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‘ ABSTRACT: A solid state circuit controlled variable width 

340/168 

character running sign lamp bank including a shift register cir 
cuit for each row of lamps in which shift register circuit a pat 
tern of lamp-energizing markers are shifted in accordance 
with the running sign involved. The lamp energizing markers 
are fed to the ?rst stages of the row shift register circuits from 
character memory circuits each constituting a shift register 
circuit with a number of stages equal to the number of lamps 
in a row required to display the widest character. The sign in 
formation is fed to the control circuit from a tape reader 
which reads binary coded tape. A binary decoder circuit 
responds to the binary information read by the tape reader 
and stores a pattern of lamp-energizing markers in the 
character memory circuits corresponding to the character in 
volved which markers are sequentially fed to the inputs of the 
row shift register circuits. The tape is shifted one code position 
each time the last lamp energizing marker of a pattern of such 
markers representing one character leaves the character 
memory circuits. 
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1 
SOLID STATE SIGN SYSTEM 

The present invention relates to improvements in a running 
sign system, although some aspects of the invention have a 
broader application. 
The running sign with which the present invention has its 

most important application includes a lamp bank having a plu 
rality of columns of lamps which are energized in sequence to 
produce a running sign message which moves across the sign 
from right to left. The energization of the lamps of these signs 
has been commonly controlled through mechanical switches. 
In recent years some effort has been made by sign manufac 
turers to replace the mechanical switches with solid state 
switches, but the real potentialities of the solid state control of 
these lamps was not,'heretofore, realized. The present inven 
tion represents a substantial advance in the control of sign 
lamp banks by solid state logic circuits. 
The present invention makes possible at modest cost and 

minimum circuit complexity the control of the energization of 
the lamps of a lamp bank by feeding coded tape into a tape 
reader. For example, a teletype or other binary code is ar 
ranged in columns across the tape, the binary code characters 
in each column of the tape representing an alphabet or nu 
meral character. With this arrangement, the tape reader, 
which is the slowest operating element of the running sign 
system, need readonly one column of coded characters at a 
time to transfer a single alphabet or numeral-character to‘the 
sign. This is in contrast, for example, to some attempts hereto 
fore made for controlling a running sign by feeding tape 
punched in patterns following the alphabet or numerical 
characters involved. In such case, the tape reader, which may 
include photocells or contacts, must scan a substantial area of 
the tape to transfer a complete character to the lamp bank. 
This severely limits the speed with which information can be 
read into the sign. I 
Due to the manner in which running signs were heretofore 

operated, it was necessary for each alphabet or numerical 
character and the space between characters to occupy a stan 
dard sized block. For example, a narrow letter (like I and T) 
and the spaces on the opposite sides thereof occupicdthe 
same sign area as a much wider letter and the associated 
spaces, with the result that the spacing between narrow letters 
was much greater than the spacing between wider letters. 
Because of the circuit logic and arrangement of the present in 
vention, each letter or numeral and the spaces on the opposite 
sides thereof occupy a sign area proportional to the width of 
the letter or numeral so that the spacing between all letters of 
a word or number can be the same. 
From what' has been stated above, it is apparent that the 

overall intensity of a lamp bank having a stationary message 
thereon is greater than a lamp bank having a running message 
thereon (when the lamps are energized from identical voltage 
sources). In accordance with an aspect of the invention the 
running sign system is provided with means for stopping a 
running message in the lamp bank and for automatically 
reducing the overall intensity of the lamps when the message is 
stationary, so that the overall intensity of the sign is similar for 
the running and stationary messages. ' 
Other aspects of the invention relate to various details of the 

circuitry which result in a minimum power drain, maximum 
reliability, and minimum circuit complexity. 
The various features of the invention are disclosed in the 

speci?cation to follow, the claims and the drawings wherein: 
FIG. I is a basic block diagram of one form of running sign 

system incorporating features of the present invention; 
FIG. 1A is a fragmentary view of a portion of the tape fed to 

the equipment shown in FIG. 1; 
FIG. 2 is a detailed block diagram disclosing a basic form of 

lamp control circuit and character memory unit forming part 
of the sign system of FIG. 1; 

FIG. 2A is a diagrammatic view of the various stages of the 
shift register circuits making up the character memory unit; 

FIG. 3 is a detailed block diagram illustrating a preferred 
lamp control circuit; 
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2 
FIG. 3A is a detailed block diagram of the A and B shift 

pulse generator circuit forming part of the sign system of FIG. 
I; . 

FIG. 4 is a detailed block diagram illustrating a preferred 
character read control circuit fonning part of the sign system 
of FIG. I; ' 

FIG. 5 is a timing diagram illustrating the relative phases of 
various wavefonns in the circuits of FIGS. 3 and 4; 

FIG. 6 shows the lamps which are energized to produce the 
character “E“ when the lamp control circuit of FIG. 3 is util— 
ized; 

FIG. 7 shows a modi?ed lamp control circuit where al 
ternate lamps are energized at a given time; 

FIG. 7A is a timing diagram illustrating the relative phase of 
various waveforms in the circuit of FIG. 7; 

FIG. 8 shows the lamps which are energized to produce the 
character “13" for the lamp control circuit of FIG. 7; 

FIG. 9 shows a modi?ed lamp control circuit where succes 
sive lamps are energized at the same time; 

FIG. 10 shows an energizing circuit for the lamps of the 
lamp bank which provides for selective dimming of certain 
rows of the lamp banks and control over the intensity of the 
lamps in accordance with the ambient light conditions of the 
lamp bank; 

FIG. 1 I shows the waveform of the current ?ow through the 
lamps of the lamp bank and the manner in which the average 
current ?ow therethrough is controlled; 

FIG. 12 illustrates a variable phase pulse circuit operated 
from a photocell which forms part of the circuit of FIG. 10; 

FIG. 13 illustrates a basic modi?cation of the circuit logic of 
the various shift register circuits shown in FIGS. 3 and 4; 

FIG. 14 illustrates a block diagram of a combined running 
and stationary sign system with provision for controlling the 
average light intensity of the lamp bank in accordance with 
the ambient light conditions; 

FIG. 15 illustrates an exemplary circuit diagram of a binary 
to single output matrix and the character setup matrix forming 
a part of the circuits illustrated in FIGS. 1 and 14; and 

FIG. 16 is an exemplary circuit diagram of a portion of the 
lamp control circuit of the embodiment of the invention 
shown in FIG. 3 and illustrating the circuitry of the bistable 
circuits which control the gated diodes associated with the 
lamps in the lamp bank. 

GENERAL DESCRIPTION 

Referring now to the basic block diagram of FIG. I, all of 
the various forms of the invention to be described are for the 
purpose of controlling the energization of rows of lamps in a 
lamp bank 2, seven such rows being illustrated by way of ex 
ample, and identi?ed by reference characters 2a, 2b, 2c, 2d, 
‘2e, 2f, and 2g, The corresponding lamps in each of the rows 
are preferably aligned in columns. The lamp bank 2 is illus 
trated as being a horizontally elongated lamp bank capable of 
receiving relatively long running signs. (It should be recalled, 
however, that some aspects of the invention have application 
to stationary sign systems.) 
The lamp bank 2 is controlled by a very unique static ele 

ment logic control circuit including a lamp control circuit 4 
which directly controls the energization of the various lamps 
in the bank. The lamp control circuit 4 most advantageously 
comprises a number of individual shift register circuits to be 
described, one such circuit being provided for each row of 
lamps. Lamp-energizing markers are sequentially fed into the 
stages of the shift register circuits of the lamp control circuit 
associated with the group of lamps at the right-hand of the 
lamp bank 2 and in a pattern corresponding with the particu 
lar alphabet or numerical character being ?rst displayed on 
the lamp bank at a given moment. The various patterns of 
lamp-energizing markers entered into the shift register circuits 
are sequentially advanced through the various stages of the 
shift register circuits. The presence of a lamp energizing 
marker in a stage of a shift register circuit associated with a 
particular lamp will result in the energization of that lamp. 
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The lamp-energizing markers are fed into the shift register 
circuits of the lamp control circuit 4 from a character memory 
unit 6. In the preferred form of the invention, the character 

- memory unit 6 comprises a series of shift register circuits 6-1, 
6-2, 6—3, 6-4, 6-5, 6-6, and 67 (FIG. 2A), one such circuit 
being associated with each row of lamps in the lamp bank. 
Each shift register circuit of the lamp control circuit has a 
number of stages a, b, c, d, e,f(“a” being the ?rst stage at the 
right-hand end thereof) equal in number to the number of 
lamps which must be energized in a row of lamps for the 
widest alphabet or numerical character to be displayed on the 
lamp bank plus a number of stages g and h equal to the 
number of lamps which remain deenergized in the space 
between successive characters. (It is assumed, for example, 
that the widest character to be displayed on the lamp will 
require energization of six lamps in a given row of lamps and 
that the space between successive characters will occupy two 
columns of lamps of the lamp bank.) A pattern of lamp ener 
gizing markers (each identi?ed by an “x" in FIG. 2A) are ?rst 
placed within the stages a through f of the various shift register 
circuits of the character memory unit 6 (the “f" stage contain 
ing the marker forming the left-hand portion of the character 
involved) in' a pattern which corresponds to the particular 
alphabet or numerical character read by a tape reader 7 to 
which punched tape 7a (FIG. 1A) is fed. The advancement of 
lamp-energizing markers in any shift register circuit will be to 
the left and so as the lamp-energizing markers shown in FIG. 
2A are shifted in the shift register circuit 6-1 through 6—7, the 
outline “E” of markers shown moves to the left and, as will be 
explained in more detail, will be transferred into the right 
hand stages of the corresponding shift register circuits of the 
lamp control circuit 4. The number of shift operations 
required to empty the character memory unit of markers thus 
varies with the width of the character involved. 

In the exemplary embodiment of the invention being 
described, it will be assumed that a six-element binary coded 
group of punched holes 7a’ (FIG. 1A) is utilized to indicate 
each alphabet or numerical character, the code occupying a 
single column extending transversely across the tape 7a. The 
tape reader 7 reads one column of binary coded characters at 
a time. The tape 7a is automatically advanced in accordance 
with well-established tape reader practice each time the tape 
reader receives an advance signal on an advance input line 7b. 
The tape reader 7. has a number of output lines 7c correspond 
ing to the number of binary coded characters in each code 
group on the tape 7a so that the voltage or current pattern on 
the output lines 7c duplicates the particular code being read 
by the tape reader. The output lines 7c extend to a binary to 
single output matrix 8 which energizes one of a number of out 
put lines collectively identi?ed by reference 8a, the particular 
output line being energized corresponding to the alphabet or 
numerical character read by the tape reader 7a at a given in 
stant. 
The output lines 80 of the binary to single output matrix 8 

are connected to a character setup matrix 10 and a character 
width matrix 15. The character setup matrix 10 includes 
groups of diodes ll ( F IG._ 15) associated with each output line 
of the matrix 8 which extend to those stages of the various 
shift register circuits making up the character memory unit 6 
which form the pattern of the character involved. Thus, de 
pending upon the particular output line 8a which is energized, 
a pattern of lamp-energizing markers is set up in the stages of 
the character memory unit 6 corresponding to the alphabet or 
numerical character being read by the tape reader 7. 
The shift register circuits of the lamp control circuit 4 and 

the character memory unit 6 associated with a given row of 
lamps in the lamp bank are connected in tandem so that the 
lamp-energizing markers are transferred one column of mar— 
kers at a time from the left-hand stages h of the various shift 
register circuits of the character memory unit 6 to the right 
hand stages of the shift register circuits of the lamp control cir 
cuit 4. The advancement of the lamp‘energizing markers in 
the circuits 4 and 6 are under control of output pulses from a 
shift pulse generator 13 of any well-known type which feeds 
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4 
shift pulses to shift input terminals 4a and 6a of the lamp con 
trol and character memory unit circuits 4 and 6. 
When all of the lamp-energizing markers have been fed 

from the character memory unit 6, thiscondition is sensed in 
any one of a number of ways, as by the provision of a 
character read control unit M which affects the feeding of an 
advance pulse to the advance input terminal 7b of the tape 
reader 7 so that the next column 7a’ of binary coded informa 
tion on the tape 7a is fed to the tape reading position of the 
tape reader 7. When this occurs, a new pattern of lamp-ener 
gizing markers are entered into the character memory unit 6. 
The character read control 14 may take a variety of forms. 

In the preferred form of the invention, the character read con 
trol unit comprises a single shift register circuit having the 
same number of stages as any one of shift register circuits of 
the character memory unit 6. A character width matrix 15 is 
provided which may be a diode matrix which has a separate 
output 15a for each different character width. For example, if 
the widest character occupies six lamps on the lamp bank, the 
character width matrix 15 will have six output lines represent 
ing the six possible character widths. The character width 
matrix 15 is coupled to the output lines 8a to energize the out 
put 15a which identi?es the width of the particular character 
being read by the tape reader 7. A marker will be placed in the 
stage of the shift register circuit making up the character read 
control unit 14 which corresponds to the right-hand-most 
stage of the shift register circuits of the character memory unit 
6 which contains a lamp-energizing marker. 
The output of the shift pulse generator 13 is fed to a shift 

input terminal 14a of the character read control unit 14 so 
that the marker in the shift register circuit making up the 
character read control unit 14 will advance in synchronism 
with the advancement of the lamp-energizing markers in the 
character memory unit 6. As the marker leaves the left-hand 
most stage of the shift register circuit of the character read 
control 14, a signal is fed on a character shift line 17 to the ad 
vance input terminal 7b of the tape reader 7, bringing the next 
binary code group into reading position as above explained. 
As previously indicated, the provision of the character 

memory unit 6 as described above will effect a ?xed spacing 
between all characters in a word or number group indepen 
dently of the width of the character. This is a substantial im 
provement over the appearance of the usual running sign 
wherein the spaces between successive characters vary with 
the width of the character due to the fact that a given size 
character block is utilized for all characters displayed on the 
sign. 

LAMP CONTROL AND CHARACTER MEMORY 
CIRCUITS OF FIG. 2 

FIG. 2 illustrates a generalized form for the lamp control 
circuit 4 when using gated diodes for controlling the energiza 
tion of the various lamps, the gated diodes being identi?ed by 
reference 20 followed by an alphabet character identifying the 
row of lamps involved and a number identifying the column of 
lamps involved. In the circuit illustrated, the anode electrode 
of each gated diode is connected to one of the lamps of the 
lamp bank, the lamps being identi?ed by reference number 22 
followed by an alphabet character identifying the row of lamps 
and a number identifying the column of lamps involved. The 
lamps, in turn, are connected to a common power bus 24 lead 
ing to the output of a full-wave recti?er circuit 26 which 
would normally be fed from a commercial source of 60 cycle 
alternating current. 
The cathode electrodes of the gated diodes 20 are grounded 

and the control electrodes thereof are connected respectively 
to lamp control bistable or ?ip-?op circuits identi?ed by 
reference 28 and an alphabet character identifying the as 
sociated row of lamps and a number identifying the associated 
column of lamps involved. when one of the bistable circuits 
28 is triggered into a set state, a direct current (DC) voltage is 
fed to the control terminal of the associated gated diode 20 to 
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effect the ?ring thereof. The gated diode continues in a highly 
conductive state for the remainder of the half cycle of the 
recti?ed current pulsation which ?ows through the gated 
diode and the lamp associated therewith independently of the 
voltage in the control electrode thereof. The control electrode 
gains control over the conductive state of the gated diode 
when the current drops to near zero, that is below what is 
referred to as a holding current level. The gated diode will 
again ?re at the beginning of the next half cycle if the as 
sociated bistable circuit remains in the set state. 
Each of the bistable circuits 28 forms part of a stage of a 

shift register circuit with the other bistable circuits associated 
with the lamps of the same row of lamps of the lamp bank 2. 
Although any conventional shift register circuit may be util 
ized in the practice of the broad aspects of the present inven 
tion, certain aspects of the present invention deal with the na 
ture of the shift register circuit which has particular ad 
vantages in a lamp control circuit of the type now being 
described. 7 

The bistable circuits 28a-2, 28a—3, etc. other than the right 
hand‘most bistable circuit 28a-l, etc. of each shift register cir 
cuit of the lamp control circuit 4 is controlled by a condition 
sensing means generally indicated by reference number 30 fol 
lowed by an alphabet character identifying the associated row 
of lamps and a number identifying the associated column of 
lamps. The ?rst bistable circuit 28a-1, etc. of each shift re 
gister circuit is set by a signal fed to a set input terminal S 
thereof from the last stage of the corresponding shift register 
circuit of the character memory unit 6. (Theaforementioned 
lamp-energizing marker is represented by a set state of a bista 
ble circuit 28.) The condition sensing 30 means associated 
with each bistable circuit determines whether the associated 
bistable circuit will be set or maintained in the reset state. A 
number of different circuits for the condition sensing means 
30 will be described. Suffice it to say at this point in the 
speci?cation, each condition sensing means 30 effects the 
setting of the associated bistable circuit 28 at a point in time 
coincident with the presence of an advance pulse on an ad— 
vance signal line 33 if the bistable circuit 28 to the right of it is 
in a set state prior to the generation of the advance pulse. If, 
on the other hand, the latter bistable circuit is in a reset state, 
the condition sensing means 30 involved will either maintain 
or effect a resetting of the bistable circuit which it controls on 
the presence of the next advance pulse on the advance signal 
line 33. 
The shift register circuits of the character memory unit 6 

are, in most respects, similar to the shift register circuits just 
described in connection with the lamp control circuit 4, and, 
accordingly, except for the ?rst stage of each of the shift re 
gister circuits of the character memory unit 6, includes a bista 
ble circuit identi?ed by reference 35 followed by an alphabet 
character identifying the associated row of lamps and a 
number identifying the associated column of lamps. Each shift 
register circuit stage thereof except the ?rst one includes a 
condition sensing means identi?ed by reference number 37 
followed by an alphabet character and a number respectively 
utilized to identify the associated row and column of lamps. 
The ?rst stage of each shift register circuit 6-1, or 6-2, or 6-3, 
etc. of the character memory unit comprises a bistable circuit 
35a-l, or 35b-1, etc. As previously indicated, each of the shift 
register circuits of the character memory unit 6 has eight 
stages in the exemplary embodiment of the invention, only 
?ve of which appear in FIG. 2. The shift register circuits as 
sociated with the character memory unit 6 are different from 
those of the lamp control circuit 4 in that the former are ini 
tially set in accordance with a given pattern corresponding to 
the associated alphabet character or number by set input lines 
identi?ed by reference number 40 followed by an alphabet 
character and number identifying the associated row and 
column of lamps. The various set lines 40 are the previously 
mentioned output lines 100 of the character setup matrix 10 
described in connection with FIG. 1. 
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Once the various bistable circuits 35 are set, the subsequent 

presence of advance pulses on the advance signal line 33 will 
result in the sequential movement of the pattern of set states 
involved toward the left-hand end of each of the shift register 
circuits making up the character memory unit 6. As previously 
indicated, the set state of a last stage of the bistable circuits 
making up the character memory unit 6 will result in the 
setting of the ?rst bistable circuit of the ?rst stage of the as 
sociated shift register circuit of the lamp control circuit 4 
upon the occurrence of the next advance pulse on the advance 
signal line 33. 

SPECIFIC LAMP CONTROL CIRCUIT OF FIG. 3 

Refer now to FIG. 3 which illustrates a speci?c lamp control 
circuit 4 wherein the condition sensing means 30 are bistable 
circuits (to be referred to as intermediate bistable control cir 
cuits) like the lamp control bistable circuits 28. 
Each of the bistable circuits 28 and 30 has a set input ter 

minal S and a reset terminal R for respectively setting and 
resetting the bistable circuit when signals of proper polarity 
(to be referred to as set and reset signals) are fed thereto. The 
reset terminals of the lamp control bistable circuits 28 are 
connected by conductors 42’ to an A signal bus 33' upon 
which pulses appear having the phase indicated by the 
waveform (b) shown in FIG. 5. It should be noted that these A 
pulses occur during alternate half cycles and a short time after 
the beginning of each half cycle of the AC recti?ed current 
fed to the lamps 22 from the output of the recti?er circuit 26. 
The reset terminals of the intermediate bistable circuits 30 are 
connected to a B signal bus 33 on which pulses appear having 
the phase indicated by thewaveform (c) shown in FIG. 5. The 
B pulses occur during the same half cycles as the A pulses and 
are delayed by a small angle from the A pulses. 
Each of the lamp control bistable circuits 28 has an output 

line 41 and each of the intermediate bistable circuits has an 
output line 41’. It will be assumed that each of these output 
lines will have applied thereto a negative or ground voltage 
when the bistable circuit is in a reset state and a positive volt 
age when the bistable circuit is in a set state. The output line 
41 is connected to the control electrode of the associated 
gated diode 20 to ?re the same when the bistable circuit is in a 
set state. The gated diode will continue in a conductive state 
independently of the voltage thereafter fed to the control elec 
trode thereof for the remainder of the half cycle of current 
?ow involved. Near the end of the half cycle, the current ?ow 
ing through the gated diode will drop below what is referred to 
as a holding current level, wherein the control electrode 
thereof regains control. The gated diode will continue to con 
duct in subsequent half cycles until the associated bistable cir 
cuit 28 is reset. 
As is apparent from waveform (b) in FIG. 5, each lamp con 

trol bistable circuit 28 which is in a set state will be reset every 
other half cycle on the occurrence of an A pulse. (As previ 
ously indicated, the setting of a bistable circuit 28 will have no 
effect on the control of the associated gated diode until the 
end of the half cycle of current ?ows through the gated diode 
involved.) Since the A pulses occur during alternate half cy 
cles, once a gated diode has become conductive it will remain 
conductive to energize the associated lamp for the remainder 
of the half cycle involved and for an added two full half cycles, 
which, when the source of energizing voltage for the lamps in 
a full wave recti?ed 60 cycle voltage source, provides an 
adequate warmup time for a bright running sign display. 
As previously indicated, the interconnections between the 

various bistable circuits 28 and 30 form a shift register circuit. 
To this end, a capacitor 55 is connected between the output 
line 41 of each of the lamp control bistable circuits 28 and the 
set terminal of the intermediate bistable circuit 30 of the next 
stage of the shift register circuit. The intermediate bistable cir 
cuits 30 are designed so that only a negative going pulse fed to 
the set terminals S thereof will effect the setting thereof. Such 
a negative going voltage occurs when a given lamp control 
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bistable circuit 28 is switched from a set to a reset state by the 
feeding of an A pulse to the reset input R thereof. 
The shift register. circuit operates in such a manner that 

when a given lamp control bistable circuit 28 is in a set state, 
this set state will be transferred to the next stage of the shift re 
gister circuit when advance pulses are fed to the shift register 
circuit. The A and B pulses, in the manner now to be ex 
plained, act as shift or advance pulses for the shift register cir 
cuit. Assuming that the ?rst lamp control bistable circuit 
28a-l is in a set state, upon the occurrence of the next A pulse 
on the line 33’, the bistable circuit is reset which generates a 
negative going voltage on the output line 41 which is coupled 
through the capacitor 55 to the next intermediate bistable cir 
cuit 300-2 to set the same. If the bistable circuit 28a-1 was in 
a reset state during the occurrence of the A pulse, the state of 
the bistable circuit will not change and no signal voltage will 
be coupled through the capacitor 55, and the intermediate 
bistable circuit 3011-2 will remain in its reset state. In effect, 
the intermediate bistable circuits act as memory units which 
memorize the last state of the preceding lamp control bistable 
circuit following the generation of each A pulse. 

In the case where the intermediate bistable circuit 3011-2 is 
triggered to a set state, the bistable circuit will immediately 
thereafter be reset upon the generation of the next B pulse 
coupled to the reset terminal R thereof. When the inter 
mediate bistable circuit like 300-2 is reset, a negative going 
voltage will appear on the output line 41' thereof which is cou 
pled by a capacitor 57 to the set input terminal of the lamp 
control bistable circuit 2811-2. If the intermediate bistable cir~ 
cuit 3011-2 had not been previously set, no signal will appear at 
the output line 41' or at the set input terminal S of the lamp 
control bistable circuit 28a-2 upon the occurrence of the B 
pulse. It is thus apparent that the arrangement of bistable cir 
cuits shown in FIG. 3 constitute a shift register circuit wherein 
a given pattern of set and reset states proceeds down the vari 
ous stages of the shift register circuit at a rate depending upon 
the rate of the A and B pulses. 
Each gated diode 20 has a control terminal connected to an 

output line 41 of a lamp control bistable circuit 28 and as a 
lamp control bistable circuit is triggered to a set state the as 
sociated gated diode will be ?red into a conductive state. As 
previously indicated each such gated diode will continue to 
conduct for a full half cycle once it has been ?red indepen 
dently of the voltage on the control terminal thereof during 
which interval the associated lamp 22 will be energized. The 
gated diode will be re?red at the beginning of the next two half 
cycles because the next A and B pulses will not recur until 
after the beginning of the last of the latter half cycles. Each 
lamp will thus be energized for about three half cycles, giving 
adequate warmup time despite the fact that the A and B pulses 
are spaced only two half cycles (in a 60 cycle per second tim 
ing source). As one lamp becomes energized, the previous 
energized lamp remains energized until the end of the half 
cycle involved. This overlapping of the energization of succes 
sive lamps of the lamp bank allows the lamps to reach and 
remain at high intensity for a suf?cient period to provide a 
proper average intensity of the sign despite the high pulse rate. 

A AND B SHIFT PULSE GENERATOR 13 OF FIG. 3A 

In the preferred form of the invention, the A and B pulses 
are generated in a manner like that shown in FIG. 3A. To this 
end, a source of commercial 60 cycle voltage is fed to a full 
wave recti?er circuit 60 which provides at the output thereof a 
full wave recti?ed waveform (a) such as shown in FIG. 5. (The 
recti?er circuit 60 may be at the same recti?er used to 
produce the energizing voltage waveform applied to the bus 
24 extending to the lamps 22 of the lamp bank.) The full wave 
recti?ed voltage is fed to the input of a suitable clipper circuit 
62 which produces a waveform W2 like that shown at the out 
put of the clipper circuit 62 in FIG. 3A. This waveform is fed 
to a conventional differentiating circuit 64 which produces 
positive and negative going pulses P1 centered about the slop 
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ing sides of the wavefonn W2. These pulses are fed through a 
recti?er 66 which removes pulses of one polarity to leave pul 
ses of opposite polarity having a rate of I20 pulses per second. 
These pulses are fed directly to (or indirectly through an am 
pli?er) to a divider circuit 68 which may have a manual con 
trol knob 70 providing for a selection of different division fac 
tors to produce a selection of pulse rates for the A and B pul 
ses which varies the speed of the running sign. The pulse rate 
illustrated in FIGv 5 is a 60 cycles per second rate which 
represents a divide by 2 operation of the divider circuit. By ad 
justing the manual control 70 to produce a division by 4, a 
pulse rate of 30 cycles per second is produced which produces 
a rate of advance of the running sign which is one-half that 
produced by a 60 cycle A and B pulse rate. 
The output of the divider circuit 68 is split into two 

branches, one of which extends to an A terminal, representing 
the source of A pulses and the other of which extends through 
a suitable delay means 72 which produces a slight delay in the 
pulses, fed to a B terminal representing the source of B pulses. 

CHARACTER READ CONTROL CIRCUIT 14 OF FIG. 4 

As previously indicated, the character memory unit 6 and 
the character read control circuit 14 comprises one or more 
shift register circuits. These shift register circuits are 
preferably similar to the shift register circuit just described in 
connection with FIG. 3 which controls one of the rows of 
lamps of the lamp bank. The character read control circuit 14 
comprises a series of bistable circuits forming the various 
stages of a shift register circuit as illustrated in FIG. 4, the 
stages being respectfully identi?ed by reference numerals 
14-1, 14-2, 14-3, through 14-8. Except for the first stage of 
the shift register circuit illustrated, which comprises only a sin 
gle bistable circuit 77, each stage of the shift register circuit 
includes an intermediate or memory bistable circuit 74 having 
a set input terminal S coupled through a capacitor 75 to the 
output 76 of the bistable circuit 77 of the preceding stage. 
Each bistable circuit 77 of the second and subsequent stages 
of the shift register circuit has a set terminal S coupled 
through a capacitor 79 to the output of the associated inter 
mediate or memory bistable circuit 74. Each of the memory 
bistable circuits 74 has a reset terminal R connected to the B 
signal bus 33 and each of the bistable circuits 77 has a reset 
terminal R connected to the A signal bus 33’. 

Unlike the shift register circuits forming part of the lamp 
control circuit 4, the shift register circuit making up the 
character read control circuit 14 has individual set lines 80-1, 
80-2, 80-3, 80-4, 80-5, and 80-6, extending directly to the 
set terminals S of the bistable circuits 77 so as to preset simul 
taneously all of the stages to a given state of operation. The set 
lines 80-1, 80-2, etc. represent the output lines of the 
character width matrix 15 which, as previously indicated, is a 
diode matrix including diodes 81 connected to the output lines 
80 of the binary to single output matrix 8. The latter matrix 
has a separate output line for each character which can be dis 
played on the lamp bank and energization of one of these out 
put lines 8a indicates the character next to be fed to the right 
hand end of the lamp bank. The set lines 80-6, 80-5, 80-4, 
80-3, 80-2, and 80-1 of the character read control circuit 14 
are respectively momentarily energized by a negative going 
voltage when the character read by the tape reader 7 is respec 
tively l, 2, 3, 4, 5, and 6 lamps wide when displayed on the 
lamp bank 2. It is thus apparent that the various diodes 81 
making up the character with matrix 15 associated with a 
given set input line 80 for the character read control unit 14 
are connected to all of the output lines 8a of the binary to sin 
gle output matrix 8 representing characters having the same 
width on the lamp bank. 

Assuming, for example, that the character read by the tape 
reader 7 at a given instant is to be 5 lamps wide, the set line 
80-2 will be energized at the instant tape reader 7 effects a 
readout operation so as to set the bistable circuit 77 associated 
with the second stage 14-2 of the shift register circuit 14. On 
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the occurrence of the various A and B pulses on the buses 33 
and 33’, the set state (constituting a shift register circuit 
marker) in the stage 14-2 will progress to the left, as viewed in 
FIG. 4. ' 

As the memory bistable circuit 74 of shift register stage 
14-8 is triggered into a set state, the positive going voltage ap 
pearing at the output 82 thereof is coupled through the 
capacitor 79 to a line 83 which energizes the binary to single 
output matrix 8'which, in turn, energizes the character width 
matrix 15 and the character setup matrix 10 to produce a set 
of new markers in the character memory unit 6 and the 
character read- control circuit 14 in accordance with the 
character then being read by the tape reader 7. 
As the bistable circuit 77 of the last stage 14-8 of the shift 

register circuit becomes set momentarily, the positive going 
voltage occurring at the output 76 of the bistable circuit 77 is 
coupled by an output line 86 to the shiff input terminal 7b of 
the tape reader 7 t0 rriove the next column 70' of coded infor 
mation on the tape 7a into reading position in the tape reader. 
The output line 86 is the character shift line 17 described in 
connection with FIG. 1. The movement of a set marker 
completely through the various stages of the shift register cir 
cuit making up the‘ character read control circuit 14 indicates 
that all of the set markers stored in the character memory unit 
6 have been transferred to the shift register circuits of the 
lamp control circuit 4. 

LAMP CONTROL CIRCUIT 4b OF FIG. 7 

The lamp control circuit 40 of FIG. 3 will produce a 
complete lamp-energizing pattern as, for example, illustrated 
for the letter E in FlG. 6. As indicated in the introductory part 
of the speci?cation, letters like the letter E have relatively 
long horizontal upper, lower and intermediate horizontal legs. 
The lamp rows 20, 2d and 2g of the lamp bank which 
reproduce these legs of the letter E produce a much higher 
average intensity of illumination because of the successive 
energization of these lamps as the letter E advances down the 
lamp bank than the lamp rows 2b, 2e, 2e, and 2g thereof. To 
minimize the difference in the average intensity of the lamps 
in the various lamp rows and to reduce ‘the number of stages 
required in the shift register circuit forming part of the lamp 
control circuit 4, thelamp control circuit 4b of FIG. 7 was 
developed. This circuit is similar in many respects to the cir 
cuit of FIG. 3 and similar portions thereof have been given 
similar reference numerals. The shift register circuit portion of 
the lamp control circuit 4b is identical to that shown in FIG. 3 
except that it requires only half the number of stages. This is 
brought about by the fact that the lamp control bistable cir 
cuits 280-1, 280-2, etc. are associated with alternate lamps 
220-1, 220-3, etc. of the lamp bank and the lamps 220-2, 
220-4, etc. are controlled by the memory bistable units 300-2, 
300-3, etc. The gated diodes 20-2, 20-4, etc. associated with 
the lamps 220-2, 220-4, have control terminals respectively 
connected to the output lines 41' of the memory bistable cir 
cuits 300-2, 300-3, etc. It is thus apparent that when the 
memory bistable circuits 300-2, 300-3, etc. are in a set state, 
the resulting positive voltage occurring on the output lines 41' 
thereof will ?re the associated gated diodes 20-2, 20-4, etc., 
which result in the energization of the associated lamps for the 
remainder of the half cycle involved. If the associated memory 
bistable circuits are immediately reset by the B pulses as in the 
case of the lamp control circuit 40 of F IG. 3, the gated diodes 
will not be ?red again until the associated memory bistable 
circuits are again set, and so the lamps controlled by the 
memory bistable circuits will not have suf?cient time to war 
mup and remain lighted for a while at a readily visible intensi 
ty. ln other words, the length of time each of the memory 
bistable circuits 300-2, 300-3, etc. will be in the reset state de 
pends upon the time delay between each A pulse and the next 
B pulse. If the A and B pulses occur during the same half cy 
cle, the associated lamp will be energized for only one half cy 
cle. Thus, when the lamp control circuit of FIG. 7 is used, the 
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A and B pulses are preferably separated ‘by several half cycles 
as illustrated by waveforms (b) and (c) in FIG. 7A so the 
lamps will be energized for a number of half cycles. As there 
shown, the A pulses are separated four half cycles, the B pul 
ses are separated four half cycles, and the A and B pulses are 
spaced two half cycles. This will result in the energization of 
the even numbered lamps 220-2, 220-4, etc. for about three 
half cycles since the memory bistable circuit 30 are set for the 
interval between each A pulse and the next B pulse. The odd 
numbered lamps 220-1, 220-3 will also be energized for about 
three half cycles due to the fact that the spacing between each 
B pulse and the next A pulse determines the length of time the 
lamp control bistable circuits~28 remain set. The speed of the 
sign progression is actually the same for the A and B pulse tim 
ing shown in FIG. 7A used in the lamp control circuit of FIG. 7 
and the A and B pulses timing shown in FIG. 5, used in the 
lamp control circuit of FIG. 5. ' 

FIG. 8 illustrates those lamps which are energized at the in 
stant of the setting of the lamp control bistable circuits 280-1, 
280-2, and 280-3. When these lamp control bistable circuits 
become reset two half cycles later, the other lamps 280-2, 
2,20-4 and 220-6 to the left of the lamps which were just ener 
gized become energized for three half cycles. Thus for a letter 
like the letter E, only half of the lamps in the row 20, 2d and 2g 
forming the horizontal legs of the letter in lamp control circuit 
of FlG. 3 will be energized with the circuit of FIG. 7, thereby 
making the average intensity of the lamps in all the lamp rows 
of more equal intensity. Also, the circuit of FlG. 7 requires 
only one-half the shift register stages used in the circuit of 
FIG. 3. 

MODIFIED LAMP CONTROL ClRCUlT FOR 40’ OF FIG. 9 

Refer now to the lamp control circuit of FIG. 9 which is a 
modi?cation of the lamp control circuit shown in FIG. 3. As 
previously indicated, one of the problems in running signs is 
the problem of warmup time for the lamps. When a running 
sign is advanced along a lamp bank at a fairly high running 
rate, it is frequently difficult to provide enough warmup time 
for the lamps. This problem is solved, in part, by the one cycle 
overlapping energization of the lamps previously described in 
connection with the circuit of FIG. 3. FIG. 9 is an improve 
ment over FIG. 3 by providing a longer energizing period and 
greater degree of overlap of the energization of the lamps 
without varying the phasing or rate of the A and B pulses. in 
the preferred form of the invention, each of the lamp-energiz 
ing bistable circuits 280-1, 280-2, etc. are bistable circuits of 
special design including two current control devices (only one 
of which is shown in FlG. 9 and identi?ed by reference 
number 90), wherein both devices are either in a nonconduc 
tive or a conductive state, so that low drain operation can be 
effected when the lamp bank is not energized. The current 
control device 90 illustrated is a PNP transistor having an 
emitter electrode 91 connected by a conductor 92 to a posi 
tive direct current voltage bus 93, a collector electrode 96 
connected through a resistor 98 to ground and a base elec 
trode 100 which is connected to a part of the bistable circuit 
to be described later on in connection with the circuit of FIG. 
16. When a lamp control bistable circuit 28 is in a set state, the 
current control device 90 will be in a conductive state, result 
ing in a positive voltage at the ungrounded end of the resistor 
98. A conductor 102, couples the ungrounded end of the re 
sistor 98 to the anode side of an isolating recti?er 104 whose 
anode is connected to the control terminal of the associated 
gated diode 20. lt is thus apparent that when any of the bista 
ble circuits 28 are energized, a positive voltage is coupled 
through the recti?er 104 to effect ?ring of the associated 
gated diode 20. 
The improvement in the circuit of P10. 9 over that of FIG. 3 

is that each bistable output conductor 102 is coupled to the 
anode side of another recti?er 107 whose cathode is con 
nected directly to the control electrode of the gated-diode 20 
associated with the lamp which, in the normal course of 
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events, would be energized following the next shift operation 
of the shift register circuit controlling the row of lamps in 
volved. The recti?ers I04 serve the purpose of isolating or 
blocking the voltage fed to the control terminals of the gated 
diodes 20 through the recti?ers 107 from affecting the gated 
diodes associated with the next stage of the shift register cir 
cuit. Thus, whenever a lamp control bistable circuit 28 is in a 
set state, both the associated lamp and the lamp controlled by 
the next stage of the shift register circuit will also be ener 
gized. Assuming that the set bistable circuit referred to is 
bistable circuit 28a-I, when it is reset during the next shift 
operation, the associated lamp 22a-l will become deener 
gized at the end of the half cycle involved, and the simultane 
ously lit lamp 22a—2 associated with the next stage of the shift 
register circuit will continue to be energized due to the 
transfer of the set state of the latter bistable circuit to the 
bistable circuit 28a-2 of the next stage of the shift register cir 
cuit. With this arrangement, each of the lamps to be energized 
is energized for a much greater period than the lamps in the 
circuit of FIGS. 3‘or’7, thereby giving a greater time for the 
lamps to warrnup. 

It should be noted that the transistors 90 forming part of 
each of the bistable circuits 28 act as drivers for the gated 
diodes 20. The gated diodes 20 and the bistable circuits 28 are 
most advantageously mounted upon or next to the lamp bank 
2. In such case, the positive voltage bus 93 would be con 
nected to a long conductor connecting these circuit com 
ponents to a remotely located source of positive direct-current 
voltage. Spurious voltage can be picked up in this line which 
could falsely trigger the bistable circuits. The use of PNP 
transistors 90 where the emitter electrodes 91 are connected 
by conductors 92 to- the bus 93 extending to the source of 
direct current voltage feeding this bus is an important feature 
of the circuit since the spurious voltage signals coupled by the 
conductors 92 to the emitter electrodes 91 of the bistable cir 
cuit transistors 90 are isolated to a great extent from the other 
electrodes of the transistors associated with sensitive portions 
of the bistable circuits relative to the case where NPN 
transistors are utilized for the transistors 90 requiring connec 
tions of their collector electrodes to the bus 93 which would 
then be connected to a grounded source of negative voltage. 

THE LAMP DIMMING CIRCUIT OF FIG. 10 

FIG. 10 illustrates a circuit which has for its purpose the 
selective dimming of the upper, immediate and lower rows of 
lamps 2a, 2d and 2g in the lamp bank more nearly to equalize 
the average intensity of all the lamps energized to display a 
letter like the letter “E” having extensive upper, lower and in 
termediate horizontal'legs. This circuit thus represents an im 
provement to the circuit of FIG. 7. The circuit of FIG. 10 also 
adjusts the average intensity of the lamps in the lamp bank in 
accordance with the ambient light conditions about the lamp 
bank. In other words, as the ambient lamp conditions about 
the lamp bank vary during weather conditions and the time of 
day, the average intensity of the light generated by the lights of 
the lamp bank will vary accordingly so that the sign will ap 
pear with the apparent sign brightness at all times and with use 
of minimum power. 
The various rows of lamps 2a, 2b, 2c, 2d, 2e, 2f and 2g are 

respectively connected to associated buses 24a, 24b, 24c, 24d, 
24e, 24f and 24g. The buses 24b, 24c, Me and 24f are con 
nected directly to a branch line 109 leading to a common con 
ductor 110 connected to the cathode terminal 112 of a main 
gated diode 114. The anode terminal 116 of the gated diode 
114 is connected to the output of the aforementioned full 
wave recti?er circuit 60 (see FIG. 3A) fed from a commercial 
60 cycle per second power system. The upper, intermediate 
and lower buses 24a, 24d, and 24g are connected to the com 
mon conductor 110 through individual gated diodes 119a, 
119d, and 119g. The control terminals of the gated diodes 
119a, 119d and 119g are connected to a common conductor 
121 leading to the output of a suitable delay circuit 123. The 
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input to the delay circuit 123 is connected to the output of a 
variable phase pulse circuit 125 which produces at its output 
pulses which vary in phase with the degree of light striking a 
photocell 127, which is positioned to respond to the ambient 
light conditions of the lamp bank. The input to the variable 
phase pulse generator circuit 125 is connected to the output of 
the aforementioned full wave recti?er circuit 60 so that the 
output thereof contains pulses at a rate of 120 pulses per 
second. The output of the variable phase pulse circuit 125 is 
connected by a conductor 128 to the control electrode 129 of 
the gated diode 114. The gated diode 114 will thus ?re each 
half cycle at a phase angle which is a function of the ambient 
light condition striking photocell 127 and will remain in the 
conductive state for the remainder of the half cycle involved. 
Accordingly, the pulse width of the current ?owing through 
the gated diode 114 is inversely proportional to the intensity 
of the light striking the photocell 127. 
The phase angle of the pulses fed to the control electrodes 

of the gated diodes 119a, 119d and 119g, associated with the 
upper, intermediate and lower rows of lamps 2a, 2d and 2g in 
the lamp bank is delayed somewhat (such as 30° ) from the 
phase angle of the pulses which trigger the main gated diode 
114, so that the width of the current pulses ?owing through 
the gated diodes 119a, 119d and 1193 will be less than the cur 
rent pulsations received by the lamps in the lamp rows 2b, 20, 
2e and 2f. Thus the apparent intensity of the light generated by 
the lamps of all the rows of the lamp bank in the circuit ar 
rangement of FIG. 10 will be fairly constant despite variations 
in ambient light conditions and despite the fact that the lamps 
in the uppermost intermediate and lower rows of the lamps in 
the lamp bank will be energized in time succession more 
frequently than the lamps of the other rows of lamps. 

THE VARIABLE PHASE PULSE CIRCUIT 125 OF FIG. 12 

F IG. 12 illustrates an exemplary variable phase pulse circuit 
which is most advantageously used for the circuit 125 shown 
in box form in FIG. 10. This circuit may include a clipper cir 
cuit 62' for clipping the full wave recti?ed waveform fed 
thereto from the full wave recti?er 60, a differentiating net 
work 64' for differentiating the waveform at the output of the 
clipper circuit, and a recti?er 66’ for passing pulses of only 
one polarity, such as positive pulses occurring at a rate of 120 
pulses per second. It is apparent that the circuits 62' and 64’ 
and the recti?er 66’ may be the same corresponding by num 
bered elements as shown in FIG. 3A which form part of the 
shift pulse generator circuit 13. 
The 120 pulse per second output of the recti?er 66’ is fed to 

the set input S of a conventional bistable circuit 130. The 
bistable circuit 130 illustrated has an output line 132 con 
nected to a recti?er I34 arranged to pass a negative or ground 
voltage and to block a positive voltage. When the bistable cir 
cuit 130 is set, the upper line 132 has a positive voltage and 
when it is reset in a manner to be explained the voltage at the 
output line 132 is at ground potential. 
The anode side of the recti?er 134 is connected to the un 

grounded end of a grounded capacitor 136. The unground end 
of the capacitor 136 is connected to the emitter electrode 136 
of a double base diode 138 having one of its bases 140 con 
nected to a positive bus 141 extending to the positive terminal 
of a source of positive direct-current voltage and another base 
143 connected through a resistor 145 to the ground. The 
aforementioned photocell 127 is connected between the 
emitter electrode 136 and a resistor 144 connected to the 
positive bus 141. It should be thus apparent that when the 
bistable circuit 130 is in a set stage wherein the recti?er 134 
blocks the resulting positive voltage on the output line 132, 
the double base diode 138 and the associated elements includ 
ing the capacitor 136, photocell 127 and resistor 144 form a 
relaxation oscillator circuit of well-known design (except for 
the photocell) where the voltage across the capacitor 136 rises 
at a rate depending upon the intensity of the light striking the 
photocell 127. As a greater amount of light strikes the 
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photocell 127, the impedance thereof decreases to increase 
the charging rate of the capacitor 135. The voltage across the 
capacitor 136 will, therefore, reach the voltage which causes 
?ring of the double base diode much sooner when the light 
striking the photocell 127 is at a high intensity than when it is 
at a lower intensity. When the double base diode 138 ?res, a 
voltage pulse will appear across resistor 145 as the capacitor 
136 discharges. This pulse is fed through a resistor 147 to the 
control terminal of the main gated diode 114 controlling the 
?ow of current to the buses of the lamps in the lamp bank. 
The pulse appearing across the resistor 145 is also coupled 

by a conductor 150 to the reset input R of the bistable circuit 
130 to reset the same. When the bistable circuit 130 is reset, 
as previously indicated, the voltage on the output line.132 
thereof becomes grounded. This ground potential is passed by 
the recti?er 134 to the ungrounded end of the capacitor 136, 
which is thereby maintained in a discharged state until the 
next pulse from the recti?er 66 is fed to the set input S of the 
bistable circuit 130. It is thus apparent that the ungrounded 
end of the resistor 145 has produced thereat pulses at a repeti~ 
tion rate of 120 cycles per second and'at a phase angle de 
pending upon the intensity of the light striking the photocell 
127. 

SHIFT REGISTER CIRCUIT OF FIG. 13 

In the exemplary forms of the invention described above, 
the shift register circuits included intermediate or memory 
bistable circuits 30 which carry out the function of the condi 
tion sensing means shown in box form in the generalized dis 
closure of the invention of FIG. 1. Although less preferred, 
each memory bistable circuit 30 can be replaced by a NOR 
-AND gate circuit generally indicated by reference numeral 
30’ in FIG. 13. Each of the circuits 30’ has input terminals 152 
and 153 and output terminals 154 and 155. Input terminal 153 
extends directly to the output line 41 of a bistable circuit 28 
which may control the energization of one of the lamps of the 
lamp bank. The other input terminal 152 extends to the B 
pulse bus 33. 
Assuming that the B bus pulses are positive pulses, each cir 

cuit 30’ would feed a setting signal to the set terminal S of the 
bistable circuit 28 of the associated stage of the shift register 
circuit if the voltages on the input terminals 153 and 152 are 
both positive. (It will be recalled that, in the shift register cir 
cuits used particularly for the lamp control circuit, the voltage 
on the output lines 41 are positive during the set state of the 
associated bistable circuits.) This result can be accomplished 
by a well-known simple AND logic circuit. If, on the other 
hand, the voltage on input terminal 153 is ground or negative 
while the voltage on the other input terminal 152 is positive 
(or vice versa), a reset signal will be generated at the output 
terminal 155 which is coupled by a conductor 158 to the reset 
terminal R of the bistable circuit 28. A NOR logic circuit will 
accomplish this function. 

It can be seen that with the circuit arrangement just 
described, the arrangement of bistable circuits and the NOR 
—AND circuits just described that a shift register circuit is 
provided which carries out the same functions as the shift re 
gister circuit shown in FIGS. 3, 4 and 9 (although it could not 
perform the function of the circuit of FIG. 7). 

COMBINED RUNNING AND STATIONARY SIGN 
SYSTEM OF FIG. 14 

The circuit of FIG. 14 has many of the components present 
in the simpli?ed embodiment of the invention shown in FIG. I 
and in the dimming control circuit of FIGS. 10 and I2 and the 
same reference characters have been used therein to indicate 
corresponding elements. 
The circuits previously described deal with a system for 

producing a running sign on a lamp bank. The circuit of FIG. 
14 accomplishes this result and, in addition, provides for 
stopping a running sign at a given point as determined by the 
presence of a stop code appearing in a column of the tape 7a’ 
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read by the tape reader 7. This stop code may be any suitable 
code which differs from the binary code groups identifying the 
alphabet and numerical characters displayed on the lamp 
bank. A series of conductors 162 extend respectively from the 
various output lines 7c of the tape reader 7 to the input of a 
decoding matrix 160 having separate output lines 164-1, 
164-2, 164-6 representing stop codes for stopping the sign 
respectively for 6 di?erent intervals (such as 5, 10, I5, 20, 25 
and 30 seconds). Obviously a greater number of stop codes 
could be provided for giving a larger variety of stopping 
periods. The decoder 160 is a conventional diode-type matrix 
which will energize the output line 164 which is associated 
with the time period identi?ed by the binary code read by the 
tape reader 7 representing one of the stop codes referred to. It 

will be assumed that, when the output lines 164-1, 164-2, 164-6 are respectively energized, this represents respectively 

six progressively increasing time periods during which the sign 
then displayed on the lamp bank will be stopped on the lamp 
bank. 
The various decoder output lines 164 are respectively con 

nected to an OR circuit which is a well-known circuit which 
will produce a signal at the output terminal 166’ thereof when 
a given signal appears on any one of the inputs thereto. It is 
thus apparent that the OR circuit 166 will provide an output 
signal if a stop code is sensed by the tape reader 7. When such 
a signal occurs, it is fed by conductor 168 to the set input ter 
minal S of a control bistable circuit 168, to effect setting of the 
bistable circuit upon the presence of any stop code. 
A subtract shift register 170 of any one of a number of dif 

ferent designs may be provided. For example, it may be a shift 
register with a number of stages corresponding to the number 
of different basic time periods. In such case, the various out 
put lines 164 of the decoder 160 may extend respectively to 
the set terminals S of the various stages of this shift register to 
set a marker in the stage of the shift register corresponding to 
the time period involved. A source 172 of shift pulses for the 
shift register 170 is provided where the shift pulses may be 
separated, for example, 5 seconds apart. It is thus apparent 
that if there is a marker stored in the No. 6 stage of the shift re 
gister 170, the marker will be read out of the ?rst stage of the 
shift register circuit approximately 30 seconds after the 
marker was initially placed into the shift register. When the 
marker is shifted out of the No. 1 stage of the shift register cir 
cuit, a voltage appears in an output line 174 which is fed to the 
reset input terminal R of the control bistable circuit 168 to 
reset the same. 
The control bistable circuit 168 has a pair of output lines 

171 and 173 which, during the set state of the bistable circuit, 
may, for example, respectively have a positive voltage and 
ground thereon and during the reset state of the bistable cir 
cuit respectively have ground and a positive voltage thereon. 
The output line 171 extends to the input of the pair of gate cir 
cuits 174 and 176. The presence of a positive voltage on the 
line 171 results in the closing of the gate circuits 174 and 176 
and the presence of a ground voltage thereon will result in the 
opening of the gate circuits. 
The gate circuit 174 has input lines 180 extending from the 

A and B outputs of the shift pulse generator circuit 13 and out 
put lines 182 extending to the A and B buses of the character 
read control circuit 14, the lamp control circuit 4 and the 
character memory unit 6. The gate circuit 176 has a pair of 
input terminals 183—183’ respectively connected to the ad 
vance and read lines 86 and 83 of the character read control 
circuit 14 and output lines 185—185' extending respectively 
to the advance and read terminals of the tape reader 7 and the 
matrix 8. 

It is thus apparent that when a stop code is being read by the 
tape reader 7, a set signal will appear on an output of the OR 
circuit 166 which will effect the setting of the control bistable 
circuit 168 which, in turn, results in the closing of the gate cir 
cuits 174 and 176 to stop the advancement of markers within 
the various shift register circuits of the lamp control circuit 4, 
the character memory unit 6 and the character read control 
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circuit 14, and the stopping of the sign on the lamp bank 2 for 
a period determined by the duration the control bistable cir 
cuit 168 remains in a set state. As previously indicated, the 
control bistable unit 168 will be reset when the marker in the 
subtract register 170 is removed from the No. 1 stage of the 
register. 
The particular circuit disclosed in FIG. 14 is one wherein 

the apparent intensity of the lamp bank 4 remains constant 
with variation of the ambient light conditions about the lamp 
bank 2 and also with the nature of the sign on the lamp bank. 
When a running sign is stopped, the intensity of the light 
generator by the lamps is increased if the current flow through 
the lamps is not altered. In other words, when the sign on the 
lamp bank is stationary, the amount of current flow through 
the lamps thereof to produce a given light intensity is less than 
the current required by the lamps to produce the same light in 
tensity in a running sign. The circuit of FIG. 14 reduces the 
width of the current pulses fed to the lamps when a stationary 
sign is displayed on the lamp bank. To this end, the time con 
stant of the capacitor charge circuit of the double base diode 
relaxation oscillator circuit controlling the ?ring time of the 
main gated diode 114 is varied with the ambient light condi 
tions of the lamp bank as well as the nature of ‘the sign on the 
lamp bank 4. 
The charge circuit for the capacitor 136 connected between 

the emitter electrode of the double base diode 138 and ground 
includes, in addition to the photocell 127, a pair of branch cir 
cuits extending respectively to the output lines 168 and 171 of 
the control bistable circuit 168. One of the branch circuits in— 
cludes an adjusting resistor 144 and a recti?er 186 extending 
to the output line 173 of the control bistable unit 168 which is 
positive during the reset state of the bistable circuit and 
ground during the set state of the bistable circuit. The recti?er 
186 is arranged to-pass a positive voltage on the output line 
173 and block ground from the charge circuit of capacitor 
136. Accordingly, when a running sign is displayed on the 
lamp bank, the time constant of the circuit which charges the 
capacitor 136 is determined by the value of the adjusting re 
sistor 144. 
The other branch circuit in the charge circuit of the capaci— 

tor 136 includes an adjusting resistor 144' and a recti?er 186’ 
connected to the other output line 171 of the control bistable 
circuit which is at ground during the reset state of the bistable 
circuit and positive during the set state of the bistable circuit. 
The recti?er 186’ blocks ground from and passes positive volt 
age to the charge circuit. Accordingly, when a stationary sign 
is displayed on the lamp bank, the time constant of the circuit 
which charges the capacitor 176 is determined by the value of 
resistor 144' which is larger than the resistor 144, to delay the 
?ring time of the main gated diode 114. 

EXEMPLARY BINARY TO SINGLE OUTPUT MATRIX 8 
OF FIG. 15 

FIG. 15 shows an exemplary circuit for the binary to single 
output matrix 8 and the input and output devices and circuitry 
associated therewith. One of the input devices is the tape 
reader 7, which may be any one of a number of conventional 
tape readers. As illustrated the tape reader 7 has a set of six 
contacts 7d, each of which includes a spring urged movable 
contact 7d-l which is adapted to pass through a hole of the 
tape adapted a and a stationary contact 7d-2 which is en 
gaged by the movable contact when the latter contact passes 
through the hole in the tape. 
Each of the stationary contacts 7d-2 is connected to a com 

mon conductor 201 which is grounded. The movable contacts 
‘id-1 are respectively connected to separate buses 204. The 
buses 204 are connected through respective resistors 206 to a 
common conductor 207 leading to the positive terminal of a 
source of direct current voltage 208 whose negative terminal 
is grounded. It is thus apparent that when a movable contact 
7d-1 of the tape reader 7 passes through a hole in tape 7a to 
engage the associated stationary contacts 7d-2 the associated 
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bus 204 will be grounded and when the latter contacts are 
separated the associated bus 204 will be at a positive potential. 
Each of the buses 204 are connected through a separate re 

sistor 211 and a resistor 209 to the negative terminal of a 
source of negative voltage (not shown) whose positive ter 
minal is grounded. The juncture between each associated pair 
of resistors 207 and 209 is connected by a conductor 210 to 
the base electrode 212b of an NPN transistor 212. The emitter 
electrode 212a of each transistor is grounded and the collec 
tor electrode 212C thereof is connected through a resistor 214 
to the aforementioned bus 207 leading the positive terminal of 
the source of direct-current voltage 208. The transistors 212 
and associated circuits form part of the matrix 8. It is apparent 
that when a bus 204 is grounded the base electrode 21212 of 
the associated transistor 212 will have a negative potential 
thereon which will render the NPN transistor 212 involved 
nonconductive. The ratio of the resistors 207 and 209 is such 
that when the associated bus 204 has a positive potential, the 
conductor 210 extending from the juncture of these resistors 
will be at a positive potential so as to render the associated 
transistors 212 conductive. 
A conductor 220 extends from the end of each resistor 214 

adjacent to the collector electrode 212C of the associated 
transistor 212 and a separate code bus 217. The various code 
buses 217 are identi?ed respectively by reference numerals 
2170, 217b, 2170 and 217d, 217e and 2l7f. When a transistor 
212 is conducting, the associated conductor 220 and bus 217 
will be at groundpotential and when the transistor is noncon 
ductive the conductor 220 and associated bus 217 will be at a 
positive potential. The various code buses 217 are connected 
through respective recti?ers 219 to ground, the recti?ers 
being arranged to block positive voltage and pass ground or a 
negative voltage. 
A gating bus 220 is provided which is connected through a 

resistor 221 to the positive bus 207. The gating bus 220 is con 
nected to the collector electrode 224c of an NPN transistor 
224. The emitter electrode 2240 of the transistor 224 is 
grounded and the base electrode 224b thereof is connected 
through a resistor 226 to the negative terminal of the source of 
negative voltage 227 whose positive terminal is grounded, and 
through a resistor 228 to a coupling capacitor 230 connected 
to the line 83 extending from the character read control cir 
cuit 14. A positive pulse will appear on the line 83 when a 
marker is being removed from the last stage of the shift re 
gister circuit constituting the character read control circuit 
14. Ground clamping diodes 231 and 232 are respectively 
connected between the input side of the resistor 228 and the 
collector electrode 2240 of transistor 224 and ground. These 
recti?ers bypass any negative voltage which may appear in the 
inputs to these recti?ers from the circuits coupled thereto. 
When a positive pulse appears on the line 83 extending from 

the character read control circuit 14, this will render the 
transistor 224 conductive to couple ground potential to the 
gating bus 220. Normally, the gating bus 220 is positive due to 
the normal nonconductive state of transistor 224. The 
transistor 224 is rendered nonconductive by the connection of 
the base electrode 224b thereof through the resistor 226 to the 
negative terminal of the source of direct current voltage 227. 
The potentials on the various code buses 217 and the gating 

bus 219 control the operation of AND circuits 240-1, 240-2, 
240-3, 240-4, etc. there being one such AND circuit for each 
character to be displayed on the bank lamp. Each of the AND 
circuits 240 includes an NPN transistor 242 having an emitter 
electrode 242a which is grounded, a base electrode 24% 
which is coupled by a conductor 243 to one of the ends of a 
group of seven resistors 244-1, 244-2 . . . 244-7, and a collec 
tor electrode 2420 connected through a resistor 241 to the 
positive bus 207. Each of the resistors 244 is assigned to one of 
the seven buses 220, 217a, 217b, 2170, 217e and 2171". The re 
sistors 244-7 are all permanently connected to the gating bus. 
The other resistors of the group associated with each AND cir 
cuit are connected in different patterns to the various code 
buses 217a-2l7f so that the group of resistors associated with 
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a given AND circuit will all be connected to ground bus only 
for the particular character involved. At all other times, at 
least all the other resistors 244-1 through 244-6 will be con 
nected to a bus which is positive. 
The conductor 243 associated with each of the AND cir 

cuits is also connected to one end of a resistor 248 whose op 
posite end is connected to the negative terminals of a source . 
of direct current voltage (not shown) whose positive terminal 
is grounded. 
The ratio of the resistors 248 to the resistors 244 is such 

that, when one of the resistors 244-1 through 244-7 of a 
group is connected to a positive bus, the potential on the con 
ductor 243 leading to the base electrode 242b of the as 
sociated transistor 242 will be positive to render the same con 
ductive and, when all of the resistors 244-1 through 244-7 of 
a group are connected to grounded buses, which occurs only 
momentarily when a gating pulse appears on the bus 220, the 
potential of the associated conductor 243 will be negative to 
render the associated transistor 242 nonconductive. Thus, a 
different one of the transistors 242 will be rendered noncon 
ductive upon the appearance of a gating or read pulse on the 
input line 83 for a different character read by the tape reader 
7. As a transistor 242 becomes momentarily nonconductive, a 
positive going voltage will appear at the end of the associated 
resistor 241, connected to the collector electrode 242c 
thereof. This voltage is coupled through a capacitor 250 to a 
group of diodes 11 forming part of the character setup matrix 
10. As previously indicated, the diodes 11 associated with a 
particular output of the matrix 10 are connected to set various 
bistable circuits of the character memory unit 6. 

EXEMPLARY SHIFT REGISTER BISTABLE CIRCUIT OF 
FIG. 16 

The bistable circuit of the lamp control circuit 4 which con 
trol the gated diodes 20 draw a relatively large amount of cur 
rent and it is, therefore, desirable that the current drain of the 
bistable circuits be relatively low when the lamps controlled 
thereby are in a deenergized state. To this end, each of the 
bistable circuits 28 and 30 of the shift register circuits con 
stituting the lamp control circuit 4 comprise a pair of 
transistors 90 and 90' which are respectively in a highly con 
ductive state during the set state of the bistable circuit and are 
both in a nonconductive state during the reset state of the 
bistable circuit. One of the transistors 90 is a PNP transistor, 
and the transistor 90' is an NPN transistor. (Since the circuitry 
for each bistable circuit is identical, only the circuit 280-1 of 
one of them will be described in detail.) 
The collector electrode 91 of the transistor 90 is connected 

by conductor 92 to a positive bus 93 leading to the positive 
terminal of the source of positive voltage (not shown) whose 
negative terminal is grounded. (The bus 93, for example, may 
be at a voltage of 18 volts.) The collector electrode 96 of the 
transistor 90 is connected through a resistor 98 to ground. 
The transistor 90’ has an emitter electrode 260 which is 

connected to the reset terminal R. The reset terminal R is con 
nected by a conductor 262 to the A bus 33'. The collector 
electrode 264 of the transistor 90’ is connected by a resistor 
266 to a positive bus 93', which may have a positive voltage of 
22 volts. The collector electrode 264 of the transistor 90’ is 
also connected through a resistor 270 to the base electrode 
100 of the transistor 90. The set terminal S of the bistable cir 
cuit is connected to the base electrode 100 of the transistor 
90. A resistor 272 is connected between the base electrode 
274 of the transistor 90’ and the ungrounded side of the re 
sistor 98. 
One of the advantages of the circuit shown in FIG. 16 is that 

the bistable circuits can be triggered from a reset state into a 
set state by the simple expedient of opening lines extending to 
the A and B buses 33 and 33'. This minimizes pulse distortion 
problems and the like which often occur when voltage control 
pulses are sent down long lines. (The various voltage sources 
which operate the bistable circuits shown in FIG. 16 are nor 
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mally located a great distance from the lamp bank at which 
the bistable circuits are located.) To this end, the circuit 
shown in FIG. 3A is modi?ed so that the pulses appearing at 
the A and B output terminals of the shift pulse generator cir 
cuit will be negative rather than positive pulses. The A and B 
output terminals of the shift pulse generator circuit are respec 
tively connected to the base electrodes 280 and 280' of a pair 
of NPN control transistors 282 and 282'. The collector elec 
trodes 283 and 283' of these transistors are respectively con 
nected through resistors 286 and 286' to the aforementioned 
positive bus 93'. The emitter electrodes 287-287’ of these 
transistors are coupled through diodes 289-289’ to ground, 
the diodes being arranged to pass normal collector to emitter 
current. The base electrodes 280 and 280' of these transistors 
are coupled through resistors 290 and 290’ to the positive ter 
minal of a source of direct current voltage (not shown) which 
opposite terminal is grounded. The collector electrodes 283 
and 283’ of the transistors 282 and 282’ are connected by 
conductors 291 and 291’ respectively to the A and B buses 33 . 
and 33'. ‘ 

Normally, the control transistors 282 and 282' are in a con 
ductive state due to the feeding of a positive voltage through 
the resistors 290 and 290' to the base electrodes 280 and 280’ 
of the transistors 282 and 282'. Conduction of these 
transistors couples ground potential to the buses 33 and 33'. 
The various bistable circuits 28 and 30 illustrated in FIG. 16 

are normally in their reset state where the transistors 90 and 
90’ are nonconductive. These transistors are maintained in a 
nonconductive state by virtue of the connection of the positive 
voltage on the bus 93' through the resistors 266 and 270 to the 
base electrodes 100 of the transistors 90. As long as transistors 
90 are nonconductive, ground potential is coupled through 
the associated resistors 282 to the base electrodes 274 of the 
associated transistors 90' which, since they are NPN 
transistors, render them nonconductive. The bistable circuit is 
triggered into a set state by the feeding of a negative pulse to 
the set terminal S thereof connected to the base electrode 100 
of the associated PNP transistor 90. This renders the transistor 
90 conductive which results in the voltage at the top of the as 
sociated resistor 98 being positive. This positive voltage is 
coupled through the resistor 272 to the base electrode 274 of 
the associated NPN transistor 90’ to render the same conduc 
tive. When the transistor 90' becomes conductive, ground 
potential is coupled through the resistor 270, the base elec 
trode 100, to the transistor 90 to maintain the same in a con 
ductive state. 

Each bistable circuit is reset by the simple expedient of mo~ 
mentarily opening the lines 291 and 291’ leading to the buses 
33 or 33’. This interrupts flow of current to the transistor 90’. 
As the transistor 90’ is rendered nonconductive in this 
manner, the aforementioned ground potential fed through the 
resistor 270 to the base electrode 100 of the transistor 90 is 
removed and replaced by a positive voltage fed from the bus 
93' which renders the transistor 90 nonconductive thereby 
reestablishing a stable nonconductive state for both transistors 
90 and 90’. 

The ground potential is removed from the busses 33 and 33' 
by the presence of a negative pulse on the A and B terminals 
leading to the base electrodes 280 and 280’ of the control 
transistors 282 and 282'. This negative pulse will momentarily 
render the NPN transistors 282 and 282' nonconductive, 
tzgereby disconnecting ground potential from the buses 33 and 

It should be understood that many modi?cations may be 
made in the various preferred forms of the invention described 
above without deviating from the broader aspects of the in 
vention. For example, although the embodiment of FIG. 14 is 
applied to a combination running and stationary sign, many of 
the features therein are applicable to a nonrunning stationary 
sign system wherein the energization of the lamps is blocked 
out until the movement of the markers in the various shift re 
grsters 1s terminated. 
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We claim: , _ _ 
1. In a sign system including a lamp bank containing rows 

and columns of lamps to be energized, control means for the 
lamps comprising: tape-reading means for reading columns of 
binary-coded characters extending across a tape, a series of 
lamp control shift register circuits, there being one such shift 
register circuit for each row of lamps in the bank and each cir 
cuit having register stages positioned according to the position 
of the lamps in the associated row of lamps in the bank for ef 
fecting energization of the associated lamps when lamp-ener 
gizing markers appear therein, a series of character memory 
shift register circuits, there being one such circuit for each row 
of lamps in the bank, each of the latter circuits having a 
number of stages corresponding to the largest number of 
lamps in a row which are energized by the widest character to 
be displayed on the sign, decoding means coupled between 
said input reading means and said character memory shift re 
gister circuits and responsive to the column of binary~coded 
characters being read by said input-reading means for storing 
lamp-energizing markers in the stages of the various character 
memory shift register circuits in accordance with the pattern 
of lamps to be energized for the character involved, shift re 
gister advancing means for progressively advancing the pat 
tern of lamp-energizing markers in the various character 
memory shift register circuits from the stages at the end as 
sociated with the right-hand group of lamps in the bank to the 
stages at the other end thereof, means interconnecting the 
corresponding character memory and lamp control shift re 
gister circuits so that the two circuits form a single overall shift 
register system for the lamp-energizing markers proceeding in 
columnar order from the character shift memory unit through 
the lamp control shift register circuits, and character read 
control means responsive to the removal of all the lamp-ener 
gizing markers from the character memory shift register cir 
cuits for effecting the reading and decoding of coded informa 
tion of said tape representing the next character on the tape 
and the feeding of corresponding lamp-energizing markers 
into the empty stages of the character memory shift register 
circuits. 

2. In a sign system including a lamp bank containing rows 
and columns of lamps to be energized, control means for the 
lamps comprising: input-reading means for reading columns of 
binary-coded information fed thereto one column at a time, 
each column of information representing a character to be dis 
played, a series of lamp control shift register circuits, there 
being one such shift register circuit for each row of lamps in 
the bank and each circuit having register stages positioned ac 
cording to the position of the lamps in the associated row of 
lamps in the bank for effecting energization of the associated 
lamps when lamp-energizing markers appear therein, a series 
of character memory shift register circuits, there being one 
such circuit for each row of lamps in the bank, each of the 
latter circuits having a number of stages corresponding to the 
largest number of lamps in a row which are energized by the 
widest character to be displayed on the sign, decoding means 
coupled between said input-reading means and said character 
memory shift register circuits and responsive to the column of 
binary-coded characters being read by said input reading 
means for storing lamp-energizing markers in the stages of the 
various character memory shift register circuits in accordance 
with the pattern of lamps to be energized for the character in 
volved, shift register advancing means for progressively ad 
vancing the pattern of lamp-energizing markers in the various 
character memory shift register circuits from the stages at the 
end associated with the right-hand group of lamps in the bank 
to the stages at the other end thereof, means interconnecting 
the corresponding character memory and lamp control shift 
register circuits so that the two circuits form a single overall 
shift register system for the lamp-energizing markers proceed 
ing in columnar order from the character shift memory unit 
through the lamp control shift register circuits, and character 
read control means responsive to the removal of all the lamp 
energizing markers from the character memory shift register 
circuits for effecting the reading and decoding of a new 
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column of coded information by said input reading means and 
decoding means and the feeding of corresponding lamp-ener 
gizing markers into the empty stages of the character memory 
shift register circuits. 

3. The sign system of claim 2 wherein said character read 
control means is a shift register circuit including a number of 
stages equal to the number of stages in each of the character 
memory shift register circuits and additional stages cor 
responding to the number of deenergized columns of lamp 
bank forming the space between successive character ele 
ments in a word or number grouping to be displayed on the 
lamp bank, decoding means responsive to the binary-coded 
character read by said input-reading means at any instant for 
storing a single marker in the stage of the character read shift 
register circuit which is spaced a number of stages from the 
last stage thereof proportional to the width of the character in 
volved, and means shifting said latter marker one stage at a 
time toward the output thereof in synchronism with the feed 
ing of lamp-energizing markers one column at a time from the 
character memory shift register circuits to the lamp control 
shift register circuits, and means for feeding a new column of 
coded information to said input-reading means as said single 
marker has been advanced through all of the stages of said 
character read shift register circuit. 

4. In a sign system including a lamp bank containing rows 
and columns of lamps to be energized to form a running sign, 
control means for the lamp bank comprising input-reading 
means for reading information representing alphabet and/or 
numeral characters into the sign system, said input-reading 
means including character advance signal input terminal 
means for bringing a new character into a reading position 
when an advance signal is fed thereto; a light control circuit 
associated with each lamp in said bank, each light control cir 
cuit including a lamp-energizing bistable unit associated with 
each lamp in the bank operable in either of two states 
representing a set and a reset state, means for energizing each 
lamp when the associated bistable unit is in the reset state, 
means responsive to the information read by said input-read 
ing means for operating the lamp-energizing bistable units as 
sociated with the group of lamps at the right end of the lamp 
bank in a pattern of conductive set states which will energize 
the group of lamps involved to reproduce the corresponding 
character, and bistable condition sensing means for each pair 
of bistable units associated with an adjacent pair of lamps of 
the bank, the bistable units and bistable condition sensing 
means associated with each row of lamps in the bank con 
stituting a shift register circuit, advance signal input terminal 
means for each shift register circuit, each bistable condition 
sensing means being responsive respectively to the set and 
reset states of the lamp-energizing bistable unit of the right 
hand lamp of each of said pairs of lamps by respectively 
setting and resetting the other bistable unit of the left-hand 
lamp of the pairs when an advance signal is fed to the advance 
signal input terminal means of the shift register circuit in 
volved, each of said bistable condition sensing means being an 
intermediate bistable unit between each pair of lamp-energiz 
ing bistable units associated with an adjacent pair of lamps in a 
row of lamps in the bank and having a set and a reset state, 
means for periodically ?rst resetting simultaneously all set 
lamp-energizing bistable units and thereafter simultaneously 
resetting all set intermediate bistable units, means responsive 
to the change of any light energizing bistable unit from a set to 
a reset state for setting the following intermediate bistable unit 
before the next resetting operation, means responsive to the 
change of an intermediate bistable unit from a set to a reset 
state by setting the associated following lamp-energizing bista 
ble unit, wherein a shift register circuit is formed by all of the 
bistable units associated with the lamps in each row of the 
lamp bank and the set state of a lamp-energizing energizing 
bistable unit is transferred to the following lamp-energizing 
bistable‘ unit each reset cycle, and means for feeding an ad 
vance signal to said advance input terminal means of said 
input-reading means during each reset cycle and to read 




