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57) ABSTRACT 
An acknowledging arrangement comprising a charging 
circuit associated with each input signal, a warning ac 
tuating and acknowledging circuit means, and a secon 
dary discharge circuit associated with each input 
signal except the least restrictive. Each charging cir 
cuit is controlled in response to the reception of the 
associated input signal to store a predetermined 
amount of operating energy. When a more restrictive 
signal is received, this stored energy is discharged to 
actuate a warning indicator. A time delay arrangement 
included in the actuating circuit delays the warning for 
a preset time to eliminate momentary false restrictive 
signals. A single relay is actuated to control the warn 
ing indicator for all input signals. This same relay 
responds to acknowledgement action by the train 
operator to halt the warning and restore the brake 
magnet valve, if other safety checks are proper. The 
secondary discharge circuits drain the stored energy 
from the activated charging circuit, when a less 
restrictive input signal is received, to inhibit the warn 
ing indication and the need for acknowledgement. 

20 Claims, 2 Drawing Figures 
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1. 

ACKNOWLEDGING CIRCUITARRANGEMENT 

Our invention relates to a circuit arrangement for 
acknowledging the reception of a more restrictive 
signal among a plurality of input signals selectively ap 
plied to a control circuit, and more particularly to an 
arrangement employing a single actuating circuit for 
providing an indication of any more restrictive input 
signal. 

In railway cab signaling and speed control systems, 
vehicle-carried circuit arrangements are employed for 
selectively receiving, one at a time, a plurality of input 
signals from the railway tracks, each bearing a code in 
dicative of the speed at which the vehicle should be 
traveling. Each coded input signal energizes a signaling 
relay specifically associated therewith, the relays as 
sociated with other signals being normally deemergized. 
An example of the prior art systems, but not incor 
porating the feature under which all signaling relays 
other than that relay specifically associated with the 
received code signal are deenergized, is disclosed in 
Letters Patent of the U.S. Pat. No. 2,462,454, issued 
Feb. 22, 1949 to L. R. Allison. The existing combina 
tion of energized and deenergized signal responsive 
relays, in turn, positions their contacts to actuate the 
display of a speed control signal and, upon change to 
complete or disable an alarm actuating circuit arrange 
ment in accordance with the new presence of a more 
restrictive or less restrictive coded input signal, respec 
tively. This alarm actuating circuitry, in the prior art, 
consists of a bank of relays, at least equal in number to 
the plurality of coded input signals selectively delivered 
to the train-carried apparatus, and an operator 
acknowledging means. Accordingly, a complicated and 
difficult to service relay contact arrangement was 
developed to selectively energize and/or deemergize the 
alarm actuating bank of relays depending upon 
whether a more restrictive or less restrictive speed 
signal command was delivered to the vehicle. A later 
example of such alarm and acknowledging relays used 
in a cab signal system is disclosed in Letters Patent of 
the U.S. Pat. No. 3,046,391, issued July 24, 1962 to H. 
W. Bryan. These previous arrangements were costly 
due to the excessive number of relays employed in the 
alarm actuating and acknowledging circuitry as well as 
the amount of service and maintenance involved in 
maintaining accuracy of the circuit components. 
Further, the possibility that, in certain stretches of 
track, momentary false restrictive cab signal com 
mands may be received, presented to the train operator 
the annoying problem of continually acknowledging 
each false restrictive indication. This particular 
problem desirably requires the incorporation of a time 
delay of predetermined length before a true indication 
of a more restrictive input signal causes an alarm actua 
tion. Previous circuits of the above-described type 
either did not provide the required time delay or, even 
if such circuits had an inherent time delay, it was not 
sufficiently flexible, e.g., externally adjustable, to 
eliminate all false alarms. 

It is, therefore, an object of our invention to provide 
a novel circuit arrangement for acknowledging more 
restrictive signals among a plurality of input signals to 
control apparatus which is simple in design, reliable in 
operation, durable in use, and efficient in service. 
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2 
Another object of our invention is a new circuit ar 

rangement for acknowledging more restrictive signals, 
among a plurality of input signals to a control circuit, 
which employs a single actuating circuit for providing 
an indication of a more restrictive input signal irrespec 
tive of the number of possible input signals. 
A further object of our invention is an improved cir 

cuit arrangement for acknowledging the reception of 
more restrictive signals, among a plurality of input 
signals to the control circuit, which includes an actuat 
ing circuit time delay such as to ensure a true indication 
of a more restrictive input signal and eliminate momen 
tary false restrictive signal alarms. 

It is also an object of our invention to provide a novel 
circuit arrangement for acknowledging more restrictive 
signals among a plurality of input signals to a control 
circuit wherein the presence of a less restrictive input 
signal does not actuate the alarm and in no way affects 
the subsequent operation of its circuitry for indicating 
the presence of a more restrictive input signal. 

Still a further object of our invention is a new and im 
proved circuit arrangement for acknowledging the 
reception of more restrictive signals of a plurality of 
input signals wherein all logic functions of the actuating 
circuit are performed with solid state devices. 

Still another object of our invention is a principally 
solid state circuit arrangement controlling a single relay 
for both actuating an alarm, when a more restrictive 
signal is received by the cab signal/speed control ap 
paratus on a railroad train; and registering the 
acknowledgment of the more restrictive signal by the 
train operator. 
Other objects, features, and advantages of our inven 

tion will become apparent from the following specifica 
tion and appended claims. 

in the attainment of the foregoing objects, we pro 
vide a circuit arrangement having a plurality of inputs, 
each for distinctly receiving one of a plurality of 
preselected signals having a preset order of restrictive 
importance, and actuating a warning indication which 
is to be acknowledged whenever a more restrictive 
signal supersedes a less restrictive signal. The arrange 
ment comprises a bank of charging circuits, actuating 
and acknowledging circuit means, and a bank of secon 
dary discharging circuits. Each of the charging circuits 
includes the serial combination of a resistive element 
and a capacitive device and is selectively connected to 
a common power source over contacts of a bank of 
relays associated with the plurality of signal inputs. 
Hence, a predetermined amount of energy is stored in 
the capacitive device of a particular charging circuit 
whenever a preselected input signal causes it to be con 
nected to the power source. The actuating circuit 
means includes a time delay means and is selectively 
connected to the bank of charging circuits so that the 
predetermined amount of energy that is stored in a par 
ticular one of the charging circuits will be discharged 
through the actuating circuit, after a preselected time 
delay as determined by the time delay means, whenever 
a more restrictive signal appears on one of the plurality 
of inputs. The actuating circuit means controls an 
alarm device which provides an alarm indication, 
requiring acknowledgment, that a more restrictive 
signal has appeared on one of the plurality of inputs, 
The actuating means also controls a brake valve which 
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causes a brake application unless acknowledgement is 
completed and speed conditions are proper. 
One embodiment of the actuating circuit includes a 

first and a second resistive element, a capacitive 
device, a four-layer diode, and one coil of a magnetic 
stick relay. The capacitive device of the actuating cir 
cuit is connected in parallel with the first resistive ele 
ment, this parallel connection being connected to the 
bank of charging circuits as well as to the four-layer 
diode. The predetermined amount of energy 
discharged from a particular charging circuit, upon 
reception of a more restrictive signal, will thus be trans 
ferred to the capacitive device of the actuating circuit. 
When the energy stored in this capacitive device ex 
ceeds the predetermined potential which produces 
conduction through the four-layer diode, the capacitive 
device of the actuating circuit discharges through the 
serial connection of the four-layer diode and the one 
coil of the magnetic stick relay, thereby energizing the 
relay coil. The amount of time involved before the 
four-layer diode begins conducting is determined by 
the values of the resistive element of the particular 
charging circuit being discharged and the capacitive 
device and first resistive element of the actuating cir 
cuit. The current flow through the relay coil is so poled 
as to actuate relay operation to activate the warning 
device and to also complete a circuit through the 
second resistive element to rapidly discharge the 
capacitive device. The acknowledging or deactuating 
circuit includes a power source, a two-point make push 
button (the acknowleding means), and another coil of 
the aforementioned magnetic stick relay. 
Acknowledgment of a more restrictive signal by opera 
tion of the push button connects the power source to 
the other coil of the magnetic stick relay, so poled as to 
restore the relay to its normal position. This deactivates 
the warning indication and returns the actuating circuit 
to its inactive condition. 
Another disclosed embodiment of the actuating cir 

cuit includes as a time delay means a solid state relaxa 
tion oscillator having an input connected to the bank of 
charging circuits and an output connected to a solid 
state bistable circuit means also included in the actuat 
ing circuit. The relaxation oscillator or time delay cir 
cuit includes a unijunction transistor and provides an 
output signal at the end of the preset time delay period 
after a more restrictive signal is received, The input 
signal is provided by the charging circuit then active. 
The bistable circuit means, shown as comprising a pair 
of silicon controlled rectifiers and a commutating 
capacitor, is normally in its first conducting condition. 
This circuit controls an acknowledging relay which in 
turn controls the audible warning device. An output 
signal from the time delay circuit arrangement triggers 
the bistable circuit into its second condition in which 
the relay is energized and picks up to activate the warn 
ing device. Operation of the acknowledging device 
restores the bistable circuit to its first condition, which 
releases the relay to interrupt the warning. 
The plurality of secondary discharging circuits is 

connected to the bank of charging circuits for discharg 
ing the predetermined amount of energy stored in a 
particular one of the charging circuits whenever a less 
restrictive signal appears at one of the plurality of in 
puts. In the first embodiment, a basic secondary 
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4 
discharge circuit comprises a Zener diode and a 
transistor. The transistor is so connected that, when ac 
tivated, it drains the charge from the directly associated 
charging circuit capacitor. A transistor is associated 
with and so connected to each charging circuit except 
that for the least restrictive input signal. A Zener diode 
is associated with each charging circuit except that for 
the most restrictive input signal and is connected to 
become conducting when the charging circuit capaci 
tor is charged. The biasing or base circuit of each 
transistor is connected to the Zener diode associated 
with each less restrictive signal so that it is activated 
when the Zener diode conducts. Thus a transistor 
becomes conducting when any less restrictive input 
signal is received and drains off the charge in the as 
sociated charging circuit to prevent actuation of the 
warning signal. In the second embodiment, the secon 
dary discharge circuits comprise a circuit matrix of 
relay contacts responsive to the input signals. This cir 
cuit matrix is so connected to the charging circuits that 
the reception of any less restrictive input signal 
discharges the energy in the charging circuits and no 
warning signal is actuated. 

For a more complete understanding of my invention, 
reference is made to the following detailed description 
taken in conjunction with the accompanying drawings 
in which: 

FIG. 1 is a schematic circuit diagram illustrating one 
embodiment of the circuit arrangement of the present 
invention. 

FIG. 2 is a schematic circuit diagram illustrating a 
second embodiment of the circuit arrangement of the 
present invention. 

In each of the drawings, similar reference characters 
designate similar parts of the apparatus. In each em 
bodiment, a source of direct current energy is provided 
but is not specifically illustrated since any typical 
source having suitable voltage and sufficient capacity 
may be used. Connections to the positive terminal of 
this source are designated by the reference B+ while 
connections to the negative terminal are shown by the 
conventional ground symbol. 

Referring now to the drawings, and particularly to 
FIG. 1, there is shown a circuit arrangement for 
acknowledging the reception of more restrictive signals 
among a plurality of input signals in accordance with 
our invention. As shown, a plurality of inputs, over the 
circuits 11, 12, and 13, are connected, respectively, to 
signaling relays H, M, and L. The other terminals of 
these relays are connected to ground. This plurality of . 
inputs may represent, for example, different speed 
commands in a railway cab signaling system, as dis 
closed in the cited U.S. Pat. No. 2,462,454, the input to 
relay H being the least restrictive, the input to relay M 
being the second least restrictive, and the input to relay 
L being the third least restrictive. The absence of all 
input signals is, of course, the most restrictive signal 
condition. Associated with the signal relays is a bank of 
charging circuits 1, 2, and 3, controlled respectively by 
contacts a1, a2, and as of relays H, M, and L. Each of the 
charging circuits includes, in series, the signal relay 
contact a1, a2, or aa, a resistor R1, R2, or R3, respec 
tively, and a capacitor C1, C2, or C3, respectively, 
which capacitor is also connected to ground. It will be 
noted that when any one of the contacts a1, a2, or as of 



3,696,356 
5 

relays H, M, and L, respectively, engages its front con 
tact point, terminal B+ is connected to the particular 
resistor-capacitor combination associated with that 
COntact. 

Shown connected to the bank of charging circuits 1, 
2, and 3 through diodes D4, D5, and D6, respectively, 
and common lead 8 is an actuating circuit 4. The ac 
tuating circuit includes a resistor R8 connected in 
parallel with a capacitor C4 between lead 8 and 
ground. The parallel combination of resistor R8 and 
capacitor C4, through lead 8, is connected to the series 
combination of a four-layer diode D7, poled in the 
direction shown, and one coil RY1 of a magnetic stick 
relay. A resistor R9 is at times also selectively con 
nected to ground in parallel with capacitor C4 by the 
closing of reverse contact ary of relay RY. Also shown 
in FIG. 1 is a deactuating or acknowledging circuit 7 
comprising a two-point-make acknowledging push but 
ton ACK1 and a second coil RY2 of the magnetic stick 
relay. When device ACK1 is actuated to complete the 
circuit, coil RY2 is connected between terminal B 
and ground. Further associated with actuating circuit 4 
is an alarm circuit 9 chiefly comprising a bell BE or any 
equivalent audible warning device. Bell BE is obviously 
energized when reverse contact by closes and 
operates, until acknowledged, to indicate the reception 
of a more restricted signal. 
The previously described coils RY1 and RY2 are the 

two windings of a single magnetic stick type relay RY. 
Contacts a, b, and c (RY) controlled by this relay are 
shown, each illustrated with the movable armature por 
tion in a vertical position. The fixed contact points to 
the right of an armature are herein defined as reverse 
contacts, those to the left as normal contacts. Magnetic 
stick relays have the characteristic that when the con 
ventional current flow through either winding is in the 
normal direction, i.e., with the associated arrow sym 
bol, normal contacts are closed. When current flows in 
the opposite direction, reverse contacts are closed. 
Contact armatures remain in the last occupied position 
when the relay coils are deemergized. It is to be noted 
that a normal current direction arrow symbol is as 
sociated with each coil RY1 and RY2. The four-layer 
diode D7 is a conventional device known in the solid 
state art. Briefly, its remains nonconducting until the 
positive direction potential across its anode-cathode 
path builds to a predetermined level, e.g., on the order 
of 10-12 volts. The device then avalanches and con 
ducts current, even at relatively low positive voltages 
such as 1-2 volts, limited only by total circuit re 
sistance. 
Also connected to the bank of charging circuits 1, 2, 

and 3 is a plurality of secondary discharging circuits 
respectively including Zener diode Z1, diode D1, re 
sistors R4 and R6, and NPN-transistor O1; Zener diode 
Z1, diode D2, resistors R5 and R7, and NPN-Transistor 
O2; and Zener diode Z2, diode D3, resistors R5 and 
R7, and transistor O2. As shown, the cathode electrode 
of Zener diode Z1 is connected to the serial combina 
tion of resistor R1 and capacitor C1. The anode elec 
trode of Zener diode Z1 is connected in multiple to the 
anode electrodes of diodes D1 and D2, respectively, 
The cathode electrode of diode D1 is connected to the 
base electrode 20 of transistor Q1 through resistor R4. 
The cathode electrode of diode D2 is connected to 
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6 
base electrode 25 of transistor Q2 through resistor R5. 
The cathode electrode of Zener diode Z2 is connected 
to the serial combination of resistor R2 and capacitor 
C2, while its anode electrode is connected to the anode 
electrode of diode D3. The cathode electrode of diode 
D3 is also connected to the base electrode 25 of 
transistor Q2 through resistor R5. Resistors R6 and R7 
are respectively connected from the base electrodes 20 
and 25 of transistors O1 and O2 to ground. The collec 
tor electrode 21 of transistor O1 is connected to the 
serial combination of resistor R2 and capacitor C2 
whenever contact a of relay M engages its back con 
tact point, while the collector electrode 26 of transistor 
O2 is connected to the serial combination of resistor 
R3 and capacitor C3 whenever contact as of relay Len 
gages its back contact point. Both emitter electrodes 22 
and 27 of transistors Q1 and O2, respectively, are con 
nected to ground. It is to be noted that no Zener diode 
is associated with charging circuit 3 and that no 
transistor is connected to charging circuit 1. 
Turning now to the operation of the circuit arrange 

ment embodied in FIG. 1, it will be assumed that all 
relay contacts are initially positioned as shown and that 
capacitors C1, C2, and C3 have no charge stored 
therein. It will be further assumed, for illustrative pur 
poses, that two input signals can not be continuously 
present on the input leads 11, 12, and 13 simultane 
ously, although actually there will be a short overlap as 
signals change. It is now assumed that an input signal is 
present on lead 11 to relay H, which was previously 
defined as the least restrictive relay. Accordingly, relay 
H will become energized from lead 11 through the 
relay winding to ground. Upon the energization of relay 
H, its contact a will be picked up to engage its front 
contact point. Hence, a circuit will be completed from 
terminal B+ through front contact at of relay H, re 
sistor R1, and capacitor C1 to ground, thereby charg 
ing capacitor C1 with a predetermined amount of 
charge. Assuming that all Zener diodes used are 
selected with characteristics so that the potential B+ of 
the power source is sufficient to cause a reverse break 
down of the Zener diode, a circuit will also now be 
completed from terminal B+ over front contact at of 
relay H through Zener diode Z1, diode D1, resistor R4, 
base electrode 20 and emitter electrode 22 of transistor 
Q1 to ground, thereby forward biasing this NPN 
transistor. However, since it was initially assumed that 
capacitor C2 had no charge stored therein, transistor 
Q1 will not conduct since there is no positive potential 
provided at its collector electrode 21. Similarly, a cir 
cuit is also completed from B- over front contact a of 
relay H through Zener diode Z1, diode D2, resistor R5, 
base electrode 25, and emitter electrode 27 of 
transistor Q2 to ground, thereby forward biasing the 
transistor. However, transistor O2 also will not conduct 
since it was initially assumed that capacitor C3 had no 
charge stored therein and therefore no positive poten 
tial exists at the collector electrode 26 of transistor Q2. 

It will now be assumed that a more restrictive input 
signal appears on lead 12 so that relay M becomes 
energized. Recalling that it was an operating condition 
that two input signals can not continue to exist simul 
taneously, the signal on lead 11 shortly disappears and 
relay His deemergized. With relay Menergized, its con 
tact a will be picked up completing a circuit from ter 
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minal B+ over front contact a of relay M, resistor R2, 
and capacitor C2 to ground, thereby causing a 
predetermined amount of charge to be stored in 
capacitor C2. Upon deemergization of relay H, its con 
tacts a drops to engage its back contact point. The 
charge stored in capacitor C1 will then discharge 
through resistor R1, back contact a of relay H, diode 
D4, and lead 8 to capacitor C4. The discharge time is a 
function of the values of resistors R1, R8, and capacitor 
C4. When a predetermined amount of charge is stored 
in capacitor C4, the four-layer diode D7 will begin con 
ducting. Capacitor C4 will then begin discharging, ini 
tially through four-layer diode D7 and magnetic stick 
relay coil RY1 to ground, thereby energizing magnetic 
stick relay coil RY1 with opposite direction current. 
With magnetic stick relay coil RY1 thus energized, 

reverse contact by of relay RY in the alarm circuit 9 
will close to complete the alarm circuit from terminal 
B+ through bell BE to ground. This causes bell BE to 
begin ringing, thus indicating that a more restrictive 
signal is present at input leads 11, 12, and 13. Reverse 
contact ary of relay RY in actuating circuit 4 also 
closes, connecting resistor R9 in parallel with capacitor 
C4between lead 8 and ground so that capacitor C4 will 
quickly complete its full discharge through resistor R9. 
The opening of normal contact cry of relay RY deener 
gizes magnet valve MV, which is normally held ener 
gized through a conventionally illustrated safety check 
circuit network typically used in the cab signal/speed 
control art. However, the acknowledging action next 
described will restore the energization of magnet valve 
MV, providing the safety. check circuits are also 
properly maintained, prior to the emergency braking 
action noted in the drawing figure. 
Upon this alarm indication, operation of the 

acknowledging pushbutton ACK1 of deactuating cir 
cuit 7 by the train operator to acknowledge the more 
restrictive signal will complete a circuit from terminal 
B+ through pushbutton ACK1 and magnetic stick relay 
coil RY2 to ground, thereby energizing coil RY2 with 
normal direction current. As previously described and 
known by those skilled in the art, this momentary ener 
gization of coil RY2 will cause magnetic stick relay RY 
to operate to its normal position, opening its contact 
by to stop the ringing of bell BE. The opening of 
reverse contact any of relay RY interrupts the circuit 
through resistor R9. The closing of normal contact cry 
restores the connection to terminal B+ for magnet 
valve MV and, if the other safety check circuits are 
complete, any emergency brake application is avoided. 

Since its breakdown potential is no longer main 
tained at the cathode electrode of Zener diode Z1 due 
to the release of contact a of relay H, transistor Q1 will 
not longer be forward biased. However, with contact a 
of relay M engaging its front contact portion, a circuit 
to base electrode 25 of transistor Q2 is now maintained 
from terminal B-- over front contact a of relay M, 
Zener diode Z2, diode D3, resistor R5, base electrode 
25 and emitter electrode 27 of transistor O2 to ground. 
Hence, transistor Q2 remains forward biased, but still 
nonconducting since no positive potential is provided 
at its collector electrode 26. 

Let us assume now that an even more restrictive 
input signal appears on lead 13, thereby energizing 
relay L. Again, recalling that two input signals will not 
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continue to exist simulataneously, a signal no longer 
appears on lead 12 and relay M will become deener 
gized. With relay L energized, its contact as will be 
picked up, completing a circuit from terminal B+ over 
front contact aa of relay L, resistor R3, and capacitor 
C3 to ground, thereby causing a predetermined amount 
of charge to be stored in capacitor C3. Upon deener 
gization of relay M, its contact a drops to engage its 
back contact point. With back contact a of relay M 
closed, the charge stored in capacitor C2 will flow 
through resistor R2, back contact as of relay M, diode 
D5, and lead 8 to capacitor C4. The discharge time is a 
function of the values of resistors R2 and R8 and 
capacitor C4. When a predetermined amount of charge 
is stored in capacitor C4, the same actuating circuit, 
alarm circuit, and acknowledging circuit functioning, 
as previously described with respect to a more restric 
tive input signal on lead 12, will occur and indication 
and acknowledgment of a more restrictive input signal 
will have been completed. Since the breakdown poten 
tial of Zener diode Z2 is no longer maintained at its 
cathode electrode, the circuit to the base electrode 25 
of transistor O2 will be interrupted and neither 
transistor Q1 nor transistor O2 will be forward biased. 

It will be obvious that the occurrence of the most 
restrictive signal condition, i.e., no input on any of 
leads 11, 12, and 13, will cause the same circuit opera 
tion as already described and require an 
acknowledgment. Let us now assume, however, that a 
signal once again appears on lead 12, which is less 
restrictive than the signal previously appearing on lead 
13. Relay M will once again become energized, while 
relayL will shortly be deenergized. With relay Mener 
gized, its contact a will once again be picked up, 
completing a circuit from terminal B+ over front con 
tact a of relay M, resistor R2, and capacitor C2 to 
ground, thereby again charging capacitor C2. Upon 
deenergization of relay L, its contact as drops to engage 
its back contact. Since the potential at the cathode of 
diode Z2 once again exceeds the breakdown potential 
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of the Zener diode, transistor Q2 will again be forward 
biased. Since a positive potential is now present at col 
lector 26 of transistor Q2, due to the charge stored in 
capacitor C3, transistor O2 will begin conducting. 
Capacitor C3 will discharge, therefore, through resistor 
R3, back contact as of relay L, and the collector 26, 
emitter 27 circuit path of transistor Q2 to ground 
rather than through capacitor C4 of the actuating cir 
cuit 4. Hence, there will be no alarm signal upon a less 
restrictive input signal on lead 12. 

If we assume now that an even less restrictive input 
signal appears on lead 11, relay H will once again 
become energized, while relay M will shortly become 
deenergized. With relay H energized, its contact a will 
once again complete a circuit from terminal B- over 
front contact a of relay H, resistor R1, and capacitor 
C1 to ground, thereby again charging capacitor C1. 
Upon deenergization of relay M, its contact a drops to 
engage its back contact point. Since the potential at the 
cathode of Zener diode Z1 once again exceeds its 
breakdown potential, transistor Q1 will be forward 
biased. Since a positive potential is now present at col 
lector 21 of transistor Q1 due to the charge stored in 
capacitor C2, transistor. O1 will begin conducting. 
Capacitor C2 will be discharged, therefore, through re 
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sistor R2, back contact a of relay M, and the collector 
to emitter path of transistor Q1 to ground rather than 
through capacitor C4. 

Should the input change directly from a signal on 
lead 13 to a less restrictive input signal on lead 11, 
capacitor C3 will again discharge through resistor R3, 
back contact as of relay L, collector electrode 26, base 
electrode 25, and emitter 27 of transistor Q2 to ground 
since this transistor is also forward biased when Zener 
diode Z1 conducts, as previously described. It will be 
appreciated that an infinite number of more restrictive 
input signals may be added to the circuit merely by in 
creasing the number of charging circuits and secondary 
discharging circuits, while maintaining the exact same 
actuating, warning, and acknowledging circuitry. 
Reference is now made to FIG. 2 which illustrates 

another embodiment of the circuit arrangement of our 
invention. As discussed in connection with FIG. 1, FIG. 
2 also shows a plurality of inputs over the circuits 11, 
12, and 13, connected respectively to relays H, M, and 
L. Respectively associated with the relays H, M, and L, 
through their respective contacts a1, a2, and as, are the 
charging circuits la, 2a, and 3a. Each of these charging 
circuits is the equivalent, respectively, of the charging 
circuits 1, 2, and 3 of FIG. 1 except that no Zener diode 
is associated with any circuit. 
The bank of charging circuits 1a, 2a, and 3a is con 

nected, through diodes D4, D5, and D6 and lead 8 to 
an actuating circuit 4a. Back contacts b, and be of 
relays H and M, respectively, within circuit matrix 10, 
are interposed between the circuit paths through 
diodes D5 and D6 and lead 8. Also connected to the 
bank of charging circuits 1a, 2a, and 3a is a secondary 
discharging circuit arrangement, within matrix 10, in 
cluding front contact b of relay M, front contact b of 
relay H, and resistor R15. As shown, the armature of 
contact b of relay M is connected to charging circuit 
3a through diode D6 and to charging circuit 2a through 
diode D5. 
The actuating circuit 4a includes a time delay circuit 

4b and a bistable commutating circuit 4c. The time 
delay circuit 4b, which preferably has the circuit form 
of a conventional relaxation oscillator, includes re 
sistors RT, R16, and c, R17, timing capacitor CT, and a 
conventional unijunction transistor O5 having an 
emitter electrode ei, a first base electrode b1, and a 
second base electrode b. One end of resistor RT is con 
nected to lead 8, while the other end of resistor RT is 
connected to one terminal of capacitor CT, the other 
terminal of which is connected to ground. The emitter 
electrode e of transistor Q5 is connected to the junc 
tion of resistor RT and capacitor CT. The first base 
electrode b of transistor Q5 is connected to ground 
through resistor R16 and is also connected to bistable 
circuit 4c. The second base electrode b, of unijunction 
transistor Q5 is connected to lead 8 through resistor 
R17. 
The bistable commutating circuit 4c is divided into 

an actuating portion and a deactuating or 
acknowledging potion. The actuating portion includes 
a silicon controlled rectifier SCR1 having a gate elec 
trode 30, an anode electrode 31, and a cathode elec 
trode 32; a commutating capacitor Ce, a diode D10, 
and a neutral relay coil RY3. The deactuating portion 
of bistable circuit 4c includes a silicon controlled recti 
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10 
fier SCR2 having a gate electrode 33, an anode elec 
trode 34, and a cathode electrode 35, and a two-point 
make acknowledging pushbutton ACK2. Gate elec 
trode 30 of rectifier SCR1 is connected to the first base 
electrode b, of unijunction transistor Q5 of the time 
delay circuit 4b, while cathode electrode 32 is con 
nected to ground. The anode electrode 31 of rectifier 
SCR1 is connected to terminal B+ of the power source 
through relay coil RY3 and directly to one terminal of 
capacitor C and the anode electrode of diode D10. 
Diode D10 is connected across relay coil RY3 to 
prevent the occurrence of voltage spikes. The anode 
electrode 34 of rectifier SCR2 is connected to terminal 
B+ through a resistor R19 as well as to the other ter 
minal of capacitor C, while the cathode electrode 35 is 
connected to ground. The gate electrode 33 of rectifier 
SCR2 is connected to terminal B-- through 
acknowledging pushbutton ACK2 and resistor R18 
upon the operation of pushbutton ACK2. through front 
contact a of relay H, capacitor C1, and resistor R1 to 
ground, thereby charging capacitor C1 with a 
preselected amount of charge. Also with relay H ener 
gized, its contact b will engage its front contact point. 

It will now be assumed that a more restrictive input 
signal appears on lead 12, energizing relay M. Recalling 
that it was initially assumed that two input signals will 
not continue to exist simultaneously, a signal no longer 
appears on lead 11 and relay H is deenergized. With 
relay M energized, its contact a will be picked up, 
completing a circuit from terminal B+ over front con 
tact a of relay M, capacitor C2, and resistor R2 to 
ground, thereby causing a predetermined amount of 
charge to be stored in capacitor C2. Also, contact b of 
relay M will be picked up to engage its front contact 
point while the deenergization of relay H causes its 
contacts at and b to drop away to engage back contact 
points. 
With back contact a of relay H closed, the charge 

stored in capacitor C1 discharges through diode D4, 
lead 8, and resistor RT to capacitor CT. When a 
predetermined amount of charge is stored in capacitor 
CT, that is, when a predetermined positive potential 
appears at emitter e, unijunction transistor Q5 is 
turned on and begins conducting. With transistor Q5 
conducting, a positive signal will appear at its first base 
b to turn on silicon controlled rectifier SCR1. With 
rectifier SCR1 turned on, a path is completed from ter 
minal B+ through resistor R19, capacitor C, anode 
electrode 31 and cathode electrode 32 of controlled 
rectifier SCR1 to ground, to thereby charge capacitor 
C, with positive polarity at its right-hand terminal. A 
parallel path is also completed from terminal B 
through relay coil RY3 and rectifier SCR1 to ground to 
energize relay coil RY3. With relay RY3 energized, its 
front contact arra in the alarm circuit 9a will close, 
completing an alarm circuit from terminal B+ through 
bell BE to ground. This causes bell BE to begin ringing, 
indicating the reception of a more restrictive signal at 
the input. Although not specifically shown, another 
contact controlled by relay RY3 will control a magnet 
valve MV similar to FIG. 1. 
Upon this alarm indication, operation of 

acknowledging pushbutton ACK2 will complete a cir 
cuit from terminal B-- over the contacts of pushbutton 
ACK2 to gate 33 of commutating silicon controlled 
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rectifier SCR2, thereby turning on the rectifier. A cir 
cuit is thus completed from terminal B+ through re 
sistor R19, anode electrode 34 and cathode electrode 
35 of rectifier SCR2 to ground. With rectifier SCR2 in 
a conducting condition, capacitor C also discharges 
through this rectifier and the positive charge on its right 
terminal, previously described, appears momentarily 
on the common ground connection between the two 
rectifier cathodes. This places a positive potential on 
cathode electrode 32 of silicon controlled rectifier 
SCR1, thereby reverse biasing this rectifier and causing 
it to turn off, since transistor Q5 is no longer conduct 
ing. With rectifier SCR1 turned off, there is no direct 
circuit path through relay coil RY3 and it is deener 
gized as soon as capacitor C is charged with opposite 
polarity by the circuit path through rectifier SCR2. 
This opens front contact as to stop the ringing of bell 
BE. It is to be noted that rectifier SCR2 remains con 
ducting and resistor R19 is selected to limit the current 
flow to a reasonable value. The charge on capacitor C, 
with its left-hand terminal positive, is used, when the 
next trigger signal is applied to gate 30 of rectifier 
SCR1 to help shift the state of the bistable circuit by 
momentarily reverse biasing rectifier SCR2 to shut off 
its conducting condition. 

Let us assume now that an even more restrictive 
input signal appears on lead 13, thereby energizing 
relay L. Again, recalling the operating condition that 
two input signals will not continue to exist simultane 
ously, a signal no longer appears on lead 12 and relay 
M shortly becomes deenergized. With relay L ener 
gized, its contact as will be picked up to complete a cir 
cuit from terminal B- over front contact aa, capacitor 
C3, and resistor R3 to ground, thereby causing a 
predetermined amount of charge to be stored in 
capacitor C3. Upon deenergization of relay M, its con 
tacts a and b, drop away to engage their back contact 
points. The charge stored in capacitor C2 will now 
discharge through diode D5, back contacts a, and be of 
relay M, back contact b of relay H, lead 8, and resistor 
RT to capacitor CT. Once again, when a predeter 
mined amount of charge is stored in capacitor CT, the 
same actuating circuit, alarm circuit, and 
acknowledging, functions as described above with 
reference to a more restrictive signal on lead 12 will oc 
cur, and indication and acknowledgment of a more 
restrictive input signal will have been completed. 

Let us now assume that a signal once more appears 
on lead 12 to relay M, which is less restrictive than the 
signal previously appearing on lead 13 to relay L. Relay 
M will again be energized, while relay L is deemergized. 
Contact a of relay M will again pick up, completing a 
circuit from terminal B-- over front contact a capaci 
tor C2, and resistor R2 to ground, thereby again charg 
ing capacitor C2. Contact be of relay M will also pick 
up to engage its front contact point. Upon deenergiza 
tion of relay L, its contact aa is released to engage its 
back contact point. Accordingly, capacitor C3 will 
discharge through back contact as of relay L, diode D6, 
front contact be of relay M, and resistor R15 to ground 
rather than through capacitor CT of the actuating cir 
cuit 4a. Thus, there will be no alarm signal upon the 
reception of a less restrictive input signal on lead 12. 

Let us assume now that an even less restrictive input 
signal appears on lead 11 to relay H. Relay H will again 
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be energized, while relay M will be deenergized. Con 
tact a of relay H will again pick up, completing the cir 
cuit for charging capacitor C1. Contact b of relay H is 
also picked up to engage its front contact point. Upon 
deenergization of relay M, its contacts a, and b release 
to engage their back contact points. Accordingly, 
capacitor C2 will discharge through back contact a of 
relay M, diode D5, back contact b of relay M, front 
contact b of relay H, and resistor R15 to ground rather 
than through capacitor CT. 

Should the input signal change from a signal on lead 
13 directly to a less restrictive input signal on lead 11, 
capacitor C3 will discharge through back contact as of 
relay L, diode D6, back contact be of relay M, front 
contact b of relay H, and resistor R15 to ground. Thus, 
no alarm signal is actuated on any change to a less 
restrictive input signal. Once again, it will be ap 
preciated that an infinite number of input signals may 
be added to the above circuit, without detracting from 
the inventive concept described herein, merely by ad 
ding additional charging circuits and additional secon 
dary discharging circuit contacts within matrix 10. 
While our invention has been described with regard 

to a circuit arrangement for acknowledging more 
restrictive signals among a plurality of input signals for 
railroad cab signaling application, it will be understood 
that the invention may have utility in other systems and 
unrelated areas remote from railroad and/or rapid 
transit operation. 

It will be appreciated, therefore, that the foregoing 
description of our invention is only illustrative and it is 
not intended that the invention be limited to the two 
embodiments described. Rather, changes and modifi 
cations within the scope of the appended claims may be 
made by those skilled in the art without departing from 
the scope and spirit of our invention. 

Having thus described our invention, what we claim 
S. 

1. A circuit arrangement for acknowledging the 
reception of a more restrictive signal among a plurality 
of input signals selectively applied one at a time to a 
control system, the input signals having a predeter 
mined order of more restrictive significance, compris 
ing in combination, 

a. a plurality of charging circuits, one for each of said 
plurality of input signals and responsive to the 
reception of the corresponding input signal by said 
control system to store a predetermined energy 
charge, 

b. an actuating means operable from a first to a 
second condition at the end of a predetermined 
time delay interval after an actuating energy signal 
is applied thereto, 
1. said actuating means selectively connected in 
accordance with the received input signal to 
receive an actuating energy signal from a par 
ticular one of said plurality of charging circuits 
when a more restrictive input signal is received, 

c. a warning indicator controlled by said actuating 
means for providing a warning indication signal 
when said actuating means is in its second condi 
tion, and 

d. acknowledging means connected for restoring said 
actuating means to its first condition when 
operated to acknowledge said warning indication 
signal. 
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2. A circuit arrangement as defined in claim 1 which 
further includes, 

a. a plurality of secondary discharge circuits, one for 
each charging circuit except that one associated 
with the least restrictive input signal, 

b. each secondary discharge circuit being responsive 
to the reception of any input signal having a less 
restrictive significance than the corresponding 
input signal for discharging the associated charg 
ing circuit of any stored energy charge. 

3. A circuit arrangement as defined in claim 1 in 
which, 

a. said actuating means includes a timing delay 
means and a two condition means operable 
between its first and second conditions when ac 
tivating signals are applied thereto, 

b. said timing delay means comprises, 
1. another energy storage means connected for 
receiving said energy charge from said particu 
lar charging circuit at a predetermined charging 
rate, and 

2, an electrical device controlled by said circuit 
network for providing an output signal when the 
charge in said other storage means reaches a 
preset level, 

c. said two condition means connected to receive 
said output signal and responsive thereto for 
operating to its second condition, 
1. said acknowledging means connected when 
operated for applying another activating signal 
for operating said two condition means to its 
first condition, 

d. said two condition means further connected for 
actuating said warning indicator to provide said 
warning signal while said two condition means oc 
cupies its second condition. 

4. A circuit arrangement as defined in claim 3 which 
further includes, 

a. a plurality of secondary discharge circuits, one for 
each charging circuit except that one associated 
with the least restrictive input signal, 

b. each secondary discharge circuit being responsive 
to the reception of any input signal having a less 
restrictive significance than the corresponding 
input signal for discharging the associated charg 
ing circuit of any stored energy charge. 

5. A circuit arrangement as defined in claim 4 in 
which, 

a. each secondary discharge circuit includes a two 
condition switching means connected to interrupt 
the discharge circuit path for the associated charg 
ing circuit when in its first condition and to 
complete the discharge path when in its second 
condition, 

b. each switching means being responsive to the 
reception of any input signal less restrictive than 
the corresponding input signal to occupy its 
second condition, otherwise occupying its first 
condition. 

6. A circuit arrangement as defined in claim 5 in 
which, 
each switching means is a transistor controlled by 
each charging circuit associated with a less restric 
tive input signal, each transistor biased to its con 
ducting condition when an energy charge is stored 
and to its nonconducting condition when no ener 
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gy charge is stored in any one of said less restric 
tive charging circuits. 

7. A circuit arrangement as defined in claim 3 in 
which, 

a. said electrical device is a four layer diode having a 
predetermined breakdown potential for conduc 
tion in the forward direction to provide said output 
signal when conduction occurs, 

b. said other energy storage means is a resistor 
capacitor circuit network with preselected charg 
ing time characteristics such that the breakdown 
potential of said diode is exceeded by the capaci 
tor charge level at the end of said predetermined 
time delay interval, and 

... said two condition means is a two position mag 
netic stick relay having a first winding connected 
to receive operating energy from said capacitor, 
when said diode conducts, poled to operate said 
relay to its second position, 
1. a second winding of said relay connected for 
receiving operating energy when said 
acknowledging means is operated, poled to 
restore said relay to its first position, 

2. a second position relay contact being connected 
for supplying actuating energy to said warning 
indicator to provide said warning signal. 

8. A circuit arrangement as defined in claim 7 which 
further includes, 

a. a plurality of secondary discharge circuits, one for 
each charging circuit except that associated with 
the least restrictive input signal, 

b. each secondary discharge circuit comprising a 
transistor connected for discharging energy stored 
in the associated charging circuit when that 
transistor conducts, and a bias circuit network 
connected to normally hold the associated 
transistor nonconducting, 

... each bias network controlled by the charging cir 
cuits associated with all input signals less restric 
tive than that associated with he corresponding 
discharge circuit, for actuating the associated 
transistor to its conducting condition when energy 
is stored in any one of the less restrictive charging 
circuits. 

9. A circuit arrangement as defined in claim 3 in 
which, 
a said electrical device is a unijunction transistor 
having a predetermined gating potential for ac 
tuating conduction to supply said output signal, 

b. said other energy storage means is a resistor 
capacitor circuit network connected for supplying 
the gating signal to said transistor, and having 
charging time characteristics such that stored 
energy exceeds the required gating signal potential 
only at the end of said predetermined time delay 
interval, 

... said two condition means comprises a relay and a 
controlling bistable circuit network normally in a 
first conducting condition and energizing said 
relay when in a second conducting condition, 
1. said bistable circuit network connected to 
receive the output signal from said transistor 
and responsive thereto for operating to said 
second conducting condition, 



3,696,356 
15 

2. said bistable circuit network controlled by said 
acknowledging means for operating to said first 
conducting condition when said acknowledging 
means is operated, and 

d. said warning indicator is controlled by an ener 
gized position contact of said relay for providing a 
warning signal when said relay is energized. 

10. A circuit arrangement as defined in claim 9 
which further includes, 

a. a plurality of secondary discharge circuits, one for 
each charging circuit except that one associated 
with the least restrictive input signal, 

b. each secondary discharge circuit including in se 
ries a two position switching means associated with 
each input signal less restrictive than the cor 
responding input signal, 
1. each switching means in a particular secondary 
discharge circuit connected for interrupting that 
circuit when in its first position and completing 
that circuit when in its second position, 

c. each switching means responsive to the reception 
of the associated input signal for operating to its 
second position, 

d. each secondary discharge circuit when completed 
bypassing the connection from the associated 
charging circuit to said resistor-capacitor network. 

11. In a railroad cab signal and speed control system 
selectively providing a plurality of input signals to each 

O 

15 

25 

30 set of train-carried apparatus, said input signals having 
a predetermined order for designating more restrictive 
speed signal indications, a train-carried acknowledging 
arrangement on each train comprising in combination, 

a. a plurality of signal receiving means, one for each 
possible input signal, 

b. a charging circuit means associated with each 
signal receiving means and controlled thereby for 
storing a predetermined energy charge when the 
corresponding input signal is received, 
an actuating circuit means selectively connected 
by said signal receiving means for receiving the 
charge stored in a particular charging circuit 
means when a more restricted input signal is 
received, 

d. said actuating circuit means being operable in 
response to the reception of an energy charge from 
one of said charging circuit means for actuating a 
more restricted signal warning indication a 
predetermined time delay interval after the recep 
tion of a more restricted input signal, and 

... an acknowledging means connected to said actuat 
ing circuit means and operable for restoring said 
actuating circuit means and halting the warning in 
dication. 

12. An acknowledging arrangement as defined in 
claim 11, which further includes, 

a. a plurality of secondary discharge circuit means, 
one for each charging circuit means except that. 
one associated with the least restrictive input 
signal, 

b. each secondary discharge circuit means controlled 
by all signal receiving means having a less restric 
tive order and connected for discharging the as 
sociated charging circuit means, when a less 
restrictive input signal is received. 
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13. An acknowledging arrangement as defined in 

claim 11 which further includes a warning indicator 
device and in which, 
a said actuating circuit means includes a time delay 
means and a relay means operable to a first and a 
second condition, 

b. said delay means selectively connected by said 
signal receiving means for receiving the charge 
stored in said particular charging circuit means 
and operable in response to the reception of a 
charge to provide an output signal at the end of a 
predetermined time delay interval, 

... said relay means controlled by said time delay 
means for operating to its second condition in 
response to said output signal, 

d. said relay means connected for actuating said 
warning indicator device to provide a warning in 
dication when said relay means is in its second 
condition, 

e. said relay means further controlled by said 
acknowledging means for operating to its first con 
dition when said acknowledging means is operated 
to acknowledge the reception of a more restricted 
input signal. 

14. An acknowledging arrangement as defined in 
claim 13, which further includes, 

a. a plurality of secondary discharge circuit means, 
one for each charging circuit means except that 
one associated with the least restrictive input 
signal, 

b. each secondary discharge circuit means controlled 
by all signal receiving means having a less restric 
tive order and connected for discharging the as 
sociated charging circuit means when a less 
restrictive input signal is received. 

15. An acknowledging arrangement as defined in 
claim 13 in which said time delay means comprises, 

a. a four-layer diode having a predetermined break 
down potential for conduction in the forward 
direction, 
a resistor-capacitor circuit network with 

preselected charging time characteristics such that 
said diode breakdown potential is exceeded by the. 
capacitor charge level only after said predeter 
mined time delay interval, 

c. said, resistor-capacitor network connected to 
supply said capacitor charge level to said diode for 
providing said output signal when said diode 
becomes conducting. 

16. An acknowledging arrangement as defined in 
claim 15 in which, 

a. said relay means is a two-position magnetic stick 
relay having a first winding connected to receive 
said output signal from said diode poled to operate 
said relay to its second position, 

b. a second winding of said relay connected for 
receiving operating energy when said 
acknowledging means is operated, poled to restore 
said relay to its first position, and 

c, a second position contact of said relay is con 
nected for supplying energy for actuating said 
warning indication. 

17. An acknowledging arrangement as defined in 
claim 16 which further includes, 

b. 
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a. a plurality of secondary discharge circuits, one for 
each charging circuit means except that associated 
with the least restrictive input signal, 

b. each secondary discharge circuit comprising a 

18 
ducting condition when said acknowledging means 
is operated and normally holding in that first con 
ducting condition, 
1. said bistable circuit network connected to 

transistor connected for discharging energy stored 5 receive the output signal from said unijunction 
in the associated charging circuit means when that transistor and responsive thereto for operating 
transistor conducts, and a bias circuit network to a second conducting condition, and 
connected to normally hold the associated b. a neutral relay controlled by said bistable circuit 
transistor nonconducting, network and energized when said network is in its 

... each bias network controlled by the charging cir- 10 second conducting condition, 
cuit means associated with all input signals less 
restrictive than that associated with the cor 
responding discharge circuit, for actuating the as 
sociated transistor to its conducting condition 
when energy is stored in any one of the less restric- 15 
tive charging circuits. 

18. An acknowledging arrangement as defined in 
claim 13 in which said delay means comprises, 

a. a unijunction transistor having a predetermined 

c. an energized position contact of said relay, when 
closed, actuating said warning indicator device. 

20. An acknowledging arrangement as defined in 
claim 19 which further includes, 

a. a plurality of secondary discharge circuits, one for 
each charging circuit means except that one as 
sociated with the least restrictive input signal, 

b. each secondary discharge circuit including in se 
ries a two-position switching means associated 

gating potential for actuating conduction and con- 20 
nected for conducting energy when actuated from 
said particular charging circuit means to provide 
said output signal, 

with each signal receiving means corresponding to 
an input signal less restrictive than that input signal 
corresponding to that discharge circuit, 
l. each switching means in a particular secondary 
discharge circuit connected for interrupting that 
circuit when in its first position and completing 
that circuit when in its second position, 

c. each switching means controlled by the associated 
signal receiving means for operating to its second 
position only when the corresponding input signal 
is received, d. each secondary discharge circuit when completed 
bypassing the connection from the associated 
charging circuit means to said delay means. 

b. a resistor-capacitor circuit network connected for 
receiving energy from the selected charging circuit 25 
means and for supplying a gating signal to said 
transistor, and having charging time charac 
teristics such that stored energy exceeds the 
required gating signal potential only at the end of 
said predetermined time delay interval. 30 

19. An acknowledging arrangement as defined in 
claim 18 in which said relay means comprises, 

a. a bistable circuit network controlled by said 
acknowledging means for operating to a first con- k k k k 
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