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ABSTRACT OF THE DISCLOSURE 
Logic circuitry utilizing transistorized switching cir 

cuits arranged to provide a check on their own proper 
operation. Each switching circuit monitors a single track 
Section and provides three electrical outputs indicating 
respectively, train absence, train presence, and the proper 
functioning of the device itself. These outputs are fed into 
other transistorized circuit elements consisting of stick 
circuits, “AND” circuits and “OR” circuits logically ar 
ranged so as to activate a motorist warning system when 
a train is approaching a crossing from either direction, 
when a train is traversing the crossing, or when a circuit 
failure occurs and to deactivate the warning system as 
Soon as a train has cleared the crossing. 

BACKGROUND OF THE INVENTION 
Field of use 

This invention relates to highway crossing Systems for 
railroads, and more particularly relates to Solid state logic 
circuitry for use in such systems with the organization 
arranged to check the operability of the System. 

Description of the prior art 
The purpose of the logic circuitry found in a typical 

railroad crossing protection system is to automatically 
cause the warning system for motorists to be activated dur 
ing the time when a train is approaching a crossing from 
either direction, to remain activated while the train is tra 
versing the crossing and to be deactivated as Soon as pos 
sible thereafter, even though the train may still be influ 
encing the circuitry as it is leaving the crossing area. A fur 
ther requirement imposed upon railroad crossing protec 
tion system circuitry is that it be fail-safe. In other words, 
if a malfunction occurs, it should result in the activation of 
the motorist warning system. At present these logic func 
tions are accomplished largely through the use of relays. 
Although the relays employed for this purpose are highly 
reliable, it is nonetheless desirable to replace them, If pos 
sible, with solid state devices. Since solid state devices do 
not have moving parts, increased reliability is attainable 
through their use. Furthermore, by the use of solid state 
devices the cost of installing, maintaining and operating 
the logic circuitry for crossing protection systems may be 
lowered. 
One reason why transistors have not been used hereto 

fore in the logic circuitry of crossing protection systems 
is the difficulty of achieving fail-safe operation with their 
use. In present day crossing protection systems train pres 
ence in a track section in approach of a crossing is de 
tected and used to initiate an electrical signal which, in 
turn, energizes a directional stick relay. This electrical 
signal is easily obtained by passing current through the 
back contact of a track relay. This is considered to be 
safe because the materials and design used in such track 
relays make it extremely improbable that the back con 
tact will fuse and provide a false electrical signal. Those 
versed in the art will realize that if such a malfunction 
does take place when a train passes in a given direction, 
a second train subsequently approaching the crossing in 
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the opposite direction will not be protected. Thus, great 
care must be taken to insure that a stick circuit, once 
established, will be deenergized after a train has passed. 
A transistor can be used to supply an electrical signal 
analogous to that obtained from the back contact of the 
track relay. But the degree of certainty that a transistor 
Will cease to provide such a signal command is not suffi 
cient for use in railroad work. As is well known, a suffi 
ciently high spurious voltage can cause a transistor to fuse, 
thereby rendering it incapable of being turned off. This 
invention overcomes this problem through the use of novel 
circuit arrangements which cause the warning system to 
be activated in the event of a circuit failure, including 
the type mentioned. -. 

. It is accordingly an object of this invention to provide 
logic circuitry for railroad crossing protection systems 
which takes advantage of the characteristics of transistors. 

It is a further object of this invention to provide tran 
sistorized logic circuitry for railroad crossing protection 
Systems which will be fail-safe in operation. 

SUMMARY OF INVENTION 
The invention contemplates the use of switching means 

to monitor the occupancy conditions of track sections on 
and about a crossing. Each switching means provides an 
indication of train absence, of train presence and of its 
own proper functioning. Check output means, responsive 
to the switching means are provided to activate the motor 
ist warning system when a train is present in a track sec 
tion in approach of or on the crossing or when any switch 
ing means is not operating properly. Stick circuit means, 
also responsive to the switching means, are provided to 
deactivate the motorist Warning system while a train 
which has traversed the crossing continues to travel in 
a monitored track section. 

BRIEF DESCRIPTION OF THE DRAWINGS 
A fuller understanding of the present invention will be 

had by reference to the following description taken in 
connection with the accompanying drawings briefly de 
scribed as follows: 

FIG. 1 is a schematic drawing of a portion of the in 
vention showing the logic functions performed by the 
invention. 

FIG. 2 is a general wiring diagram of the invention. 
FIG. 3 is a schematic drawing typical of the switching 

circuits shown in FIGS. 1 and 2. 
FIG. 4 is a schematic drawing typical of the stick cir 

cuits shown in FIGS. 1 and 2. 
FIG. 5 is a schematic diagram of the check output cir 

cuits shown in FIGS. 1 and 2. 
Throughout the drawings conventional symbols have 

been used for brevity. For example, a center tapped D.C. 
Supply is employed in the invention and the symbol (--) 
is used to indicate its positive terminal; the symbol (-) 
is used to indicate its negative terminal; and the symbol 
normally employed to designate ground is used to indicate 
the center or common terminal of the supply. 
A general understanding of the overal operation of 

the invention and of the logic functions it performs will 
be obtained from a study of FIG. 1. A detailed explana 
tion of the invention will be given in connection with the 
other figures. At the top of FIG. 1 there is shown a stretch 
of railway track intersected by a highway H. This stretch 
of track is divided into three sections, two approach sec 
tions TA and TC separated by an intermediate section 
TB. Each section comprises a track circuit and the asso 
ciated relays, normally energized, are designated ATR, 
BTR and CTR. Connected to the front contact of each 
track relay there is shown a separate switching circuit 
means designated A, B or C, each having three outputs. 
Output 1 of each switching circuit is connected to the 
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check output circuits shown in the figure. For example, 
output 1 of circuit A and output 1 of circuit C are con 
nected to the OR circuits D and E respectively. Output 
1 of switching circuit B is connected directly as an input 
to the AND circuit. The output of the AND circuit is con 
nected to the winding of relay XR, shown as being nor 
mally energized. The back contact of relay XR is con 
nected to a motorist warning system. The stick circuits 
shown have inputs designated 1 and 2. Stick circuits AB 
and CB receive their inputs, as shown, from certain ones 
of the outputs marked 2 of the various switching circuits. 
Stick circuits ABC and CBA receive their inputs from out 
puts 2 of switching circuits C and A respectively, and from 
the stick circuits AB and CB. The output of stick circuits 
ABC and CBA are connected to the check output circuit 
at OR circuits E and D respectively. Output 3 of each 
switching circuit forms a direct input to the AND circuit. 

Before discussing the overall operation of the crossing 
system, the mode of operation of the individual circuit 
components shown in FIG. 1 will be explained. The 
switching circuits A, B and C are identical in structure 
and operation. When an input is supplied from its asso 
ciated relay, each switching circuit will provide its output 
1 while not providing its output 2. When the input is re 
moved, output 1 will cease and output 2 will appear. 
Output 3 is always given unless a malfunction develops 
in the switching circuit. Thus, output 1 may be thought 
of as a train absence indication; output 2 may be thought 
of as a train presence indication, and output 3 may be 
thought of as a check upon the Switching circuit. 
The stick circuits AB, CB, ABC and CBA are likewise 

identical with one another in structure and operation. If 
inputs 1 and 2 are simultaneously applied to a given 
stick circuit, it will be energized and will provide an out 
put. Once energized, the output of a stick circuit will 
continue as long as input 2 is maintained. Any time input 
2 is removed, the stick circuit will be deemergized. 
The circuit components collectively designated "Check 

Output Circuits' have been illustrated with conventional 
logic symbols. When one or both inputs are supplied to 
an OR circuit, it will provide an output; when and only 
when all inputs are simultaneously supplied to the AND 
circuit, it will provide an output. 
When no train is present, all track relays are energized 

and all switching circuits are supplied with an input. 
Switching circuits A and C each provide output 1 to their 
respective OR circuit which, in turn, supplies the AND 
circuit with inputs 1 and 3. Switching circuit B provides 
AND circuit input 2. Output 3 of the respective switching 
circuits form AND circuit inputs 4, 5 and 6. All inputs 
being present, the AND circuit provides an output which 
maintains relay XR energized and the crossing signal is 
not activated. No stick circuit is energized at this time. 
When a train, travelling from east to west enters track 

section TA, relay ATR will release. With its input thus 
removed, switching circuit A will provide output 2 and 
output 1 will cease. Input is supplied to stick circuit 
AB and input 2 is supplied to stick circuit CBA. Input 
1 of the AND circuit is removed. This causes its output 
to cease, dropping relay XR and activating the warning 
system. 
When the train enters track section TB, relay BTR will 

release, removing the input to switching circuit B. Out 
put 1 of switching circuit B will cease and output 2 will 
commence. The condition of switching circuit A will re 
main unchanged, at least momentarily, because the train, 
even if short, will straddle track sections TA and TB. 
Therefore, stick circuit AB is supplied with inputs 1 and 
2 simultaneously and it provides input 1 to stick circuit 
ABC. Input 2 is supplied to stick circuit CB. The motorist 
warning system remains activated because AND circuit 
input 2 is not available as long as the train occupies track 
section TB. 
When the train enters track section TC, output 2 of 

switching circuit C will begin and output 1 will cease. 
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4. 
During the time when the train occupies track sections TB 
and TC simultaneously, stick circuit AB remains ener 
gized since its input 2 is maintained. Stick circuit ABC is 
therefore energized because inputs 1 and 2 are Supplied to 
it simultaneously. Stick circuit CB likewise is energized 
at this time. Stick circuit CBA may be energized if all 
three track sections are being occupied, but it will be de 
energized as soon as the rear of the train clears track 
section TA, removing its input 2. 
As mentioned above, while the train occupies track 

section TB, the warning system will remain activated 
because input 2 will not be supplied to the AND circuit. 
When the rear of the train clears track section TB, switch 
ing circuit B provides output 1 and output 2 ceases. 
Sticq circuits AB and CB are deemergized since no input 2 
is supplied to either of those circuits. Stick circuit ABC is 
maintained energized as long as the train occupies track 
section TC. At this point therefore, the situation is as fol 
lows: switching circuit A supplies output 1 which passes 
through OR circuit D to input 1 of the AND circuit; 
switching circuit B supplies its output 1 to input 2 of the 
AND circuit; and stick circuit ABC supplies an input 
through OR circuit E to input 3 of the AND circuit. As 
suming that the switching circuits have continued to op 
erate properly, AND circuit inputs 4, 5 and 6 are main 
tained. Consequently, the warning system is deactivated. 
It can be noted in passing that if a following train were 
to enter track section TA at this time, the warning sys 
tem would be activated. Switching circuit A would not, in 
that case, supply its output 1 to the AND circuit. 

After the rear of the train clears track section TC, 
switching circuit C will no longer provide an output 2 
and output 1 will be restored. Stick circuit ABC is there 
fore deenergized. The various circuits are thus returned to 
their original condition of holding the warning system de 
activated. For trains travelling from west to east, a cycle 
of operation similar to that described above takes place. 

Referring now to FIG. 2, there is shown a general or 
ganization and wiring diagram of the logic circuitry of the 
crossing system. It is generally similar to FIG. 1. In addi 
tion to the circuit components shown in FIG. 1, however, 
there is shown a clock, an amplifier and a rectifier. Also, 
the switching circuits and stick circuits are shown as 
providing for various outputs on conductor pairs. As 
mentioned earlier, the switching circuits are identical with 
one another in structure and operation, as are the stick 
circuits. For brevity therefore, only switching circuit A 
and stick circuit CBA are shown in detail in FIGS. 3 and 
4 respectively. The check output circuits are shown in 
detail in FIG. 5, together with the amplifier and rectifier. 
The clock is shown in detail in FIG. 3. The same designa 
tions used for the conductors shown in FIG. 2 are used 
in the remaining figures. For example, conductors 10 and 
11 in FIG. 2 are the conductors bearing the same designa 
tions in FIGS. 3 and 5. Conductors 12 and 13 in FIG. 2 
are the conductors bearing the same designations in FIGS. 
3 and 4. Conductors 14 and 15 in FIG. 2 are the conduc 
tors bearing the same designations in FIGS. 3 and 5. Con 
ductors 60 and 61 in FIG. 2 are the conductors bearing 
the same designations in FIG. 4. Conductors 50 and 51 in 
FIG. 2 are the conductors bearing the same designations 
in FIGS. 4 and 5. 

FIG. 3 shows, in detail, switching circuit A and the 
clock circuit. The clock may be any circuit capable of 
producing a square wave of suitable frequency and having 
two separate outputs, one referenced to common, the 
other to negative. A simple multivibrator is shown by way 
of example only. Its mode of operation is familiar to 
those versed in the art. 
The Switching circuit is supplied with two inputs, one 

from the front contact of track relay ATR and one from 
the clock. There are three output conductor pairs desig 
nated 10 and 11, 14 and 15, and 12 and 13. As shown, 
the base of transistor T1 is connected to common 
through resistor R15 and to the clock pulse source 
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through resistor R16. Its emitter is connected to common 
also, while its collector is connected to the base lead of 
transistor T2. The emitter of transistor T2 is connected 
to common and its collector is connected through resis 
tor R7 to positive. The collector of transistor T2 is 
coupled through resistor R1 and capacitor C1 to the base 
lead of transistor T3. The collector of transistor T3 is 
connected to a D.C. restoring circuit comprised of resis 
tor R2, condensers C2 and C3 and diodes D1 and D2. 
The output of this branch of the circuit appears across 
conductors 10 and 11. The other branch of the circuit 
which provides an output across conductors 12 and 13 is 
comprised of similarly arranged circuit elements. As 
shown in FIG. 3, the base lead of transistor T7 is con 
nected to the emitters of transistors T3 and T6. Its emitter 
is connected to negative while its collector is connected 
to a D.C. restoring circuit comprised of resistor R6, ca 
pacitors C7 and C8 and diodes D5 and D6. An output 
appears across conductors 14 and 15. 
The square wave signal impressed upon conductor 70 

by the clock is applied to the bases of transistors T1 and 
T5. This signal varies between common and positive and 
the bias conditions are such that it will have the effect of 
turning transistor T1 on and off at the clock frequency. 
With track relay ATR energized, a positive D.C. signal 
is applied through its front contact to the base of transis 
tor T2, biasing that transistor on. However, with transis 
tor T1 switching on and off, this D.C. signal will be 
chopped. The result of this chopping action is that tran 
sistor T2 will likewise be switching on and off at the 
clock frequency. When transistor T2 is off, condenser 
C will charge by way of a path from positive through 
resistors R7 and R1, and through the base emitter junc 
tions of transistors T3 and T7 to negative. The initial 
effect of this forward biasing current is to turn transis 
tors T3 and T7 on. When transistor T2 subsequently 
turns on, the voltage at the junction between resistors R7 
and R1 will decrease below that of the charged capacitor 
C. At this time the capacitor will discharge and current 
will flow in the opposite direction from negative through 
resistor R3, resistor R8, capacitor C1, resistor R1, tran 
sistor T2 to common. The effect of this is to bias transis 
tors T3 and T7 off. It can thus be seen that transistors T3 
and T7 will be switching on and off at the clock fre 
quency. It should be noted that if transistor T2 should 
fail by opening from collector to emitter, capacitor C. 
would, in effect, be continuously connected across the 
positive and negative sides of the power supply. A cur 
rent would then flow through the base emitter junctions 
of transistors T3 and T7 only long enough to bring ca 
pacitor C to a full charge. Thus, transistors T3 and T7 
could not be switching. Furthermore, if condenser C1 
shorted, the bases of transistors T3 and T7 would receive 
a signal directly from the collector of transistor T2 
through resistor R1. This would cause the voltage applied 
to the bases of transistors T3 and T7 to swing between 
positive and common. Since the emitters of these transis 
tors are connected to the negative supply they would not 
be switching, but would remain steadily on. Again the 
switching action is lost. 
When transistor T3 is on, capacitor C2 will charge from 

common through diode D, transistor T3, resistor R3 
and transistor T7 to negative. When transistor T3 is off, 
capacitor C2 will discharge through diode D2, capacitor 
C3 and resistor R2. Capacitor C3 is a four terminal ca 
pacitor. The terminals on each side are located at either 
end of the capacitor plates. Thus, as capacitor C2 dis 
charges, the upper plate and conductor 10 will be driven 
positive while the lower plate and conductor 1 will be 
maintained at common. At the same time capacitor C3 
will receive a charge. During the times when capacitor 
C2 is charging, capacitor C3 will discharge across any 
load placed between conductors () and 11. The result is 
that conductor 10 will be continuously maintained positive 
while conductor will be maintained at common. 
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6 
As explained above, with a D.C. input through the 

front contact of relay ATR, an output will appear across 
conductors 0 and 11. At this time transistor T4 will be 
driven to saturation by the positive D.C. input, thus 
biasing transistor T5 off. When relay ATR releases, tran 
sistor T4 will be off. The clock pulse on conductor 70 
Will therefore be applied to the base of transistor T5 caus 
ing it of switch on and off. Transistors T6 and T7 will 
Switch on and off also, causing outputs to appear across 
conductors 4 and 5 and 12 and 13. At this time how 
ever, no Output will appear across conductors 0 and 1 
because there will be no positive input to the base of 
transistor T2 to turn it on. Although transistor T will be 
switching, the potential of its collector will never rise 
above common. 

In Summary, it can be seen that with a D.C. input 
from the front contact of relay ATR, a D.C. output will 
appear acroSS conductor pairs 10 and 1 and 4 and 15 
while no output will appear across conductor pair 12 
and 13. When the D.C. input is removed, no output 
will appear across conductor pair 18 and 11 while a D.C. 
Output will appear across conductor pairs 14 and 15 and 
2 and 3. 
The clock signal goes through one more stage in reach 

ing transistor T3 than it does in reaching transistor T6. 
AS can be readily Seen, the signal applied to the base of 
transistor T6 is out of phase with the clock, while the 
signal applied to the base of transistor T3 is in phase with 
the clock. If a failure should occur, such that both T3 
and T5 should be driven simultaneously, the sum of their 
respective driving signals would be applied to the base of 
transistor T7. Under those circumstances T7 could not 
Switch and its output appearing across conductor pair 14 
and is would cease. Of course, if neither transistor T3, 
nor transistor T6, is being driven, T7 could not switch and 
again, the output across conductor pair 14 and 15 would 
cease. The reader's attention is directed to the fact that 
conductors i4 and 15 feed directly into the AND por. 
tion of the check output circuit, as shown in FIGS. 1 
and 5. This serves as a check upon the switching circuit. 
If the output across conductors 4 and 5 should cease 
at any time, the output from the check output circuits 
would cease, causing the crossing relay XR to release and 
activating the motorist warning signal. The switching cir 
cuit could also fail in Such a manner that an intended 
output would not appear across conductor pairs 10 and 11 
or 12 and 13. But Such a failure is on the side of safety 
as will be more fully appreciated hereinafter. 

FIG. 4 shows in detail the circuitry of stick circuit 
CBA. Conductor 71 is connected to the clock. The square 
wave impressed upon this conductor by the clock swings 
between positive and negative. The base of transistor T8 
is connected to conductor 7 and to negative through re 
sistor R9. Its emitter is connected to negative while its 
collector is connected through resistor R10 to the base 
of transistor T9. The base of transistor T9 is also con 
nected to conductor 69. The emitter of transistor T9 is 
connected to conductor 6i while its collector is connected 
to positive through resistor R12. The base of transistor 
T} is coupled through capacitor C9 to the collector of 
transistor T9. Its emitter is connected to negative while 
its collector is connected to the base of transistor T11. 
Also connected to the base of transistor T1 is conductor 
E2. The emitter of transistor T11 is connected to con 
ductor 3 while its collector is connected to positive 
through a resistor. The base of transistor T12 is con 
nected to the collector of transistor T1. Its emitter is 
connected to common while its collector is connected to 
positive through a resistor. The base of transistor T13 
is capacitively coupled to the collector of transistor T12. 
Its emitter is connected to negative while its collector is 
connected to a D.C. restoring circuit comprised of capaci 
tors C1, C12 and C13, resistor R11, and diodes D7, D8 
and D9. 
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The clock signal is continuously applied to conductor 
71. The base of transistor T8 is therefore made to Swing 
between positive and negative. Transistor T8 will there 
fore be switching on and off at the clock frequency. When 
stick circuit CB, shown in FIGS. 1 and 2, is energized, 
conductor 60 is maintained positive while conductor 61 
is maintained at common. This would ordinarily turn 
transistor T9 on. But the switching action of transistor T8 
chops the input to the base of transistor T9, causing it to 
switch at the clock frequency. When transistor T9 is 
off, capacitor C9 will charge from positive through re 
sistor R12, resistor R13 and transistor T10 to negative. 
The result of current flowing in the direction will turn 
transistor T10 on. When transistor T9 is on, capacitor C9 
will discharge in the opposite direction through tran 
sistor T9 to common and through resistors R14 and 
R13. At this time transistor T10 will be biased off. Tran 
sistor T10 therefore switches at the clock frequency when 
transistor T9 is supplied with the input across conductor 
pair 60 and 61. 
As noted in the above discussion of switching circuit 

A, when an output appears across conductor pair 12 and 
13, conductor 12 will be maintained positive while con 
ductor 13 is connected to common. With such an input 
present, transistor T11 will be switching at the clock fre 
quency due to the chopping affect of transistor T10. The 
base of transistor T12 will be made to swing between 
positive and common and it will likewise switch at the 
clock frequency. Transistor T13 will also be switching 
and an output will appear across conductors 50 and 51. 
Conductor 50 will be maintained positive while con 
ductor 51 is connected to common. Part of the positive 
output of the D.C. restoring circuit is fed back to the 
base of transistor T9 by way of conductor 17. Therefore, 
once the circuit has been supplied with simultaneous 
positive inputs on conductors 12 and 60, the removal of 
the positive signal from conductor 60 will have no effect 
on the output of the circuit. The positive feedback signal 
on conductor 17, in effect, replaces the positive input 
on conductor 60. If the positive signal on conductor 12 
is removed however, transistor T11 will no longer switch. 
Its emitter is connected to common through conductor 
13, as shown in FIG. 3, and transistor T10 is referenced 
to negative. Hence, in that case the output across con 
ductor pair 50 and 51 would cease. 

In summary, the stick circuit is energized by the simul 
taneous application of two positive D.C. input signals. 
Once energized, the output of the stick circuit will con 
tinue even though a certain one of the inputs is removed. 
Should the other input be removed at any time how 
ever, the output from the stick circuit will cease. 

FIG. 5 shows in detail the arrangement of the check 
output circuits. Conductor 71 is connected to the clock. 
The square wave impressed upon this conductor swings 
between positive and negative. The base of transistor T14 
is connected to negative and to conductor 71. Its emitter 
is connected to negative while its collector is connected 
to the base of transistor T15. The emitter of transistor 
T15 is connected to conductors 51 and 11. Its base is 
connected to conductors 10 and 50. The collector of tran 
sistor T15 is connected to positive through resistor R17 
and capacitively coupled to the base of transistor T16. 
The base of transistor T16 is also connected to negative 
through a resistor. Its emitter is connected to negative 
while its collector is connected to the base of transistor 
T17. It can be seen that the same pattern is repeated 
throughout the remainder of the check output circuits. 
One difference to be noted however, is that transistors 
T19, T21, T23 and T25 are each connected to only one 
conductor pair. For example, transistor T19 is connected 
to conductor pair 20 and 21. Transistors T15 and T17 on 
the other hand are connected to two conductor pairs. 
With a continuous input on conductor 71, transistor 

T14 will be switching at the clock frequency. If either 
conductor 10 or conductor 50 is maintained positive while 
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8 
conductors 11 and 51 are maintained at common, transis 
tor T15 will also be switching at the clock frequency. 
This is so because the switching action of transistor T14 
chops the input to the base of transistor T15. When tran 
sistor T15 is off, current will flow from positive through 
resistor R17, capacitor C14, resistor R18 and transistor 
T16 to negative, thus causing T16 to go on. When T15 is 
on, capacitor C14 will discharge, reversing the direction 
of current flow and transistor T16 will go off. Transistor 
T16 will therefore be switching at the clock frequency. 
The remainder of the circuit operates in a similar fashion. 
It can be seen that if all of the odd numbered transistors 
are supplied with a positive signal on the associated even 
numbered conductors, each of those transistors will be 
switching. An output will thus appear on the collector 
of transistor T25 in the form of the clock signal. It should 
be noted at this point, that transistor T15 and its asso 
ciated conductor pairs 10 and 11 and 50 and 51 cor 
responds to the OR circuit D of FIG. 1. Transistor T17 
and its associated conductor pairs corresponds to OR cir 
cuit E of FIG. 1. The remainder of the check output 
circuit corresponds generally to the AND circuit of FIG. 
1. 
The output from the collector of transistor T25 is 

amplified by transistor T26. It is then transferred to the 
isolated secondary of transformer 18. After rectification 
in the usual manner, it is used to hold the crossing relay 
XR energized. 

It should be clear from the above description that this 
invention proivodes for the use of transistorized circuitry 
in a crossing system in a safe manner. The transistors 
used throughout the circuitry are relied upon only so long 
as they are switching. Should one fail, an essential input 
to the check output circuitry will cease and the motorist 
warning system will be energized. Failure in other circuit 
components would produce the same result. 
While there has been described what is at present 

considered to be the preferred embodiment of this in 
vention it will be obvious to those skilled in the art that 
various changes and modifications may be made therein, 
without departing from the invention, and it is therefore 
aimed in the appended claims to cover all such changes 
and modifications as fall within the true spirit and scope 
of the invention. 
What I claim is: 
1. Control apparatus for a railroad crossing protection 

system having means for detecting train presence in a pre 
determined section of track and a motorist warning sys 
tem comprising: 

switching means responsive to the detector means for 
providing a first output only when no train is de 
tected, and a second output as long as the switching 
means is functioning properly; 

check output means responsive to the switching means 
and adapted to activate the motorist warning system 
only when said switching means does not provide its 
first output of when said switching means does not 
provide its second output. 

2. Control apparatus for a railroad crossing protec 
tion system having a plurality of track sections, one of 
which intersects a highway, and having means for de 
tecting the presence of a train in each section and having 
a motorist warning system comprising: 

a plurality of switching means each selectively respon 
sive to the detector means for providing a first 
output when no train is detected in a particular track 
section, a second output when a train is detected in 
that section and a third output as long as the switch 
ing means is functioning properly; 

check output means responsive to the switching means 
for activating the warning system whenever any 
switching means does not provide its first output or 
whenever any switching means does not provide its 
third output; and 
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stick means selectively responsive to more than one 
Switching means for preventing the check output 
means from activating the motorist warning system 
When a train has passed through the section inter 
secting the highway and is detected in another sec 
tion only. 

3. Logic circuitry for a railroad crossing protection 
System having a plurality of track sections and means for 
detecting the presence of a train in each section and hav 
ing a motorist warning system comprising: 

a plurality of switching circuit means each selectively 
responsive to the detector means for providing a first 
output when no train is detected in a particular sec 
tion, a second output when a train is detected in that 
section and a third output when the first or second, 
but not both outputs are being provided; 

check output circuit means responsive to the switching 
circuit means for activating the warning system when 
ever any switching circuit means does not provide its 
first output or whenever any switching circuit means 
does not provide its third output; and 

stick circuit means selectively responsive to more than 
one switching circuit means for providing an elec 
trical output to the check output means in place of 
a first output not being provided by the switching 
circuit means for a track section in which a train, 
having traversed the crossing, is present. 

4. Logic circuitry for a railroad crossing protection 
system having a warning system for motorists and a stretch 
of railway track having two approach sections separated 
by an intermediate section which is intersected by a high 
way and having means for detecting train presence in any 
Section, comprising: 

first, second and third switching circuit means respon 
sive to the train presence detector means and situ 
ated so that the first will be responsive to the pres 
ence of a train in one approach section, the Second 
to a train in the intermediate section and the third 
to a train in the other approach section, each of said 
switching circuit means being adapted to provide a 
first electrical output when no train is detected in its 
respective section, a second electrical output when 
a train is detected therein and a third electrical output 
whenever the first or second, but not both, outputs 
are present; 

stick circuit means responsive to more than one Switch 
ing circuit means for providing a first electrical out 
put when a train has traversed the crossing in one 
direction and is detected in the one approach section 
and a second electrical output when a train has 
traversed the crossing in the other direction and is 
detected in the other approach section; and 

check output circuit means responsive to the Switching 
circuit means and the stick circuit means for acti 
vating the warning system only when any Switching 
circuit means does not provide its third output or 
when the second switching circuit means does not 
provide its first output or when the first Switching 
circuit means does not provide its first output while 
the stick circuit means is not providing its first output 
or when the third switching means does not provide 
its first output while the stick circuit means is not 
providing its second output. 

5. Logic circuitry for a railroad crossing protection 
system having a motorist warning system and having two 
approach track sections divided by an intermediate track 
section, each section being monitored by a train presence 
detector, comprising: 

a first, second and third switching circuit means selec 
tively connected to the train presence detectors So 
that the first will be responsive to the presence of a 
train to one approach section, the second to a train 
in the intermediate section and the third to a train 
in the other approach section, each of said Switching 
circuit means being adapted to provide a first elec 
trical output when no train is detected in its section, 
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10 
a second electrical output when a train is detected 
therein and a third electrical output whenever the 
first or second, but not both, outputs are present; 

a first stick circuit means connected to the second out 
puts of the first and second switching circuit means 
for providing an electrical output when those switch 
ing circuit means simultaneously provide their second 
outputs and thereafter as long as the second provides 
its said output; 

a second stick circuit means connected to the output of 
the first stick circuit means and to the second output 
of the third switching circuit means for providing an 
electrical output when the first stick circuit and the 
third Switching circuit means simultaneously provide 
their said outputs and thereafter as long as the third 
Switching circuit means provides its said second out 
put; 

a third stick circuit means connected to the second out 
puts of the second and third switching circuit means 
for providing an electrical output when those switch 
ing circuit means simultaneously provide their second 
outputs and thereafter as long as the second switching 
circuit means provides its said second output; 

a fourth stick circuit means connected to the output 
of the third stick circuit means and to the second 
output of the first switching circuit means for pro 
viding an electrical output when the third stick cir 
cuit and first switching circuit simultaneously provide 
their said outputs and thereafter as long as the first 
switching circuit provides its said second output; and 

check output circuit means connected to the first and 
third output of each switching circuit means and to 
the outputs of the second and fourth stick circuit 
means for activating the motorist warning system 
only when the third output of any switching circuit 
means is not present or when the first output of the 
Second switching circuit means is not present or when 
the first output of the first switching circuit means is 
not present while the fourth stick circuit means out 
put is not present or when the first output of the 
third switching circuit means is not present while the 
Second stick circuit means output is not present. 

6. The invention according to claim 5 wherein each of 
said Switching circuit means comprises an operating energy 
input terminal, a terminal for connecting said switching 
circuit means to the train presence detector means, a first 
Switching device connected to both terminals and adapted 
to provide the first output when operating energy is ap 
plied and there is an input on the detector terminal, a 
second switching device connected to both terminals and 
adapted to provide the second output when operating 
energy is applied and there is no input on the detector 
terminal, a third switching device connected to the first 
and second switching devices and adapted to provide the 
third output when either, but not both, of the first and 
second devices are providing their respective outputs. 

7. The invention according to claim 6 wherein said 
Switching devices are solid state devices. 

8. The invention according to claim 7 wherein the 
operating energy input terminal is an A.C. terminal, the 
detector terminal is a D.C. terminal and wherein said solid 
state devices are transistor devices. 

9. The invention according to claim 5 wherein the 
switching means comprises an A.C. energy input terminal, 
a terminal connection to the train presence detector, a 
first plurality of transistors connected to the A.C. terminal 
and to the detector terminal and adapted to be switching 
on and off in response to the A.C. energy only when an 
electrical input is supplied to the detector terminal, a 
second plurality of transistors connected to the A.C. ter 
minal and to the detector terminal and adapted to be 
switching on and off in response to the A.C. energy only 
when no electrical input is supplied to the detector ter 
minal and a third transistor connected to the first and 
second pluralities of transistors and adapted to be switch 
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ing on and off in response to the A.C. energy only when connected to at least one of said other input terminals for 
either but not both of said pluralities is switching on and Supplying electrical energy to said terminal. 
off, whereby to provide said first, second and third outputs. 13. The invention according to claim 5 wherein the 

10. The invention according to claim 9 wherein each check output circuit means comprises 
of said plurality of transistors and the third transistor is 5 an A.C. input terminal and a plurality of other input 
connected to a D.C. restoring means for providing said terminals, 
first, second and third outputs as D.C. outputs. a plurality of transistors interconnected so that the base 

11. The invention according to claim 5 wherein each of a succeeding transistor is coupled to the collector 
of the stick circuit means comprises of the prior transistor, the first of which is connected 
an A.C. input terminal and more than one other input 0 to the A.C. terminal and successive ones of which 

terminal, are selectively connected to at least one of said other 
a plurality of transistors serially connected so that the input terminals, said plurality of transistors being 

base of a succeeding one is coupled to the collector 
of the prior transistor, the first of which is connected 

adapted to switch on and off in response to the A.C. 
energy, whereby to provide an output for holding the 

to the A.C. terminal and successive ones of which 15 warning system deactivated, only when each transis 
are selectively connected to said other input termi- tor which is so connected to at least one of said other 
nals, said plurality of transistors being adapted to terminals is supplied with an electrical input through 
switch on and off in response to input A.C. energy, at least one of said terminals. 
whereby to provide said output, only when all said 
other input terminals are simultaneously supplied 20 References Cited 
with electrical energy and thereafter as long as a pre 
determined one of said other input terminals is Sup 
plied with electrical energy. 

12. The apparatus of claim 11 wherein said output is 
connected to a D.C. restoring means for providing said 25 
output as a D.C. output, and wherein said D.C. output is 
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