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3,307,156 
INFORMATION PROCESSING AND DISPLAY 

SYSTEM 
George H. Durr, Marblehead, Mass., assignor, by mesne 

assignments, to Stromberg-Carlson Corporation, Roch- 
ester, N.Y., a corporation of Delaware 

Filed Oct. 4, 1962, Ser. No. 228,416 
27 Claims. (Cl. 340-—172.5) 

My invention relates to information processing and 
display apparatus, and particularly to an improved sys- 
tem for exchanging information between human opera- 
tors and information sources such as computers, account- 
ing systems, information processing and retrieval systems, 
and the like. Computers of great accuracy and flexibil- 
ity, and information storage systems of vast capacity, are 
now commonly available. At first, the capacity of ap- 
paratus of this type was limited by its reliability, so 
that the full capacity of computers and the like could 
only be utilized during limited periods between shut- 
downs for maintenance. However, great strides have 
been made in improving the reliability of complex ap- 
paratus and today it is difficult or impossible to supply 
requests for information rapidly enough to permit the 
full utilization of the capacity of the machines that are 
available. 

An information source of the class here considered is 
utilized in response to a request by a human operator to 
solve a particular problem or to retrieve a particular item 
of information. Since the rate at which a single operator 
can utilize information is usually low relative to the rate 
at which it can be supplied by modern information sources, 
it is desirable to make it possible for a number of opera- 
tors to share an information source. It is the object of 
my invention to facilitate the communication between a ‘ 
number of human operators and a central information 
source, 

A basic problem in the field of man-machine com- 
munication is that particular computers or other informa- 
tion sources usually require a particular form and language 
into which the user must translate his request for in- 
formation. In view of the great differences between in- 
formation sources as to alphabet, language, form of data 
representation, and speed, it has been conventional to 
provide a special access device for each information source 
which will perform the translation function. Many of 
these special access devices require considerable skill and 
knowledge to program and operate. A second object of 
my invention is to make possible the use of a single 
data entry system for interrogating any information 
source, without the necessity for the operator to under- 
stand the language and programming techniques of vari- 
ous information sources that he may wish to utilize. 

The data processing and display system of my inven- 
tion is characterized by the provision of a plurality of 
consoles for the use of human operators. Each of these 
consoles is provided with simple programming controls 
for use by the operator in obtaining possession of the 
system to enter 4 request, means for entering data in a 
desired numeric, alphanumeric or other alphabet, and 
means for displaying information presented to and re- 
ceived from the system visually in the alphabet used for 
information entry, or in a larger or different alphabet if 
desired. The programming controls may typically com- 
prise labeled keys or switches for clearing the system and 
transmitting information, and an electric lamp or other 
indicator for signalling to the operator that the system 
is at his disposal. The data entry means may conveniently 
comprise another set of keys, labeled in a selected alpha- 
bet, and, where convenient or desirable, including keys 
labeled to indicate a particular type of request or a 
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requested program. The display device may be a cathode 
ray tube mounted in the console with its screen located 

above the keyboard on the console and visible to the 

operator. In accordance with my invention, a message 

entered at the keyboard is displayed on this tube for 
visual checking before transmission, and a message Tre- 
ceived from the information source is displayed on the 

same tube. 
Storage means are provided for storing data for each 

console until it is transmitted, or, in the case of a re- 
ceived message, until the operator no longer requires its 
display. Information in this storage means is channeled 

to a symbol generator, which provides video signals for 

the cathode ray tube. At the proper time, information 
in the storage means is sent, a character at a time, to a 
common central buffer system, which sends it a character 
at a time to the information source. Replies are received 
by the central buffer system a character at a time, and 

are relayed to the storage means for the console in the 

same manner. 
In accordance with one specific embodiment of my in- 

vention, the storage means may comprise a delay line 

associated with each console unit into which data from 

the keyboard is entered a character at a time, or into 

which data from the central buffer may be entered a 

character at a time. Space is provided in the delay line 

following each character for the storage of video signals 

for the cathode ray tube which will display the associated 

character on the face of the tube. Alternatively, the 

characters may be supplied to a printer. A common sym- 

bol generator is provided, which is sequentially connected 

to each of a selected plurality of console units. As a 
character emerges from the delay line of any console 

unit which has the symbol generator in its possession, 

the character is transmitted to the symbol generator, 
which returns the necessary video signals to the delay 
line and places them in sequence after the character code. 

In accordance with a second embodiment of my in- 

vention, which is especially adapted for use with relative- 
ly large alphabets containing many individual symbols or 
for use with long messages, I provide a delay line or 
storage for each console unit which has a delay selected 
to cause characters to be entered into it in an inter- 
laced manner. In this way, as will appear, the entire 
delay line may be filled with characier codes and yet 
permit each character to be properly displayed. For 
this purpose, the characters, represented by suitable code 
sequences, are interlaced in such a manner that sufficient 
time is made available for the display of the proper 
video signal on the cathode ray tube following the emer- 
gence of each character from the delay line. The video 
information in this embodiment of my invention is pro- 
vided by a symbol generator which is assigned to only 
one console unit. This symbol generator operates in re- 
sponse to the emergence of each character from the delay 
line to generate the video signal corresponding to the 
character and to present it to the cathode ray tube. By 
this arrangement, it is possible to store messages of sev- 
eral hundred characters in length, while maintaining a 
high rate of display, so that the machine is able to dis- 
play information as rapidly as the operator can enter it 
at the keyboard. 

An important aspect of my invention resides in the 
arrangement of the information control gates for the 
central buffer. As will appear, in accordance with the 
system of my invention only four lines are required from 
the central buffer system to any desired data processing 
or retrieval system. These lines are multiplexed in a 
novel way such that two of them are used to exchange 
control data, and the other two are used to exchange 
information. During the receipt of information from
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the external processing system, the buffer is controlled in 

its program at the rate selected by the external informa- 

tion source. Thus, the buffer control system is independ- 

ent of the type of information source or sources with 

which it is employed. In order to convert the standard- 

ized four line interconnection system of my invention to 

the particular requirements of a given information source, 

it is merely necessary to translate the information on 

the four lines provided by the central buffer into the 

particular language of the computer desired. This may 

be readily accomplished in any specific case, without the 

need for intervention by the operator, as will be illus- 

trated in detail below. 

My invention will best be understood by reference to 

the accompanying drawings, together with the following 

detailed description, of a preferred embodiment thereof. 

In the drawings, 

FIG, 1 is a perspective sketch of a typical operator's 

console comprising a single station in an information 

processing system in accordance with a preferred embodi- 

ment of my invention; 

FIG. 2 is a fragmentary schematic diagram of a per- 

tion of the keyboard assembly of the console of FIG, 1, 

showing schematically the manner in which information 

entered by the operator at the keyboard is converted into 

binary code pulses; 

FIG. 3 is a schematic wiring diagram of a delay line 

suitable for use with the apparatus of my invention; 

FIG. 4 comprises a series of diagrams showing the 

manner in which information is arranged for storage in 

the delay line of FIG. 3; 

FIG. 5 is a schematic diagram showing the manner in 

which information is displayed on the cathode ray tube 

of the console shown in FIG. 1; 

FIG. 6 is a schematic diagram showing the relation- 

ship between timing pulses employed in the apparatus 

of my invention and the verlical sweep voltage on the 

cathode ray tube of FIG, 1; 

FIG. 7 is another schemat’c diagram relating the ver- 

tical sweep voltage on the cathode ray tube of FIG. 1 to 

a second group of timing signals; 

FIG. & is a schematic diagram showing the manner 

in which a typical character is displayed on the cathode 

ray tube of FIG. 1; 

FIG. 9 comprises a series of diagrams showing the 

manner in which various other typical characters are pre- 

sented for display in the apparatus of my invention: 

FIG. 10 is a table showing the times at which pulses 

appear to generate the typical characters shown in FIG, 8; 

FIG. tla, 116 and 11c¢ are timing charts indicating the 

various timing signals supplied in the system of my in- 

vention; 
FIG. {2 is a block diagram of a system for exchanging 

information between any one of a plurality of consoles 

and an information source; 

FIG, 13 is a schematic wiring diagram of a flip-flop 

suitable for use in the system of my invention; 

FIG. 14 is a schematic wiring diagram of a number 

of flip-flops of the type shown in FIG, 13 interconnected 

to form a binary counter; 

FIG. 15 is a schematic wiring diagram of a number of 

flip-flops of the type shown in FIG. 13 interconnected 

io form a shift register; 

FIGS. 16@ through 16f/, when arranged vertically side 

by side with FIG. 16a at the left, comprise a schematic 

wiring diagram of a console unit suitable for use in the 

system of FIG. 12 in accordance with a preferred em- 

bodiment of my invention; 

FIGS. 17a through 17c, when arranged vertically side 

by side with FIG. 17a at the left, comprise a schematic 

wiring diagram of a central buffer system suitable for 

use with a console of the kind shown in FIGS. 16a@ through 

16f in the system of FIG. 12; 

FIG, 18 comprises a schematic wiring diagram of the 

symbol generator used in the system of FIG. 12; 
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FIG. 19 comprises a schematic wirmg diagram of a 

character decoder for use with a sysiem of FiG. 12; 

FIG. 20 comprises a schematic wiring diagram of an 

encoder used in the symbol generator of FIG. 18; 

FIG. 21 is a schematic wiring diagram of a pulse dis- 

tributor used in the symbol generator of FIG. 18; 

FIGS, 22a and 225, when arranged vertically side by 

side with FIG. 22a at the left, comprise a schematic 

wiring diagram of the central counters used in the sys- 

tem of FIG. 12; 

FIGS. 23a and 234,.when arranged vertically side by 

side with FIG. 23a at the left, comprise a schematic 

wiring diagram of a translator and an information source 

suitable for use in the system of FIG. 12; 

FIG, 24 is a schematic diagram of a delay line used 

in an alternate embodiment of my invention; and 

FIG. 25 is a schematic wiring diagram of the alternate 

embodiment of my invention employing a delay line of 

the type diagrammed in FIG. 24. 

Referring first to FIG. 1, the operator’s console for 

use in a system in accordance with my invention is con- 

veniently housed in a suitable cabinet 1. A cathode ray 

tube 3 is mounted in the housing 1 so that its screen 

is visible to the operator. A keyboard is provided for the 

operator, on which keys such as 5 are located, each 

labeled with an appropriate symbol in a selected alpha- 

bet. In the example shown, the information-represent- 

ing characters available are A, B. C, the numbers from 

0 to 9, and a period and comma. A space bar is pro- 

vided to introduce a blank character space where desired. 

Two functional keys are also provided on the corsole, 

comprisilng a clear key 7 and a transmit key 9, Func- 

tions of these keys will be made to appear. A lamp 10 

labeled “Enter” indicates when illuminated that the sys- 

tem is ready to receive a message from the keyboard. 

Referring now to FIG. 2, the manner in which the keys 

§ on the keyboard of the console shown in FIG. 1 are 

employed to generate a binary code is shown. A piu- 

rality of levers such as 11, 13, 15, and 17 are each jour- 

nalled at one end on a suitable shaft such as 19. When 

raised, each of the Jevers will close an associated switch 

to provide a voltage level. In practice, I prefer to em- 

ploy magnetically operated reed switches, and for this 

purpose the Ievers such as 11 would each actuate a mag- 

net to move it into position to actuate an associated reed 

switch. In the system to be illustrated, it is assumed 

that information may be represented by six binary code 

bits, plus a parity bit for information checking. At the 

entry of each character, a strobe pulse is produced in 

addition to the information pulses. Accordingly, ther: 

are eight output Jines, and these lines will correspond 

to the switch $1, the switches S2, S4, S8 and S16, not 

shown in FIG. 2, and the switches $32, SP and SSP. 

As indicated for the 0 key, each key is journalled about 

a suitable shaft and is provided with an extended lever 

such as 21, which is provided with raised portions such 

as 23 and 25 adapted to engage selected ones of the trans- 

verse levers such as 11, when the key is depressed by the 

operator. Each key is provided with a projection such 

as 25 which will operate the lever 11 such that it will be 

operated at each character entry, to provide the character 

strobe pulse, The other transverse levers are operated or 

not according to the particular code that it is desired to 

enter. For example, unless it is not desired to use the 

binary 0 code as an information code, the code for 0 

would be binary ©, which would be represented as 

0000001. Since an odd parity check is desired, a parity 

bit is provided for this code sequence. In the sequence, 

the first six bits represent the characters in binary code, 

the last bit is the parity bit. 
Since the manner in which the code is generated by the 

keyboard ts one which is well known per se in the art, 
it is believed that it will be undertsood without further 

detailed description. 
Referring now to FIG. 3, a central feature of the con-
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sole units of my invention is a delay line into which in- 
formation may be entered, either by the operator or from 
an external information source, as will appear. It will 
be assumed that this delay line provides a delay of 10 
milliseconds in the system to be described, although other 
delays will obviousiy be perfectly satisfactory if the sys- 
tem timing is correspondingly adjusted. As shown in 
FIG. 3, the delay line 4 is provided with an input terminal 
aoand an output terminal 6. The input terminal a is 
connected through an input coil L1 to ground. This coil 
LI surrounds a pair of elements 27 and 29, which are 
embedded at one end in a rubber block 31. A permanent 
magnet 33 is mounted adjacent to the coil Li and the ele- 
ments 27 and 29. The elements 27 and 29 are made of 
different materials which respond differently to applied 
magnetostrictive forces, Suitable materials for this pur- 
pose are well known. 

The ends of the elements 27 and 29 are fastened to an 
elongated spiralled wire 35, such that in response to a 
pulse of electrical energy applied to the coil L1, a mag- 
netostrictive force will be produced that will tend to make 
element 27 shorter than element 29, twisting the wire 35. 
This torsional deflection is propagated down the wire 35 
at the speed of sound, and appears a predetermined time 
later as a torsional deflection at the opposite end. A 
second pair of elements 37 and 39, secured to the opposite 
ends of the wire 35 in the same manner as the elements 
27 and 29, have their opposite ends imbedded in a rubber 
block 41. An output coil L2 surrounds the elements 37 
and 39, and a permanent magnet 43 is disposed adjacent 
to the coil L2 in a manner similar to that in which the 
magnet 33 is arranged with respect to the coil L1. When 
a torsional deflection reaches the end of the wire 35 
which is connected to the elements 37 and 39, these ele- 
ments are moved in a manner which generates an elec- 
tromagnetic pulse in the coil L2, which pulse appears at 
the output terminal b. The basic frequency at which in- 
formation is gated to the delay line in accordance with 
the system of my invention, in a typical embodiment 
thereof, was at the rate of 655 thousand bits per second. 
Thus, the delay line, if adjusted to be of approximately 
106 milliseconds in delay, has a capacity for approximately 
6,550 bits. In practice, I prefer to adjust the delay line 
in accordance with the particular frequency of the basic 
oscillator employed such that if the oscillator is adjusted 
to approximately 655 kilocycles, the delay line is adjusted 
to hold exactly 6,552 bits of information, The reason 
for this number will be made to appear. 

Referring now to FIG. 4, FIG. 4a shows the manner 
in which characters are arranged for storage in the delay 
line of FIG. 3. As indicated, each character has associ- 
ated with it a time space; the time spaces for characters 
1-104 are provided sequentially. As indicated in FIG. 
4a, characters 51 and 52, and 103 and 104, occur during 
times corresponding to the horizontal retrace on the screen 
of the cathode ray tube of the console shown in FIG. 
1, Accordingly, these characters are not used to repre- 
sent information in the illustrated embodiment of my 
invention. However, if so desired, they may be em- 
ployed to store a station identification code or other in- 
formation to be used in the system but not displayed to 
the operator. 

The time alotted for the storage of each character is 
further divided into seven equal shorter times, shown in 
FIG. 4b. For reference, these character times have been 
designated as 7; through 77. As will appear, pulses mark- 
ing these times are generated in the apparatus of my in- 
vention. As shown in FIG. 46, the 7, time is used to 
store a character code representing a stored character. 
The 7, time is not used in the illustrated embodiment of 
my invention, but may be used if desired to store an 
auxiliary character associated with the character stored 
in the 7, time. The times from 73 through 7, are de- 
voted to storing the video signals for displaying the 
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character in the corresponding 7; time on the screen of 
the console unit of FIG. 1. 

Referring to FIG, 4c, the manner in which the 7, time 
is divided into nine equa! shorter times is indicated. As 
shown, these times are designated by the numbers 9, 
through 9%, which correspond to pulses generated in ihe 
equipment. The iimes from 9; through 9@ are filled by 
the character code, identifying the particular character 
to be stored, and are represented in the equipment by 
pulses which are present or not in the corresponding nine 
limes. The @; time Is provided for the storage of the 
pariiy bit associated with each character code. The 9, 
and 9) times are employed in the system to schedule 
loading and unleading of the delay Jine. The $5 time, if 
oecupied by a pulse, signals where to unload the next 
character in the delay line. A pulse in the 99 time in- 
dicates where the next character should be loaded into 
the systent. 

Referring now to FIG. 4d, the times 73 through 7; are 
similarly broken down into 9 times, but these times are 
utilized differently, The first group of times from 9, 
through 9, is employed to store a video signal for dis- 
playing the character on the console. The 93 and 9g times 
correspond to the vertical fail time or retrace time on the 
cathode ray tube, aral wre noi used to display informa- 
tion, The manner in which the video signal is stored 
will be made clear fron: a consideration of FIGS. 5-8. 

FIG. 5 shows a diagram ef the manner in which the 
eleciren beam is caused to scan the screen of the cathode 
ray tube in the conscie unit of my invention. As shown, 
the horizontal sweep may be divided into four strokes. 
Stroke L occurs during the time that the first line of 
characters from 1 to 50 is displayed on a selected top 
line on the tube. The second stroke is a retrace stroke 
during which character times 51 and 52 occur. The third 
stroke is made at a different vertical level selting, and 
during this time the characters 53 through 162 may be 
displayed. The retrace stroke 4 carries the beam back to 
the initial position, and occurs during the times that cor- 
respond to characters 103 and 404, 

FIG. 6 shows the manner in which the 9 times are re- 
lated to the vertical sweep voltage on the cathode ray 
lube in FIGS. | and 5. As shown, the vertical rise time 
corresponds to times 9, through 95, and the vertical fall 
lime corresponds to times 9, through Qs. During a par- 
ticular one of the tunes 9, through 9, on a given ver- 
tical rise, if the grid of the cathade ray tube js supplied 
with an appropriate voltage to intensify the beam, a bright 
spot will appear on the screen at that point in the line. 
These bright spots are used in combination to display the 
various characters which may be stored in the system. 

Referring now to FIG. 7, the relation of the vertical 
sweep voltage to the 7 times is shown. The 7, and 7. 
times contain no video information, so that these times 
define the space between characters. Fach group of 
times 7, through 77 contains video information for a single 
character, and thus sets ihe width of the character. Ob- 
viously, the characters might be more closely spaced by 
omitting the 7, time, or more widely spaced by adding 
an additional time period between the information pres- 
entations. Also, if more or Jess resolution were required, 
more or less than the 9 intermediate times might be em- 
ployed for individual information display. 

Referring now to FIG. 8, 1 have shown the manner 
in which a typical character, here shown as the numeral 
6, is displayed. As will be apparent from a comparison 
of FIGS. 6 and 7, as the scale of the vertical valtage 
function is made more realistic, the rise times become 
more nearly vertical. These times are indicated in FIG. 
8 by the vertical dotted lines 7, through 7,. The regions 
in these times in which the various 9 times accur are in- 
dicated by the dotted horizontal lines 9, through 9.. A 
large circle at the intersection of a 9 time and a 7 time 
indicates a bright spot on the screen at that time due 
to an applied pulse. As shown, these pulses are so ar-
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ranged in time that the figure 6 is generated on the 

screen. FIG. 9 shows a group of other symbols which 

may similarly be provided, and it will be apparent that 

any other desired number of characters could be formed 

in the same way. 

Referring to FIG. 10, a table is given in which the vari- 

ous pulses generated at the appropriate times to display 

the character 6 shown in FIG. 8 are indicated. The pulses 

are designated by logical 1's, and the absence of pulses 

by 0's, in a manner corresponding to the codes which are 

generated within the apparatus of my invention. As will 

appear, each pulse indicaied by a logical 1 is applied to 

intensify the beam of the cathode ray tube to provide a 

light spot in the selected character display. 

Referring now to FIG, 11, a chart of the various timing 

signals employed in the apparatus of my invention is given. 

As shown, the basic timing pulse is derived from an os- 

cillator which provides a pulse of 0.3 microsecond dura- 

tion at a 655 ke. repetition rate. Delay pulses of 0.1 

and 0.8 microsecond are also employed as strobe signals 

in the equipment, as will appear. The timing of the sys- 

tem is taken from the 0.3 micresecond pulses, which op- 

erate a first shift register to generate the 9 time pulses, 

and this in turn operates a second shift register to generate 

the 7 time pulses. Characters are counted by a counter 

actuated by the output of the 7’s timing shift register. 

Detailed circuits for performing these functions will be 

described below. 
In FIG. 12, I have shown a block diagram of a system 

for exchanging information between a selected one of N 

operator's consoles and an information source. This 

block diagram indicates the basic equipment within each 

console, and the essential relationship between the con- 

soles, the central buffer system, and the information 

source. 
Station N is typical of the other stations indicated in 

FIG. t2. As shown, this station is provided with a delay 

line 4, The delay line is supplied by information from 

a write flip-flop WRFF through a write amplifier 47. The 

write flip-flop is controlled by the station information 

control gates 6 to supply a pulse indicating a logical 1, 

or no pulse indicating a logical 0, to the write amplifier 

at each time space in the machine cycle. During times 

when no information is supplied to the station or is stored 

therein, the write flip-flop WRFF is set to its 0 state. Tn- 

formation appearing at the output of the delay line 4 is 

applied to a read flip-flop RDFF through a read amplifier 

53. The information represented by the state of the read 

flip-flop RDFF is channeled by the information control 

gates 6 to other parts of the system, and when it is desired 

to recirculate information in the delay line, it is supplied 

through the gates 6 from the read flip-flop RDFF to the 

write flip-flop WRIT. 

When an operator desires to ener information at sta- 

tion N, to initiate a request for information from an in- 

formation source 16, he enters the request manually at 

the keyboard 2, where it is converted to code which is 

applied through the information contral gates 6 to the 

delay line 4. As characters appear at the output of the 

delay line, they are supplied through the read amplifier 53 

and the read flip-flop RDFF to the information control 

gates 6, and are gated at the appropriate times through 

the station multiplex gates 10 to the central symbol gen- 

erator 18. In the central symbol generator, a video en- 

coder 59 continuously provides video information for all 

possible characters which may be displayed. The char- 

acter supplied from the station is decoded in a character 

decoder 55, which operates through video gates 57 to 

select a line assigned to the particular character selected. 

The video information on this line is then fed back 

through the station multiplex gates 10 to the information 

control gates 6 of the station N. From the gates 6, the 

information is supplied to the write flip-flop WRFF. 

The output of the write flip-flop WRFF is supplied to 

the write amplifier 47 to place the video information after 
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the selected character in the delay line 4. At the same 

time, the output of the write flip-flop is applied through a 

video gate 24 to a video amplifier 61, where it is applied to 

modulate the intensity of the beam of the cathode ray 

tube 3. 
The video information stored in the delay line 4 appears 

at the output after its associated character code appears at 

the output, and until the entire message has been entered, 

information is recirculated through the read flip-flop 

RDFF, the control gates 6, and the write flip-flop WRFF 

back to the input of the delay line 4 and to the video gate 

24. Thus, the information is represented to the cathode 

ray tube once every cycle of the delay line, which in the 

illustrated embodiment will be at the rate of 100 times 

per second. 

When the entire message has been entered, the opera- 

tor may check it for accuracy by observing it on the cath- 

ode ray tube screen. ‘Thereafier, in a manner to be de- 

scribed in detail below, he initiates a transmit operation in 

which the information in the delay line is still supplied to 

the write flip-flop WRFF, but is also channeled through 

the station multiplex gates 10 to the central buffer system 

12. It is unnecessary to transmit the video information, 

so that it is simply erased from the system at this time. 

When the central buffer system 12 has received a char- 

acter from the station N, it transmits the character to a 

translator 14, The translator 14 converts the system time 

and information into suitable timing and information for 

any selected information source, here shown in block dia- 

gram form as an information source 16. 1f the informa- 

tion source has no prescribed timing, the translator 14 

may be provided with its own timing source, or may be 

timed by the central counters and timing gates 20 of the 

information processing system of my invention. How- 

ever, in general, the external equipment will be provided 

with its own clock, which is employed to time the transla- 

tor during exchanges between the translator and the in- 

formation source, and in transmission to the central buffer 

system. On the other hand, when receiving information 

from the centra! buffer system, the translator takes its tim- 

ing from the central counters and timing gates 20. 

When the translator has received a reply to the request 

sent to the information source 16, it is sent back to the 

central buffer system 12. From there, it is transmitted 

back to station N a character at a time, as each character 

js received from the translator 14, and entered into the 

delay line 4, through the information contro] gates 6. As 

before, as the information appears at the output of the 

write flip-flop WRFF, it is transmitted through the write 

amplifier 47 to the input of the delay line. As each char- 

acter appears at the output of the delay line, it is channeled 

through the information control gates to the station multi- 

plex gates, and thence to the symbol] generator, wherein 

a video line is selected as before. When the line is se- 

lected, the video information is supplied back to the in- 

formation control gates and channeled into the delay line 

4as before. At the same time, the video will be supplied 

through the video gate 24 to the video amplifier 61. The 

video information is also recirculated through the delay 

line so that the operator will see the reply information 

visually displayed on the cathode ray tube 3 for as Jong as 

may be necessary to interpret it. When the reply has been 

received, the station loses possession of the central buffer 

system 12. Thereafter, the reply is displayed until the 

operator cancels it by depressing the clear key on the con- 

sole. Jn the meantime, another station may take posses- 

sion of the central buffer system for an information ex- 

change. As will appear, in the event of simultaneous 

requests by stations, a preference is enforced, but a request 

not simultaneous with another request is granted as soon 

as the central buffer system becomes available. 

Before describing the details of a specific embodiment 

of my invention, I shall first describe various typical cir- 

cuits which are employed in the system and are later 

shown in block diagram form.
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Referring first to FIG. 13, I have shown a typical flip- 
fiop, a number of which are used in the system of my in- 
vention. Shown within the outer block is a synchronous 
flip-flop FF. When used in this form, the flip-flop FF re- 
quires the application of both a negative pulse and a posi-. 
tive (or ground) level to change it from one state to an- 
other. Thus, if a ground level is applied to its input ter- 
minal @ and a negative pulse is applied to its input ter- 
minal 5, the output terminal ¢ will be driven to ground 
potential. (In FIG, 13, and in other figures to be de- 
scribed, I have indicated the positive or ground level by 
an open diamond, and a negative pulse by a closed tri- 
angle. Also used are closed diamonds to indicate a nega- 
tive level and open triangles to indicate positive pulses.) 
Within the synchronous flip-flop FF is shawn an asyn- 
chronous flip-flop AFF. This may be of any suitable con- 
ventional construction, of the type which requires a posi- 
tive pulse or level at either of its input terminals a or b to 
change the state of the circuit. If pulses are simultaneous- 
ly applied to both input terminals a and 6, the unit will 
change state. As shown, the asynchronous flip-flop AFF 
comprises a pair of transistors QI and Q2 which have their 
emitter terminals grounded. The collectors of the transis- 
tors are clamped to a negative potential cf 5 volts or less 
by a pair of diodes D1 and D2, and are supplied with bias 
potential through resistors R1 and R2 from a negative 15 
volt source. The voltage values are of course merely il- 
lustrative, and other values may be used with suitable 
transistors and circuit constants. If the transistors Q1 and 
Q2 are of the 2IN1499 type, and the diodes are of the 
IN281 type, convenient values for the resistors R1 and R2 
are 1,000 ohms each. The remaining resistors might have 
the values of 12,000 ohms for R3 and R4, 2.0 thousand 
ohms for resistors R5 and R6. Capacitors Cl and C2 
may each be 100 picofarads. 

As will be apparent to those skilled in the art, assuming 
that transistor QL is conducting, its collector will be sub- 
stantially at ground potential. This potential will be ap- 
plied to the base of transistor Q2, reverse biasing it with 
respect to the emitter and causing it to cut off. The out- 
put terminal ¢ of the unit AFF will then be at substantially 
ground potential, representing a logical 1. The output 
terminal d will be approximately minus 5 volts, since 
transistor Q2 is cut off, representing a logical 0. 

If a positive pulse is applied to input terminal a of the 
asynchronous flip-flop AFF, no change in state will take 
place because the circuit is already in its logical 1 state. 
However, if a positive pulse is applied to input terminal b 
of the asynchronous flip-flop, the base of transistor Q1 will 
be reverse-biased with respect to the emitter, and the tran- 
sistor Q1 will apply a negative potential to the base of the 
transistor Q2, causing it to go into conduction, As a re- 
sult, the output termnal c of the unit AFF will go to a 
negative potential representing logical 0, and the output 
terminal d will go to ground, representing logical 1, which 
in this case means “not.” 

The inputs to the asynchronous flip-flop AFF are sup- 
plied by two delayed AND gates DA. These delayed 
AND gates each include a pair of diodes such as D3 and 
D4, a capacitor such as C3, and a resistor suchas R7. At 
the frequencies and bit repetition rates used in the illus- 
trated embodiment, suitable values for R7 and C3 are 4.7 
thousand ohms and 180 picofarads, respectively. In 
operation, a ground potential level is applied to the input 
terminal a of the flip-flop FF, and a negative pulse is ap- 
plied to the input terminal 4, the leading edge of the nega- 
tive pulse will not affect the circuit, but will merely begin 
charging the capacitor C3. However, the trailing edge of 
the pulse, which is positive-going, will apply a pulse above 
the ground level through the diode D3 to the input ter- 
minal @ of the asynchronous flip-flop AFF. A delay in 
setting the flip-flop AFF is thus obtained, which is em- 
ployed to prevent racing in the counting and shift register 
circuits to be described. 

In any case in which it is desired to eliminate the de- 
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lay in setting the flip-flop FF, this may be done by simply 
using a positive pulse as an input to the terminal 5. If 
this is done, the output of the gate DA will be provided 
on the leading edge of the pulse instead of the trailing 
edge. 

FIG. 14 shows the manner in which synchronous flip- 
flops of the type shown in FIG. 13 may be interconnected 
to form a binary counter. As wiil be apparent from a 
comparison cf FIGS. 13 and 14, each stage of the counter 
comprises a synchronous flip-flop such as LFF, 2FF, and 
4FF, which may each be identical to the flip-flop FF in 
FIG. 13, and an AND gate, designated by NA plus a 
number denoting the counter stage, of the type which will 
produce a negative output in response to two applied neg- 
ative inputs. As indicated in FIG. 14, this type of AND 
gate may be provided in a conventional manner by the 
use Of a pair of diodes and a resistor connected to a suit- 
able negative voltage source. With this construction, an 
applied negative input count pulse will change the state 

of the first stage of the counter. Thus, if the stages 1FF, 
2FF, and 4FF are initially at logical 0, such that their 
“not” terminals (indicated by the barred numerals) are 
cach at ground potential, the input count pulse will shift 
the state of the unit LFF on the trailing edge of the count 

pulse to logical 1, at which time the £ terminal will go 
negative. However, since the input count pulse is no 
longer present, no output pulse will be provided by the 
negative AND gate NAL. On the second input count 

pulse, the I terminal of the flip-flop IFF will be negative, 
and the leading edge of the input count pulse will provide 
an output setting pulse from the negative AND gate NAL 
to change the state of flip-flop ZFF. At the trailing edge 
of the count pulse, the flip-flop IFF will be reset to logical 
0. The count proceeds, by repeating the previous steps, 
through the usual binary sequence. 

FIG, 15 shows a shift register constructed by properly 
arranging the wiring of three flip-flops of the synchronous 
type shown as FF in FIG. 13. As shown in FIG. 15, 
the shift line is connected to all of the pulse input termi- 
nals of the flip-flops. Thus, a ground level provided on 
either the one-set terminal a or the zero-set terminal d 
of any of the flip-flops will permit the shift pulse to set 
the flip-flops to the directed state. The output terminals 
of each flip-flop except the last are connected to the setting 
terminals of the next flip-flop, such that the state to which 
a given flip-flop is set at each shift pulse will depend upon 
the state of the previous flip-flop in the chain. As indi- 
cated in FIG. 15, the input to the shift register may be 
provided by a positive or ground level supplied directly 
to the one-set input terminal a@ of flip-flop 1FF and, 
through an inverter I, to the zero-set input terminal d. 

The details of a typical station unit will next be de- 
scribed with reference to FIGS. 16a through 16f. Re- 
ferring first to FIG. 16a, the gates for scheduling the as- 
signment of the central symbol generator and the central 
buffer system to the individual stations are shown, Con- 
sidering first the symbol generator possession unit, this 
comprises a shift register including a flip-flop for each of 
the stations from 1 to N. These flip-flops are designated 
respectively SGPI, through SGPN, with a typical inter- 
mediate station being designated as SGPi. The shift 
pulses are applied in the same manner as just described 
in connection with FIG. 15, and comprise a series of neg- 
ative shift pulses indicated as “SGP shift,” which are re- 
peated in the system herein described at approximately 
100 pulses per second. This time is related to the ap- 
proximate 10 millisecond time of the delay line 4, and 
represents the lime necessary to generate the video in- 
formation for a line full of characters. As shown, the 
input to the shift register comprising the SGP flip-flops 
is supplied by an OR gate OR1 which has inputs con- 
nected to all of the logical 0 output terminals of the 
flip-flops except the last one. Thus, if there is a 1 in 
any Of the flip-flops except the last, SGP1 will be set to 0
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on the next SGP shift pulse. However, if there is no 1 in 

any of these flip-flops, SGP1 will be set to 1. The effect 

of this circuit connection is to keep a logical 1 circulating 

through the flip-flops, and this 1 indicates by its presence 

on the output terminals of the given flip-flop that the 

symbol! generator is in the possession of the station asso- 

ciated with that flip-flop. Thus, the output SGPN for 

the Nth flip-flop indicates by a positive level that the 

station N has the symbol generator in its possession. 

As will appear, an SGP shift pulse is formed during 

the 104th character time by the last pulse within that 

time; the 7,9 pulse is employed in the illustrated embodi- 

ment. Thus, the possession of the symbol generator is 

shifted from one station to the next once every 10 millisec- 

onds. The rate at which new video information may be 

obtained by each station depends on the number of sta- 

tions; in practice, I have found that up to twenty-four 

stations may be used in the illustrated embodiment of the 

system of my invention. With twenty-four stations in 

the system, each station could obtain new video infor- 

mation approximately four times per second. It should 

be noted that the frame rate of the display of information 

at each station will be 100 frames per second regardless 

of the number of stations in use, because once the video 

signals for a line of characters has been supplied to the 

delay line 4 for the station, it is re-presented to the cathode 

ray tube 3 every ten milliseconds. 

The central buffer is assigned to one of the stations by 

a shift register containing a flip-flop for each station. 

These are indicated as beginning with BPFF1 for station 

1, to BPFFN for station N, with the flip-flop for any inter- 

mediate station being indicated as BPFFi. 

These flip-flops are interconnected to form a shift regis- 

ter of the same type as used for the symbol generator pos- 

session shift register. The shift pulses are supplied by 

a BP shift line, which is energized at times prescribed by 

the central buffer system program control with pulses 

occurring at a 655 kc. per second repetition rate. These 

pulses cause a logical i to circulate through the buffer 

possession flip-flops, and this action is continued until a 

station is found which has a message ready for transmis- 

ion to the central buffer. A shown, the logical 1 output 

terminal of each buffer possession flip-flop except BPFFN 

is applied to one input terminal of an AND gate, the other 

terminal of the AND gate being supplied by an unload 

signal from the next succeeding station. Specifically, 

the AND gate A47 has one input terminal connected to 

the logical 1 output terminal of the flip-flop BPFF(N-1), 

not shown, and a second input terminal energized by a 

signal “unload N” which is supplied, when station N has 

a message to transmit, in a manner to be described below. 

The AND gate A49 for the typical intermediate station i 

has one input terminal connected to the logical 1 output 

terminal of the flip-flop BPFF(i-1), not shown, and the 

other input terminal energized by an “unload 7?” signal. 

The first station 1 is represented by an AND gate A51, 

which is supplied by a signal, corresponding to the logical 

1 state of the flip-flop BPFFN, produced at the output of 

the inverter 136 when there is no logical 1 in any of the 

other flip-flops. The second terminal of the gate ASI 

is energized by an “unload 1” signal, as shown. The 

gates such as A47, A49 and AS51 are connected through 

inverters, such as 130, 131 and 135, respectively, to a 

common line which is energized with a ground level to 

indicate “stop search” when any of the AND gates pro- 

duces an output. Thus, the “stop search” signal for any 

station is generated when the “unload” signal for that 

station is generated and the buffer possession flip-flop for 

the next preceding station is in its logical 1 state. The 

reason for this arrangement is that there is a delay be- 

tween the recognition of the fact that a station is ready 

to transmit and the interruption of the buffer possession 

shift pulses. As will appear, after a “stop search” signal 

is formed, the buffer possession shift pulses are inter- 
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rupted, but not until one final pulse has been sent to step 

the shift register to its next state. 

Referring to FIG. 16f, the control circuits for the 

cathode ray tube 3 will next be considered. These cir- 

cuits are conventional, except in the timing of the hori- 

zontal and vertical sweeps, and in the manner in which 

the vertical step function is introduced. 

As shown, the cathode ray tube 3 is of the electrostatic 

deflection type, being provided with horizontal deflection 

plates HP and vertical deflection plates VP. The cathode 

of the tube is supplied from the wiper of an intensity 

control potentiometer P1 which is connected in a voltage 

dividing circuit extending from a suitable source of nega- 

tive voltage, of, for example, minus 1500 volts, through 

the resistance element of the potentiometer PI, a resistor 

R8, a focusing control potentiometer P2, and an additional 

resistor R9 to ground. An astigmatism correction poten- 

tiometer P3 is also provided, which has its resistance ele- 

ment connected across a suitable source of voltage as 

shown, and its wiper connected across a capacitor C5 

to the control grids of the tube. 

Grid bias is provided in a conventional manner by a 

circuit path connected between the cathode and the grid 

of the tube 3, this path comprising a capacitor C4, re- 

sistor R11 and resistor R10. The intensity modulating 

video input signal is supplied between the junction of re- 

sistors R10 and R11 and ground. As here shown, this 

input is provided from the output of the video amplifier 

61 through a suitable coupling capacitor C6. 

The vertical sweep voltage is supplied to the vertical 

deflection plates of the tube 3 by a vertical sweep generator 

and deflection amplifier WGA. As shown, the input to 

this unit comprises the vertical synchronization pulses, 

which are generated at 9g and Y, times, represented 

logically by the logical symbol (93+99). The synchroni- 

zation pulses are applied to a ramp generator SRO, which 

may be of any suitable conventional construction, and 

which supplies a cathode follower CF. The output of 

the cathode follower CF is supplied through a suitable 

coupling capacitor C7 to a phase splitting amplifier com- 

prising a conventional triode Tl. Plate voltage from 

a suitable voltage source B+ is supplied to the triode T1 

through a conventional load resistor R13. The cathode 

is returned to ground through a suitable resistor R12. 

Grid bias is supplied by a grid resistor R11. The plate 

and cathode outputs of the phase splitting amplifier PSA, 

which are 180° out of phase, are applied to a pair of de- 

flection amplifiers through suitable coupling capacitors 

C8 and C9. 
The deflection amplifiers are symmetrical, except that 

one of them is supplied with the vertical step function 

input in its grid bias circuit. As shown, a first deflection 
amplifier comprises a triode T2 provided with a plate 

load resistor R14 and a cathode returned to ground 

through one side of a vertical centering control potenti- 

ometer P4 and a resistor R22. The grid bias is provided 

by a potential divider extending from the power supply 
terminal B-+- through resistors R15, R16 and R17 to 
ground. The input from the phase splitting amplifier 
PSA is supplied to the junction of the resistors R15 and 

R16, and the vertical step voltage is applied to the junc- 
tion of the resistors R16 and R17. As shown in FIG. 
lla, the vertical step voltage provides for a first level 
during the time in which the characters 1-50 are written, 
and a second level during the time in which the charac- 
ters 53-102 are written. The second deflection amplifier, 

comprising a triode T3, may be the same as the one com- 
prising the triode T2, except that there is no vertical step 
input. The manner of vertical centering through the 
use of the potentiometer P4 is conventional, and, as will 
be apparent to those skilled in the art, the control con- 
sists in adjusting the relative cathode potentials of the 
triodes T2 and T3 to cause the beam to be centered on 

the tube face in the absence of an input signal from the 

phase splitting amplifier PSA.
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The horizontal sweep generator and deflection amplifier 
HGA may be identical with the vertical sweep generator 
and deflection amplifier VGA, except for obvious differ- 
ences in component values due to the different frequencies 
at which these circuits operate. Specifically, the vertical 
sweep voltage has a repetition rate of approximately 72.8 
ke. per second, and the horizontal defiection voltage has a 
frequency of approximately 200 cycles per second. An 
additional difference is that there is no input correspond- 
ing to the vertical step input for the vertical unit VGA 
in the horizontal unit HGA. As indicated schematicaily, 
the horizontal synchronization pulses comprise the times 
in which characters 51, 52, 103 and 104 are assigned. 
These pulses are provided from the central character 
counters in a manner which will appear, 

Considering now the circuits concerned with entering 
and extracting information from the delay line 4, the 
write flip-flop WRFF will first be considered. As shown 
in FIG. 16f, a strobe pulse comprising the clock pulses 
of 0.3 microsecond duration at 655 ke. per second is ap- 
plied to the pulse input terminals of this flip-flop. A set 
level is supplied by a write signal applied to the right 
hand input terminal of the flip-flop WRFF directly, and 
through a conventional inverter [1 to the left hand input 
terminal. As shown in FIG. 114, a delayed pulse of 0.8 
microsecond duration is provided following each 0.3 
microsecond pulse. The purpose of this delay is to give 
the write flip-flop WRFF time in which to be set. 

Referring again to FIG. 16f, at each 0.8 pulse, an AND 
gate A1 is enabled to read the output of the write flip-fiop 
WRFF into the write amplifier 47 through a conventional 
inverter [2. 

The delay line output, labeled DLO, is supplied to the 
read amplifier 53 from the delay line 4. Depending upon 
the mode in which the station unit is operating, the delay 
line output DLO is gated either through a first AND gate 
A2 in FIG. 16f or a second AND gate A3 in FIG. 16e. 
As indicated in FIG. 16, the AND gate A2 is enabled at 
any time except when it is desired to look for a marker in 
the delay line. As will appear, these markers indicate 
either that the next character is to be loaded or unloaded. 
When the AND gate A2 is enabled, the delay line output 
is applied to set the read flip-flop RDFF by a direct con- 
nection to its right hand level input terminal and through 
an inverter 13 to its left hand input terminal. Actual sct- 
ting of the read fiip-flop occurs on the trailing edge of the 
read strobe pulses, which are of 0.1 microsecond dura- 
tion, 

As shown in FIG. 16/, the video information is applied 
to the video amplifier 61 from the output terminal of an 
emitter follower EFi. This emitter follower comprises 
a pair of transistors Q3 and Q4. Transistor Q3 is supplied 
by a suitable power supply having its negative terminal 
connected to the collector of the transistor Q3 and its pasi- 
tive terminal connected to the emitter through a suiiable 
load resistor R16. The transistor Q4 has its collector con- 
nected to the negative terminal of the power supply, iis 
base connected to the emitter of the transistor Q3 and its 
emitter connected to the input termina] of the video am- 
Plifier 61. As will be apparent to those skilled in the art. 
upon the application of a negative input pulse to the input 
terminal a of the emitter follower EFI, the transistor Q3 
will be caused to conduct, lowering the potential at the 
base of the transistor Q4. The result of this will be that 
the emitter of the transistor Q4 will go negative, applying 
a negative input signal to the input of the video amplifier 
61. 

Negative pulses for the actuation of the emitter follower 
EF1 are supplied by an AND gate A4. This AND gate 
has four input terminals, and provides a negative output 
voltage when all of the input voltages are at ground or 
Positive potentiais, Since the video signal is stored and 
generated during the 7; through 7, times, one input to 
the AND gate Adis the logical signal “not 7, or 79’’, shown 
as (71+7%2). Also, it is desired to provide blanking of the 
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screen during the horizontal retrace, while is accomplished 
during the character 51, 52, 193 and 104 times. Blank- 
ing is accomplished by providing an inhibit signal at these 
times, and the second input to the AND gate Ad is the 
logical signal “not inhibit.” A third input 1o the AND 
gate Ad is the video strobe pulse, which comprises the 0.8 
microsecond timing pulse ulso used as the write strobe 
pulse. The fourth input to the AND gate Ad is the 
“write” Jevel, which provides the video code signals dur- 
ing the times 7, through 7. 

Referring now to FIG. 16e, it will be recalled that the 
AND gate A3 has as one input the delay line output DLO. 
This AND gate is enabled when the station is not in a 
clear status and when a “look for marker” signal is ap- 
plied. 

The AND gate A3 controls the setting of a marker 
flip-flop MFF through a marker delay flip-flop MDFF, 
The necessity for the provision of the marker delay flip- 
flop will be made clear when the operation of the system 
is described. 

As shown, an inverler 14 is provided between the out- 
put of the AND gate A3 and the input of the marker de- 
lay fip-flop MDF. This inverter is provided simply to 
provide the proper polarity to set the flip-flop. The out- 
put of the marker delay flip-flop MDFF sets the marker 
flip-flop MFF as shown. The strobe for both flip-flops is 
the 0.1 microsecond pulse. Initially, the marker flip-flop 
is set to the logical 0 state by a clear pulse applied through 
a suitable isolating diode to its left-hand output terminal. 
During the operation of the equipment, a “marker gate” 
signal is applied to restt the flip-flops through an inverter 
I5. 

The “look for marker” signal applied to the AND gate 
A3 is formed by a plurality of AND gates AS, A6, and 
AT and iwo OR gates OR1 and OR2. The interconnect- 
ions and functions of these gates will be described in con- 
nection with the operation of the system. 

The functions performed by the keyboard of the console 
unit will next be considered. As shown in FIG. 16e, the 
strobe switch SSP, which is closed at every operation of a 
data entry key, actuales a triggered blocking oscillator 
TBI of conventional design to provide a strobe pulse to 
set a keyboard load level applied to keyboard character 
flip-flop KCFF at its right hand input terminal. The key- 
board character flip-flop is reset on the first 0.3 micro- 
second pulse occuring with the marker flip-flop MFF in 
its logical 1 state. The keyboard character flip-flop KCFF 
is also reset at times by a clear pulse provided by a clear 
flip-flop CFF in FIG. 16c, as will appear. 

Referring again to FIG, 16e, the censole is provided 
with an “enter” lamp 10, which is lit when the keyboard 
load level is applied to the keyboard character flip-flop 
KCFF. This indicates to the operator that he can enter 
data into the system. 

The keyboard is also provided with a clear swilch sc, 
which has one terminal connected to a minus 5 volt supply 
and the other terminal connected to a triggered blocking 
oscillator TB2. When actuated, this switch provides a 
negative ciear pulse to begin the clear operation for the 
unit. 

A transmit button is also provided on the keyboard. 
This button comprises a spring-returned push button TB, 
which is normally closed, and which when opened pro- 
vides an open Jevel to initiate the transmission of data 
from the console to the central buffer system. 

The data entry switches S1 through SP have their out- 
put terminals connected to one input terminal of a set of 
AND gates A8 through Ald. The other inputs to these 
AND gates are provided by lines energized at the parlicu- 
lar 9 times indicated in FIG. 16e. In this manner, the 
parallel data from the keyboard is converted into serial 
form in the appropriate 9 times. 

The outpnt terminals of the AND gates A8 through 
Al4 are applied in parallel to an OR gate OR3, The 
output of this OR gate is applied to an AND gate AIS,
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together with a keyboard gate level provided through an 

inverter 16 from an AND gate Al6. The operation of 

these gates will be considered in detail in connection with 

the operation of the system described below. 

Referring now to FIG. 16d, a group of gates is shown 

for performing various functions in the system. First, an 

OR gate OR4 is shown, which is supplied with informa- 

tion from the keyboard, video information, information 

from the central buffer system, marker loading and gate 

signals, a clear gate, and information from the delay line 

4 which is to be recirculated. The output of the OR gate 

OR4 represents information to be entered into the delay 

line 4 and supplied to the cathode ray tube 3. 

The decision whether or not to recirculate information 

in the delay Jine 4 is made by an OR gate ORS followed 

by an inverter 112. Various conditions under which the 

recirculate level is generated will be discussed betow. 

The recirculate level is applied to an AND gate Al7, 

together with the output of the read flip-flop RDFF, and 

the output of the AND gate A17 is supplied to the OR 

gate OR4. 

The command to apply new information to the OR 

gate OR4 is generated by an AND gate Al18, The output 

of this AND gate is supplied through an inverter 110 to 

an AND gate A22, which is also supplied by information 

from the central buffer system. The output of the AND 

gate A22 is applied to the OR gate OR4. The AND gate 

A18 also provides an information gate input to the OR 

gate ORS. 

A third output from the AND gate A18 is provided 

through an inverter I11 to indicate by a ground level the 

“internal unload buffer gate” state of the apparatus. An 

“internal load buffer gate” signal is formed by an AND 

gate A19, which is connected through an inverter I13 to 

provide a positive level gate signal. 

An AND gate A20 provides video information to the 

OR gate OR4. The inputs to the AND gate A20 are 

video information from the central symbol generator and 

a “video gate” level formed by an AND gate AZ{ and 

applied through an inverter 19. 

A clear gate signal is applied to the OR gates OR4 

and ORS from an AND gate A23. This signal is gen- 

erated when the system is in a clear status and the time 

correspands to 7; or to 7, and not the 9, or 9p. 

A “marker gate” level for turning off the marker fiip- 

flop MFF and the marker delay flip-flop MDFF in FIG. 

16e is formed by an AND gate A24 in FIG. 16¢. The 

conditions under which this gate is operated will be dis- 

cussed below. 

FIG. 16c shows the program control system for the 

station N. The station has eight modes of operation, 

which are established by a counter comprising three flip- 

flops PIFF, P2FF and P4FF. These flip-flops are con- 

nected as a binary counter. Interconnection between the 

flip-flops PIFF and P2FF is provided by a negative diode 

AND gate NA3. The output of the flip-flop P2FF is 

connected to the input of the flip-flop P4FF through a 

negative diode AND gate NA4. These AND gates may 

be the same as those shown in FIG. 14. The binary 

states of the counter comprising the flip-flops PEFF, P2FF, 

and P4FF are represented by a series of AND gates A25, 

A26, A27, A28, A29, A30, A31 and A32. As shown, 

the outputs of the flip-flops are connected to the AND 

gates in such a way that at every state of the counter, 

one and only one of the AND gates provides an output. 

Reading from the top, these outputs indicate the program 

modes “clear I,” “load 91,” “keyboard load,” “load 8,” 

“unload,” “clear II,” “load 9IT,” and “external load.” 

A clear flip-flop CFF is set on the first SGP shift pulse 

following the appearance of a negative level at the output 

of the clear 1 AND gate A25 or the clear Il AND agate 

A30. These AND gates have their output terminals con- 

nected to the input terminals of an OR gate OR7, which 

has its output terminal connected to the set level input 

terminal of the clear flip-flop CFF. The clear flip-Hop 
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is reset to 0 on the next SGP shift pulse after the one that 

sets it. This function is accomplished by connecting the 

logical 1 output terminal of the flip-flop CFF to its logical 

0 setting input terminal. When the clear flip-flop CFF 

is reset, a clear pulse is formed which resets the keyboard 

character flip-flop KCFF and the marker flip-flop MFF 

in FIG. 16¢ and 8=9 flip-flop 89FF in FIG. 166. 

The output terminals of the AND gates A26 and A31 

are connected to the input terminals of an OR gate OR6, 

to form the level “load $" in either the “load 91” or “load 

9IL” operational modes of the system. 
The output terminals of the AND gates A27 and A32 

are connected to an OR gate OR8 to form a “load” level 

in either the “keyboard load” or “external load” modes 

of the system. The output of the AND gate A27 is also 

connected to the input terminal of an inverter 114, to 

form a positive “keyboard load” level for use elsewhere 

in the system. The output of the AND gate A3z2 is also 

connected to the input terminal of an inverter 117, to 

form an “external load” ground level signal. 

The output terminal of the AND gate A28 is con- 

nected to an inverter 115, to provide a positive level 

indicating “load 8.” 

The output of AND gate A29 is connected through an 

inverter 116 to form an “unload” ground level. 

The “load” and “unload” operational modes of the sys- 

tem as represented by the outputs of OR gate OR8 and 

AND gate A29% are used to form a “load marker gate” 

level. As shown, the “unload” level is applied to one in- 

put terminal of an AND gate A37, and the other input 

terminal is supplied by a ground level at the tinte 7,9¢. 

The output of the AND gate A37 is connected to one 

input terminal of an OR gate OR9, to form a “load 

marker gate” signal in the “unload” mode. The “load” 

level is applied to an AND gate A38, which has another 

input terminal to which a ground level is applied at the 

time 7:9. The output of the AND gate A38 is con- 

nected to the other input terminal of the OR gate ORS, 

and forms a “toad marker gate” ground level in the “load” 

mode of operation. 
A negative “central clear” pulse from the central buffer 

system is inverted in an inverter 120 to form a “central 

clear” positive pulse, which resets the counter flip-flops 

PIFF, P2FF and P4FF through diodes connected to their 

0 output terminals. These counters are also cleared at 

times by a station “clear” pulse applied to an AND gate 

A33 when the central buffer is not in possession. 

A “load new marker” signal is formed by a series of 

AND gates A34, A35 and A36 and an OR gate OR1O. 

As shown, the “load new marker” negative level is formed 

by the AND gate A35 in character 104 time when the 

OR gate OR1¢ produces an output ground level. The OR 

gate OR10 produces an output ground leve] when it is 

operated either by the AND gate A34, which responds 

in the “load 8” mode of operation in the 7,9 time, or by 

the AND gate A36, which responds during the “load 9” 

mode of the station in the 7,9, time. 

Referring now to FIG. 165, the manner in which the 

“load stop” signal to the central buffer system is formed 

will next be described. This signal is directly provided 

by a positive level at the output of an inverter 126, 

which is supplied by a negative level from an AND 

gate A4§, This AND gate is enabled by a ground level 

applied when the central buffer is in possession, a 9g 

marker bit and a 95 marker bit are located in the same 

7, time, indicating the last character of the message, and 

when the station receives a “send character” level from 

the central buffer system. 

The location of 9, and 95 marker bits in the same 

character time is detected by an 8==9 flip-flop 89FF. 

This flip-flop is synchronized with the 0.3 microsecond 

clock pulses from the central counter, It is set by an 

$=:9 gate level from an inverter 122, which occurs when 

an AND gate A39 provides a negative level. As shown, 

this is accomplished by connecting the “write” level, the
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write flip-flop WRFF output, and a line energized with 
a ground level in 7,9, time to the input terminals of 
the AND gate A39. Since there is a one bit delay be- 
tween the “write” level and the write flip-flop output 
level, both levels will be at ground only when a 719 
bit has been found and a 7,9, has preceded it. 

The flip-flop 89FF is reset on the application of a 
clear pulse from the station to its logical 0 output termi- 
nal through a diode, as shown. It is also reset by a nega- 
tive level appearing at the output of an inverter I21 in 
response to an “unload operation complete” negative level 
from an AND gate A40. This level is provided when 
the flip-flop 89FF is on, the station is in its “unload” 
mode, and a “send character” signal has been sent from 
the central buffer system. 

Count pulses for stepping the counter comprising the 
flip-flops PA1FF, P2FF and P4FF in FIG. t6¢ are pro- 
vided by the output of an OR gate OR11 in FIG. 168. 
As indicated, this OR gate may simply comprise a pair 
of diodes. One input to the gate ORII is provided by 
the clear flip-flop CFF in FIG. 16c. This flip-flop pro- 
vides a clear pulse when the station enters the “clear I” 
or “clear II” operational modes, as previously described. 
A second input to the OR gate ORI1 is provided through 
an inverter 129 from a delayed AND gate DA41. This 
AND gate responds to the trailing edge of a 0.3 micro- 
second pulse if an OR gate OR12 is providing a ground 
level at that time. 

The OR gate OR12 has three inputs; these are a nega- 
tive level meaning “load new marker,” a negative level 
meaning “unload operation complete,” and a negative 
level from an AND gate A42. Inputs to the AND gate 
Ad2 are provided by a “keyboard load” mode level fram 
the AND pate A47 in FIG. 16a and by a “transmit” 
level which is produced when the operator depresses the 
transmit button TB on the keyboard in FIG. 16e. 

Comparing FIGS. 164 and 16c, the sequence of op- 
eration of the station program counters PIFF, P2FF 
and P4FF is as follows: The station will normally be 
in the “external load” program mode following the com- 
pletion of the last operation, When the operator de- 
presses the clear switch on the keyboard, all of the flip- 
flops PIFF, P2FF and P4FF are set to 0. This opera- 
tion provides a “clear I” level from the AND gate A25 
which is directed through the OR gate OR7 to set the 
clear flip-flop CFF. The clear flip-flop CFF is then 
reset on the next SGP shift pulse, and the clear pulse 
thus provided at the logical 1 output terminal of the flip- 
flop CFF provides a count pulse which steps the counter 
to the “load 91” mode. The counter is stepped from 
“load 91” to the “keyboard load” mode by the level “load 
new marker” provided by the AND gate A35 in FIG. 16c. 
The pulse to step the system from the “keyboard load” 
mode to the “load 8” mode is provided by the depres- 
sion of the transmit button TB on the keyboard coincid- 
ing with the “keyboard load” mode state of the station 

as represented by the level provided by AND gate A27 
in FIG. 16c. The station is stepped from “load 8” to 
“unload” status by the level “load new marker.” Transi- 
tion from the “unload’ status to the “clear II” status oc- 
curs when the “unload operation complete” level is gen- 
erated. This level is provided by the gate A40 in FIG. 
166. The system automatically steps from “clear II” 
to “load 9II” as a result of the set and reset of the clear 
flip-flop CFF in response to the “clear II” level provided 
by the AND gate A30. This operation also resets a 
number of the functional flip-flops in the system. The 
system is shifted from the “load 9II” mode to “external 
load” by the “load new marker” level. It remains in this 
mode of operation until the operator initiates another 
transmission by depressing the clear button on the con- 
sole keyboard. 

Also shown in FIG. 165 are three emitter followers 
EF2, EF3 and EF4. These emitter followers are em- 
ployed to isolate the vertical and horizontal synchroni- 
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zation pulses and the vertical step function for the station 
N cathode ray tube 3 from other stations. They operate 
as shown in FIG. 165, in response to the appropriate 
signals from the central counters. 

Referring again to FIG, 16a, the manner in which the 
stations are notified of their buffer possession status will 
next be described. As shown, the logical 1 output ter- 
minal of each of the buffer possession flip-flops BPFFI- 
BPFFN is connected through an inverter to an AND 
gate. Thus, the AND gate A46 has one input terminal 
connected through an inverter 133 to the logical 1 output 
terminal of the buffer possession flip-flop BPFFN. The 
gate A46 and the inverter 133 correspond to those as- 
sociated with the other flip-flops; thus, an AND gate 
A50 is connected to the output terminal of buffer pos- 
session flip-flop BPFF1 through an inverter 134, and an 
AND gate Ad8 is indicated as connected to the output 
terminal of the typical intermediate buffer possession 
flip-flop BPFFI through an inverter 132. All these gates 
perform the same function for their respective stations, 
so that only the gates for station N will be described. 

The AND gate A46 essentially comprises an inverter 
of the collector-follower type, consisting of a single tran- 
sistor Q5 which has its base returned to a suitable posi- 
tive voltage through a load resistor R24. An input re- 
sistor R23 is bypassed by a capacitor C10. The emitter 
of the transistor Q5 is connected to the collector of a 
transistor Q6 of an inverter 137. This inverter is com- 
mon to the other AND gates of the set comprising A50 
and A46 and other similar AND gates The emitter of 
the transistor Q6 in the inverter I37 is connected tu 
ground. An input circuit for the base of the transistor 
Q6 identical with that provided for the transistor Q5 
in the AND gate A46 is provided. With these circuit 
connections, it is apparent that if a “BP gate” negative 
level is applied to the input terminal of the inverter 137, 
the collector of the transistor Q6 will go to ground po- 
tential and provide a ground “BP gate” level at the emitter 
of transistor Q5 in the AND gate Ad6. [i at this time 
the inverter 133 provides a negative level from the logical 
1 output terminal of the buffer possession flip-flop 
BPFFN, then the collector of transistor Q5 will go es- 
sentially to ground potential and the ground level signal 
“buffer in possession unit N,” represented as “BIPN,” 
will be generated. 

The “stop search” signal for the central buffer systern 
is provided by a plurality of AND gates connected to the 
logical 1 output terminals of the buffer possession flip- 
flops for the stations next preceding the stations which 
are affected. As pointed out before, this delay of one 
bit is provided to enable the “stop search” signal to 
actuate the central buffer system. As will appear, a final 
BP shift pulse is provided to step the buffer possession 
flip-flops one unit after the stop search signal is received. 

The stop search signal for the unit N is formed by an 
AND gate A47. This AND gate receives an “unload” 
signal from the AND gate A29 operated by the program 
counters in FIG. 16c, and a positive level from the logi- 
cal 1 output terminal of the buffer possession flip-flop 
next preceding BPFFN, which would be BPFF(N-1). 
The output of the AND gate A47 is applied to an in- 
verter 130, where the ground level “stop search” signal 
is formed. 

Referring next to FIGS. 17a-17e, the central buffer 
system will next be described. 

Referring briefly to FIG. 17c, shown at the right are 
the terminals for the transmission and reception of in- 
formation to and from the stations, respectively. The 
upper group of terminals connected to each station are 
supplied with energy by the central counters, to be de- 
scribed. The second group of terminals connected to 
each station are energized by the central buffer system, 
and comprise terminals energized by the signals “charac- 
ter ready,” “send character” and “information.” The “in- 
formation” terminal is energized by character code signals 
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representing the characters of a message transmitted to a 

selected station. The “central clear” pulse is also pro- 

vided by the central buffer system and sent to each 

station. Video information is supplied to each station 

from the central symbol generator, to be described. Next 

are the “SGP shift,” “BP shift” and “BP gate” signals, 

which are sent to the common buffer possession and 

symbol generator circuits shown on FIG. 16a. The next 

terminal is for the use of the central buffer system, and 

is supplied from the common buffer possession gates in 

the form of a “stop search” level. 

The information provided to the central buffer system 

from each station is shown for station N, as comprising 

information to the buffer, “load stop,” “internal load buf- 

fer gate” and “internal unload buffer gate” levels. An- 

other signal from station N comprises the symbol genera- 

tor character code information, labeled “SG information 

to decoder,” which goes to the decoder in the central 

symbol generator shown in FIG. 18. 

Referring next to FIG. 17a, the central buffer system 

terminates in lines connected to the translator, shown in 

FIG. 23, which adapts the central buffer system to any 

particular information source, and which is in turn con- 

nected to an information source. A typical information 

source in the form of a simple computer will be described 

in connection with FIG. 19. 

The central buffer itself comprises eight flip-flops ar- 

ranged in the form of a shift register. The first of these 

comprises the stop flip-flop S-AFF, which is an asyn- 

chronous flip-flop of the type described in connection 

with FIG. 13. Two delayed AND gates DA7 and DA8 

are provided for setting this stop flip-flop S-AFF to its 

logical 1 level, and a second pair of delayed AND gates 

DAS and DA6 are connected to set the flip-flop S-AFF 

to its logical 0 Jevel. The remaining flip-flops CBFFP, 

CBFF32, CBFF16, CBFF8, CBFF4, CBFF2 and CBFF1L 

are synchronous flip-flops of the type described in connec- 

tion with FIG. 13. 
Basically, in the operation of the central buffer, in- 

formation is shifted into it, either from a selected station 

which has the buffer in possession or from the translator 

a single character at a time in the form of six informa- 

tion bits, one parity bit, and a stop bit or not, the latter 

depending on whether the character is an intermediate 

character or the last character in the message, respectively. 

When it is desired to transmit from the central buffer, 

the information is shifted out such that the one logical 

bit appears first, followed by the other bits in the message. 

When a character has been received by the central 

buffer, the presence or absence of a stop bit in the stop 

flip-flop S-AFF determines the next step of operation. 

Thus, if there is no stop bit in the flip-flop S-AFF, a “not 

stop” level will be supplied to an AND gate A58. A 

second input to the AND gate A58 is provided through 

an inverter 150 from an AND gate A57. This AND gate 

provides a negative level when there is a character in 
storage, as indicated by the level CIS, and when the cen- 

tral buffer system is in the receive mode. At this time, 

a “character ready” level is sent to the station from the 

AND gate A58 through an inverter I51. If there is a 

stop bit present in the flip-flop S-AFF, a “stop” level is 

applied to an AND gate A56. If the central buffer sys- 

tem is not in the “external load buffer gate” mode, and 

the AND gate A57 just described is providing a negative 

level, a “receive operation complete” level is provided by 

the AND gate A56 and is applied through an inverter 147 

to provide a level indicating that the receive operation is 

complete. The stop flip-flop S-AFF will be reset after 

the “receive operation complete” level is received, on the 

next 0.3 microsecond pulse, by operation of the delayed 

AND gate DAS. This operation merely clears the stop 

flip-flop, without effecting an information shift in the 

buffer. Accordingly, it may be omitted, if so desired, by 

omitting the connection between the output of the gate 
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DAS and the reset terminal of the flip-flop S-AFF with- 

out departing from the scope of my invention. 

Conversely, when a “send character level” has been 

transmitted to the station after the last character in the 

message has been sent by the station, the station will 

transmit a “load stop” level. This level will enable the 

delayed AND gate DA7 to insert a stop bit into the stop 

flip-flop S-AFF at the trailing edge of the next 0.3 micro- 

second pulse. This operation is also carried out without 

effecting an information shift in the buffer. When the 

stop bit is inserted in this manner, a “stop” character con- 

sisting ‘of seven logical 0 bits and the logical 1 stop bit 

is stored in the central buffer, which wil] be transmitted 

to the translator in the manner described below to step 

it to its next operational mode. 
The buffer shift pulses are provided by the output of 

an OR gate OR13. The output of this gate is connected 

through an inverter 142 to the pulse inputs of the delayed 

AND gates DA6 and DAS, and to the pulse inputs of the 

synchronous flip-flops CBFFP, CBFF1, CBFF2, CBFF4, 

CBFF8, CBFFI16, and CBFF32. 
The OR gate OR13 may be operated, either in time with 

the external information source, as provided by B-shift 

pulses sent from the translator, or in station time pro- 

vided by an AND gate A52. The AND gate A52 receives 

0.3 microsecond clock pulses, and the output of an OR 

gate OR1I4. 
The OR gate OR14 is operated in the “internal unload,” 

“internal load,” and “external unload” modes of the 

central buffer system. Negative input levels correspond- 

ing to these functions are provided by the inverters 143, 

144 and 145, in response to positive levels applied to these 

inverters. 
It will be noted that an inverter 146 is provided to 

convert the positive 0.3 microsecond pulses to negative 
pulses for operation of the delayed AND gates DAS 

and DA8. The purpose of this construction is to enable 

the delayed AND gates to operate on the trailing edges of 

the 0.3 microsecond pulses. 
Information may be supplied to the central buffer either 

from the translator or from a station which has the buffer 
in its possession. This information is supplied by an OR 
gate OR16 shown in FIG. 17a. This OR gate receives 
negative levels representing information from a station 
and external information from the translator. It also re- 
ceives a “clear” negative level when the central clear 

switch, to be described, is depressed. 
The output of the OR gate OR16 is supplied to an 

AND gate A5S5, to which a “not clear” level is also ap- 
plied from the inverter I57. The purpose of this con- 
struction is to permit the depression of the central clear 
switch to clear the buffer without introducing any ex- 

traneous logical 1’s. 
The output of the AND gate A55 is supplied through 

an inverter 149 to the positive level input terminal of 
the delayed AND gate DA8. A complementary input to 
the level input terminal of the delayed AND gate DA6 is 
supplied through an inverter 148 from the output of the 
OR gate OR16. With this arrangement, the input to the 
delayed AND gate DA8 is inhibited when the central 
buffer system is not in a clear status, and at other times 
complementary inputs are provided to the gates DA6 and 

DA8 either by a station or by the translator. 
The output of the central buffer may be channeled to 

either the translator or a selected station. The station in- 
formation is supplied from the logical 1 output terminal 

of the flip-flop CBFF1 through an AND gate A54, which 

has one input terminal connected to the logical 1 output 
terminal of the flip-flop CBFF1, and a second input ter- 

minal energized by a “B-received” level, which is sent 

from the translator when it is in condition to receive in- 
formation from the central buffer system. 

The output of the AND gate A54 is supplied, through 

a delayed emitter follower DEF6, to the translator. 

The proper information channel from the station which
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has the buffer in its possession is selected by an OR gate 
OR18. Each station information line, such as the in- 
formation line from the station N labeled “INFO N,” is 
connected to one input terminal of the OR gate OR18 
through an inverter such as the inverter 152. 

The output of the OR gate OR18 is supplied to one 
input terminal of an AND gate AGI, the input terminal 
of which is supplied by a ground level representing “in- 
ternal load buffer gate.” The output of the AND gate 
A61 is supplied to an input terminal of the OR gate OR16. 

External information from the translator is applied to 
the OR gate OR16 from an AND gate AS53, which re- 
ceives external information from the translator and is 
enabled by a ground level representing “external load 
buffer gate.” 

One of the lines extended to the translator of FIG. 23 
is identified as a line A, which is supplied with either 
Jevels or pulses to perform various functions in the trans- 
lator. When the central buffer system has a character 
which it desires to send to the translator, a level identified 
as “send first A” is applied through an OR gate OR17 
to an AND gate A59, Except during the depression of 
the central clear switch, this AND gate is open, and 
supplies a negative level through an inverter 153 to pro- 
vide a positive “A gate” signal, which is gated, in a 
manner to be described in connection with FIG. 17c, to 
the translator. 

When a character is being transmitted to the translator, 
strobe pulses for the character code 1 or 0 level pulses 
are provided by the AND gate A59 in response to a 
second input supplied to the OR gate OR17. These 
pulses comprise the 0.8 microsecond pulses supplied to an 
AND gate A60, and are emitted in response to a ground 
level supplied to one input terminal of the AND gate 
A609 by an OR gate ORI5. As indicated in FIG. 17a, 
this or gate is enabled either by a “last internal unload 
buffer gate” pulse, or by an “external unload buffer gate” 
level. 

Referring now to FIG. 17, an additional group of cir- 
cuits for performing timing functions in the central buffer 
system of my invention is shown. The first of these to 
be considered comprises the character-in-storage flip-flop 
CIS-AFF. This is an asynchronous flip-flop of the type 
described in connection with FIG. 13. This flip-flop pro- 
vides a logical 1 ground level labeled CIS when there is 
a character in storage in the central buffer, and a logical 

0 ground level CIS to indicate there is no character in 
storage in the central buffer. 

The flip-flop CIS-AFF is set to its logical 1 level by 
a variety of conditions. Basically, the operation depends 
on whether the character has been received from a sta- 
tion or from the translator, and whether or not it is the 
last character. When a “send character” has been sent 
to the station, and the last character in the message has 

already been transmitted, a “load stop” level will be 

applied by the station to one input terminal of an OR 
gate OR19. As indicated for station N, the “load stop” 

level from that station is applied through an inverter 
such as the inverter 158 to form a negative Jevel. The 

output of the OR gate OR19 is applied through an in- 
verter 159 to one input terminal of an OR gate OR21. 
The output of the OR gate OR21 is applied to the level 
input terminal of the delayed AND gate DA1I1, and this 
AND gate produces a positive output pulse at the trailing 
edge of the next 0.3 microsecond clock pulse. This posi- 
tive pulse sets the flip-flop CIS-AFF to its logical 1 level. 

If the character is a character in the message sent from 
the station, an input is provided to the OR gate OR21 
by an AND gate A70. This AND gate is enabled in the 
9, time following the receipt of an “internal load buffer 
gate” level from the station having the buffer in posses- 
sion. This level is provided by an OR gate OR22, which 
receives inputs from all of the stations. As shown for 
station N, this input is provided through an inverter 
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such as 160 to provide a negative level indicating “in- 
ternal load buffer gate” for station N. 

In the case of a character received from the translator, 
the input for setting the flip-flop CIS-AFF to its logical 1 
state is provided by a delayed AND gate DAI0. This 
AND gate is provided with a setting pulse by a negative 
pulse Bp which is produced at the output of a triggered 
blocking oscillator TB3 in response to a “B” pulse or level 
provided from the translator. The second input to the 
delayed AND gate DA10 is provided by an invetrer 163 
from an AND gate A71. This AND gate is enabled by 
the eighth count of a counter, to be described, which is 
stepped by the strobe pulses provided with the informa- 
tion pulses from the translator. A second input to the 
AND gate A71 is provided by an “external load buffer 
gate” level from an inverter 162. This inverter is sup- 
plied with a negative level from an AND gate A69. The 
AND gate A69 is enabled when the flip-flop CIS-AFF is 

in its CYS state and a “receive” level is received from 
the central program counters. 

The character-in-storage flip-flop CIS-AFF is reset by 
a pulse appearing at the trailing edge of a 0.3 micro- 
second pulse applied to a delayed AND gate DA®9 in the 
presence of a ground level supplied from an OR gate 
OR20. This OR gate has two input terminals, the first 
comprising a negative level signifying “last internal un- 
load buffer gate” and a second comprising the output of 
an AND gate A74. The inputs to the AND gate A74 
are a ground level representing the eighth count of the 
station counter, to be described, which is received when 
the last strobe pulse for an information character is re- 

ceived. The second input to the AND gate A74 is an 
“external unload buffer gate” level, to be described. 

The “last internal unload buffer gate” level is supplied 
to the OR gate OR20 by an AND gate A73. This level 
is formed in 9g time by an “internal unload buffer gate” 
level supplied from one of the stations through an OR 
gate OR23. As indicated for station N, this input is 
provided through an inverter such as the inverter 165. 

Next, the “B received” flip-flop BRFF will be described. 
This is a synchronous flip-flop of the type described in 
connection with FIG. 13. The level for setting this flip- 
flop to logical 1 is provided through an inverter 169 from 
an OR gate OR65. One input to this OR gate is labeled 
“send first A,” which signifies that the central buffer sys- 
tem is prepared to transmit a character to the translator. 
The second input is provided by a level representing the 
“transmit” mode of operation of the central buffer system, 
which is provided through an inverter I68 from the cen- 

tral program counter, to be described. 
The “B received” flip-flop is set to its logical 1 level at 

the trailing edge of the Bp pulse received from the trans- 
lator. The effective pulse is produced in response to a 
level supplied on a line B from the translator to a trig- 
gered blocking oscillator TB3. 

The “B received” flip-flop BRFF may be cleared by 
a clear pulse applied to its logical 0 output terminal 
through a diode, as shown. This pulse is generated when 
the central clear switch is depressed. A second resetting 
pulse for the B-received flip-flop comprises a 0.3 micro- 
second negative pulse, received from the central counters 
through an inverter 161, occuring at the same time as a 
ground level supplied through an inverter 167 from the 
output of the AND gate A74. This pulse is employed 
to reset the flip-flop at the end of the transmission of 
each character to the translator. 

An external unload buffer flip-flop XUFF is also a 
synchronous flip-flop. When the central buffer system is 
put into operation by the depression of the central clear 
switch, this flip-flop is set to its logical 0 state through a 
diode connected to its logical 0 output terminal, as shown. 
The level setting input terminals of the flip-flop KUFF 
are connected to ground, so that pulses applied to their 
pulse responsive input terminals are sufficient to change 
the state of the flip-flop. A logical 1 setting pulse is ap-
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plied from the output of flip-flop 1 PFF. The AND gate 

A67 receives as inputs the logical 1 output of the B-re- 

ceived flip-flop BRFF, the logical 1 output of the CIS~ 

AFF, a 0.3 microsecond timing pulse, and an “operation 

8” pulse level Op8 from an inverter £76. 

The external unload buffer XUFF is reset by a pulse 

supplied from an AND gate A68. Thus pulse occurs at 

the 0.3 microsecond pulse time when the character in 

storage flip-flop CIS-AFF is in its logical 0 state. 

As shown in FIG. 174, an eight-state binary counter 

is provided comprising three synchronous flip-flops IPFF, 

2PFF and 4PFF, Ina manner previously described, these 

flip-flops are interconnected by negative AND gates NAS 

and NA6 to form a binary counter. Count pulses arc 

provided for the counter through an inverter 173 from 

the output terminal of an OR gate OR24. This OR gate 

receives, as one input, “B-shift” pulses produced ai the 

output of the triggered blocking oscillator TB3 and sup- 

plied through an inverter 166 to one input terminal of an 

AND gate A72. The other input terminal of the AND 

gate A72 is supplied with a positive level representing the 

“external load buffer gate” signal. 

A second input to the OR gate OR24 is provided by 

the AND gate A67. This AND gate is effective to pro- 

duce an output pulse when the “B received” flip-flop and 

the CIS-AFF flip-flops are in their logical 1 states, a 0.3 

microsecond clock pulse is received, and an “operation 8” 

signa! OP8 is received from the inverter 176. 

A third input to the OR gate OR24 is provided by an 

AND gate A64. This gate produces its pulse when an 

“operation 8 not” signal is supplied to it and a central 

clear pulse is provided by the clear switch, to be described. 

A fourth input to the OR gate OR24 is provided by an 

AND gate A63. This AND gate produces a pulse in 

response to OPS, the 0.3 microsecond pulse, and a “‘trans- 

mit” level received from the central buffer system pro- 

gram counters through an inverter I71. 
Selected outputs of the counter flip-flops 1PFF, 2PFF 

and 4PFF are connected to inputs of an AND gate Aé2 

and an OR gate OR25. The AND gate A62 produces a 

negative level when the seventh count is received. The 

OR gate OR25 operates when any of the counter flip- 

flops is not in its logical 0 state, to indicate by the level 

OP8 that the eighth pulse has not been received. 
Basically, the OR gate OR24 produces a count pulse 

when it is desired to time either the reception or the 

transmission of a character. 

Referring next to FIG, 17c, I have shown the program 

counters for the central buffer system as comprising a 

pair of synchronous flip-flops MPC1 and MPC2. These 

flip-flops are interconnected by a negative AND gate NA? 

to form a four-state binary counter. 

The outputs of the counter flip-flops MPC! and MPC2 

are decoded in a group of AND gates A75, A76, A77, A78 

and A79, The AND gales A75-A78 each produces an 

output in a different one of the states of the counter. 

Thus, the gate 75 is energized in the binary 0 state, and 

provides a negative “buffer possession gate” level. The 

AND gate A76 is energized in the 11 condition of the 

counter, and provides a negative “receive” level. The 

AND gate A77 is energized in the 10 state of the counter, 

and provides a negative “transmit” level. The AND gate 

A78 is energized in the 61 binary state, and provides a 

negative level identified as “ready A.” 

The AND gate A79 provides the buffer possession shift 

pulses for the common station buffer possession circuits, 

These pulses are timed by the 0.3 microsecond clock 

pulses, and are produced when the counter is in its binary 

0 state. The output pulses are converted from negative 

to positive pulses by an inverter 178. 

Count pulses are supplied to the binary counter flip- 

flops MPC1 and MPC2 by an AND gate A8@, which has 

as one input the 0.3 microsecond timing pulses. The sec- 

ond input to the AND gate A8@ is provided by an OR 

gate OR27. 
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In the normal cycle of operation of the central buffer 

system, assuming that the counter is in its binary 0 state, 

the first input to the OR gate OR27 is provided by a 

“stop search” level from the common station gates shown 

in FIG. 16a. This level is inverted in an inverter 179, 

and operates through the gate OR27 and the AND gate 

A8@ to step the counter to its 01 state, identified as the 

“ready A” mode of operation. At the same time, the 

“buffer possession gate” level is turned off. In this mode 

of operation, an “A” level is sent to the translator, and 

is left on until a “B” level is received from the translator. 

This “B” level together with the “send first A” level is 

applied to an AND gate A81 to provide the second input 

level to the gate OR27 to step the counter to its 10 state. 

This is identified as the “transmit” mode of operation. 

During this time, the central buffer successively takes 

characters fram the station in possession and then trans- 

mits them to the translater. This is continued until the 

last character is received from the station, at which time 

the station is sent a “send character” level and returns a 

“Joad stop” level. A “stop” character containing a 1 bit 

in the eighth position is then sent to the translator. When 

the “stop” character has been sent to the translator, a 

“transmit operation complete” level is supplied to the 

gate OR27 to step the counter to the 11 or “receive” state. 

The apparatus is maintained in this state until a message 

has been received from the translator and sent to the sta- 

tion in possession. When this has been accomplished, 

a “receive operation complete” level is supplied to OR 

gate OR27 which is applied to A890 to provide a 0.3 micro- 

second pulse. This pulse sets the flip-flops MPC1 and 

MPC2 from the 11 state to reset them to their 0 state, in 

which the “buffer possession gate” level is sent out and 

the search begins again for a station having a message 

to transmit. 

The symbol generator possession shift pulses for the sta- 

tions are provided by an AND gate A82 in FIG. 17c in 

response to timing signals in 77%) time occurring during 

the character 104 time. These timing signals are provided 

by the central counters. The output of the AND gate 

A$2 is supplied through an inverter 180 to the stations. 

It is also supplied to an AND gate A83. This AND gate 

is energized during the closing of a central clear switch 

SCC, to provide a central clear pulse for use by the sta- 

tions and the central buffer system. 

As shown, the switch SCC is provided with a pair of 

contacts, one for supplying a “clear” pulse when the sta- 

tion is first put into operation, and one for energizing a 

relay CTR. The relay CTR is provided with a holding 

circuit which is maintained energized until the power sup- 

ply is disconnected from the system, or fails. The “A” 

gate level is supplied over the A line to the translator 

over a front contact of this relay CTR, as shown. 

The “send character” level is provided for transmission 

to the stations by an inverter 1260 and an AND gate 

A84. The inverter 1260 provides a positive level in the 

“transmit” state of the central buffer system. The AND 

gate A84 is operated by the inverter 1260 when there is 

no character in storage, as indicated by the CIS input. 
The output of the AND gate A84 is supplied through 

an inverter 174 to the stations. 

Referring now to FIG. 18, the central symbol generator 

will next be described. Symbol generator information 

from the stations in the form of the character codes for 

the set of characters to be displayed is supplied to the 

symbol generator by an OR gate OR30, which responds 

to the symbol generator information provided by any of 

the stations. As indicated in FIG. 18, this OR gate may 

simply comprise a plurality of transistors with their col- 

lectars connected together, their emitters grounded, and 

their bases returned to a positive potential through suit- 

able resistors. In response to a ground level logical 1 

applied to any base, it will cause conduction, bringing the 

collector of the transistor, and thus the collectors of all 

of the other transistors, to ground level.
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In formation from the OR gate OR30 is supplied to a 

shift register comprising six synchronous flip-flops 1SFF, 
2SFF, 4SFF, 8SFF, 16SFF and 32SFF. The output of 
the OR gate OR30 is directly connected to the set I input 

level terminal of the flip-fiop 32SFF, and is supplied 
through an inverter I81 to the set 6 input level terminal. 

The pulses for shifting information from the OR gate 

OR30 to the shift register are provided by an AND gate 

A101, which is supplied with 0.3 microsecond timing 

pulses, and with a ground level during the 7, time but 

not including the 97, 9, or 9) times. Thus, six shift pulses 

are supplied during each 7, time, and the information 

entered into the flip-flop 32SFF is then placed in the flip- 

flop 1SFF by the sixth shift pulse occurring at the 95 

time. 
The shift pulses are also supplied through an inverter 

I82 to one input terminal of an AND gate A103. This 

AND gate has a second input terminal connected to the 

output terminal of the OR gate OR30. Thus, a pulse is 

provided by the AND gate A103 for each decoder shift 

pulse in which a 1 bit was in the character sent from the 

station. The output of the AND gate A103 is connected 

to the pulse input terminals of an odd flip-flop OFF. 

This flip-flop is of the synchronous type described in con- 

nection with FIG. 13, and has its level input terminals 

connected to its opposed logical output terminals. Thus, 

if the flip-flop OFF is in its even state, with a ground 

level appearing at the upper left hand output terminal, 

it is in condition to be set to the odd state on the next 

decoder shift pulse. However, this will only happen if 

there is a 1 at this time in the information code pulse 

sequence. At the end of the sixth deceder shift pulse, the 

odd flip-flop OFF thus indicates whether the number of 
1’s in the information portion of the character is odd or 

even. This information is used as a parity check. As 

shown, the odd output of the flip-flop OFF is connected 

to one input terminal of an AND gate A104. The other 

input terminal of the AND gate A104 is connected to the 

output of the OR gate OR30. The even output terminal 

of the flip-flop OFF is connected to one input terminal 

of an AND gate A102, and another input termina! of the 

AND gate A102 is connected to the output of the in- 

verter 181. The outputs of AND gates A102 and A104 

are connected to the input terminals of an OR gate OR28. 

The output of the OR gate OR28 is connected to one in- 

put terminal of an AND gate A105. The second input 

terminal of the AND gate A105 is energized by a level 

applied during the 7,97 time. With these connections, it 

will be apparent that if the flip-flop OFF is in its odd 

state when a seventh pulse, comprising the parity bit, ap- 

pears as the logical 1, the gate A105 will produce an out- 

put pulse. Similarly, if the flip-flop OFF is in its even 

state and no parity bit is received during the 9, time, the 

gate A105 will produce an output pulse. Since either 

of these events represents an even parity condition that 

signifies an error in the message, the output of the AND 

gate A105 represents a parity error. This output is ap- 

plied through an inverter 183 to the set 1 input terminal 

of an asynchronous flip-flop P-AFF, and is connected di- 

rectly to the set 0 input. Thus, if a character is received 

which has an error in parity, a parity error level is ap- 

plied to one input terminal of an OR gate OR29 for pur- 

poses which are to appear. 
At the end of the 7; time, all of the bits in the char- 

acter are stored in the shift register comprising the flip- 

flops 1SFF-32SFF. The outputs of these flip-flops are 

connected to a character decoder, comprising a plurality 

of gates shown in FIG. 18. Basically, these gates re- 

spond to the character code by energizing one and only 

one of a group of lines, one for each character, with a 

ground level. In the example here illustrated, the avail- 

able characters comprise the numerals from 0 to 9, the 

letters A, B, and C, and a period and a space indication. 

The outputs of the character decoder are each applied 

to one input terminal of an AND gate of the group A86— 

A100. A second input to each AND gate is supplied by 

10 

15 

20 

25 

30 

35 

40 

ct
 

GI
 

60 

el
 

ra
y 

26 
a video encoder, shown in detail in FIG. 20, This en- 
coder is provided with thirty-five input wires, which are 

energized in succession in times beginning at time 739, and 

continuing through time 7,9; Thus, at each 9, through 
9, in the region from 73 to 77, one of these lines will be 

energized. The lines are interconnected within the en- 
coder to video output lines, one for each character to be 

displayed. The connection is such that on each line there 
is generated, beginning with the 739, time, the video sig- 
nal for the character to be represented. 

The one of AND gate A86—-A100 which is enabled by 
the character decoder will supply its video signal to an OR 
gate OR29. Should a parity error exist, however, the OR 
gate OR29 will be continuously energized, and will pro- 

vide an uninterrupted stream of logical 1’s to the cathode 
ray tube video amplifier 61. The result of this signal will 
be the display of a bright rectangle, occupying the space 
allotted by a character. This display will notify the op- 
erator visually that there is an error in the character. 

Referring next to FIG. 19, the principle of operation 
and the mode of construction of the character decoder 
CD1 shown in FIG. 18 will next be described. As indi- 
cated, the character decoder 1 comprises a plurality of six- 
input AND gates. The manner in which the AND gates 
for the characters corresponding to the numerals 0 and 1 
and the letter C are wired is shown in detail, and the 
manner in which other AND gates for the characters rep- 
resenting the numerals from 2 through 9, the letters A 
and B, and the period and comma indications are wired 
will be apparent from the description of those shown. 

The code for the numeral 0 is taken as binary 0, or 

000000, The AND gate A106 has its input terminals 

connected to ones of the logical 1 and the logical I ter- 
minals of the flip-flops 1SFF-32SFF in FIG. 18 to pro- 
vide for its operation on this code sequence. ‘Thus, the 

TI terminal is connected to the gate A106, and the 3, J, 8, 

16, and 32 input terminals are also connected to this gate. 
In order to provide for proper output polarity, the output 
of the gate A106 is connected to the input terminal of an 
inverter 184. In a similar manner, the AND gate A107 
is connected to respond to the input code for binary 1; 

that is, 32, 16, 8,4, 2 and 1. Its output terminal is con- 
nected to an inverter 185. The AND gate A108 re- 
sponds to the code for the space, here shown as the bi- 
nary code 001111. Its output terminal is connected to 
an inverter 186. The remaining AND gates in the de- 
coder CDI are wired in the manner indicated by the 
corresponding code in the following table. 

Choracter Code Parity 

600000 
O6D001 
A00010 
OG0014 
609100 
O01 01 
cOn110 
OGOT1L 
001060 

ono eee nee eee 003 001 
--- 001010 
-- 001011 

001100 
OOLTIO 
OOLit1 Space_.--2-.----- B

P
O
r
P
O
P
r
F
o
C
O
S
e
H
S
o
H
o
o
H
 

Obviously, the code shown is capable of representing 
a larger number of characters, and where a larger num- 
ber is employed, additional gates will be provided con- 
nected in the manner dictated by the selected code for 
the characters to be employed. To make full use of the 
code illustrated, additional keys would be provided on 
the keyboard of the console unit, corresponding to addi- 
tional characters. In this manner, up to 63 usable char- 
acters could be provided without increasing the length of 
the code. 

Referring now to FIG. 20, the video encoder of FIG. 
18 is shown to comprise a video distributor VD1 and a
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video encoder matrix VMI. The video distributor will 

be described in detail in connection with FIG. 21. For 

present purposes it is sufficient to note that it has an 

output comprising 35 lines, each energized at a specific 

one of the times from 7,9; through 7;9;. As shown, only 

the 9, through 9, times of each 7 time are represented, 

since the 9, and 9, times are the periods corresponding 

to the vertical fall time of the vertical sweep voltage on 

the station console display tubes. Thus, the lines asso- 

ciated with the time 73, for example, comprise seven lines 

energized at different ones of the times from 739, to 7393. 

The distributor VD1 functions to sequentially energize 

these lines at the appropriate times. 

The video encoder matrix VM1 comprises a conven- 

tional matrix, which may be a resistor matrix or a diode 

matrix or other suitable network suitable for gating pulses 

appearing on the lines provided by the distributor to se- 

lected ones of a plurality of output lines. As shown, the 

output lines are designated by the numerals from 0-9, the 

letters A, B, and C, and a period and comma line. Each 

of these lines receives pulses at the proper times to gen- 

erate the display of the associated character. 

In effect, each of the output lines is connected to a 

selected group of the input lines by an OR gate. In 

practice, for example, each of the input lines such as the 

input line 7,9, may be connected to ground through a 

suitable load resistor R25. Similar resistors would be 

connected to the other input lines, but have been omitted 

for the sake of clarity. Each of the circles joining one 

of the input lines to one of the output lines represents a 

logical OR connection to the output line, which may be 

made by any suitable isolating device such as a resistor 

R26, shown connected between the input line 7,9, and the 

output line for the character C. A diode may also be 

employed instead of the resistor R26 if so desired. It 

will be apparent that at any time when an input line is 

energized that is connected to one of the output lines, 

in the manner diagrammatically indicated by the circle 

at their intersections, a pulse of energy will appear on 

the output line. For example, the output line for the 

letter C is energized at the times 73%, 7393, 7394, 739s, 

73%, 7491, 7497, 759), 7590, 7691, 769, 7792, and 7796. The 

resulting character display is shown in FIG. 9. 

Referring next to FIG. 21, the distributor BD1 is shown 

to comprise 5 groups of 7 2-input AND gates. Each of 

the AND gates of each group has one input terminal con- 

nected to a line which is energized at a particular one 

of the 7 times 7, through 7; Each of the AND gates 

of each group also has a second input terminal connected 

to a line which is energized at a particular one of the 9 

times from 9, through 9;. As a specific example, each 

of the AND gates A109-A115 have one input terminal 

energized at the 73 time, and each has one input terminal 

energized by one of the lines energized at the times 9, 

through 9; In this manner negative output pulses cor- 

responding to the times 7391, 7392, 7393, 7394, 7395, 739s, 

and 7,97 are generated. It is believed that the manner 

in which the other pulses are generated by the distributor 

VDI will be apparent from the description of the man- 

ner in which the pulses from 739, through 739; are gen- 

erated, 
Referring next to FIG. 22, a central counter for the 

central buffer system of my invention will next be de- 

scribed. As shown, the basic clock rate of the system 

may be established by an oscillator OSC1, of any suit- 

able conventional construction, which is constructed to 

produce an alternating voltage having a frequency of, for 

example, 655 kc, per second. The output signal from 

the oscillator OSC1 is applied through a suitable coupling 

capacitor C11 to a squaring circuit such as a Schmidt 

trigger ST1. This squaring circuit may be of the well 

known type shown for example in FIG. 205 on page 210 

of TM11-690, Basic Theory and Application of Tran- 

sistors, published in March 1959, by Headquarters, De- 

partment of the Army, The purpose of this circuit is to 
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provide a rectangular train of pulses at a repetition rate 

corresponding to the frequency of the oscillator OSC1. 

These pulses, which are negative with respect to ground, 

are differentiated in a differentiator comprising a capaci- 

tor C14 and a resistor R27. A train of positive pulses 
corresponding to the trailing edge, and negative pulses 

corresponding to the leading edge, of each rectangular 

pulse supplied by the Schmidt trigger ST1 thus appears 

across the resistor R27. The negative pulses are supplied 

through a diode D5 to a monostable multivibrator MVI1, 
of any suitable conventional construction, For example, 

this multivibrator may be of the type shown in FIG. 194 

on page 200 of the above-cited TM11-690. This circuit 

functions to provide a negative output pulse, of a dura- 

tion controlled by the circuit constants selected, at each 

applied negative trigger pulse. The multivibrator MV1 

has its circuit constants selected to supply negative out- 

put pulses of 0.2 microsecond duration, at a repetition 

rate of 655 kc. per second, These pulses are differenti- 

ated in a differentiator comprising a capacitor C15 and 

a resistor R28. A negative pulse corresponding to the 

leading edge, and a positive pulse corresponding to the 

trailing edge, of each 0.2 microsecond pulse therefore 

appears across the resistor R28. The negative pulses are 

supplied through a diode D9 to a monostable multivibrator 

MV2, which may be the same type as the monostable mul- 

tivibrator MV1 except that its circuit constants are selected 
lo provide output pulses of 0.3 microsecond duration. 
These pulses may be used directly as the positive 0.3 mi- 

crcsecond clock pulses in the system of my invention, and 

are applied through an inverter 188 to supply negative 

0.3 microsecond pulses for use in the system. 
The positive voltage pulses appearing across the re- 

sistor R28 are supplied through a diode D190 and an in- 
verter 187 to a monostable multivibrator MV3, which 
may be of the same construction described previously 

except that its circuit constants are selected to provide 
pulses of 0.1 microsecond duration. These pulses each 

occur in the last 0.1 microsecond of a corresponding 0.3 
microsecond pulse. 

The positive voltage pulses appearing across the re- 
sistor R27 are supplied through a diode D6 and an in- 

verter 186 to a monostable multivibrator MV4, which 
may be the same as those previously described except 
that it has its ciruit constants selected to provide an out- 
put pulse of 0.8 microsecond duration. Each pulse 
from this multivibrator occurs following a corresponding 
0.3 microsecond timing pulse, as shown in FIG. ilb. 

The 0.3 microsecond negative pulses from the inverter 
188 in FIG. 22 are supplied to step a shift register com- 
prising nine synchronous flip-flops 9FF—-1 through 9FF-9. 

These flip-flops are interconnected to form a shift reg- 
ister in the manner described for the symbol generator 
possession shift register shown in FIG. 16a. The logical 

0 output terminals of each of the flip-flops except 9FF-9 
is connected to one input terminal of an OR gate OR31. 
The output of this OR gate is connected directly to the 
logical 0 set input terminal of the flip-flop 9FF-1, and 
is supplied through an inverter I85 to the logical 1 set 
input terminal of this flip-flop. The purpose of this ar- 
rangement is to cause a logical 1 to circulate through the 
flip-flops, going from 9FF—1 to 9FF-2, and so on to 9FF- 

9, and then back to the flip-flop 9FF-1. Assuming for the 
purposes of illustration that all of the flip-flops are initial- 

ly in their logical 0 states, the logical 0 output terminals of 

each of the flip-flops 9FF—1 through 9FF-8 will be at 
ground potential, so that the OR gate OR31 will produce 

no output. Accordingly, the inverter 185 will have its out- 

put terminal at ground potential, and at the first 0.3 micro- 
second timing pulse, the flip-flop 9FF-1 will be set to 
logical 1. When this occurs, a negative potential will be 

applied from the logical 0 output terminal of the flip-flop 

9FF-1 to one input terminal of the OR gate OR3I, 
causing the flip-flop 9FF-1 to be reset to its logical 0 

state at the next shift pulse. At the same time, the flip-
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flop 9FF-2 will be set to its logical 1 state. This action 
will continue until a logical 1 is stored in the flip-flop 
9FF-9. At this time, there will be no input to the OR 
gate OR31, and the next shift pulse will shift a 0 into the 
flip-flop 9FF-9 and a 1 into the flip-flop 9FF-1. 

When the flip-flop 9FF-9 is shifted into its logical 1 
state, its logical 1 output terminal goes from a negative 
potential to ground, and this change of voltage is applied 
to the AND gate A which has the 0.3 microsecond 
clock pulse applied to the other input terminal. The 
output of 99 (0.3) is used to siep a sevens-counting shift 
register comprising seven synchronous flip-flops 7FF-1 
through 7FF-7. These flip-flops are interconnected to 
form a shift register in which a logical 1 is continuously 
circulated in the same manner as the nines-counting regis- 
ter. For this purpose, the jogical 0 output terminals of the 
flip-flops 7FF-1 through 7FF-6 are connected to the input 
terminals of an OR gate OR32. The output terminal of 
this OR gate is connected directly to the logical 0 setting 
input terminal of the flip-flop 7FF~1, and through an in- 
verter 189 to the logical 1 setting input terminal of this 
flip-flop. Thus, at the tenth 0.3 microsecond pulse, the flip- 
flop 7FF-1 will be set to its logical 1 state. Thereafter, 
each of the succeeding flip-flops in the shift register will be 
set to logical 1 while ihe preceding one is set to logical 0. 

The output terminals of the flip-flops comprising the 
9’s counting shift register and the 7’s counting shift 
register are used to supply the timing pulses correspond- 
ing to the respective 9 times and 7 times indicated adja- 
cent the respective terminals. The logical 1 or logical 0 
output terminal of each flip-flop may be employed for 
this purpose, depending on the polarity of the desired 
level. 

The transition of the flip-flop 7FF_7 from its logical 
0 to its logical 1 state is employed to produce a positive 
level which is supplied to AND gate Ab which has the 
pulse 95 (0.3) applied on its other terminal to produce 
a 7,99 (0.3) output to step a character counter compris- 
ing seven synchronous flip-flops CFF1, CFF2, CFF4, 
CFF8, CFF16, CFF32, and CFF64. These flip-flops are 
interconnected, in the manner previously described, by 
negative AND gates NA116 through NA121, to form 
a binary counter. 

The output terminal of the flip-flops CFF1-CFF64 are 
connected to AND gates A122 and A123. Seven input 
AND gates are provided, which are connected to the ap- 
propriate output termnials of the flip-flops CFF1-CFF64 
to cause an output to be produced when the count corre- 
sponding to the particular function is reached. As shown, 
the output terminals of the flip-flops are indicated by 
the letters BC followed by a number corresponding to the 
binary order of the counter flip-flop, and barred or not 
accordingly as the terminal represents the 0 or 1 state, 
respectively, of the flip-flop. 

The output or AND gate A122 is used for several func- 
tions. It sets the flip-flop VSFF to its logical state of 1. 
This sets the trace into the upper line 1 as shown in 
FIG. 5. Also, the output is gated by A82 in FIG. 17c 
with 7;% to form the SGP shift pulse. Also, this gate 
output is used to trigger the horizontal sweep of line 1 in 
FIG. 5. 

The output of the AND gate A122 is used elsewhere 
in the system as previously described, but is also used to 
reset the character counter when the counter is in its 
binary 103, or character 104 state. For this purpose, the 
output of the AND gate A122 is applied through an in- 
verter 189, The output of inverter 189 clears all of the 
flip-flops by applying a positive pulse through diodes con- 
nected to their logical 0 output terminals, as shown. 

The output of the AND gate A123 is used to reset the 
flip-flop WSFF to its logical state of 0 and move the sweep 
presentation to lower line 3 in FIG. 5. The output level 
of AND gate A123 is used to trigger the horizontal sweep 
line 3, FIG. 5. The inputs of this gate are shown in a 50 
character setting, however, the connections may be 
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changed for shorter line of character in the top line of 
the presentation. 

The central counters of FIG. 22 also comprises a group 
of special timing gates, which are provided to recognize 
specific time groupings for particular gating functions in 
the system. The manner in which these combined timed 
signals are formed is believed to be sufficiently apparent 
from the previous discussion of gating, together with the 
following detailed description of the manner in which 
the negative level representing times 7, and 9,_¢, which 
may be represented logically by 7,(93+99). This level is 
provided by an AND gate A126. One input terminal of 
the AND gate A126 is supplied by the logical 1 output 
terminal of the 7, flip-flop 7FF-1. The other input ter- 
minal is connected to the output terminal of an OR gate 
OR32, which forms the level (93+-99) in response to nega- 
tive levels supplied at times other than 9, and 9, by the 
logical 1 output terminals of the flip-flops 9FF-8 and 
9FF-9, respeciively. In a similar manner, the level 7,93 
may be formed by an AND gate to which the 7, and 9, 
levels were supplied, and so on. 

Referring next to FIGS, 234 and 235, I have shown a 
typical translator for use with the system of my invention 
which is adapted to cooperate with an information source 
of the class which comprises apparatus for supplying in- 
formation from a memory output register in response to a 
request for the information from a memory address 
register. Such systems are normally complicated by re- 
quirements for specific voltages, codes, mode of trans- 
mission of information, and various other detailed matters 
which it is unnecessary to consider in order to understand 
my invention, and which are readily taken care of in 
practice. For simplicity, although my system is by no 
means limited to a message of any particular length, I 
have shown this information source in FIG. 235, as a 
computer adapted to receive a two-character message, one 
in each of the two memory address registers X and Y. 
These characters X and Y may be thought of either as 
numbers to be operated upon mathematically to produce 
an answer, or as the coordinates of the address of a 
register in the computer or in a storage system which will 
send its contents to the output register in response to the 
address coordinates. The computer is shown as compris- 
ing a memory output register which stores a two-character 
response. These registers may comprise individual flip- 
flops for each bit in the character to be stored, and these 
are to be assumed to be set, reset, and cleared in the 
manner described previously for various flip-flops used 
in the system of my invention. Jn addition to the memory 
address registers and output register, the computer is as- 
sumed to be provided with a clock oscillator for pro- 
ducing its own timing signals. These signals are used in 
the translator of my invention when it is necessary to syn- 
chronize with the computer. Also, the computer is as- 
sumed to be provided with a line which is energized when 
a reply or answer to a request for information is avail- 
able, and to have input and output register clearance 
circuits provided for actuation in response to a voltage 
pulse supplied to it by a “reply received” line. While 
the assumption that the computer language is the same 
as the code used in the system of my invention, and that 
the computer receives and delivers information in par- 
allel form, greatly simplify the circuits, it will be apparent 
that any other computer language could be dealt with by 
simply providing a conventional code converter and that 
the translator of my invention could equally well supply 
and receive information to and from the information 
source in serial form. 

The translator itself comprises a shift register for stor- 
ing information, a number of programming counters, and 
various gates, which will next be described. Referring to 
FIG. 23a, the storage register for the translator unit com- 
prises eight synchronous flip-flops TFFS, TFFP, TFF32, 
TFF16, TFF8, TFF4, TFF2 and TFF1. The numbered
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flip-flops from TFF1 to TFF32 are adapted to store the 

correspondingly ordered bits of a binary code represcnt- 

ing a character. The flip-flop TFFP is employed to store 

a parity bit indication. The flip-flop TFFS is employed 

to store a stop bit which is provided in the last character 

of a message which is sent or received. 

The flip-flops TFF1-TFF32, TFFP and TFFS are in- 

terconnected to form a shift register in a manner previ- 

ously described. Additional connections are made from 

an OR gate OR35 through isolating diodes to the logical 0 

output terminals of each flip-flop, to reset them to 0 at 

prescribed times. Additional connections are made to 

the logical 1 output terminals of each flip-flop to set these 

flip-flops in parallel in response to an output received 

from the output register of the computer. Thus, the 

gates OR39-OR45 are connected to the { output termi- 

nals of the flip-flops TFF1-TFF32, and TFFP, respec- 

tively, through isolating diodes, such that when one of 

these gates produces an output, the corresponding [lip-flop 

is set to logical 1. 

The shift register is provided with a shift line con- 

nected to the output terminal of an OR gate OR33. This 

OR gate is energized upon the receipt of information 

from the central buffer system by the output of an AND 

gate A127, which receives a level labeled RFF from the 

logical 1 output terminal of a flip-flop RFF (FIG. 23h) 

in the “receive-from-central-buffer” mode of operation 

of the translator. This gate A127 also bas an input ter- 

minal connected to a line labeled A from the central 

buffer system, which is energized at times by a series of 

strobe pulses corresponding to bits of a character trans- 

mitted to the translator, and which at other times may 

carry a steady voltage signifying that the central buffer 

system is ready to transmit information to the translator. 

Character information from the central buffer system : 

is supplied to the shift register by an information line 

to the translator which is directly connected to the set 

input terminal of the stop flip-flops TFFS and connected 

through an inverter 190 to the reset input terminal, In- 

formation is supplied from the logical 1 owiput terminal 

of the flip-flop TFF1 over an information line to the cen- 

tral buffer system when a message is being sent from the 

translator to the central buffer. 

The translator is provided with a clear switch Tcl, 

which comprises a spring-returned switch which is mo- 

mentarily depressed at the beginning of operations to 

initially clear the system. This switch has its terminals 

connected between a negative voltage source —E and an 

input terminal of the OR gate OR35. A second input 

terminal of the OR gate OR35 is provided by a line en- 5 

ergized by a level labeled “clear I” from a delay unit 

DE1 (FIG. 23h). 
The fourth line extending between the translator of my 

invention and the central buffer system is a line labeled 

B, which extends from the output terminal of an OR 5! 

gate OR34 to the central buffer system. This OR gate 

has three input terminals, one labeled “reply clock,” 

which is energized at times with strobe pulses coinciding 

‘with information pulses of a character sent from the 

translator to the central buffer system; a second line 

energized by a level labeled “send first B” which is en- 

ergized when the translator is ready to receive a message 

from the central buffer system; and a third input ter- 

minal energized when an AND gate A128 produces an 

output pulse. The AND gate A128 has three input ter- 

minals. The first comprises a line connected to the logi- 

cal 0 output terminal of the stop flip-flop TFFS, and 

is energized with ground potential when the stop flip- 

flop is in its logical 0 state. The second input terminal 

of the gate A128 comprises a level labeled RFF, cor- 

responding to the logical 1 output terminal of a flip-flop 

RFF, to be described. The third input terminal of the 

gate A128 comprises a line energized by a level identi- 

fied as “send second B,” produced as will be described 

below, 
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The logical 1 output terminals of the flip-flops TFF1 

through TFF32 and TFFP are each connected to a pair 

of AND gates providing access to the X address register 

and the Y address register of the computer. As shown, 

there is an X gute and a Y gate for each bit of the char- 

acter and for the parity bit. Thus, the AND gate AXt 

is provided to direct the 1 bit of a stared message 10 

the X address register of the computer, and AND gate 

AYL is provided to direct the 1 bit of a character to 

the second or ¥ address register of the computer. While 

only two characters are shown, it will be apparent that 

additional characters could be sent to appropriate ad- 

dress registers in the computer if so desired by simply 

duplicating the same apparatus, 

An inquiry counter is provided for the translator of 

my invention which comprises three synchronous flip-flops 

ICIFF, 1C2FF and IC4FF, interconnected in a manner 

previously described to form a binary counter. This 

counter is stepped by shift pulses from the OR gate 

OR33, and produces a carry pulse at the end of cach 

eighth shift pulse. This pulse indicates that a complete 

character has been reecived by the translator, and is 

employed to perform various functions in the system. 

Referring now to FIG. 236, the translator of my in- 

vention is provided with a programming unit comprising 

four synchronous flip-flaps PDFF. RFF, RIFF and 

R2ED. These flin-flops are interconnected to form a 

shift register. As shawn, the level input terminals of 

ihe flip-flop IDF are connected with the reset input 

terminal connected to ground and the set input terminal 

connected to a negative potential. Thus, an applied shift 

pulse can only shift it to the logical 0 state. The other 

flip-flops have their input terminals connected to the out- 

put terminals of the preceding flip-flops in such a man- 

ner that upon the application of a shift pulse, these flip- 

flops are each set to the state of the next preceding flip- 

flop. Shift pulses for the programming shift register 

are provided by a series of AND antes AL31, A132 and 

A133, and an OR gate OR37. The AND gate Al3L1 

has two input terminals. The first is connected to the 

A line from the central buffer system. The second in- 

put terminal is connected to the logical 1 output terminal 

of the idle fip-flon IDEF. The output of the AND 

gate A131 is applied to a delay unit DE7 to produce a 

negative level Inbeled “send first B.” which is used in 

a manncr to be described to signal to the central buffer 

system that the translater is ready ta receive the first 

character in a messaze. This output is also applied to 

the OR ante OR37 to step the programming shift regis- 

ter from its “idle” state to ils “receive-from-central- 

buffer” stute in which the flip-flop RFF is in its logical 

1 state. 
The AND gate A132 has three input terminals. The 

first is connected to the logical | output terminal of the 

receive flip-flop RFF. The second is connected to the 

logical! 1 output terminal of the stop flip-flop TFFS. The 

third is connected to receive a carry pulse from the in- 

quiry counter at the cighth count. Thus, this gate pro- 

duces an output when the translater is in condition to 

receive a message from the central buffer system and 

the “stop” bit of the last character of such a message 

has been received. The output of this gate is a pulse 

which is applied to the OR gate OR37 to shift the pro- 

gramming shift register to the state in which the flip- 

flop RIFF is in its logical 1 state. In this state, the 

translator is in condition to receive the first character 

of a reply message from the computer. 

The output of the AND gate A132 is also employed 

to provide a clear signal for the character storage reg- 

ister comprising the flip-flops TFF1 through TFF32, 

JFEP and TFFS. This signal is provided a delayed time 

after the reception of the stap character from the cen- 

tral buffer system in order to allow time for the flip-flop 

RIFE to be set to its logical 1 state. To provide the 

necessary delay, 1 huve shown a delay unit DEL which 
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may be considered typical of the other similar delay units 
to be described. This unit comprises a differentiator con- 
sisting of a capacitor C18 and a resistor R29. This dif- 
ferentiator produces a negative pulse across the resistor 
R29 at the leading edge of the output pulse of the gate 
A132, and a positive pulse corresponding to the trailing 
edge. The negative pulse will have no effect on the sys- 
tem, but the positive pulse is inverted in an inverter I91, 
to produce a negative trigger for the actuation of a 
monostable multivibrator MV5, which may be the same 
as those previously described, except that its circuit con- 
stants are selected to provide a negative output pulse 
of sufficient duration to insure the completion of the set- 
ting of the flip-flop RIFF and the resetting of the flip- 
flop RFF. The output pulse from the multivibrator MV5 
is differentiated and inverted forming a delayed nega- 
tive trigger, which is applied to the OR gate OR35 to 
set the character storage shift register to its 0 state. 

A third input to the gate OR37 is pravided by the AND 
gate A133. This gate has two input terminals, a first 
being connected to the logical 1 output terminal of the 
flip-flop RIFF, and a second terminal being connected 
to receive a carry pulse from a reply counter, to be de- 
scribed. As will appear, this gate produces an output 
pulse when the last bit of the first reply character has 
been transmitted from the translator storage register to 
the central buffer system. This pulse is applied through 
the OR gate OR37 to step the programming shift register 
to the state in which the flip-flop R2FF is in its logical 
1 state, in which condition the translator is ready to 
receive the second character of a reply message from the 
computer. 

The translator also comprises an X—-Y register con- 
sisting of two flip-flops XFF and YFF. The states of 
these flip-flops are employed in the translator of my inven- 
tion to direct a character stored in the translator storage 
register to either the X address register or the Y address 
register of the computer. The flip-flops XFF and YFF 
are basically connected to comprise a shift register, and 
are additionally provided with connections between the 
logical 1 output terminal of each flip-flop and the logical 1 
level set input terminal of the other flip-flop. 

A shift line is provided for the register which is con- 
nected to a terminal energized by a level identified as 
“send second B,” produced as will be described. The 
level “send first B” provided by the AND gate A131, is 
inverted and is connected to the logical 1 output terminal 
of the flip-flop XFF through a suitable isolating diode, 
and to the logical 0 output terminal of the flip-flop YFF 
through a second isolating diode, as shown. Thus, when 
the level “send first B” is received, the flip-flops will be 
set with the KFF flip-flop in its logical 1 state, and the 
flip-flop YFF in its logical 0 state. When the level “send 
secand B” is received, these states will be reversed. 

The logical 1 output terminal of the flip-flop XFF is 
connected to one input terminal of an AND gate A130. 
A second input terminal of this AND gate is connected 
to receive the carry pulse from the inquiry counter com- 
prising the flip-flops ICIFF-IC4FF, The logical 0 out- 
put terminal of the stop flip-flop TFFS is connected to a 
third input terminal of the gate A130. The output of the 
gate A130 is labeled “X address” and used to actuate the 
X set of AND gates at the output of the character storage 
register, to direct the contents of this register to the X 
address register of the computer. 

The logical 1 output terminal of the flip-flop YFF is 
connected to one input terminal of an AND gate A129. 
The second input terminal of this AND gate is also con- 
nected to receive the carry pulse from the inquiry counter. 
The output of the gate A129 is labeled Y address, and is 
applied to enable the Y AND gates at the output of the 
character storage register of the translator, to channel the 
contents of the translator storage register to the Y address 
register of the computer. 
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ployed to actuate a second delay unit DE2, which forms 
a level “send second B” a delayed time after the second 
character of a message has been received to allow time 
for this character to be transferred to the Y address reg- 
ister of the computer. It will be apparent that other 
address registers could be supplied by a simple extension 
of the same procedure. 

The programming shift register is cleared by an OR 
gate OR38 having its output terminal connected through 
suitable isolating diodes to the logical 0 output terminals 
of each of the flip-flops RFF, RIFF and R2FF, and to 
the logical 1 output terminal of the idle flip-flop IDFF. 
Thus, an output pulse from the gate OR38 will step the 
programming register to its idle state. The gate OR38 
is provided with two input terminals. The first is ener- 
gized by a negative voltage upon closing of the clear 
switch TC1. The second input terminal is connected to 
the output terminal of an AND gate A139. This gate 
has two input terminals. The first is connected to the 
logical 1 output terminal of the flop-flop R2FF, and the 
sccond is connected to the carry pulse output terminal of 
the reply counter, to be described. The gate A139 pro- 
duces an output pulse to reset the programming shift re- 
gister in its idle state when the translator is in condition 
to receive the second character from the computer and 
the last bit of this character has been transmitted to the 
central buffer system. 

The reply counter of the translator of my invention 
comprises three flip-flops RCIFF, RC2FF, and RC4FF. 
These flip-flops are interconnected to form a binary 
counter in a manner previously described. The logical 1 
output terminal of the flip-flop RC4FF produces a nega- 
tive-going pulse in the transition from the logical 1 state 
to the logical 0 state, which is used as previously described 
to produce various gating levels in the translator. 

The B line to the central buffer system is energized by 
an OR gate OR34. This OR gate receives a first input in 
the form of a reply clock, which constitutes strobe pulses 
for characters sent from the translator storage register to 
the central buffer system. A second input to the OR 
gate OR34 is the level “‘send first B,” formed as previously 
described. A third input to the gate OR34 is provided by 
an AND gate A128. This gate has three input terminals. 
The first is connected to the line energized by the “send 
second B” level, previously described. The second input 
terminal is connected to the logical 1 output terminal of 
the receive flip-flop RFF. The third input terminal is 
connected to the logical 0 output terminal of the stop 
flip-flop TFFS, indicating that there is no stop bit in the 
last character received. Thus, the gate A128 will produce 
output pulses after each character has been received 
from the central buffer system and transmitted to the com- 
puter, to signal to the central buffer to send another char- 
acter until the last character in the message has been 
received. 

The reply clock pulses for transmission to the central 
buffer system are provided by an AND gate A136. This 
gate has one input terminal connected to the output termi- 
nal of the computer clock pulse generator. If the com- 
puter does not have its own clock, a suitable clock oscil- 
lator may be provided for the translator, or the central 
buffer system clock may be employed. The second input 
terminal of the gate A136 is provided by the logical 1 
output terminal of a character-in-storage asynchronous 
flip-flop RC-AFF. This flip-flop is set to its logical 1 
state a delayed time after the first character of a reply 
message from the computer has been stored in the trans- 
lator storage register, and at least a delayed time after the 
second character of the reply message has been stored in 

the translator storage register and an A level has been 
received from the the central buffer system. For this pur- 
pose, I have provided an OR gate OR36 which has two 
input terminals, one energized by a delay unit DE4, of 
the type previously described, which has an input terminal 
to which a pulse C1 is applied when the first reply char-
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acter is shifted into the translator storage register. A 

second input terminal of the gate OR36 is energized by 

the output of an AND gate A137. 

One input terminal of the gate A137 is connected to 

the logical 1 output terminal of an asynchronous flip- 

flop C2-AFF. This flip-flop is set to its logical 1 state 

by a delay unit DES, of the type previously described, in 

response to a pulse C2, which is supplied to gate the 

second character of a reply message to the translator 

storage register. 
The second input terminal of the gate A137 is con- 

nected to the logical 1 output terminal of an asynchronous 

flip-flop A-AFF. This flip-flop is set to its logical 1 

state by an AND gate A138 when the flip-flop R2FF is 

in its logical 1 state and a level on the A line is sent from 

the central buffer system requesting the second character 

in the reply message. 

It will be apparent that the provision of the flip-flop 

C2-AFF and RAFF, for the storage of the C2 pulse and 

the A level, respectively, makes it immaterial which signal 

occurs first in the operation of the system, Thus, any tim- 

ing requirements that the computer or other informa- 

tion source employed may have do not impose timing re- 

quirements in the central buffer system of my invention. 

The flip-flops RC-AFF, C2-AFF and A~AFF are all 

reset by the carry output pulse of the reply counter, as 

shown. Thus, the gate A136 emits eight reply clock 

pulses each time it is enabled. 

The levels Cl and C2 for gating reply characters to 

the translator storage register are provided by a pair of 

triggered blocking oscillators TBS and TB6. The blocking 

oscillator TB5, which may be of any suitable conventional 

construction, has an input terminal connected to the output 

terminal of an AND gate A134. This gate is provided 

with two input terminals, the first of which is connected 

to the logical 1 output termina! of the flip-flop RIFF, the 

second being connected to the logical 1 output terminal of 

an asynchronous “reply-ready” flip-flop RR-AFF. This 

flip-flop is set to its logical 1 state upon the reception of a 

“reply-ready” Jevel from the computer. 

The logical 1 output terminal of the reply-ready flip-flop 

RR-AFF is also connected to one input terminal of an 

AND gate A135. The second input terminal of this AND 

gate is connected to the logical 1 output terminal of the 

flip-flop R2FF. The output of the gate A135 is con- 

nected to a second triggered blocking oscillator TB6, of 

any suitable conventional construction, which produces a 

pulse C2 when the reply-ready flip-flop RR-AFF is in its 

logical 1 state and the flip-flop R2FF is set to its logical 1 

state. 

It will be apparent that following the reception of a 

“reply-ready” signal from the computer, with the flip-flop 

RAFF already set to the state for receiving the first char- 

acter, the setting of the reply-ready flip-flop RR-AFF will 

produce a pulse through the AND gate A134 to provide 

the signal C1, and thereafter when the flip-flop R2FF is 

set to its logical 1 state, a pulse will be supplied through 

the gate A135 to provide the signal C2. These signals are 

employed to gate characters from the computer output 

register to the translator storage register, as will next be 

described. 
The computer output register is assumed to comprise a 

series of flip-flops or other suitable storage devices hav- 

ing output terminals, one for each bit in the two char- 

acters of a reply message. The output terminals of these 

flip-flops or other storage devices are connected to one 

input terminal of a first group of two-input AND gates 

Al-Jl, A2-1, A4-1, A8-1, A16-1, A32-1 and AP-1, 

which are associated with corresponding bits of the re- 

ply character plus the parity bit. Each second input 

terminal of this group of AND gates is connected to a 

line energized by the signal C1 when the first character is 

to be shifted into the translator storage. A second group 

of gates corresponding to the second character also has 

one input terminal connected to one of the output termi- 
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nals of the computer output register for the second char- 

acter, and has a second terminal energized by the signal 

C2. 
The outputs of the AND gates receiving the computer 

reply characters are connected in pairs to a series of seven 

OR gates OR39-OR45. Each of these gates has two 

input terminals, one connected to the output terminal of 

one of the AND gates in the first character group, and 

the other connected to the output terminal of the AND 

gate for the corresponding bit of the second character. 

The output terminals of these gates are connected through 

suitable isolating diodes to the corresponding logical 1 

output tenminals of each of the flip-flops TFFI-TFF32 and 

TFFP. Thus, at the reception of either the character 1 

loading pulse C1, or the character 2 loading pulse C2, 

the translator storage register is parallel-loaded with the 

code comprising the corresponding character. 

It is desired to provide a stop bit for transmission to 

the central buffer system when the last character of the 

reply message is transmitted. For this purpose, the pulse 

C2 is employed to load a stop bit into the stop flip-flop 

TFES at the time when the second character, comprising 

the last character in the message in the simple example 

here considered, is entered. Of course, if the information 

source has provision for supplying a stop bit, it may be 

employed instead for this purpose. 

The operation of the first embodiment 

In order to illustrate the operation of the system of 
my invention, it will be assumed for simplicity that the 

information source comprises a source of information 

concerning the number of available seats remaining on 
thirty trains identified by letters and numbers as AQ—A9, 

BG—B9, and CO-C9. The console unit for use by the 

operator will be conceived for purposes of description as an 
interrogator for use by the operator in requesting informa- 
tion as to the amount of space available on a given train, 
by sending a message comprising the train designation, 

which will be used as an address to select the appropriate 
register in the information source. The information 
source will then respond by sending a message of two 
characters in length comprising a number from 0 to 99 
representing the number of seats on the particular train 
addressed. 

To begin the discussion, let it be assumed that the 
central buffer system has just been placed in operation, 
and it is desired to initiate operation by depressing the 
central clear switch SCC in FIG. 17c. It will be assumed 
that the central counters described in connection with 
FIG. 22 are in operation, and are sequentially producing 
the 9’s pulses, 7’s pulses, character counts, and special 
timing pulses required in the system. 

When the central clear switch SCC is momentarily 
depressed, the relay CTR will be picked up, and held up 
over its own front contact until the power to the system 

is again interrupted. The second front contact of the 
relay CTR will close at the same time, connecting the A 
line from the central buffer system to the translator to 
supply “A gate” pulses from the system when the occasion 
demands. A second contact on the central clear switch 
SCC will provide a central clear level to the gate A83, 
which will pass a group of SGP shift pulses to the sta- 
tions. The first of these pulses acts as the “central clear” 
pulse for the stations, and the others have no effect. These 
pulses will also be applied through the inverter 175 to 
clear the central buffer program counters MPC1 and 
MPC2. At the same time, the external unload buffer 
flip-flop XUFF, the B-received flip-flop BRFF, and the 
CIS flip-flop CIS-AFF, all in FIG. 17, will be cleared; 
that is, reset to their logical 0 states. 

The central clear switch SCC is preferably mechanically 
designed to be maintained closed for at least 0.1 of a sec- 
ond, but in any event should be depressed for at least 
this lenth of time to permit at least eight SGP shift pulses 
to be passed by the gate A83 in FIG. 17c. Referring to
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FIG. 17a, these pulses are applied to the OR gate OR13 
as a series of clear pulses, which serve to shift the central 
buffer, comprising the flip-flops CBFF1-~CBFF2 and 
CBFFP, at a time when no information is being applied, 
to shift any residual 1’s out of the flip-flops. At the same 
time, the buffer shift pulses are applied to the delayed 
AND gate DA6, together with the clear pulses from the 
inverter 157, the latter being supplied through the OR 
gate OR16 and the inverter 148 to step the stop flip-flop 
S-AFF to its logical 0 state. 

Referring now to FIG. 174, the clear pulses occurring 
in SGP shift time are also supplied to the AND gate A64, 

together with the level OS, the latter representing that the 
counter flip-flops IPFF, 2PFF, and 4PFF are not in their 
binary O state. These pulses operate to set these flip-flops 
to their binary 0 or “operation 8” state, at which time the 
AND gate A64 is disabled. 

The initial clear operation at each station is the same for 
all the stations. Accordingly, only the central clear opera- 
tion for station N will be considered, with reference to 
FIGS. 16a—-16f. First, the central clear pulses from the 
gate A83 in FIG. 17c are applied to clear the station pro- 
gram counters PIFF through P4FF in FIG. 16c¢ through 
the inverter 120 and the isolating diodes shown. At the 
same time, referring now to FIG. 17c, with the station pro- 
gram counters MPCI and MPC2 in their logical 0 states, 
the gate A79 is enabled to pass 0.3 microsecond timing 
pulses, which constitute the Bp shift pulses. These Bp 
shift pulses are applied to begin circulating a 1 through the 
buffer possession flip-flops BPFF1-BPFEN in the manner 
previously described. This action will be continued until 
a station in the “unload” mode of operation is encountered. 

Next, assume that the operator desires to ascertain the 
number of seats still available on the train B8. Referring 
to FIG. l6e, his first step in this operation is to temporarily 
depress the clear switch SC on the keyboard in FIG. 16e. 
This operation will have no effect if the station already has 
the central buffer in possession, but assuming that it does 
not, as will be the case of the beginning of operations, the 
clear pulse produced by the triggered blocking oscillator 
TB2 in FIG. 16e will be applied to the AND gate A33 in 
FIG. 16c, which will be enabled at this time by the level 
BIDN from the output terminal of the gate A46 in FIG. 
16a, which is at a negative potential when the buffer pos- 
session flip-flap BPFFN is in its logical 0 state. A second 
clear pulse will be applied from the output of the gate A33 
to clear the station program counters PIFF~P4FF. At 
the beginning of operations, this pulse will have no effect, 
because the central clear operation initially clears these 
flip-flops. However, this pulse is required when at any 
later time a new message transmission is initiated, 

With the station program counters in their logical 0 
state, the AND gate A25 in FIG. 16c will produce a “clear 
T” level, which will be applied to the OR gate OR? to set 
the clear flip-flop CFF in FIG. 16c. The clear level ap- 
pearing at the logical 1 output terminal of the clear flip-flop 
CFF is applied to disable the AND gate A3 in FIG. 16e, 
which prevents the setting of the marker delay flip-flop 
MDFF and the marker flip-op MFF. 31 is also applied 
to the gate A24 in FIG. 16d to disable the AND gate A24, 
and to enable the gate A23 in FIG. 16d to pass a clear gate 
level at the 9, through 9, times within the 7 times 7, and 7p. 
This “clear gate” is applied to the write gate OR4 to pro- 
vide a “write” level to set the write flip-flop WRFF in FIG. 
16f to its logical 1 state. The gate Al in FIG. 16/ is there- 
by enabled to pass 0.8 microsecond write strobe pulses to 
the write amplifier 47 to insert logical 1’s in the 9, throveh 
9, limes of each 7, and 7, code storage time. This will 
comprise each of the 7, and 7, times of all of the character 
times from 1 to 104. Since the SGP shift pulse which set 
the clear flip-flop occurs at the end of the 103rd character 
time, the first 7; time to be thus filled wiil be the 7, time 
in character 104 time. 

The output of the read flip-flop will be applied at this 
time to the gate A17 in FIG. 16d, but this gate will be dis- 
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abled because the recirculate level will not be applied from 
the inverter 112. This action occurs because the clear gate 
level applied to the gate ORS produces a ground output 
level meaning “not recirculate,” which is inverted in the 
inverter 112 to form a negative level to disable the AND 
gate Al7. 

At the end of the 104th character time following the one 
in which the clear flip-flop was set, the clear flip-flop CFF 
in FIG. 16c will be reset as previously described, produc- 
ing a clear pulse at the output terminal of the flip-flop CFF, 
This pulse will operate to set the marker delay flip-flop 
MDFF and the marker flip-flop MFF in FIG. 16e to their 
logical 0 states, and also to set the keyboard character flip- 
flop KCFF to its logical 0 state. Referring next to FIG. 
165, the pulse CFF will also operate to set the flip-flop 
89FF to its logical 0 state, and will be applied through the 
OR gate ORILI in FIG. 16 to provide a counting pulse to 
step the station program counter flip-flop PIFF in FIG. 
I6c to its logical 1 state. In this state, the AND gate A26 
in FIG. 16c is enabled to begin the “load 91° mode of 
Operation. 

During the “oad 9I” mode of operation, a logical 1 bit 
is loaded into the delay line in the 7199 time during the 
character 104 time. This operation is carried out as fol- 
lows: The “load 9I” level from the gate A26 in FIG, l6c 
is applied through the OR gate OR6 to enable the AND 
gate A36 to pass the next 7,9) pulse. This pulse may be 
provided by a two-input AND gate connected to the 7199 
central counter terminals. The pulse appearing in 7,99 
time from the AND gate A36 is applied through the OR 
gate ORIO to the AND gate A35. At this time, the char- 
acter 104 level is on, so that the AND gate A35 passes the 
applied pulse, in the form of a level labeled “load new 
marker.” 

The “load new marker” level performs three functions in 
the system. First, referring to FIG. 16d, it is applied to 
the gate OR4 to produce a “write” level which is applied to 
set the write flip-flop WRFF to its logical 1 state at the 
trailing edge of the concurrent 0.3 microsecond clock pulse 
to enable the gate AL in FIG. 16f to pass the next 0.8 
microsecond strobe pulse to write a 1 in the 719, time of 
character 104 time in the delay line. It may be noted at 
this point that none of the write levels so far produced 
have affected the video gate Ad in FIG. 16/, since this pate 
is disabled during the 7, and 7) times of each character. 

Second, referring again to FIG. 16d, the “load new 
marker” level operates the gate ORS to produce a positive 
“recireulate” level. This level disables the gate Al7 and 
cuts off the output of the read flip-flop RDFF in FIG. 16f. 

Third, referring now to FIG. 168, the “load new mark- 
er” level actuates the gate OR12 to enable the delayed 
AND gate DA41 to supply a pulse at the trailing edge of 
the concurrent 0.3 microsecond clock pulse through the 
inverter 129 to the gate OR11. This pulse steps the pro- 
gram counters in FIG. 16c to the state in which the PLFF 
flip-flop is in its logical 0 state, and the flip-flop P2FF is in 
its logical 0 state. In this state, the gate A27 is enabled 
to produce the “keyboard load” level. 

In the “keyboard load” mode of operation of the sta- 
tion, the “keyboard load” level js applied to enable 
the AND gate A42 in FIG. 16h, This AND gate will 
not yet produce a pulse, however. The “keyboard load” 
level is also applied to enable the AND gate Al6 in 
FIG, 16¢, to apply a set level to the keyboard char- 
acter flip-flop KCFF, and to light the “enter” Jamp 10 
through the inverters 17 and 18. However, the AND 
gate Al6 will not yet respond, and the flip-flop KCFF 
18 not yet set. 

When the “enter” lamp is lit, the operator is made 
aware that the system is in condition for the entry of 
a message. In the case here considered, the message 
would be entered by the operator by actuating the keys 
B and 8 in that order. Since the speed of acceptance 
of the system here described is at least 33 characters 

75 per second, the operator need not be concerned about
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the speed of operation of the keys so long as they are 

depressed in the proper order. As previously stated, 

the code and strobe contacts closed by the keys are 

each maintained closed for at least 20 and less than 30 

milliseconds, to effect temporary storage of each char- 

acter. 
When the first key is depressed, assuming the code 

sequence previously described, the switches $4, S8, SP 

and SSP will be energized, to provide the character code 

for the letter B, together with a parity bit to insure 

odd parity, and the strobe pulse which is generated for 

each character. The strobe pulse will be applied through 

the triggered blocking oscillator TB1 to set the key- 

board character flip-flop KCFF in FIG. 16¢ to its logical 

1 state. The negative potential now appearing at the 

logical 0 output terminal of the flip-flop KCFF is used 

as a logical 1 indication for application to the OR gate 

OR2, to form the “look for marker” level. This level 

A6 to pass the next 7,9, timing pulse to the OR gate 

OR2, to form the “lock for marker” level. This level 

is formed in the 7,9, time, even though it is desired 

to find the marker in the 7,95 time, because the delay 

line output is sampled in this instance directly from the 

output of the read amplifier 53, which is one bit behind 

the output of the read flip-flop RDFF. Accordingly, 

the sampling will actually take place in the 9g time 

of the system. Referring to FIG. 16e, the “look for 

marker” Jevel is applied to enable the AND gate A3. 

Since the station is no longer in its clear status, the 

“clear not” level is also applied at this time. Thus, the 

delay line output DLO appearing at the output of the 

read amplifier 53 in FIG. 16f, in what is actually the 

7195 system time space, will be gated to set the marker 

delay flip-flop MDFF through the inverter 14. The mark- 

er delay flip-flop will enable the marker flip-flop MFF 

to be set on the next 0.1 microsecond read strobe pulse. 

The reason for the delay is now apparent; it is necessary 

to actually set the marker flip-flop in the system 7,9 

time, rather than the 7,9, system time in which the sam- 

pling was done. 

It will be recalled that characters 51, 52, 103 and 104 

are inhibited, since they occur during the horizontal 

retrace time. Since the initial marker was located in 

the character 104 time, the next 7, time will occur when 

the “inhibit not’ level is applied to the gate Al6 in 

FIG. 16e. The marker flip-flop now set to its logical 1 

level, and the “keyboard load” level is applied. When 

the 7, time of character 1 occurs during the 9, through 9, 

times in this 7 time, the AND gate A16 will be enabled 

to supply a “keyboard gate” level to the AND gate 

A15 through the inverter 16. The code for the character 

B now waiting at the gates A8 through Ald will be 

strobed to the gate A15 by the successive 9’s pulses 

9, through 9;. The output of the gate A15 is supplied 

to the gate OR4 in FIG. i6d, to supply a series of 

write pulses to set the write flip-flop and write the 
character code into the 9, through 9, spaces of the 7, 

time of the character 1 time. At the same time, the 

output of the gate A16, which is a negative “keyboard 
gate” level, is applied to the gate ORS to prevent re- 

circulation of the 1’s written into the 7, spaces in the 

delay line in the previous operation. 
When the marker flip-flop MFF was initially set, it 

reset the keyboard character flip-flop KCFF. At the 

same time, the “marker” level is applied to enable the 

AND gate A24 in FIG. 16d. This gate has also applied 

to it at this time the “clear” and “inhibit” levels. In 
the 7,9, portion of the character 1 time, a “load marker 

gate” signal is applied to the gate A24 from the gate 

OR9 in FIG. 16c. The gate ORY is actuated in re- 

sponse to a pulse appearing from the gate A38 in 71% 

time with the “keyboard load” level applied through 

the OR gate OR8 to the other input terminal of the 

gate A38. 

or
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Referring again to FIG. 16d, the output of the gate 

A24, which comprises a | bit in the 7,% time of the 

first character, is applied to the gate ORS in FIG. 16d 

to inhibit recirculation, to reset the marker flip-flop MFF 

and the marker delay flip-flop MDFF to logical 0 through 

the inverter 18, and to set the gate OR4 in FIG. 16s 

to provide a write level for actuating the write flip-flop 

WRFF in FIG. 16f to write the desired load marker 

bit in the 9, time of the 7, time in character 1 This 

marker now forms a basis for the loading of the next 

character into the system. When the second character, 

which is the numeral 8 in the example here considered, 

is typed into the keyboard, it is loaded into the delay 

line into the 7, time of character 2 in the same manner 

as character 1 was loaded, by first looking for the 9 

bit and finding it in the 7, time of character 1, and then 

proceeding to load it into the following 7, time in the 

manner previously described. As noted above, the 

marker bit will be taken out of the 7, time of char- 

acter 1 and loaded into the 7,9) position of the char- 

acter 2 time to provide the basis for a next character 

to be loaded. Assuming that only iwo characters are 

to be entered at this time, the operator may now refer 

to the display of these characters on the screen as a 

final check before transmitting the message to the central 

buffer system. 

When the first character emerges from the delay line 

4 in FIG. 16f after having been loaded in, the generation 

of video signals begins. The “Jook for marker” level 

will now be applied to the AND gate A2, so that the 

delay line output DLO from the read amplifier 53 will 

be applied to set the read flip-flop RDFF, setting it on 

the trailing edge of each 0.1 microsecond read strobe 

pulse if the corresponding bit of the character is a 1, and 

setting it to logical 0 if the bit is 0. The output of the 

read flip-flop RDFF ts applied to the gate A43 in FIG. 

166. Whether or not the information is transmitted 

to the decoder at this time, however, will depend on 

whether or not the symbol generator is in possession of 

unit N. Assuming for the moment that it is not, and 

referring to FIG. 16d, the output of the read flip-flop 

RDFF will be recirculated at this time through the gate 

A17 and the OR gate OR4. If the maximum of 20 

stations are employed, it will be no more than a fifth 

of a second before the symbo! generator becomes avail- 
able, so that the operator will not have an appreciable 

wait before seeing the information displayed on the screen 

of the cathode ray tuhe at his console unit. 

Referring now to FIG. 168, assuming that the symbol 

generator possession flip-flop SGPNFF is now in its 

logical 1 state, the AND gate A43 will be enabled to sup- 
ply the symbol generator information to the decoder. 

Referring to FIG. 18, this information will be supplied 

in the manner previously described through the OR gate 

OR30 to store the character, which in this case will be 

the letter B, in the flip-flops ISFF through 32SFF. The 

code state of these flip-flops will determine which of 

the character decoder CD41 output lines is energized. 
and in this case the B line will be energized to enable 

the AND gate A97. The video encoder is continuously 

producing the train of pulses corresponding to the video 

signals for the character B on its output line B, and this 

information is now gated through the gate A97 and the 

OR gate OR29 to the video line, which is applied to the 

AND gate A26 as shown in FIG. 16d. With the symbol 
generator in possession, and in the appropriate 7 times 

7, through 7,, the AND gate A21 will be enabled to 

supply a video gate leve] to the gate A2@ through the 

inverter 19. The gate A20 supplies the video informa- 

tion to the write gate OR4, from which it is supplied to 

the write flip-flop WRFF to write it into the character 

1 time in the spaces 7, through 7; and in the 9 times 9, 

through 9,. Video information is also supplied to the 

video gate A4. Through this gate, it is strobed by the
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video strobe 0.8 microsecond timing pulses to actuate the 
emitter follower EF1 and thereby energize the video 
amplifier 61 to intensify the trace on the screen of the 
cathode ray tube 3 at the appropriate times to produce 
the display of the character B in the first character space 
on the first line on the tube. The second character 8 
will be similarly displayed after it emerges from the 
delay line and is sent to the symbol generator. 

When the operator is satisfied with his message on the 
cathode ray tube 3, he initiates the next step in operation 
by depressing the transmit button TB on the keyboard 
in FIG. 16e. The transmit level so produced is supplied 
through the AND gate A42 in FIG. 164, which is en- 
abled in the “keyboard load” mode of operation of the 
station, to produce an output pulse through the OR gate 
OR{12 which is gated at the trailing edge of the next 0.3 
microsecond clock pulse through the delayed AND gate 
DA41 and the inverter 129 to the OR gate ORI. A 
count pulse is thus produced which steps the station 
program counters in FIG. l6c to the 011 state, in which 
the “load 8” gate A28 is enabled to produce the level 
“load 8.” 

The “load 8” level is applied through the inverter I15 
in FIG. 16¢ to enable the AND gate A34 to pass the 
next 7,9; timing pulse to the OR gate OR10. The gate 
OR10 enables the gate A35 to supply a “load new marker” 
level at the next character 104 time. Although the gate 
will be enabled at each 7,9, time, it will not actually be 
effective except during the 7,9, time in character 104 
time. 

The “load new marker” signal from the gate A35 in 
FIG. 16c is employed to perform three functions. First, 
it is applied to the gate ORS in FIG. 16d, to inhibit cir- 
culation of any previous 0 in the 7,9, time space of the 
character 104 time. Second, it is applied to the write 
gate OR4 in FIG. 16d to form a write level to set the 
write flop-flop to load the unload marker into the 7,9, 
position of character 104 in the delay line 4. Third. it 
is applied to the gate OR12 in FIG. 16% to enable the 
delayed AND gate DA41 to produce a pulse at the trail- 
ing edge of the next 0.3 microsecond clock pulse which 
is supplied through the inverter 129 to the gate OR1I. 
The gate ORI1 provides a counting pulse to step the sta- 
tion program counters in FIG. t6c¢ to their 100 or “un- 
load” state, at which time the gate A29 is enabled to pro- 
duce the “unload” level. 

The first step in the unload mode of station operation 
is to secure possession of the central buffer. For this 
purpose, the output of the gate A29 js applied through 
an inverter 116 to provide a ground potential “unload” : 
level. This level is applied to the gate A47 in FIG. 16a. 
When the buffer possession flip-flop for the station next 
preceding station N is set to its logical 1 state, the gate 
A47 will produce a pulse which is applied through the 
inverter 130 to send a “stop search” level to the central 
buffer system. Referring next to FIG. 17c, the “stop 
search” level is supplied through an inverter 179 to an 
OR gate OR27 to enable the AND gate A80 to pass the 
next 0.3 microsecond timing pulse to step the central 
buffer program counters to their logical 1 state. In the 
logical 1 state of the program counters, the gate A78 
is enabled to provide the negative level “ready A,” the 
gate A79 is disabled, but not before it has emitted one 
final BP shift pulse which is supplied through the in- 
verter 178 to the station, and the gate A75 is enabled 
to produce the “BP gate” level for transmission to the 
station. 

Referring again to FIG. 16a, the final BP shift pulse 
is applied through the inverter 138 to set the flip-flop 
BPFFN to its logical 1 state. The BP gate pulse is ap- 
plied through the inverter 137 to enable the AND gate 
A46 to produce the level “BIPN” when the buffer posi- 
tion flip-flop BPFFN goes to its logical 1 state. 

Referring again to FIG. 17c, the “ready A” level pro- 
vided by the gate A78 is supplied through the OR gate 
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OR26 to the AND gate A84. Referring now to FIG. 174, 
it will be recalled that the character in storage flip-flop 
CIS-AFF was initially set to its logical 0 state. Its 
logical 0 output terminal, labeled CIS, is connected to 
one input terminal of the gate A84 in FIG. 17c to en- 
able this gate to pass ihe “transmit” level from the OR 
gate OR26 used as an inverter to form a level “send 
character.” This level is inverted in the inverter 174 and 
sent to the stations. 

In station N, referring first to FIG. 16e, the “send char- 
acter” level enables the gate A7. This gate has applied 
to it at this time the levels “Inarker,” “B=9” from the flip- 
flop 89FF in FIG. 164, and the “BIP” or buffer in pos- 
session level from the buffer in possession flip-flop BPFFN 
in FIG. 16a through the AND gate A46. The gate A7 
is thus enabled to pass the next 7,9, timing pulse to the 
OR gate OR2 to form a “look for marker” level. As 
previously described in the operation in which the 9 
marker bit was located, the unload bit in the 9, space is 
sought directly at the output of the read amplifier, which 
is one bit in system time behind the output of the read 
flip-fop RDFF. Accordingly, the 9, bit is sought in 
the system 9, time as previously explained. 

The “look for marker” indication from the gate OR2 is 
applied to enable the gate A3 to receive the delay line 
output DLO from the read amplifier 53 in FIG. 16f. 
When the unload bit has been located, in this instance 
in the 7,% time of character 104, the marker delay flip- 
flop MDFF is set as before, and marker flip-flop MFF 
will be set on the next following 0.1 mircosecond read 
strobe pulse. With reference to FIG. 16f, note that at 
the time that the “look for marker” level is applied, the 
gate A2 is disabled and the read amplifier is effectively 
disconnected from the read flip-flop RDFF. Accordingly, 
this unload bit is erased from the delay line. 

When the marker flip-flop is set, it enables the gate 
Aid in FIG. 16d. At this time, this gate also receives 
ground levels from the buffer in possession gate A46 in 
FIG, 16a, the “inhihit” level, and and the “unload” level 
from the station program counters. The gate is there- 
fore opened during the next 7, time in the times Ty 
through 93, to form the level “internal load buffer gate.” 
Referring to FIG. 17a, this level is applied to the central 
buffer system to enable the AND gate A61 to pass char- 
acter data from the station, and through the inverter 144 
and the OR gate ORJ4 to enable the AND gate AS52 to 
pass a series of eight 0.3 microsecond clock pulses to the 
OR gate OR13. The output of this gate is applied through 
the inverter 142 to begin shifting the first character into 
the central buffer. 

Referring to FIG. 164, the gate A44 is enabled at this 
time by the levels BIP and 9, to pass the output of the read 
flip-flop RDFF through an inverter 125 to the central 
buffer. Thus, the pulses comprising the character code 
in the times 9, through 9, of the time 7, in the character 
1 time will be gated to the central buffer. Referring again 
to FIG. 17a, this information will be applied through 
an inverter 152 and the OR gate ORI8 to the AND gate 
A61. The output of the gate A61 is supplied through 
the OR gate OR1I6 and the AND gate A5§ and the in- 
verters 148 and 149 to step the delayed AND gates DA6 
and DA8 to shift the first character into the central 
buffer. After the first character has been shifted in, the 
stop flip-flop S-AFF will be in its logical 0 state. 

Referring now to FIG. 17h, the “internal load buffer 
gate” level is applied to the AND gate A7O. At the 95 
time during the 7; time in which this operation occurs, 
the gate A70 produces a negative level which causes the 
gate OR21 to produce a positive level to enable the de- 
layed AND gate DAI1 to set the character in storage 
flip-flop CIS-AFF to its logical 1 state at the trailing 
edge of the concurrent 0.3 microsecond timing pulse. 
With the CIS flip-flop in its logical 1 state, the gate A&4 
in FIG. 17e is disabled and the “send character” level
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is no longer sent to the station. At the same time, the 

gate A85 is enabled to transmit the “ready A” level 

through the inverter 176 to form a “send first A” level, 

which is applied through an inverted 154 and an OR gate 

ORI? in FIG. 17a to actuate the gate A59. The gate 

A59 which is enabled at this time with the station not in 

its clear mode of operation. The “A gate” level so 

formed is applied through an inverter 153 and over the 

front contact of the relay CTR to the A line to the truns- 

lator. This level requests the translator to notify it when 

it is in condition to receive a character from the central 

buffer. 
Referring now to FIG. 23, the level on the A line is 

applied to the AND gate A131, which is enabled at this 

time by the idle level from the logical 1 output terminal 

of the flip-flop IDFF. The output of the gate A131 steps 

the translater program shift register to the state in which 

the flip-flop RFF is in its logical 1 state, and at the same 

time the “send first B” level formed at the output of the 

gate A131 is applied to the OR gate OR34. This level 

is sent on the B line to the centra] buffer system. 

Referring now to FIG. 176, the B level received Irom 

the translator is applied to the trigger blocking oscillator 

TB3 to produce a Bp pulse, which sets the B received 

flip-flop BRFF to its logical 1 state. The BRFF flip-flop 

is enabled at this time by a ground level applied to its 1 

level set terminal to the inverter 169 and the OR gate 

OR65, to which the “send first A” level is now applied. 

Referring now to FIG. 176, when the B received flip- 

flop BRFF is set to its logical 1 state, the AND gate AGT 

will be enabled to pass a series of 0.3 microsecond clock 

pulses. The gate is enabled at this time because the char- 

acter in storage flip-flop CIS-AFF is in its logical | state, 

state, and the counter flip-flops IPFF, 2PF@ and 4PFF 

are in their logical 0, or OP8 state. The first pulse passed 

by the gate A67 operates to set the flip-flop IPFF to 

its logical 1 state. This removes the level OP8 from the 

gate A67, so that it can no longer pass pulses. However, 

the gate A63 is now enabled to pass the next 7.3 pulses. 

When flip-flop 1PFF is set, it causes flip-flop XUFF to 

be set. 
Referring now to FIG. 1i7c, the levels “B received” 

and “send first A” enable the gate ASL to actuate the 

OR gate OR27 to enable the gate A80 to pass a 0.3 micro- 

second pulse to step the central program counters MPCI 

and MPC2 to their binary 10 (or decimal 2) state. In 

this state, the gate A77 is enabled and a “transmit” level 

js formed. Referring again to FIG. 17h, the gate A63 

is now enabled, because the counters LPFF through 4PFF 

are not in their logical 0 state, to pass a series of 0.3 

microsecond timing pulses through the gate OR24 and 

the inverter 173 to step the counters IPFF through 4PFF 

through their sequence from binary 1 back to binary 0. 

At the same time, the “external unload buffer gate” level 

from the logical I output terminal of the flip-Hop XUFF 

is applied through the inverter 143 in FIG. 17a to the 

OR gate OR15. The output of the gate OR15 enabies 

the AND gate A60 to pass a series of 0.8 microsecond 

strobe pulses, which are applied through the OR gate 

OR1I7 to the AND gate A59. With the station not in 

its clear mode of operation, “A gate” pulses are thus 

produced which are applied through the inverter 153 and 

over a front contact of the relay CTR in FIG. 17c to the 

A line, and thence to the translator in FIG. 23. These 

pulses serve as strobe pulses for the character informa- 

tion to be supplied from the central buffer, and are limit- 

ed to eight by the fact that the character in storage flip- 

flop CIS~AFF will be set to its logical 0 state on the 

eighth pulse, which will reset the external unload buffer 

XUFF to its logical @ state in a manner which will next 

be described. 

The AND gate A74 in FIG. 176 is enabled in the logi- 

cal 1 state of the external unload buffer flip-flop XUFP. 

When the counters 1PFF through 4PFF reach their bi- 

nary 7 indication, gate A62 will be enabled to pass a pulse 
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Jabeled 8P8 through an inverter I72 to gate A74, caus- 

ing the delayed AND gate DA9 to be actuated through 

the OR gate OR20 at the end of the next 0.3 microsecond 

timing pulse. Thus, at the end of the eighth strobe pulse 

transmitted over the A line, the character in storage flip- 

flop will be restored to 0. 

With the flip-flop CIS-AFF reset, the AND gate A68 

will be enabled to pass the next 0.3 microsecond timing 

pulse to reset the external unload buffer flip-flop XUFF 

to its logical O state. Referring now to FIG, 17a, the 

resetting of the flip-flop XUFF will remove the “external 

unload buffer gate” level from the gate OR1I4, stopping 

the buffer shift pulses, and will disable the AND gate 

A60, stopping the 0.8 microsecond strobe pulses. 

During the interval just described, the eight buffer shift 

pulses have shifted the stored character in the central 

buffer out through the AND gate A54, which is enabled 

by the B received flip-flop BRFF in FIG. 176, and 

through the delayed emitter follower DEF6 and over 

the information line to the translator. At the same time, 

the “A gate” pulses from the gate A59 in FIG. 17a have 

been supplied to the translator over the front contact of 

the relay CTR in FIG. 17c. Returning now to the trans- 

lator in FIG. 23, the manner in which the information 

thus transmitted is received by the translator will next 

be described. 

Information from the central buffer in the form of the 

character code, plus the parity bit and the time in which 

the stop pulse is transmitted if the stop character is be- 

ing transmitted, is supplied to the input of the stop flip- 

flop TFFS. At the same time, the first shift pulse on the 

A tine is supplied through the AND gate A127 to the 

OR gate OR33 and from the gate OR33 is applied to the 

shift line of the translator storage shift register through 

inverter I@ to shift in the character information from the 

central buffer. The AND gate A127 is enabled at this 

time by a ground level supplied from the logical 1 output 

terminal of the translator program shift register flip-flop 

RFF. 
At the same time that the translator storage shift 

register is receiving the character information, the shift 

pulses from the gate OR33 are applied to step the in- 

quiry counter comprising the flip-flops ICIFF, IC2FF 

and IC4FF. At the eighth pulse, the inquiry counter 

will be reset to its 0 state and emit a carry pulse which 

will be applied through the inverter 1100 to the AND 

gate A130. The gate A130 is enabled at this time by 

the ground level supplied from the logical 1 output 

terminal of the flip-flop XFF. The level “X address” 

is then applied to enable the AND gate AX1, AX2, 

AX4, AX8, AX16, AX32, and APX. These gates then 

transfer the information stored in the translator storage 

register to the X address register of the computer. 

A sufficient time after the information has been sup- 

plied to the address shift register, the delay unit DE2 will 

produce a level, in response to the previously applied 

carry pulse Jabeled “send second B.” This level will be 

applied to the AND gate A128. Since the character B 

which was just received by the translator was an infor- 

mation character and not the “stop” character in the 

message, the stop flip-flop TFFS will be in its logical 0 

state and the flip-flop RFF will still be in its Jogical 1 

state. Accordingly, the level “send second B” will be 

applied to the gate OR34 and supplied to the central 

buffer system over the B line. At the same time, the 

level “send second B” will be applied to set the X flip-flop 

XFE to its logical 0 state and the Y address flip-flop 

YFF to its logical 1 state. 

Referring now to FIG. 178, as previously described, 

the B received flip-flop BRFF was reset to its logical 0 

state by the pulse produced by the gate A74 with the 

external unload buffer XUFF in its logical 1 state and 

the 8P8 pulse applied from the gate A62. When the 

“send second B” level is received by the triggered block- 

ing oscillator TB3 in FIG. 17h, the B received flip-flop
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BRFF will be set. It will be recalled that the gate OR65 
is still enabled to produce an output level through the 
inverter 169 which will permit the flip-lop BRFF to be 
set, since the central buffer is still in its “transmit” mode. 
Note that the gate A67 will not be enabled at this time, 
because the character in storage flip-flop CIS-AFF is 
in its logical 0 state. Accordingly, the external unload 
buffer flip-flop XUFF wil] not be set at this time. 

Referring now to FIG. 17c, when the character in 
storage flip-flop CIS-AFF is restored to its logical 0 
state, the gate A84 will be enabled to pass the positive 
level from the gate OR26 provided by the “transmit” 
level supplied to that gate. Accordingly, the level “send 
character” will be transmitted to the station N. 

Referring next to FIG. 16e, the operation of the station 
in response to the send character level will be considered. 
The Jevel “send character” will enable the gate A7 in 
FIG, 16e to pass the next 7,9, pulse. This gate is en- 
abled because the buffer is in possession, the marker 
flip-flop is in its logical 0 state, and the 8=9 flip-flop 
89FF is in its logical 0 state. Accordingly, the level 
“look for marker” is provided by the gate OR2. This 
level is applied to the gate A3 to sample the delay line 
output at the read amplifier location to find a bit in what 
is actually the 7,93 time. When this pulse is located in 
the 7, portion of the character I time, the marker delay 
flip-flop MDFF will be set to its logical 1 state. As be- 
fore, the eight bit so located will be erased from the 
delay line in FIG. 16/ by disabling the gate A2 between 
the read amplifier and the read flip-flop by the level 
“look for marker.” 

At the next 0.1 microsecond timing pulse after the 
marker delay flip-flop MDFF is set, the marker flip-flop 
MFF will be set to its logical 1 state. Referring now to 
FIG, Ifd, with the marker flip-flop in its logical 1 state, 
the station in its unload mode of operation, and the cen- 
tral buffer in possession, the gate A19 will be enabled 
to provide an internal load buffer gate during the next 
7, time except for the 9, portion. Thus, an eight bit 
duration internal load buffer gate level will be formed. 
Since the marker gate was set on the trailing edge of 
the 9) pulse in the 7, time of the first character location, 
the next 7; time will be the 7, time for the second 
character in the delay line, which in the example here 
under consideration is the numeral 8. Referring now 
to FIG. 17a, the gate A61 will be enabled by the internal 
load buffer gate level to pass the next 8 character pulses 
from the gate OR18. This information is supplied from 
station N through the inverter 152, and, referring now 
to FIG. 165, the information originates at the output of 
the read flip-flop RDFF applied through the AND gate 
A44 and the inverter 125. 

The character information from the gate A6IL is sup- 
plied through the gate ORI6 to the inverter 148 and the 
AND gate ASS, which is enabled at this time because 
the central buffer system is not in its clear made of op- 
eration. The inverter I148 performs the function of 
logically complementing the information. At the out- 
put of the gate A§5, the inverter 149 does not logically 
complement the information supplied to it, but merely 
inverts the polarity. Two complementary inputs are 
thereby provided to the delayed AND gates DA6 and 
DA8. This information is shifted into the central buffer 
storage by buffer shift pulses provided by the internal 
unload buffer gate level supplied through the inverter 
144 and the gate OR14 to the gate A52, to pass eight 0.3 
microsecond timing pulses. These pulses are applied to 
the gate OR13 and through the inverter 142 to actuate 
the delayed AND gates DA6 and DA8 and to shift the 
synchronous flip-flops in the central buffer. Referring 
now to FIG. 17, in the 93 time when the internal load 
buffer gate level is applied, the gate A70 is enabled to 
actuate the delayed AND gate DA11 through the OR 
gate OR21. This gate accordingly sets the character in 
storage flip-flop CIS-AFF to its logical I state at the 
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trailing edge of the next 0.3 microsecond timing pulse. 
With the character in storage flip-flop set to its logical 1 
condition, the gate A84 in FIG. 17c is disabled and the 
“send character” Jevel is turned off. 

Referring now to FIG. 16c, the gate A37 will be en- 
abled, with the station in its unload mode, and the marker 
flip-flop in its logical 1 state, to pass the next 7,9, pulse. 
This will enable the gate OR9 to provide the “load mark- 
er gate” level. Referring now to FIG. 16d, the gate A24 
will be enabled, with the marker flip-flop in its logical 1 
state, to pass the “load marker gate” level and provide a 
“marker gate” level. This marker gate level will inter- 
rupt the circulation of the 7,93 unload pulse in the char- 
acter 2 time. At the same time, it will be applied to the 
write gate OR4 to supply a write level to the write flip- 
flop WRFF, This will write an unload pulse into the 7,93 
time of the second character. It will be recalled that the 
7,9, load pulse is in the same character 7, time, and this 
indication is employed to indicate the last character, in a 
manner which will next be described. 

Referring now to FIG. 165, at 7,% time the gate A39 is 
enabled. At this time, the write gate OR4 in FIG. 165 
provides a level to write the 7,9, unload pulse into the 
7, time of character 2, and the write flip-flop WRFF is 
then in the logical 1 state to write the load indication in 
the 7,95 time. The presence of both of these levels indi- 
cates that the last character is present, and the gate A39 
will produce a level through the inverter I22 to set the 
flip-flop 89FF to its logical 1 state. 

Returning now to FIG. 174, with the character in stor- 
age flip-flop CIS-AFF in its logical 1 state, the gate A67 
is now enabled to step the flip-flop 1PFF to its logical 1 
state through the gate OR24 and the inverter 173. The 
output of the gate A67 also sets the external unload buffer 
flip-flop XUFF to its logical 1 state. The gate A63 in 
FIG. 176 is now enabled to pass eight 0.3 microsecond 
timing pulses through the gate OR24 and the inverter 173 
to step the counters IPFF, 2PFF and 4PFF through their 
eight logical states, 

In the meantime, referring now to FIG. 17a, the “exter- 
nal unload buffer gate” level is applied through the invert- 
er 143 and the gate OR14 to the AND gate A52 to en- 
able eight 0.3 microsecond pulses to pass through the OR 
gate ORI3 and the inverter [42 to shift out the informa- 
tion for the second character to the translator. At the 
same time, the “external unload buffer gate” level at the 
output of the inverter 143 is applied to the OR gate OR15 
to generate a positive level which enables the gate A60 to 
pass eight 0.8 microsecond timing pulses through the gate 
ORI? and the gate A59 in FIG. 17a, over the front con- 
tact of the relay CTR in FIG. 17c, to the translator in 
FIG. 23. These pulses act as strobes for the information 
pulses from the central buffer, which are also supplied to 
the translator. 

As the information is shifted out of the central buffer, 
it is applied through the gate AS4 in FIG. 17 and through 
the delayed emitter follower DEF6 to the information 
line to the translator. 

Referring now to FIG, 23, information comprising the 
second character is shifted into the translator storage reg- 
ister in time with A pulses received on the A line applied 
to the AND gate A127. At this time, the translator pro- 
gram shift register flip-flop RFF is still in its logical 1 
State, so that the AND gate A127 applies the shift pulses 
through the gate OR33 to step the inquiry counter and 
to step the translator storage register. At the eighth pulse 
the inquiry counter will emit a carry pulse and, with the 
Y flip-flop YFF in its logical 1 state, will enable the gate 
A129 to form the level “Y address” to enable the gates 
AY, AY2, AY4, AY8, AY16, AY32 and AYP. These 
gates will then transmit the second character, comprising 
the numeral 8, to the Y address register of the computer. 
After a sufficient time delay, the unit DE2 will form the 
level “send second B,” which will again be applied through 
the AND gate A128 and the OR gate OR34 and over the
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line B to the central buffer system. Referring again to 

FIG. 174, this level will actuate the triggered blocking os- 

cillator TB3 to set the B received flip-flop BRFF to its 

logical 1 state. 
Referring again to FIG. 174, at the seventh pulse ap- 

plied from the gate A63 through the OR gate OR24 and 

the inverter I73 to the flip-flop IPFF, the counter com- 

prising this flip-flop and the flip-flops 2PFF and 4PFF will 

be set to its 111 state, corresponding to the 8P8 level. 

The gate A62 will accordingly produce a pulse which is 

applied through the inverter I72 to the gate A774. With 

the external unload buffer flip-flop XUFF in its logical 1 

state, this gate will pass a pulse to the gate OR20 to 

enable the delayed AND gate DA@ to reset the character 

in storage flip-flop CIS-AFF to its logical 0 state at the 

end of the next 0.3 microsecond shift pulse, correspond- 

ing to the eighth pulse transmitted to the translator. 

With the character in storage flip-flop set to its logical 

O state, and referring now to FIG, 17c, the gate A84 wiil 

form the level “send character” and transmit it to the sta- 

tion N. Referring now to FIG. 166, with the 8—9 flip- 

flop 89FF set as previously described to its logical 1 state, 

and with the station in the unload mode of operation, the 

gate A40 will produce a level “unload operation com- 

plete.” This level will be applied through an inverter 121 

to reset the flip-flop 89FF on the trailing edge of the con- 

current 0.3 microsecond clock pulse. In the meantime, 

the “unload operation complete” level is also applied to 

the gate OR12, which enables the delayed AND gate 

DAAI to produce a count pulse supplied through the in- 

verter 129 and the gate ORI to step the station program 

counters in FIG. 16c¢ to their “clear IT’ mode of opera- 

tion, in which the gate A30 is enabled. 

Prior to the time that the delayed AND gate DA41 in 

FIG. 164 produces its output pulse, the gate A45 in FIG. 

166 is enabled by the “send character” Jevel from the cen- 

tral buffer system, and the flip-flop 89FF in its logical 1 

state with the buffer in possession, to send a “load stop” 

level through the inverter 126 to the central buffer system. 

Referring first to the operation within the station, in 

the “clear II” mode of operation the AND gate A30 pro- 

duces a Jevel applied through the gate OR7 to set the clear 

flip-flops CFF in FIG. 16c. It will be recalled that this 

flip-flop will be reset on the next SGP shift pulse follow- 

ing the one in which it is set. These shift pulses will oc- 

cur at the end of the character 103 times. As previously 

described, the pulse produced when the clear flip-flop is 

reset will set the marker flip-flop MFF and the marker 

delay flip-flop MDFF to their logical 0 states, will set the 

flip-flop 89FF in FIG. 166 to its logical 0 state, although 

this will presumably already have been accomplished by 

the “unload operation complete” level, and will supply a 

count pulse to the gate OR11 to step the program count- 

ers in FIG. 16c to their “load 91J” mode of operation, 

Prior to the pulse produced by the clear flip-flop CFF 

in FIG. 16c which is produced when it is reset, 104 char- 

acter times intervene, in which time the “clear” level is ap- 

plied to the gate ORS in FIG. 16d to interrupt the recircu- 

Jation of information in the delay line and thereby erase 

the information on the line. When the program counter 

is shifted to the “load 911” state, a pulse is Joaded into the 

7,9 time of character 104 in the manner previously de- 

scribed in detail for the “load 911” mode of operation, 

which is identical. Thus, the level “load new marker” is 

formed by the gate A35, to write the load bit in the 71%» 

position of the character 104 time. Referring now to 

FIG. 16b, the “load new marker” Jevel is transmitted 

through the gate OR12 to the delayed AND gate DA41, 

which provides a count pulse through the inverter 129 

to the gate OR11 to step the station program counters in 

FIG. 16c to their “external load” mode of operation. The 

station will remain in this state until otherwise directed 
by the operator. 

Returning now to the central buffer system, the “load 
stop” level, sent from the station in the manner pre- 
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viously described, is applied through the inverter 158 and 

the gate ORI9 in FIG. 174 and through the inverter 159 

to the gate OR21. The gate OR21 enables the delayed 

AND gate DA11 to pass the trailing edge of the next 0.3 

microsecond timing pulse to step the character in storage 

flip-flop CIS-AFF to its logical 1 state. Referring now 

to FIG. 17c, with the flip-flop CIS-AFF in its logical 1 

stale. the AND gate A84 is disabled, and the “send char- 

acter” level is turned off. 

Referring back to FIG, 174, it will be recalled that the 

B received flip-flop BRFF is in its logical J state at this 

time, and with the pulse counters 1PPF through 4PFF 

returned to their 0 or OP8 state, Lhe gate A67 will be en- 

abled to shift the pulse counters to their logical 1 state, 

with the flip-flop 1PFF set to binary 1. Next, the exter- 

nal unload buffer flip-flop XUFF will be set ta its logical 

1 state by the flip-flop IPFF from the 1 output side. Re- 

ferring now to FIG. 17a, the “load stop” level is also 

applied to the delayed AND gate DA7 to set the stop fiip- 

flop S—AFF to its logical 1 state the next 0.3 microsecond 

timing pulse. It will be recalled that the other central 

buffer flip-flops are in their logical 0 states, as the informa- 

tion previously stored in them was shifted out to the 

translator. 
The external unload buffer flip-flopXUFF will now en- 

able the gate A52, through the inverter 143 and the gate 

OR14 in FIG. 17a, to pass a series of eight 0.3 microsec- 

ond clock pulses through the OR gate OR1i3 and the in- 

verter 142 to shift the central buffer information out. At 

the same time, the gate A60 in FIG. 17a will be enabled 

to pass eight 0,8 microsecond strobe puises to the trans- 

lator over the A line as previously described. Referring 

now to FIG. 23, the seven logical 0°s followed by the log- 

ical 1 of the stop bit comprising the stop character now 

sent to the translator is stored in the translator shift regis- 

fer. At the eighth shift pulse, the stop flip-flop TFFS is 

in its logical 1 state. When the inquiry counter produces 
its carry pulse at the end of the eighth pulse, the gate A132 

will be enabled to pass a pulse through the gate OR37 to 

step the translator program shift register from the state 

in which the flip-flop RFF is in its logical 1 state to the 

state in which the flip-flop RIFF is in its logical 1 state. 

This is the state in which the translator is enabled to re- 
ceive the first character of the reply message from the 
computer. 

The carry pulse from the inguiry counter will form the 
level “send second B” through the delay unit DE2 as pre- 
viously described, but with the stop flip-flop TFFS in its 
logical 1 state, the AND gate A128 will be disabled and 
no B level will be sent back to the central buffer system. 
The translator will remain in this mode of operation until 

it receives a “reply ready” indication fram the computer. 

When this is received, the reply ready flip-flop RR-AFF 
is sct to its logical 1 state. Thus, with the program shift 
register flip-flop RIFF in its logical 1 state, the gate A134 
is enabled to actuate the triggered blocking oscillator 5 
to produce a character loading strobe pulse C1. This 

pulse enables the AND gates Al-1 through A32-1 and 
AP-1 as previously described, to load the first character 

into the translator storage register through the gates 
OR39 through OR45, as previously described. Prior to 
this operation, however, the pulse output of the gate 
A132 has actuated the delay unit DE1 to produce a “clear 

1” pulse, which has cleared the translator program shift 
register, Thus, the stop bit initially located in the stop 
flip-fiop TFFS is erased. 

A delayed time after the character loading strobe pulse 
C1, the delay unit DE4 produces an output through the 

gate OR36 to set the reply clock flip-flop RC-AFF to its 

logical 1 state and enable the AND gate A136 to pass the 

compuier clock pulses. The pulse output of the gate 
A136, labeled “reply clock,” is applied to shift the reply 
counter comprising the flip-flops RCIFF, RC2FP, and 
RC4FF. At the same time, it is applied through the gaie 
OR33 to shift the information cul of the translator stor-
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age register to the central buffer, and is also supplied over 
the B line to the central buffer to serve as strobe pulses 
for the outgoing information. The central buffer system 
will be in its “receive” mode of operation by this time, 
as will appear, 

Referring now to FIGS. 17a and 175, as the stop 
character including the stop bit is shifted out of the cen- 
tral buffer, it will finally appear in the flip-flop CBFF1. 
The output of this flip-flop, labeled “buffer,” is applied to 
enable the AND gate A66 in FIG. 174. With the exter- 
nal unload buffer flip-flop XUFF still in its logical 1 
state, the eighth strobe pulse which acts to strobe the 
stop bit to the translator shift register also actuates the 
gate A66 in FIG. 175, to form a level “transmit operation 
complete.” 

Referring now to FIG. 17c, this level is applied through 
the gate OR27 to the AND gate A8@ to enable the next 
0.3 microsecond timing pulse to step the central buffer 
program counters to the “receive” state in which the AND 
gate A76 produces a level labeled “receive.” 

(Referring to FIG. 176, the seventh strobe pulse oc- 
curring during the transmission of the load character to 
the translator, labeled 8P8, will actuate gate A74 to set 
the delayed AND gate DA9 through the gate OR20 to 
reset the character in storage flip-flop CIS-AFF on the 
next clock pulse. 

With this flip-flop reset, the flip-flop XUFF is reset to 
its logical 0 state. Referring now to FIG. 178, the gate 
A69 is enabled by the “receive” level and the character 
in storage flip-flop is in its logical 0 state to form the 
“external load buffer gate” level. This level is applied 
to the inverter 162 to enable the gate A53 in FIG. 17a to 
admit the external character information from the trans- 
lator through the gate OR16 to set either the delayed 
AND gate DA6 or DA8 according as the transmitted bit 
is a logical 1 or a logical 0. Referring again to FIG. 
176, the “external load buffer gate” level also enables the 
AND gate A72 to pass the B pulses Bp produced by the 
triggered blocking oscillator TB3 in response to the 
strobe pulses sent from the translator. The pulse output 
of the gate A72, labeled “B shift,” serves as the shift 
pulses for shifting the external character data into the 
central buffer shift register. 

Referring again to FIG. 176, the B shift pulses are ap- 
plied through the gate OR24 to step the pulse counter 
flip-flops IPFF, 2PFF and 4PFF through their eight 
states. At the seventh count, the gate A71 will be en- 
abled by the pulse 8P8, and will actuate the delayed AND 
gate DA10 to set the character in storage flip-flop CIS— 
AFF to its logical 1 state at the end of the next 0.3 
microsecond timing pulse. 

With the character in storage flip-flop in its logical 1 
state, the “external load buffer gate” level is turned off 
by disabling of the AND gate A69. Thus, the supply of 
B shift pulses to the pulse counters is interrupted by the 
disabling of the gate A72 in FIG, 176. Normally, of 
course, no such pulses would be received at this time. 

Referring now to FIG. 17a, the “receive” state of the 
central buffer system is represented by a negative level 
which is applied through an inverter 155 to enable the 
AND gate A57. With the character in storage flip-flop 
set to its logical J state, an output level is provided by 
the gate AS7 which is supplied through the inverter 150 
to enable the gate A58 to supply a “character ready” 
level to the station through the inverter 151. The gate 
A58 is enabled at this time by the fact that there is no 
stop bit in stop flip-flop S-AFF. 

Considering next the operation in the station, which is 
in its “external load” mode of operation reference will 
first be made to FIG. 16e. As there shown, the “char- 
acter ready” level, together with the “buffer in posses- 
sion” indication and the indication that the marker flip- 
flop is in its logical 0 state, enables the AND gate AS 
to commence a “look for 9” operation by supplying a 
level through the gate OR1 to the gate A6é. The gate A6 
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will then pass succeeding 7,9, pulses through the gate 
OR2Z to form the level “look for marker” in each 7, time 
until the load marker is found. As before, the 7,9, pulse 
is used because the output of the delay line is checked 
at the read amplifier time, and not at the read flip-flop 
time. 

As before, the gate A3 is enabled by the “look for 
marker” indication, and sets the marker delay flip-flop 
when the bit in the 7,9) position of the character 104 is 
found. The marker flip-flop MFF is actually set in 7,95 
time, since the system timing corresponds to the read 
flip-flop output. 

The “internal unload buffer gate” level is now formed 
by the gate A18 in FIG. 16d. This gate is enabled in 
the next 7, time for each bit except the 99 bit, when the 
buffer is in possession, the station is in its “external load” 
mode, the marker flip-flop is in its logical 1 state, and the 
system is not inhibited because of the presence of char- 
acters 51, 52, 103, and 104. 

The “internal unload buffer gate” level is applied 
through the inverter I11 to the central buffer system. As 
shown in FIG. 176, it is transmitted through the inverter 
I65 and the gate OR23 to enable the gate A73. It is 
also supplied through the inverter 145 in FIG. 17a and 
through the gate OR14 to enable the gate A52 to trans- 
mit eight clock pulses through the OR gate OR13 and the 
inverter 142 to step the stored character out of the 
central buffer through the emitter follower EF5. As the 
information is shifted out, it is received by the station 
N. Referring now to FIG, 16d, the “internal unload 
buffer gate” level formed the output of the inverter ILL 
occurs at the same time as an information gate level 
supplied to the gate ORS to stop recirculation of old 
information. Also, a ground potential “information 
gate” level is formed at the output of the inverter 1110 
and supplied to enable the gate A22 to pass the informa- 
tion from the central buffer to the write gate OR4. 
This information is supplied to the write flip-flop WRFF 
to write the new character into the character 1 position 
in the delay line. In the manner previously described, 
when this character emerges from the delay line, and the 
symbol generator comes into possession, its video signal 
would be generated by the symbol generator in FIG. 18 
and sent back to the delay line and to the cathode ray 
tube 3. Thus, the operator is able to observe the first 
character of the reply message almost immediately after 
it is sent to the station. 

Referring now to FIG, 16c, with the station in its “ex- 
ternal load” mode, the gate OR8 enables the gate A38 
to pass the next 7,99 pulse, which occurs at the end of 
the 7, time in the character 1 position, to energize the 
gate OR9 to form the “load marker gate” ground level. 
As shown in FIG. 16d, this enables the gate A24 to form 
the “marker gate” level. This level is applied to the gate 
ORS to block the recirculation of video at this time, to 
the write gate OR4 to write the load bit into the 7,9, 
position in the delay line, and to reset the marker flip- 
flop in FIG. 16e through the inverter 15. The station is 
now in condition to receive another character, with the 
first character circulating through the delay line 4 and 
being displayed on the screen of the cathode ray tube 3. 

Returning now to the central buffer system, as the last 
pulse of information is shifted to the station, the “in- 
ternal unload buffer gate” level from the gate OR23 in 
FIG, 176 enables the gate A73, during the 9, timing pulse, 
to form the level labeled “last internal unload buffer 
gate.” This level operates through the gate OR20 to set 
the delayed AND gate DA9 to reset the character in 
storage flip-flop CIS-AFF to its logical 0 state. With 
the character in storage flip-flop set to its logical 0 state, 
the external unload buffer gate flip-flop XUFF is reset 
to its logical 0 state through the gate A68 on the next 
clock pulse. 

The “last internal load buffer gate” level is also applied 
to the gate ORI5 in FIG. 17a, which enables the gate
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A6O to transmit a 0.8 microsecond timing pulse through 

the gate ORI7, the gate A59, the inverter 153 and over 

the front contact of the relay CTR in FIG. 17c to the 

A line connected to the translator in FIG. 23. 

Referring now to FIG. 23, the description of the opera- 5 

tion of the translator unit above was left at the time when 

the reply counter had just produced its carry pulse. This 

carry pulse operates to reset the flip-flop RC-AFF to its 

logical 0 state and turn off the reply clock. It is also ap- 

plied through the gate A133, with the program shift 

register flip-flop RIFF in its logical 1 state, to supply a 

signal through the gate OR37 to step the translator pro- 

gram shift registers to the state in which the flip-flop 

R2EF is in its logical 1 state. The logical 1 output ter- 

minal of the flip-flop R2FF is connected to enable the 

AND gate Ai35. With the reply ready flip-flop RR-AFF 

still in its logical 1 state, this action enables the triggered 

blocking oscillator TB6& to produce a second character 

strobe pulse C2. This pulse enables the computer output 

register to apply the second character to the translator 

storage register. First, the pulse C2 enables the gates 

A1-2 through A32-2 and AP-2 to apply the correspond- 

ing bits of the reply character to the gates OR39-OR45. 

These gates load the character into the translator shift 

register in the manner previously described. 

With the flip-flop R2FF in its logical 1 state, when 

the A level is received from the central buffer system, the 

gate A138 operates to set the flip-flop A—AFF to its logi- 

cal 1 state. A delayed time after the generation of the 

character load strobe pulse C2, provided by the delay 

unit DES, the flip-flop C2—AFF is set to its logical | state. 

The reason for the storage of both the C2 and the A indi- 

cation is that either may occur first. After both have 

occurred, the gate A137 will produce a pulse which is 

applied through the gate OR36 to set the flip-flop RC— 

AFF to its logical 1 state, enabling the gate A136 to pass 

eight computer clock pulses as “reply clock” pulses. 

As before, the reply clock pulses step the reply counter, 

shift the second character out of the translator storage 

register into the central buffer system, and provide strobe 

pulses for the shifted character information through the 

gate OR34 on the line B connected to the central buffer 

system. 
At the eighth reply clock pulse, the reply counter will 

ptoduce a carry pulse which will actuate the gate A139, 

already enabled by the logical 1 output terminal of the 

flip-flop R2FF, to set the translator program shift regis- 

ter back to its idle state. At the same time, the flip-flops 

RC-AFF, C2—AFF, and A-AFF are reset to their logical 

0 states. 

When the character strobe pulse C2 is generated, it sets 

the stop flip-flop TFFS to its logical 1 state. This repre- 

sents a stop bit in the character transmitted to the sta- 

tion. A delayed time after the pulse C2 is generated, the 

delay unit DE3 will produce a “reply received” pulse to 

signal the computer to erase its output register and pre- 

pare for the next request. The translator portion of the 

system is now restored to its initial condition. 

Turning now to the central buffer system, and referring 

first to FIG. 176, with the character in storage flip-flop 

CIS-AFF set to its logical 0 state, and the central buffer 

system in its “receive” mode of operation, the gate A69 

is enabled to supply the level “external load buffer gate” 

through the inverter 162. Referring to FIG. 17a, this 

level enables the gate A53 to pass the external informa- 45 

tion from the translator through the gates OR16, the in- 

verter 148, the gate ASS, and the inverter 149 to set the 

delayed AND gates DA6 and DA8 in accordance with the 

logical state of the bit transmitted. At the same time, 

the B shift pulses received from the translator are ap- 

plied to the triggered blocking oscillator TB3 in FIG. 

176, and thence through the inverter 166 and the gate 

A72 in the “external load buffer gate” state, to supply B 

shift pulses to the gate OR13 in FIG, 17a. The output 

of the gate OR13 is applied through the inverter 142 to 75 
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shift the information from the translator into the central 

buffer. 

At the same time, in FIG. 176 the B shift pulses oper- 

ate through the gate OR24 to step the pulse counters 

1PFF through 4PFF through their eight logical states. 

At the binary 7 state of these counters, the pulse 8P8 is 

applied to the gate A71, which is enabled by the “ex- 

ternal load buffer gate” level, and which operates through 

the inverter 163 to set the delayed AND gate DA10 to 

set the character in storage flip-flop CIS-AFF to its logi- 

cal 1 state on the trailing edge of the first received Bp 

pulse from the triggered blocking oscillator TB3. The 

gate A69 in FIG, 176 is now disabled. 

Referring to FIG. 17a, with the character in storage 

flip-flop set to its logical 1 state, the gate A57 is enabled 

to provide a negative level, which is supplied through the 

inverter 150 to the AND gates A58 and A56. The gate 

A58 is disabled at this time because the stop bit sent 

from the translator has been loaded into the stop flip-flop 

S-AFF. Now, the gate A56 is enabled to produce the 

level “receive operation complete.” This level is sup- 

plied through the inverter 147 to the delayed AND gate 

DAS. On the trailing edge of the next clock pulse, the 

stop flip-flop S~-AFF remains in its logical 1 state. The 

AND gate A58 in FIG. 17a will now be enabled to pro- 

vide a “character ready” level which is transmitted to the 

station through the inverter I51. 

Referring now to FIG. 16e, the “character ready” level 

provided by the central buffer system is applied to the 

gate AS, which is enabled by the “buffer in possession” 

level and the level provided by the marker flip-flop MFF 

in its logical 0 state. The “look for 9” operation is now 

begun by a level supplied from the gate A5 through the 

gate ORI to enable the gate A6 to pass the next 7)93 

pulse. The gate A6 then applies a level to the gate OR2 

to form the level “look for marker,” which will enable 

the gate A3 to pass the next 1 bit located in the 7,99 

(system) time at the output of the read amplifier. 

The load pulse in the 7,9j system time will be located 

in the 7,99 time of the character 1 previously loaded. 

When this character emerges from the delay line, the 

marker delay flip-flop MDFF will be set as before, and 

the marker flip-flop MFF will then be set on the next 0.1 
microsecond clock pulse to provide the “marker” level 

at the proper system time. As before, referring now to 

FIG. 16d, the gate A18 will be enabled to provide the 
“internal unload buffer gate” level through the inverter 

Tt1. At the same time, the ‘information gate” level will 

be applied to the gate ORS to block recirculation of the 
spaces while the new information is being written into 
the character 2, 7, time, and an “information gate” ground 
level will be applied through the inverter 110 to enable 

the information from the central buffer to be supplied 
through the gate A22 to the write gate OR4. 

Referring again to FIG. 176, the “internal unload 

buffer gate” level from the station will be supplied through 
the inverter 165 to the gate OR23 and thence to the gate 
A52 in FIG, 17a through the inverter 143 and the gate 
OR14. A series of buffer shift pulses will then be pro- 
vided to shift the information out of the central buffer 
system into the station. It will be noted that the eighth 
bit located in the stop flip-flop S-AFF will now be 0, be- 
cause of the clearing operation previously described. 

The last character is transmitted to the station and 
loaded into the character 2 time in the manner previously 

described. Referring to FIG. 16c, in the 7,9 time of the 
character 2, the gate A38 will be enabled to supply a 
“load marker gate” level through the gate OR9. Referring 

to FIG. 16d, this level will enable the gate A24 to provide 
the “marker gate” level. This level will write a 7,9 load 
pulse into the character 2, through the write gate OR4. 
At the same time, the connection from the read flip-flop 

will temporarily be interrupted by the gate ORS, and, 

referring to FIG. 16e, the marker delay flip-flop MDFF 

and the marker flip-flop MFF will be restored to 0 through
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the inverter I5. The station will remain in the “external 
load” mode of operation, with the two reply characters 
circulating through the delay line and displayed on the 
cathode ray tube, until the operator desires to begin a 
request for new information by depressing the clear but- 
ton, in the manner previously described. 

Referring now to FIG. 175, at the 9, time in the trans- 
mission of the last character to the station, the gate A73 
is enabled to provide a level “last internal unload buffer,” 
which is supplied through the gate OR20 to set the de- 
layed AND gate DA9 to reset the character in storage 
flip-flop to its logical O state. When the character in 
storage flip-flop goes to its logical 0 state, and referring 
now to FIG. 17c, the “receive operation complete” level, 
is generated to produce a negative level which is supplied 
to OR gate OR27 to reset the central buffer program 
counters MPC1 and MPCzZ to their logical 0 states. 

The output of A75, BP gate, in FIG. 17c is fed to an 
AND gate A86 which is fed by a 0.3 microsecond pulse 
on the other terminal. The output of (0.3) Bp gate is 
fed to the transistor base of the CIS flip-flop on the zero 
set side. The purpose is to reset the CIS flip-flop when 
the MPC is advanced into the BP shift mode by the “re- 
ceive op comp” level. 

The gate A79 in FIG. 17¢ is now enabled to provide 
Bp shift pulses through the inverter 178 to the stations, 
to begin a new search for a station in the “unload” mode 
of operation. Referring to FIG. 16a, a logical 1 will 
continue to circulate through the buffer possession flip- 
flops BPFF1-BPFFN until such a station is found. At 
the same time, the symbol generator possession flip-flops 
will continue to cycle, assigning one complete delay line 
time cycle to each station in turn, 

While I have described the operation of the system of 
my invention for a single simple case, involving request 
and reply messages of only two characters each, it is be- 
lieved that the operation of the system for larger messages 
of various lengths will be apparent from the description 
of operation given. 

I will next describe an embodiment of my invention 

especially for use in systems in which messages of con- 
siderable length are encountered, or in which a large 
alphabet is employed. In accordance with this embodi- 
ment of my invention, the symbol generator possession 
flip-flops and their function are omitted, and a single sym- 
bol generator is assigned to each station. The video in- 
formation generated by the symbol generator is no longer 
stored in the delay line, but is supplied directly to the 
video gate for the video amplifier of the cathode ray tube 
at each station. 

Since the delay line is not employed to store the video 
information, additional space is available for the storage 
of characters. The manner in which this additional stor- 
age is utilized may best be understood by a consideration 
of FIG. 24. 

In FIG. 24, one manner in which characters may be 
stored in a delay line in accordance with the second em- 
bodiment of my invention is schematically indicated. 

The delay line is shown as a series of rectangles, each 
corresponding to a time space in the delay line. Ifa delay 

line of the length chosen for description in connection 
with the first illustrated embodiment of my invention 
was employed, storage space for 728 characters repre- 

sented by six bits plus a parity bit could be provided at 

the frequency assumed. However, as will appear, delay 

lines of any desired length may be employed, and, for 

convenience in illustrating the second embodiment of my 

invention in terms of the circuits employed in the first, I 

have shown an embodiment using a shorter delay to store 

104 characters as before. In this shorter delay line, as 

illustrated in FIG. 24, assuming a bit repetition rate of 

655 ke., storage for 936 bits is available. In a delay line 

of this length, 104 characters may be stored, in an inter- 

laced manner to be described below. 

Since video information is no longer stored in the delay 
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line, each 7 time may be employed to store a single char- 
acter in this embodiment of my invention. As before, 
each 7 time is divided nine 9 times. However, the 7 
times are no longer grouped in the same manner to form 
character times. In the embodiment illustrated in FIG. 
24, they are grouped into 15 blocks, each of the blocks 
B1-B14 comprising seven 7 times in the same manner as 
the character times were assigned in the previous embodi- 
ment, but the block B15 including only six 7 times. Thus, 
when the system time indicates that the various 7; times 
occur, the 16th 7, time will occur in what would corre- 
spond to the 72, space in the delay line, because the delay 
line has been thrown one 7 time off the system time at each 
revolution. 

In order to allow time for the display of each character 
on the cathode ray tube, a delay sufficient to provide the 
desired character spacing and the time necessary to gen- 
erate the video information must be allowed between each 
character code sent to the symbol generator and the next. 
Accordingly, the second character bit cannot be loaded 
into the 7 time next to the 7,. For the first 15 characters, 
loading proceeds in the same manner as in the previous 
embodiment, in the 7; spaces of the blocks B1-B15. As 
shown in FIG. 24, loading the system 7, time will place 
the character 1 code in the first space of block B14, char- 

acter 2 code in the first space of block B2, and so on, until 
the character 15 code has been placed in the 7, time of the 
block B15. The next 7; system time will occur during the 
second 7 time in the block B1. Accordingly, the 16th 
character code will be loaded adjacent the first character 
code. Similarly, the 17th character code will be loaded 
after the second character code, the 18th character code 
will be loaded after the third character code, etc. Loading 
will continue in this manner until the 104th character 
code has been loaded in the seventh 7 time in the block 
B14. It will be apparent that if the characters are written 

out of the delay line in 7, system times, they will appear 

in the order 1, 2, 3, 4, etc. with six 7 times intervening 

after each character code appears. It will be apparent 

that access to each character thus require an average 

time of one revolution of the delay line as before, but 

although the delay line is shorter, the same number of 

characters require the same amount of processing time. 

Seven revolutions of the delay line will be required to 

unload all of the characters. With the constants assumed, 

the frame rate of display on the cathode ray tube will be 
100 frames per second. Thus, over 300 characters could 
be displayed, by increasing the delay line length, without 

bringing the display rate below 30, and more could be 

employed by using a higher system frequency. 

The arrangement of the characters and the length of 

the delay line indicated in FIG, 24 is typical, but many 

variations may be made. A more general discussion of 

the interlacing system illustrated by the particular inter- 

lacing scheme shown in FIG. 24 will be given after the 
structural modifications of the system of the first em- 

bodiment of my invention necessary to convert it for use 
with the delay line shown in FIG. 24 have been con- 
sidered. 

Referring now to FIG. 25, the modified system is shown 
in block form with the changes indicated. The symbol 
generator of FIG. 18 may be employed, with the excep- 

tion that the OR gate OR3@ in FIG. 18 is no longer re- 
quired, because each station has its own symbol generator. 
As shown in FIG. 24, the output of the read flip-flop 
RDFF is now gated to the symbol generator in 7, time 

by the AND gate AL51. The video output is now sup- 
plied directly te the gate A4 of FIG. 16f, in place of the 
write gate output line shown in FIG. 16f. As before, the 
output of the gate Ad is supplied to the video amplifier 
61 through the emitter follower EF1, and energizes the 
grid of the cathode ray tube 3 to display the generated 
character. The rest of the circuits for the cathode ray 
tube may be the same. Referring to FIG. 16d, the gates 

A20, A21 and the inverter I9 may be omitted, since the
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video information is no longer supplied to the write gate 

OR4. Referring to FIG. 164, the gate A43 may be 

omitted, because the symbol generator possession system 

is no longer employed, and the cutput of the read flip- 

flop, applied to the gate A43 in FIG. 16, is now applied 

to the gate A151 as indicated in FIG. 25. The rest of 

the station circuits, the central buffer system, the trans- 

lator circuits, and the central counter system, may be the 

same. 
As stated above, the method of interlacing illustrated 

by FIG. 24 is considerably more general than has been 

so far described. This may be shown in the following 

manner, having reference to FIG. 24. As shown in FIG. 

24, each block such as the block B11 comprises seven 7 

times. For each character stored, a time ¢a must be pro- 

vided in which to store a character code. The length 

of this time fa will be determined by the number of bits 

required to store the character code, which in turn de- 

pends upon the total number of characters in the alphabet 

and upon the time required for each bit; thus, it is ba- 

sically determined also by the system frequency or bit 

repetition rate. A second time ‘4 must be provided which 

determines the spacing between characters. The num- 

ber of bits allotted to this time is determined primarily 

by the nature of the display and the form of characters. 

In the illustrated embodiments, it has been selected to be 

equal to the character storage time, but this is obviously 

not necessary. 

A third time fc must be associated with each character 

which is long enough to permit the generation of the video 

code for displaying the character. This time tc is ba- 

sically determined by the system operating frequency 

and by the resolution and size of the character which it 

is desired to display. While it has been illustrated as 

being five times the Jength of the character code storage 

time, this is not a necessity, and other relative times may 

be provided if desired. However, in accordance with the 

second embodiment of my invention, there is a limitation 

on the relationship between the times fa, 1b and tc which 

must be observed if the entire storage capacity of the delay 

line is to be utilized. 

Specifically, 

(1) thtte=kta 

Here, k is an integer; if it were not, the times ¢b+-tc 

would not include an equal number of whole character 

code storage times. However, there need be no special 

relationship between 7b and fc. 

Since 

(2) Bista-+-tb+tc 

where 
i=1,2...a-1 

and 
Bi is the duration of each block except the lust block 

Bn, then 

(3) Bista(k+1) 

The last block in the line has a duration Bn given by: 

(4) Bn=ta(k—p) 

where p is a positive integer such that 

(5) Bi>Bn>0 

The total duration D of the delay line is then given by: 

(6a) D=Bi(n—1)4+Ba 

therefore, 

(6b) D=ta[(n—1)(k+1) +k—-pl 

simplifying, 

(6c) D=ta{n(k+1)—p—1] 

where 7 is the number of blocks. 
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The total number N of characters which may be stored 

in the delay line is given by: 

(7) N=n(k+1)—p-1 

The number of revolutions R of the line necessary for a 

complete display of all of the stored characters is: 

(8) 
Therefore, the frame rate of the display is: 

R=k-+1 revolutions per display 

()) _ _! ‘aplays'revolitti P= Dike 1 displays/revolutions 

from (6c), (7) and (9), 

(10a) F 1 

“aN (b+ 1) 

If there are m-+3 bits required for the storage of each 

character, where m is the number of bits in the character 

code, and a parity bit, a load bit, and an unload bit are 

provided, and the bit repetition rate of the system is f 

bits per second, then ¢a may be expressed as 

mas 
i 

and equation (10a) becomes 

(1) pot 
N(&+1)(m+3) 

As an illustration, using the delay line of FIG. 24, if 

the bit repetition of 655200 bits/second was used, and the 

character code employed 6 information bits, the frame 

rate would be 

noo 

R= ey 100 displays/second 

This is the same frame rate as in the first described 

embodiment, but requires a shorter delay line for the 

sume amount of information. Desirably, the frame rate 

is at least 20 displays per second, to avoid visually un- 

comfortable flicker on the screen. 

It will be apparent that the above equations may be 

employed to adapt the system of my invention to specific 

requirements for message length, frame rate, character 

spacing and display resolution. 
While I have described various embodiments of my 

invention in detail, many changes and variations will oc- 

cur to those skilled in the art upon reading my description, 

and each can obviously be made without departing from 

the scope of my invention. 
Having thus described my invention, what I claim is: 

1, In an information processing system having a capac- 

ity for messages comprising N characters each repre- 

sented by an electrical pulse sequence corresponding to 

a digital code sequence of mz bits produced at the rate of f 

bits per second; timing means for producing a series of 

clock pulses at the rate of f bits per second; means con- 

nected to and controlled by said timing means for peri- 

odically generating a first ordered sequence of m-+2 elec- 

trical signals by, by... bm-+?2 each having a duration of 
1/f seconds and each corresponding in time to a clock 

pulse, a second ordered sequence of k+-1 second electrical 

signals Sy... Sy,, each having a duration of 

m+2 

f 
seconds and being in time phase with the first ordered 
sequence, and at least one electrical signal T having a 
duration of at least 

(e+1)(m4+2) 

f 

seconds, where & is an integer, and being in time phase 
with one occurrence of said second ordered sequence; a 

delay line having a delay of D seconds; message generat- 
ing means for generating a sequence of electrical pulse 

character sequences representing the character of a mes- 
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sage; manually operable means controlled by said signal 
T, a selected one S, of said signals S, and a selected one 
4, of said signals b for supplying a first load pulse to the 
delay line at the time TS,5,; means controlled by the delay 
line and the signals S,; and b, for producing a gate signal 
in response to the emergence of the load pulse; means 
controlled by the gate signal, the message generating 
means, the next following signal S, generated by said tim- 
ing means and all of the signals 6 except for b; and an- 
other selected one b, of said signals & for gating the first 
character sequence to the delay line; means for supplying 
a load pulse to the delay line in response to the same 
signal S, and the signal 5;; and means for recirculating 
the contents of the delay line, whereby the successive 
character sequences of the message are loaded into the 
delay line on successive cycles thereof and sequentially in 
times marked by the times S;. 

2. In an information processing system, a recirculat- 
ing delay line having a delay D, timing means operable 
periodically with a period D for registering the subdivision 
of the period D into a first group of N character storage 
times, the subdivision of each character storage time into 
k+1 code storage times, and the subdivision of each code 
storage time into m-+2 bit storage times, where N, & and 
m are integers, load pulse means controlled by said tim- 
ing means and operable when manually actuated to sup- 
ply a first load pulse to the delay line in the last bit time 
in the first code storage time of a reference character 
time, message generating means for generating a message 
comprising a series of digital character code pulse se- 
quences of m bits each representing a character in the 
message, means for producing a strobe pulse for each 
character code sequence, first registering means con- 
trolled by the strobe pulse producing means, the delay 
line and the timing means for detecting said first load 
pulse, means controlled by receipt of each strobe pulse 
for erasing said first load pulse from the delay line at 
the output thereof, means controlled by said first register- 
ing means, said timing means and said message generating 
means for storing the first character code in each message 
in the delay line in the first » bit times of the first code 
storage time of a first character time next following the 
reference character time, represented by presence of said 
first load pulse, and means for reinserting said first load 
pulse in the m+2 bit time of the first code storage time 
of the first and each succeeding character time receiving a 
character code from said message generating means, 
whereby the first character time becomes the reference 
character time for the next character to be loaded and 
so on until the last character, and following the last 
character the message is recirculated in the delay line with 
a load pulse in the +2 bit time of the first code storage 
time of the character time in which the last character 
was loaded. 

3. In combination with a delay line, pulse writing means 
for supplying pulses to the delay line, pulse reading means 
controlled by the delay line for producing pulses in re- 
sponse to pulses emerging from the delay line, an OR 
gate, recirculating gate means for connecting the reading 
means to the writing means through the OR gate and 
having a first state in which pulses from the reading 
means are transmitted to the OR gate and responsive to 
an applied pulse to shift to a second state in which pulses 
are not transmitted to the OR gate, timing means having 
a period equal to the delay of the delay line for periodical- 
ly producing a series of character time signals which have 
a total duration equal to the delay of the delay line, mark- 
er gate means controlled by said timing means and ac- 
tuated by a reference one of said time signals for supply- 
ing a pulse to said writing means and said recirculating 
‘gate means to write a load pulse into the delay line defin- 
ing a reference character time and to shift the recirculat- 
ing gate means to iis second state during the pulse, means 

controlled by the timing means and the reading means for 

registering the load pulse and erasing it from the delay 
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line at the output thereof, and character generating means 
controlled by the timing means and the registering means 
for supplying a sequence of code pulses identifying a 
character and a load pulse to the writing means in re- 
sponse to the character time signal following the reference 
character time. 

4, In combination, a recirculating pulse delay means 
having a predetermined delay, timing means for periodi- 
cally producing a series of timing pulses at equal intervals 
which are submultiples of the predetermined delay, man- 
ually enabled gate means for supplying one of said timing 
pulses to said delay line, storage means controlled by said 
delay line and responsive to said one pulse for storing it, 
means controlled by said storage means for supplying a 
pulse sequence to said delay line following the previously 
stored pulse and before the next timing pulse, and means 
controlled by said pulse sequence supply means for eras- 
ing the stored pulse from the storage means and supply- 
ing the next timing pulse to the delay line upon transfer of 
said pulse sequence to said delay line. 

5. In a data processing system for processing messages 
comprising not more than N characters represented by 
character code sequences, a delay line having a storage 
capacity sufficient to store N character code sequences, 
means for supplying a reference pulse to said delay line 
to mark a character storage starting time, means con- 
nected to said delay line for recirculating information in 
Said delay line, manually operable means for generating 
a message a character code sequence at a time and a 
strobe pulse for each character code sequence, temporary 
storage means for storing each character code sequence 
for at least two revolutions of said delay line, means con- 
trolled by the delay line and actuated by each strobe 
pulse for erasing the reference pulse from the delay line 
as it emerges and registering the time of its emergence, 
means controlled by said registering means and said 
temporary storage means for supplying each character 
code sequence to the delay line in the time immediately 
subsequent to the registered time, and means controlled 
by said registering means for supplying a new reference 
pulse to the delay line following the last stored character 
code sequence to mark the starting time for storing the 
next character code sequence. 

6. In a data processing system, a delay line for storing 
electrical pulses and having a capacity for at least n bits 
of a predetermined duration 1/f seconds per bit, means 
for producing a series of clock pulses at a repetition 
rate of f pulses per second, means controlled by said 
clock pulses for cyclically producing a series of n timing 
signals, one for each clock pulse, means for storing a 
code sequence of n—2 pulses, and gate means controlled 
by a—2 of said timing signals for storing said code pulses 
in said delay line each at a time corresponding to a dif- 
ferent one of said n—2 timing pulses. 

7. An information processing and display system com- 
prising a shift register having a capacity of m-+1 bits; 
recirculating pulse delay means having a capacity of 
N(m+2)(k-+1) bits, said delay means comprising a de- 
lay line, a first one-bit register, a source of strobe pulses, 
gate means connected to said one-bit register, said source 
and said delay line for applying the contents of said one- 
bit register to said delay line at each strobe pulse, a second 
one-bit register, a second source of strobe pulses, one 
for each first strobe pulse, second gate means connected 
to said delay line and said second pulse source for apply- 
ing the output of the delay line to the second one-bit 
register at each second strobe pulse, and recirculating 
gate means controlled by the second one-bit register for 
applying its contents to the first one-bit register when 
enabled; means for disabling the recirculating gate means 
and storing a load bit in the first one-bit register, means 
for registering the emergence of the load bit from the 
delay line, means controlled by said load bit registering 
means for apply m-+1 shift pulses to the shift register, 
means controlled by said load bit registering means for
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connecting the shift register to said first one-bit register, 

and means controlled by said load bit registering means 

for disabling the recirculating gate means while the con- 

tents of the shift register are stored in the delay line. 

8. In an information processing and display system, 

in combination; a station, comprising a console having 

a keyboard provided with a group of manually operable 

labeled keys, a cathode ray tube having a display screen 

mounted on the console adjacent the keyboard, a recircu- 

lating delay line, and means controlled by said keys for 

entering digital character code sequences into said delay 

line with a delay ‘between each sequence sufficient for 

the storage of a video display code sequence for actuating 

said tube to display the associated character; a symbol 

generator comprising means responsive to the character 

code sequences emerging from said delay line for generat- 

ing a series of video display code sequences for displaying 

the characters represented by the character code se- 

quences, means for entering the video code sequences 

into said delay line each following its associated character 

code sequence, and means responsive to the video code 

sequences in said delay line for controlling the cathode 

ray tube to display the stored character on the display 

screen. 
9, A message display system, comprising; a cathode 

ray tube having a display scrcen, means for focussing a 

beam of electrons on said display screen, means for mod- 

ulating the intensity of said beam, and horizontal and 

vertical beam deflection means; means for supplying a 

triangular horizontal sweep voltage to said horizontal 

deflection means having a period of D/2 seconds, a rise 

time of 

(N= X) (m2) RN 

seconds, where N—X is the maximum number of charac- 

ters in the message to be displayed, f is a predetermined 

bit repetition rate, m is the number of bits required to 

define a character in a selected digital code, y is the num- 

ber of lines to be utilized in displaying the message, k 

is an integer, X is the minimum integer required by the 

fall time characteristics of the sweep voltage source and 

the particular tube, and 

_NOmt2)(k4+1) 

-_ f 

means for applying a triangular sweep voltage to said 

vertical deflection means having a period of 

m2 

f 

a rise time of m/f and a fall time of 2/f seconds; means 

for applying a series of pulses to said beam intensity 

modulating means during the rise time of the vertical 

sweep pulses occurring during the rise time of the hori- 

zontal sweep pulses to form dot-pattern displays of the 

characters of a message, and means for applying a step 

voltage to said vertical deflection means having y equally 

timed levels and a period of D seconds to direct the dis- 

plays of the various characters to the appropriate display 

line. 

10. In combination, means for generating a stream of 

f clock pulses per second, m-+2 first terminals, first means 

responsive to said clock pulses for cyclically energizing 

said first terminals, one for each clock pulse, &-+-1 second 

terminals, second means responsive to said clock pulses 

for cyclically energizing said second terminals, one for 

each m-+2 clock pulse, a delay line having a period of 

D 

N(m+2)(kK+1 )_ 2 

f f 

seconds, where m, k and N are integers, means connected 

to said delay line for recirculating pulses therein, means 

an
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for inserting and storing a reference pulse in said delay 

line upon energization of the last of said first terminals 

and the first of said second terminals, a source of code 

pulse sequences of 1 bits, means controlled by the emer- 

gence of the reference pulse from the delay line for serial- 

ly strobing the m bits of the first one of said code se- 

quences into the delay line each when the first one of said 

m-2 first terminals is energized and the first one of said 

second terminals is energized following the emergence 

of the reference pulse, and means for shifting the reference 

pulse into emergence time phase with the energization of 

the last one of said first terminal next following the stor- 

age of said first sequence, whereby N code sequences may 

be stored in the delay line separated in the order of entry 

by a time equal to 

seconds. 

11. In combination, a recirculating delay line, means 

for storing a series of code sequences representing char- 

acters in a selected alphabet in said delay line at prede- 

termined intervals, means controlled by said delay line in 

response to character code sequences emerging therefrom 

to generate a display code sequence for each character 

code sequence, means for storing the display code se- 

quences in the delay line each following its associated 

character sequence, and display means controlled by said 

delay line in response to the display code sequences for 

displaying the associated characters once for each revo- 

Jution of the delay line. 
12. In combination with a cathode ray tube having 

beam intensity control means and a vertical sweep volt- 

age comprising triangular pulses with a rise time of r/f 

and a fall time of s/f seconds; periodic timing means syn- 

chronized with said sweep voltage for marking each k-+-1 

sweep pulses by providing a discrete signal for each pulse; 

a first set of lines, one for each of 6 of said &-+1 sweep 

pulses; means for energizing said lines sequentially by 5 

of said signals; second timing means synchronized with 

said sweep voltage for periodically producing sequences 

of r discrete signals, said signals each having a duration 

of 1/f seconds and said sequences each occurring during 

a rise time; a second set of rb lines; gate means controlled 

by said first set of lines and said r discrete signals for 

sequentially energizing said rb lines; a set of character 

lines, one for each character in a selected alphabet, said 

lines each being connected to ones of said rb lines selected 

to form a serial code sequence in a group of 5 rise times 

to display a dot pattern of the associated character; char- 

acter code storage means; and gate means controlled by 

said character code storage means for connecting the char- 

acter line corresponding to the stored character code to 

the intensity control means for the cathode ray tube. 

13. In combination, a station comprising a console hav- 

ing a manually operable character code scquence genera- 

tor for producing a sequence of character code sequences 

comprising an input message, a recirculating delay line for 

storing each character code as it is generated and recir- 

culating the codes, display means controlled by the recir- 

culating codes for displaying the stored message, shift reg- 

ister means, manually operable means for connecting the 

delay line to the shift register to store the first stored 

character of the message, means responsive to the storage 

of a character for disconnecting the delay line from the 

shift register means, information source means for supply- 

ing a reply message in response to an input message, means 

transmitting a character stored in the shift register means 

to the information source means, means responsive to the 

transmission of a character from the shift register means 

to connect the delay line to the shift register means to 

store the next character in the shift register means, and
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means controlled by the delay line for interrupting the 
connection to the shift register means and connecting the 
shift register means to receive a reply message from the 
information source means, means controlled by the in- 
formation source means for storing the first character of 
a reply message in the shift register means, means respon- 
sive to the storage of a reply message character in the 
shift register means for interrupting the reply character 
storage means and connecting the shift register to store 
the first reply character in the delay line, means respon- 
sive to the storage of a reply character in the delay line 
for connecting the shift register means to receive the next 
reply character from the information source means, means 
responsive to the storage of the last reply character in the 
shift register means for interrupting the reply character 
storage means, and means responsive to the storage of the 
last reply character in the delay line for disconnecting the 
shift register means from the delay line. 

14. In combination with a recirculating delay line, 
means for storing a load marker bit in the line, means 
for sequentially storing code sequences in the line follow- 
ing the load marker bit and shifting the load marker bit 
behind each sequence as it is loaded, means for storing 
an unload marker bit in the line ahead of the first loaded 
sequence, transmitting means for sequentially detecting 
the unload marker bit, unloading the next sequence, and 
shifting the unload marker bit ahead of the next sequence, 
and means for registering the location of the unload mark- 
er bit adjacent the load marker bit in the line for dis- 
connecting the transmitting means. 

15. In combination, first and second shift register means 
for storing a code sequence representing a character in a 
message, information processing means for sending mes- 
sages a character at a time in code sequences representing 
the character, information scurce means for supplying in 
code sequences a reply message a character at a time in 
response to a message applied to it a character at a time 
in code sequences, a first conducting line, a second con- 
ducting line, means controlled by said information proc- 
essing means for stcring a character in said first shift reg- 
ister means, means responsive to the storage of a character 
in said first shift register means for applying a signal to 
said first line, means connected to said first line and con- 
trolled by said signal and said second shift register means 
for applying a signal to said second line, means connected 
to said second line and respensive to the signal applied 
thereto for shifting the contents of said first shift register 
to the second shift register and applying shift pulses to said 
first line, means connected to said first line for shifting 
said second shift register to store said character, means 
responsive to the storage of a character in said second shift 
register means for transferring the contents of said second 
shift register to said information source means, means 
operable after the transfer of a character to the informa- 
tion source means to apply a signal to the second line, 
means responsive to the last shift pulse applied to the first 
shift register means and controlled by said information 
processing means for storing a character in said first shift 
register, means controlled by the information processing 
means for storing a stop character in the first shift reg- 
ister, means responsive to the storage of the stop character 
in the second shift register for interrupting the connection 
to the second line, means controlled by the stop character 
and the information source means for supplying a reply 
message to the second shift register means a character at 
a time, means controlled by the second shift register means 
for transferring the reply characters to the first shift 
register means as they are received, and means controlled 
by the first shift register means for transferring the reply 
characters to the information processing means a character 
at a time as they are received. 

16. An information processing and display system, com- 
prising, in combination, a plurality of stations each com- 
prising a recirculating delay line having a period D, means 
for storing a coded message a character code at a time in 
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said delay line in an ordered sequence spaced by equal 
time spaces, and a character display means responsive to a 
display code for displaying a character represented by the 
code, symbol generator means for producing a sequence of 
display codes in response to a sequence of applied char- 
acter codes, periodic switching means having a period D 
for sequentially connecting the delay lines of each station 
to apply character codes to said symbol generator, means 
controlled by the symbol generator and the switching 
means for applying the generated display codes to the 
delay line for the station then supplying character codes 
in the time spaces following each applied character cade, 
and means controlled by the delay line in each station for 
supplying the stored display codes to the character display 
means, 

17. In combination, a console having a keyboard and a 
cathode ray tube having a visible screen mounted thereon, 
said keyboard being provided with keys labeled with char- 
acters in a selected alphabet, a recirculating delay line, 
means controlled by said keys when sequentially actu- 
ated for storing a sequence of character codes in said delay 
lines representing the characters labeled on the keys, and 
means responsive to the stored character codes for dis- 
playing the associated characters on the screen. 

18. In combination, a recirculating pulse storage means 
comprising a delay line and a one-bit register responding 
to the output of the delay line after a one-bit delay, means 
for storing a message in said delay line comprising a series 

of characters, a joad bit following the last character, and 
an unload bit ahead of the first character, means for 
sequentially unloading the delay line and shifting the un- 
load bit one character space as each character is unloaded, 
and means controlled by the output of the delay line 
and the output of the one-bit register for registering the 
unloaded state of the line in response to detecting a load 
bit adjacent an unload bit. 

19, In an information processing system, timing means 
for periodically producing a first set of character signals 
of a first duration, a second set of code storage signals of 
a second duration which is a submultiple of said first 
duration, and a third set of bit storage signals of a third 
duration which is a submultiple of said second duration, 
recirculating serial bit storage means having an output 
terminal and an input terminal, manually controlled means 
operable during a reference one of said code storage 
signals and a reference one of said bit storage signals for 
applying a load pulse to the input terminal of the storage 
means, means for storing a character code pulse sequence 
for a period equal to at least one revolution of the storage 
means, code generating means for applying a series of 
pulse code sequences to said sequence storing means at 
intervals equal to more than one revolution of the storage 
means, means controlled by said code generating means 
for producing a strobe pulse for each code sequence, 
means controlled by the strobe pulse, the presence of a 
load pulse on the output terminal of the storage means, 
and said reference character storage, code storage and 
bit storage signals for removing the load pulse from the 
delay line, means for storing the load pulse, means con- 
trolled by the load pulse storing means, the next character 
signal, the reference code storage signal, and the bit storage 
signals except the last two for applying said stored se- 
quence to the input terminal of the delay line, and means 
responsive to the next last bit storage signal for reinserting 
a load pulse at the input terminal of the recirculating 
storage means, 

20. In combination, manually operable means for gen- 
erating an information request message a character at a 

time, means for storing the message characters, means 
controlled by said storage means for displaying the stored 
characters, information source means for producing a 
reply message in response to an information request 
message, manually enabled means for transmitting the 
stored message to the information source means a charac- 
ter at a time, and means controlled by said information
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source means for transmitting a reply message a charac- 

ter at a time to said storage means. 

21. In apparatus for communication between first and 

second shift registers, the combination comprising control] 

means for regulating the admission of information to each 

register, control means for regulating the transmission of 

information from each register, a first communication 

channel, means for transmitting over said first channel an 

indication that the first shift register has in storage in- 

formation to transmit, a second communication channel, 

means responsive to said indication and governed by the 

state of said second shift register for transmitting over 

said second channel an indication that the second shift 

register is in condition to receive information, a third 

communication channel, means for actuating the trans- 

mission control means for said first shift register to shift 

said information from said first register to said second 

register over said third channel and simultaneously trans- 

mit shift pulses over said first channel to said admission 

control means for said second register to store the infor- 

mation therein, processing means responsive to applied 

information for producing reply information, means 

responsive to the storage of information in said 

second register for actuating the transmission control 

means for said second register to extract the stored in- 

formation and supply it to said processing means, means 

controlled by said processing means for actuating the ad- 

mission control means for said second register to store 

said reply information in said second register, means re- 

sponsive to the storage of said reply information for 

transmitting over said second channel an indication that 

the second register has in storage information to transmit, 

means responsive to said last recited indication and gov- 

erned by the state of said first register for transmitting 

over said first channel an indication that the first register 

is in condition to receive information, a fourth communi- 

cation channel, and means for actuating the transmission 

control means for said second shift register to shift said 

reply information from said second register to said first 

register over said fourth channel and simultaneously trans- 

mit over said second channel shift pulses to said admis- 

sion control means for said first register to store the reply 

information therein. 

22. In apparatus for exchanging information between 

first and second information processing systems, a first 

information channel between said first and second infor- 

mation processing systems, control means for transmitting 

over said first channel to said second system a first mes- 

sage that it is desired to transfer information from said 

first system to said second system, 4 second information 

channel between said systems, reply means responsive to 

said first message and the condition of said second system 

for transmitting over said second channel] a second mes- 

sage indicating that said second system is capable of re- 

ceiving information, a third information channel ‘between 

said systems, and transfer means responsive to said second 

message for transmitting information in serial digital code 

over said third channel from said first system to said sec- 

ond system, said transfer means including means for trans- 

mitting clock pulses over said first channel from said first 

system to said second system to control the registration 

of said code in said second system simultaneously with 

transmission of said code to said second system. 

33. The combination defined in claim 22 further in- 

cluding means for transmitting over said second channel a 

third message that it is desired to transfer information 

from said second system to said first system, means re- 

sponsive to said third message and the condition of said 

first system for transmitting over said first channel to said 

second system a fourth message indicating that said first 

system is capable of receiving information, a fourth in- 

formation channel between said systems, and means re- 

sponsive to said fourth message for transferring informa- 

tion in serial digital code over said fourth channel from 

said second system to said first system including means 
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for simultaneously transmitting clock pulses over said sec- 

ond channel to said first system for registering said in- 

formation in said first system. 

24. In combination, first and second shift register 

means for storing a code sequence representing a charac- 

ter in a message, information processing means for send- 

ing messages a character at a time in code sequences repre- 

senting the character, information source means for sup- 

plying in code sequences a reply message a character at a 

time in response to a message applied to it a character at 

a time in code sequences, a first conducting line, a second 

conducting line, means controiled by said information 

processing means for storing a character in said first shift 

register means, means responsive to the storage of a 

character in said first shift register means for applying a 

signal to said first line, means connected to said first line 

and controlled by said signal and said second shift register 

means for applying a signa] to said second line, means 

connected to said second line and responsive to the signal 

applied thereto for shifting the contents of said first shift 

register to the second shift register and applying shift 

pulses to said first line, means connected to said first line 

for shifting said second shift register to store said charac- 

ter, and means responsive to the storage of a character in 

said second shift register means for transferring the con- 

tents of said second shift register to said information 

source means. 
25. In combination with a delay line having a delay of 

D seconds and capable of storing N characters, an ar- 

rangement for loading said delay line comprising, first 

means for applying a first load pulse to said delay line to 

mark a Joad starting time, second means for detecting the 

emergence of said first load pulse from said delay line, 

third means responsive to detection of said first load pulse 

by said second means for loading a code sequence into 

said delay line, fourth means responsive to said third 

means for actuating said second means to load second 

load pulse into said delay line subsequent to said code 

sequence, fifth means responsive to detection of said sec- 

ond load pulse by said second means for deleting said 

second load pulse and actuating said third means to load 

a code sequence in said line thereafter, sixth means re- 

sponsive to said fifth means for actuating said fourth 

means to re-insert said second load pulse subsequent to 

the last code sequence, and seventh means for disabling 

said fifth means in response to loading of the Nth code 

sequence into said line. 

26. The combination defined in claim 25 further in- 

cluding an arrangement for unloading said delay line com- 

prising, eighth means responsive to actuation and detec- 

tion of said first load pulse by said second means for ac- 

tuating said fifth means to withdraw said first load pulse 

and a code sequence subsequent thereto and for actuating 

said sixth means to re-insert said first load pulse there- 

after, and ninth means for disabling said eighth means in 

response to detection of said first and second load pulse 

adjacent one another in said delay line. 

27. In combination with a recirculating serial storage 

means, an arrangement for loading and unloading said 

storage means comprising first means for entering a first 

marker pulse into said storage means, second means for 

detecting said first marker pulse and loading a code se- 

quence into said storage means subsequent thereto, third 

means responsive to loading of said code sequence by 

said second means for shifting said first marker pulse to a 

point behind said stored code sequence, fourth means ac- 

tuatable to insert a second marker pulse ahead of the first 

stored code sequence in said storage means, fifth means 

responsive to detection of said second marker pulse for 

withdrawing said second marker pulse and the code se- 

quence subsequent thereto, sixth means responsive to 

said fifth means for reinserting said second marker at the 

head of said code sequences in said storage means, and 

means for disabling said fifth means upon detection of
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