308 dis 
charges the ramp generators 312 and 314 between charac 
ters. 
The timing matrix 320, which includes the output ter 

minals 208A-208C, shown in FIGURE 2, is electrically 
connected to the shift register 306 through the twenty 
four column conductors. The timing matrix provides 
output signals through three lines 322 to the drawing time 
control 308 to determine the length of each line. This 

energized, information is read out to the display, which 75 3-bit code is provided each time the shift register 306 
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steps to a new line. In response to this code, the draw 
ing time control 308 controls the period of time between 
the start of successive lines generated by the character 
generator. Since the character generator draws each line 
at a constant velocity, the time elapsing between the start 
and the end of a line determines its length. The clock 
pulse generator in the drawing time control 308 gen 
erates pulses for shifting the shift register 306 in response 
to the input from the timing matrix 320 to control the 
drawing time of each line. An additional control on 
the pulse generating circuit in 388 may add an increment 
of time to the pulses so as to control the overall size of 
the entire character. 
A blanking matrix 324, which includes the output ter 

minal 20 shown in FIGURE 2, and an end-of-character 
matrix 326, which includes the output terminal 212 in 
FIGURE 2, are also electrically connected to the shift 
register 306 by virtue of the twenty-four column conduc 
tors. The blanking matrix 324 suppresses the retrace of 
the CRT and the end-of-character matrix 326 provides a 
signal to the computer indicating that one character has 
been drawn. In response to this signal the computer may 
take its next action, such as to display another character. 

In FIGURE 4 a simplified schematic circuit diagram 
of a drawing time control is shown having a size control 
circuit 406, a decoder indicated generally as 42, a cur 
rent generally as 404, a current adder 406, and a block 
ing oscillator indicated generally as 498. The decoder 
402 and the current generator 404 together act as a digital 
size control unit. They provide a current to the adder 
436, which may be merely a circuit connection to the 
blocking oscillator through which the current from the 
current generator 404 and the size control circuit 400 
passes to the timing capacitor of the blocking oscillator. 
The current from the current generator 404 is directly 
proportional to the “weight' of a 3-bit digital word, ap 
plied to the decoder from the timing matrix shown in 
FIGURE 3. This current controls the frequency or re 
petition rate of the blocking oscillator 408 which in turn 
controls the shifting of the 24-bit shift register 306 shown 
in FIGURE 3 to provide the proper length line segments 
which make up each character. The size control circuit 
400 is capable of changing the size of each of the line 
segments making up the character to increase or decrease 
this character in size and at a desired analog rate when 
ever desired, by providing a controlled current to the 
blocking oscillator. 
The decoder section 402 includes eight input terminals 

410A-410H for receiving the 29 binary bits, eight input 
terminals 412A-42H for receiving the 2 binary bits, 
and eight input terminals 414A-414H for receiving the 
22 binary bits. Each of the eight input terminals 410A 
410H is electrically connected to the cathode of a differ 
ent one of the corresponding eight diodes 416A-416H; 
each of the eight input terminals 412A-42H is elec 
trically connected to the cathode of a different one of 
the corresponding eight diodes 418A-418H; and, each 
of the eight input terminals 4-4A-44H is electrically 
connected to the cathode of a different one of the cor 
responding eight diodes 420A-420H. Each of the eight 
resistors 422A-422H is electrically connected at one end 
to a source of a positive 15 volts and is electrically con 
nected at the other end to the anodes of the three input 
diodes forming together eight AND gates having diodes 
designated by the suffixes A-H and designated by the 
prefixes 416,418 and 420. 
The decoder circuit 402 includes eight AND gates each 

having three diodes and three input terminals. These 
AND gates are adapted to receive each of the possible 
combinations of the three-bit word provided by the tim 
ing matrix 320 shown in FIGURE 3. For each combi 
nation of this three-bit word, one AND gate is opened. 
For any AND gate that is not selected, the output termi 
nal of the output terminals 424A-424H remains close to 
ground potential. The inputs to the decoder circuit con 
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6 
sist of binary "ones' having a voltage level of a positive 
3 volts and binary "zeroes' having a voltage level near 
ground. Each possible word provides a positive three 
volts to all three of the input terminals on only one of 
the AND gates, causing the corresponding output termi 
nal of the output terminals 424A-424H to increase to a 
positive 3 volts. 
Each of the eight decoder output terminals 424A-424H. 

is electrically connected to the base of a corresponding 
one of the eight PNP transistors 426A-426H. The emit 
ters of each of the transistors 426A-426H is electrically 
connected to the emitter of a corresponding one of the 
eight PNP transistors 428A-428H, and to a source of a 
positive 15 volts through a corresponding one of the eight 
potentiometers 430A-430H. Each of the bases of the 
transistors 428A-428H is electrically connected to a posi 
tive source of 1.5 volts; the collectors of each of the 
transistors 426A-426H are electrically connected to a 
source of a negative 6 volts. The collectors of each of 
the eight transistors 428A- 428H are electrically con 
nected to the input terminal of the adder 406. 
As pointed out above, the constant current generator 

404 contains eight pairs of transistors, each pair of tran 
sistors containing one of the suffixes A-H and one of the 
prefixes 426 or 428. Each of the transistors 428A 
428H is electrically connected to an input of the adder 
496 so as to provide current to the blocking oscillator 
408. The potentiometers 430A-430H are each individu 
ally adjusted so as to provide the proper amount of cur 
rent to the adder 406 when its corresponding current 
switch is selected by an output pulse from the decoder 
482 on one of the terminals 424A-424H. In each of the 
unselected current switches the corresponding transistors 
of the transistors 426A-426H is conducting since its emit 
ter has a slightly positive potential and its base is near 
ground level. The other transistor of the group 428A 
428H in each of the unselected current switches is cut 
off since its emitter voltage is not positive enough with 
respect to its base voltage. 

However, in the selected current switch, the selected one 
of the transistors 426A-426H is cut off by the positive 3 
volts on the corresponding one of the terminals 424A 
424H, causing the emitter voltage of the other transistor 
from the group 428A-428H in the selected current switch 
to rise in a positive direction, driving this transistor into 
conduction to provide its output current to the adder 406. 
The amount of current provided to the adder, as men 
tioned previously, is determined by the magnitude of 
the resistance and the corresponding one of the poten 
tiometers 430A-430H. 

If an alerting bit is applied to terminal 432 of the size 
control circuit 400, the size control circuit 460 will pro 
vide additional current to the adder 406. This current 
will change the size of the entire character being dis 
played on the cathode ray tube by controlling the length 
of each of the line segments making up this character. 
Consequently, when the character size is to increase, the 
current provided by the size control circuit 400 will 
increase at a slower rate than the current provided by the 
current generator 404. A twenty-to-one ratio is fre 
quently used. The timing matrix may cause a different 
one of the current switches in the current generator 404 
to be activated for each line of the character, and the 
size control circuit 400 may add or subtract an amount 
of current which is substantially constant for one char 
acter segment trace to each of these lines so as to result 
in a character having the same proportions but being 
larger or smaller than would be the case if no alerting 
bit had been applied to terminal 432. 
The output from the adder 406 is applied to one plate 

of the timing capacitor 434 and to the emitter of the 
PNP transistor 436, both of which are in the blocking 
oscillator 408. As explained in the aforementioned co 
pending application Ser. No. 365,276 to Gilbert Yanishev 
sky entitled "Frequency Control,” the amount of current 
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applied to the timing capacitor 434 from the adder 406 
controls the frequency and repetition rate of the output 
of the blocking oscillator at output terminal 438. The 
output from terminal 438 steps the 24-bit shift register 
306 shown in FIGURE 3 from stage to stage so as to con 
trol the line length of the segments forming each char 
acter. The other plate of the capacitor 434 is electrically 
connected to one end of the winding 440 on the blocking 
oscillator transformer 442. The other end of the winding 
440 is electrically connected to a source of a negative 
4.5 volts. The collector of the transistor 436 is electrical 
ly connected to one end of the other winding 444 of the 
blocking oscillator transformer 442. The winding 444 
is wound in the opposite direction as the winding 440 and 
is electrically connected at its other end to a source of 
a negative 15 volts. The base of the transistor 436 is 
electrically connected to a source of a negative 6 volts. 
When the blocking oscillator is energized, the transis 

tor 436 begins to conduct due to the negative voltage ap 
plied to its base and due to the negative voltage applied 
to the collector. The current flowing through the transis 
tor 436 also flows through the winding 444 of the trans 
former 442 inducing a voltage of opposite polarity in 
the winding 440. This voltage causes current to flow 
through the capacitor 434 charging this capacitor and 
driving the transistor 436 further into the conduction 
region. This regenerative process continues rapidly until 
the transistor 436 is saturated. 
When the transistor 446 is saturated, the current from 

its collector through the transformer winding 444 be 
comes constant so that no further voltage is induced in 
the winding 440. A charging potential is now no longer 
applied across the condenser 434 from the winding 440. 
This condenser begins to discharge, inducing a voltage 
in the winding 444 which decreases the collector voltage 
of the transistor 436. The transistor current begins to 
decrease and induces a voltage in the winding 440 that 
causes it to become non-conducting. The transistor 436 
remains in its non-conducting state until the capacitor 
434 is discharged sufficiently for its emitter to once again 
become positive with respect to its base. The current 
applied to the timing capacitor 434 from the adder 406 
varies this cycle and controls the frequency of the block 
ing oscillator. 

In FIGURE 5 a simplified circuit diagram of the size 
control circuit indicated as 400 in FIGURE 4 is shown 
having a digital size control circuit 500 including a decoder 
402 and the current generator 404 shown in FIGURE 4. 
The digital size control circuit 500 is electrically connected 
to the current adder 406. The current adder 406 is elec 
trically connected to the timing capacitor 434 of the block 
ing oscillator 408 shown in FIGURE 4. 
The output of a current switch of one polarity only is 

indicated generally at 502 for application to the current 
adder 406. This current switch is similar to those dis 
closed in the current generator 404 of FIGURE 4. How 
ever, it is biased into the Class A mode so as to operate 
as an analog current switch. Further, an opposite polari 
ty of current may be provided. The current switch 502 
includes the two PNP transistors 504 and 506. The tran 
sistor 506 has its base electrically connected to the out 
put of the gate 508. The output from the gate 508 steers 
the current from the voltage source 510 either through 
the transistor 506 to the source 507 or through the tran 
sistor 504 to the current adder 406. The gate 508 is open 
by an "attention' bit applied to terminal 512 which sets 
the flip-flop 514, the set output terminal of which is elec 
trically connected to an input of the gate 508. The flip 
flop 514 is reset by a voltage pulse applied to terminal 
516. The other input to the gate 508 is the output of 
the function generator 518. This function generator may 
be a sawtooth wave function generator or any other type 
of function generator, and the gate passes the analog 
function to transistor 506. It controls the manner in 
which the size of the characters displayed on the screen 
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3 
of the CRT are varied when an attention bit is applied 
to the terminal 512 of the flip-flop 514. Several types of 
suitable function generators are described in sections 6.6 
and 6.8 of "Electronic Analog Computers,' by Korn and 
Korn, McGraw-Hill Book Company, New York, New 
York, 1956. 

it can be seen that the above apparatus provides a con 
venient method and apparatus for changing the size of 
characters displayed by a character generator. The indi 
divual characters which are to be effected by this change 
in size can be selected by the appropriate pulsing of the 
flip-flop 514. That is, alternate characters may be changed 
in size through the mechanism of this invention by alter 
nately pulsing terminals 512 and 516. It is also contem 
plated that additional function generators may be sepa 
rately gated into the current switch to cause some symbols 
to vary in one fashion and others under control of a dif 
ferent function. The rate in which the characters change 
size is controlled by the function generator 518 so that 
a rapid change in size or a gradual change in size is pos 
sible. This mechanism is economical and does not re 
quire new symbols to be stored. It provides a convenient 
system for alerting the operator. 

Instead of utilizing the digital size control detail in 
FIGURE 4, the drawing time control may be of the type 
disclosed in the aforesaid Halsted application Ser. No. 
277,796 and as illustrated in FIGURE 6 herein. A tim 
ing control 600 is synchronized by a trigger from a com 
put at terminal 601. Pulse generator 602, in turn, causes 
a three stage binary counter 603 to advance from a reset 
condition. Comparator 604 receives each of the three 
coded bits (as well as their complements) and compares 
those signals with the corresponding three bits (and their 
components) generated from the output of the timing 
matrix 606 which corresponds to that shown in FIGURE 
2, for example. The comparator is of a common type 
and provides an output at line 607 serving as one input 
to AND gate 608. The AND gate passes a shift out 
put pulse when primed over line 607 and when receiv 
ing a pulse from pulse generator 602. The shift pulse 
advances register 609 to its next line. A reset for the 
counter is also accomplished over delay 610 from the 
comparator 604. 

In the FIGURE 6 embodiment, the analog function 
generator 611 is connected to the pulse generator 602 
so as to vary the frequency of the pulses whenever the 
function generator is gated on. This technique enables 
the desired symbols to have their size controlled in an 
analog fashion. 

Obviously, many modifications and variations of the 
invention are possible in the light of the above teachings. 
It is therefore to be understood that within the scope 
of the appended claims, the invention may be practiced 
otherwise than as specifically described. 
What is claimed is: 
1. A constant velocity character generator, compris 

ing a cathode ray tube for presenting a display of charac 
ters, each of which is composed of a plurality of straight 
lines, memory means for storing a plurality of charac 
ters, each of said characters in said memory means being 
characterized by a plurality of indicia each indicating 
the length and polar angle of one of said straight lines 
composing Said character, selection means for selecting 
one of Said characters stored in said memory means and 
having means included therein for reading out said indicia 
from said memory means in the form of a series of line 
indications, each of which includes a first signal indi 
cating the polar angle of the line and a second signal 
indicating the length of the line, deflection voltage means 
electrically connected to said means and to said cathode 
ray tube for generating deflection voltages for said cathode 
ray tube in response to said first signal, which deflec 
tion voltages correspond to said polar angle, timing means 
electrically connected to said memory means for receiv 
ing said Second signal indicating line length, said timing 



3,311,908 
9 

means having further means for terminating one line 
indication of said series of line indications, and also includ 
ing means for starting the next line indication of Said 
series, whereby the length of said one line drawn on 
said cathode ray tube is controlled, and functional signal 
control means including functional signal generating 
means and summation means connected thereto for selec 
tively alerting said second signals of said line indications, 
whereby the size of said characters displayed on Said 
cathode ray tube is altered. 

2. A constant velocity character generator in accord 
ance with claim 1 in which said memory means includes 
a shift register means for causing the successive read out 
of said line indications in response to input pulses from 
said timing means. 

3. A constant velocity character generator in accord 
ance with claim 2 in which said timing means comprises 
a blocking oscillator, including a timing capacitor, a shaft 
register with a shift input means, said input including cur 
rent summing means and a first current generating means 
electrically connected to said timing capacitor of said 
blocking oscillator and also connected to said memory 
means for providing a first current to said timing capaci 
tor in response to said second signal of said line indica 
tions, whereby the frequency of said blocking oscillator 
will be controlled in response to said second signal of said 
line indications, and second analog current generator 
means also connected to said timing capacitor through 
said current summing means for selectively controlling 
the current flow to said timing capacitor through the 
summation of the currents from said first and said second 
current generating means. 

4. A character generator apparatus comprising a charac 
ter storage matrix including a plurality of segment por 
tions for storing polar angle and length data for a plu 
rality of straight line segments which together constitute 
a desired character, a cathode ray tube, distributor means 
for sequentially selecting particular individual segment 
portions of said matrix for reading out said data to said 
cathode ray tube and for controlling the tracing of Suc 
cesive segments of said desired character, generator means 
connected to said distributor means and responsive to a 
predetermined function signal to provide a first frequency 
signal for periodically causing said distributor means to 
advance to a subsequent segment portion of said matrix, 
an analog function generator with selective control means, 
an adding means coupled between said analog function 
generator and said generator means for enabling said 
analog function generator to selectively control the fre 
quency of said generator means to thereby cause the 
length of generated line segments and thus the size of a 
desired character to vary according to said function. 

5. A character generator apparatus as defined in claim 
4 wherein said generator means includes a blocking oscil 
lator having a capacitor and wherein said analog function 
generator controls the rate at which said capacitor charges 
by varying the charging current through said adding means 
from said analog function generator in accordance with a 
desired analog function. 

6. A character generator apparatus as defined in claim 4 
in which there are a cathode ray tube display means and 
a plurality of storage matrices, wherein selected ones of 
said matrices are connected in a desired sequence to cause 
a plurality of symbols to be traced on the face of said 
cathode ray tube display means and wherein said apparatus 
further comprises symbol slection means in which certain 
ones of said symbols only are caused to have their size 
changed by said function generator during successive 
presentations of said plurality of symbols upon said tube 
display. 

7. A character generator apparatus as defined in claim 
6 further including a capacitive controlled generator 
means, a function generator means and a signal Summing 
means connected therebetween wherein said function 
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of the capacitor in said generator means through said 
signal Summing means and wherein said analog function 
varies slowly with respect to the tracing rate of said plu 
rality of symbols and said character generator includes 
means to provide physical size variations and thereby 
provide additional information to a viewer of said dis 
play while observing successive symbol tracings without 
need for additional resolution. - 

8. The combination comprising a display means having 
a display Surface and including means for displaying a 
plurality of lines on said surface, memory means includ 
ing a first and a second signal source connected to said 
display means to provide a first and a second input signal 
thereto, said first input signal determining the direction 
of each of said plurality of displayed lines and said second 
input signal determining the length of each of said plu 
rality of displayed lines, said memory means further in 
cluding means of applying said first and second input 
signals in a predetermined sequence to said display means, 
a selection signal source means connected to said memory 
means to provide thereto a selection signal capable of 
activating the sequence applying means included therein, 
and functional signal modulating control means also con 
nected to said display means for functionally modulat 
ing said second input signal applied to said display means 
to thereby controllably vary said second input signal in 
accordance with an applied functional signal to said con 
trol means. 

9. The combination according to claim 8 in which said 
display means includes a pulse generator means con 
nected to receive said second input signals for generating 
timing pulses which determined the length of said plu 
rality of displayed lines, said memory means includes a 
current generator means connected therein to provide said 
second input signal for controlling the frequency of said 
pulse generating means, and said control means includes 
a second current generator means connected therein to 
said functional signal control means for controlling the 
flow of current to said pulse generating means. 

10. The combustion according to claim 9 in which said 
second current generator means connected to said func 
tional signal control means comprises an analog function 
generator, a gate, the output of said function generator 
being electrically connected to an input of said gate, said 
gate having a control terminal whereby a voltage pulse 
applied to said control terminal enables said gate causing 
the voltage from said function generator to appear at the 
output terminal of said gate, and current Switch means 
electrically connected to the output of said gate for pro 
viding an output current which varies in proportion to 
the voltage appearing at the output of said gate, said out 
put of said current switch means being electrically con 
nected to said pulse generating means included in said 
display means. 

11. The combination comprising a display means hav 
ing a display surface and including means for displaying 
a plurality of lines on said Surface, memory means in 
cluding a first and a second signal source connected to 
said display means to provide a first and a second input 
signal thereto, said first input signal determining the direc 
tion of each of said plurality of displayed lines and said 
Second input signal determining the length of each of said 
plurality of displayed lines, said memory means further 
including means for applying said first and second input 
signals in a predetermined sequence to said display means, 
a Selection signal source means connected to said memory 
means to provide thereto a selection signal capable of 
activating the sequence applying means included therein, 
and a functional signal source with control means in 
cluding a current summation means also connected to 
said display means for modulating said second input sig 
nal applied to said display means by adding thereto a 
signal from said functional signal source to thereby con 

generator is connected to control the current charging rate 75 trollably vary the length of said plurality of lines dis 
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