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This invention relates to an improved system for trans 
mitting controls inductively between moving trains and 
fixed wayside locations. 

This application is to be considered in the nature of 
an improvement over the control system disclosed in the 
patent to H. C. Kendall et al. No. 2,693,525, issued No 
vember 2, 1954; and no claim is intended to be made 
herein to any subject matter disclosed in such prior ap 
plication. 
The principles of this invention may be applied, as a 

particular embodiment thereof, to the transmission of con 
trols from moving vehicles to selected wayside locations 
as, for example, when it is desired to determine the identity 
of trains as they pass a particular location. This train 
identification system may be used in manual block signal 
systems, for example, where the local operator at each 
signal location must receive information as to whether or 
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not the block ahead is clear before he can allow trains 
to enter that block. By placing, at the exit end of such a 
block, the proper wayside apparatus, and on the rear car 
or caboose of each train the appropriate vehicle-carried 
apparatus, all according to the present invention as will 
be described, it becomes possible for the local operator 
to be informed as to when each train has fully left the 
block ahead. 

In a train identity system of this kind, it is generally 
only required to be known that a train has passed a given 
location; information as to the particular type of train 
as, for example, its number designation or destination is 
generally not needed. However, in train describer sys 
tems where the route to be set up for a train is dependent 
upon the kind of train or its destination and also in train 
annunciator systems where train designations must be de 
termined as well as the fact that the train has passed a 
certain location, additional means must be provided which 
controls the wayside apparatus so as to give distinctive 
outputs as trains of different classes or designations pass 
by. 
The principles of this invention may also be applied, as 

another embodiment thereof, to a system for transmitting 
controls from the trackway to passing trains as, for ex 
ample, in an intermittent train control system. In this 
disclosure, however, the features of the present invention 
will be shown and described more particularly in connec 
tion with a train identity system. 
The train identity system of this invention comprises 

wayside apparatus which includes an electronic oscillator 
organized so as to have its output sweep rapidly over a 
selected frequency range. The oscillator output is applied 
to a receiving or pick-up coil which is mounted adjacent 
the trackway in such a manner that it can become induc 
tively coupled to a tuned coil mounted upon the vehicle. 
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During the interval that the wayside pick-up coil and the 
tuned vehicle-carried coil are inductively coupled, the 
oscillator output sweeps over its entire range a plurality 
of times. The vehicle-carried control coil is tuned to a 
frequency within the sweep frequency range of the oscil 

70 

2 
lator so that each time the oscillator frequency Sweeps 
through the resonant frequency of the tuned inductor, an 
energy transfer takes place from the pick-up coil to the 
tuned control coil. The wayside apparatus is so organized 
as to detect the resultant loading effect upon the oscillator, 
thereby ascertaining that an inductor, tuned to a frequency 
within the range of frequencies swept over by the oscil 
lator, has passed the wayside location. 
Where additional information as to train designation is 

to be made known as each train passes the wayside loca 
tion, all the trains with the same designation carry one 
or more resonated coils each of which is tuned to a 
particular preselected one of a plurality of resonance fre 
quencies which are included within the range of frequen 
cies swept over by the oscillator included in the wayside 
apparatus. The oscillator output is thus affected each 
time that its frequency sweeps over the particular resonant 
frequency of the vehicle carried tuned coil with which 
it is inductively coupled. When the train identity system 
of this invention is to be used in such a system, the way 
side equipment is organized to detect at what particular 
frequency of the oscillator each reaction occurs and so 
provides distinctive outputs for each of the differently 
tuned vehicle-carried inductors so as to properly dis 
tinguish between various types of trains as they pass the 
wayside coil location. 
An object of this invention is to provide a train identity 

system having wayside equipment which is so organized 
as to be unresponsive to spurious effects which might 
tend to affect the oscillator in a manner similar to that 
produced by a resonated control coil. 
A further object of this invention is to provide wayside 

apparatus included in a train identity system having an 
electron tube oscillator controlled to sweep over a se 
lected frequency range in the same direction for successive 
sweeps, to thereby permit a finer tuning of certain tuned 
circuits which are included in the wayside apparatus with 
a resultant increase in ability to discriminate between the 
various tuned vehicle-carried inductors that may be used. 

Further objects, purposes, and characteristic features of 
this invention will in part be obvious from the accom 
panying drawings and in part pointed out as the descrip 
tion of the invention progresses. 

In discussing this invention in detail, reference will be 
made to the accompanying drawings in which like refer 
ence characters designate corresponding parts throughout 
the several views, and in which: 

Fig. 1 is a block diagram diagrammatically illustrating 
the circuit organization of this invention; 

Figs. 2A, 2B, and 2C, when placed in order, one above 
the other, comprise a circuit diagram showing in detail 
the various parts and circuits of this invention; 

Fig. 3 illustrates graphically certain waveforms as an aid 
in describing the manner of operation of an embodiment 
of this invention, 

Fig. 4 illustrates a modified form of master channel 
to be used in certain circumstances; and 

Figs. 5A and 5B show how a plurality of coils may be 
provided to give a coded form of control. 
To simplify the illustration and facilitate in the ex 

planation, the various parts and circuits constituting the 
embodiment of the invention are shown diagrammatically 
and certain conventional illustrations have been employed. 
The drawings have been made to make it easy to under 
stand the principles and manner of operation rather than 
to illustrate the specific construction and arrangement of 
parts that would be used in practice. The various relays 
and their contacts, for example, are shown in a conven 
tional manner, and symbols are used to indicate connec 
tions to the terminals of batteries or other sources of 
current instead of showing all of the wiring connections 
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to these terminals. The symbols (--) and (-) indicate 
connections to the opposite terminals of a source of suit 
ably low voltage as is required for the operation of relays 
and the like. The symbol (B--) and the symbol for a 
ground connection indicate connections to the opposite 
terminals of a source of somewhat higher voltage such as 
is required for the operation of various electron tubes. 

Without attempting at this time to discuss in detail 
the scope of the invention but merely to illustrate the 
general principles, Fig. 1 shows a receiving coil 10 which 
is preferably mounted adjacent the trackway when the 
system is to be used for train identification purposes. The 
vehicle-carried control coil 11 which is resonated by an 
associated capacitor 12 assumed to be so mounted upon 
a vehicle that it will, during motion of the vehicle, be 
come inductively coupled with the wayside coil. 
The wayside equipment shown in Fig. 1 includes ap 

paratus such as the blocking oscillator 13, cathode fol 
lower 14, sawtooth oscillator 15, and saturable transform 
er controller 16, all of which cooperate to cause the sweep 
frequency oscillator 7 to rapidly vary its output fre 
quency over a selected range. When the output fre 
quency of this oscillator 17 sweeps over the resonant fre 
quency of a control coil 11 that is inductively coupled 
to the receiving coil 10, there is a reaction on the oscil 
lator 17 which is detected by the amplitude detector and 
amplifier 18 and so causes an output pulse to be supplied 
by the differentiator-amplifier 19 to the pulse stretcher 
amplifier 20 and to the gated amplifier 21 of each chan 
nel. The pulse stretcher-amplifier 20 of the master chan 
nel responds to each such pulse and, in turn, governs the 
operation of relay MR. Thus, the moving of a vehicle 
carrying a resonated control coil 11 past the wayside coil 
10 is effective to cause actuation of relay MR of the 
master channel, regardless of the particular resonant fre 
quency of such control coil. 

In addition to the master channel, there are a plurality 
of individual channels, one for each of the different con 
trol coil resonance frequencies that may be used in a 
given system. Each of these channels comprises resonated 
circuit elements included in an L-C resonant unit and 
detector 22, having the output of the sweep frequency 
oscillator 17 applied thereto as indicated by the connec 
tion over wire 23 from the oscillator 7 to each of these 
L-C resonant units and detectors 22. The L-C resonant 
unit and detector 22 responds to this input by causing 
a distinctive voltage to be produced each time that the 
output frequency of the oscillator sweeps over the fre 
quency associated with that channel. Thus, it may be 
said that each of the individual channels includes sweep 
position-determining apparatus which, in effect, demar 
cates the time intervai throughout which the output fre 
quency of the sweep oscillator i7 is passing through the 
resonant frequency of a corresponding control coil by 
supplying a distinctive output voltage during such interval. 
The gated amplifier 21 of each channel has applied to 

it over wire 24 the output pulses obtained from the dif 
ferentiator-amplifier 19, these pulses being indicative of 
reactions produced on the sweep frequency oscillator 17 
by resonated control coils. These output pulses supplied 
by the differentiator-amplifier 59 are all alike, regardless 
of the resonant frequency of the control coil which has 
caused them to occur. However, the output pulse pro 
duced by the differentiator-amplifier 19 in response to a 
control coil tuned to a particular one of the plurality of 
resonance frequencies can, of course, only occur at the 
time that the output frequency of the oscillator 17 is 
passing through this particular resonant frequency. The 
particular channel corresponding to this frequency always 
demarcates, as described, the interval during which the 
oscillator frequency is sweeping through the resonant fre 
quency of the associated control coil, and the distinctive 
voltage that is produced is applied as a gating voltage to 
the gated amplifier 21 of that channel. The occurrence 
of a pulse from the differentiator-amplifier 19 during the 
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4 
time existence of such gating voltage is an indication that 
a control coil 11 resonated to the frequency associated 
with that channel is then inductively coupled to the re 
ceiving coil 10. The gated amplifier 21 is, accordingly, 
so organized that it produces an output in the event that 
a pulse is applied to it over wire 24 at the same time 
that a distinctive gating voltage is applied to this par 
ticular gated amplifier. 
The output pulses produced by the gated amplifier 21 

of any channel are supplied to an associated cathode fol 
lower 25 which then supplies a corresponding output to 
a respective pulse stretcher-amplifier 26. This device, in 
turn, controls an electromagnetic relay C1, C2, or C3 
associated with the channels 1-3 inclusive. The actua 
tion of a relay of one of the individual channels along 
with the actuation of the master relay MR controls as 
sociated circuit means to a distinctive condition, thereby 
providing an indication as to the type or designation of 
train that has passed the wayside location. 

In the embodiment of the invention illustrated in block 
diagram form in Fig. 1 and also in detailed circuit form 
in Figs. 2A, 2B, and 2C, three individual channels have 
been shown in addition to the master channel So as to 
accommodate three different train identities. More or 
less channels may, of course, be used as desired. 

With respect to the apparatus which is effective to con 
trol the operation of the sweep frequency oscillator 17, 
Fig. 1 shows that the blocking oscillator 3 supplies its 
output pulses which occur at a preselected frequency to 
a cathode follower 14 which then applies these pulses to 
the sawtooth oscillator 15. It should be understood that 
various types of frequency sources could well be used in 
place of a blocking oscillator, and, if desired, the saw 
tooth oscillator 15, in a manner well-known in the art, 
may be so organized as to operate at its own natural fre 
quency as determined by the values of its circuit com 
ponents. 
The output of the sawtooth oscillator 15 comprises a 

voltage waveform which varies in a somewhat linear fash 
ion between a lower and a higher limit with the return to 
its origin occurring in a very abrupt and rapid manner 
as is approximately illustrated in Fig. 3 at line A. This 
voltage waveform is applied to a circuit organization 
termed a "saturable transformer controller” 16. This de 
vice acts to vary the current through the primary wind 
ing of a saturable transformer to thereby cause a varia 
tion in the inductance of its secondary winding. The 
saturable transformer controller 16 cooperates with the 
sweep frequency oscillator 17 by causing a variation in 
the inductance of the tuned circuits included in the sweep 
frequency oscillator, thereby causing the output frequency 
of this oscillator to vary rapidly over a selected frequency 
range as at line B of Fig. 3. Thus, the blocking oscil 
lator 13 determines the sweep repetition rate at which 
the output voltage of the sawtooth oscillator 15 varies 
between its lower and higher limits and for each such 
voltage variation in the output of the sawtooth oscil 
lator 15, the inductance of the secondary winding of the 
saturable transformer is caused to vary and thus vary 
the oscillator frequency. 
The gate generator 27 is also controlled by the output 

of the sawtooth oscillator 15 and allows the differentiator 
amplifier 19 to respond only for a limited time, as will 
presently be more fully described, so as to prevent its re 
sponding to transient voltage variations. 
The trackway receiving coil 10 is actually included in 

the circuit organization of the sweep frequency oscillator 
17 so that the coupling of a vehicle-carried control coil 
1 to the wayside coil 10 causes a loading of the oscillator 
as the oscillator frequency sweeps through the resonant 
frequency of the tuned control coil. This loading effect 
causes the envelope of the oscillator output to decrease 
and then to abruptly increase again when the coupling 
ceases as shown at line C of Fig. 3. The amplitude detec 
tor and amplifier 18 rectifies the output of the sweep fre 
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quency oscillator 17 and filters out the high frequency 
variations so that the output of this amplitude detector 
and amplifier includes substantially only the waveform of 
the envelope of the oscillator output as shown in Fig. 3 
at line C. The differentiator-amplifier 19 responds to the 
Sudden increase in amplitude of the input applied to it at 
the time the loading effect ceases by supplying an output 
pulse (see line D, Fig. 3) over wire 24 to the various 
gated amplifiers 21, each associated with a respective 
channel and also to the pulse stretcher-amplifier 20 of the 
master channel. 

Since the pulse stretcher-amplifier 20 of the master 
channel has applied to it the output from the differenti 
ator-amplifier 19, it receives an input pulse each time that 
the frequency of oscillator 17 sweeps over the resonant 
frequency of a control coil coupled inductively to the 
receiving coil. During the time that the receiving coil 
and control coil are inductively coupled, the oscillator 
frequency sweeps through the resonant frequency of the 
vehicle-carried inductor a plurality of times so that a suc 
cession of output pulses is provided by the differentiator 
amplifier, one for each such sweep. The rate of occur 
rence of these outputs is determined by the rate of fre 
quency sweeping and thus is determined, in effect, by the 
repetition rate of the blocking oscillator 13 output. The 
pulse-amplifier 20 responds to each pulse received from 
the differentiator-amplifier 19 by producing an output 
waveform which is at a high level for approximately half 
of the time between successive outputs and at a reduced 
level for the other half of each interval as shown at line 
H of Fig. 3. Thus, an essentially rectangular waveform 
with successive half-cycles of approximately equal length 
is supplied to the associated full-wave rectifier 28, and the 
rectified current supplied by the output of this rectifier is 
utilized to energize the relay MR. Consequently, the 
picking up of the armature of relay MR is an indication 
that a control coil 11 has become inductively coupled to 
the receiving coil 10. 

Relay MR associated with the master channel is pro 
vided with slow operating characteristics by reason of the 
capacitor 29 connected across its winding. As a result, 
a plurality of successive outputs from the differentiator 
amplifier 19 must occur in order to allow the rectified 
output from the full-wave rectifier to persist for a long 
enough time to allow relay MR to pick up. In this way, 
random, spurious outputs which might appear in the out 
put of the differentiator-amplifier 19 are not effective to 
cause actuation of relay MR. 
The detailed circuit organization of one embodiment of 

this invention is shown in Figs. 2A-2C. The dotted line 
blocks in this drawing have been made to correspond in 
designations with the blocks of the diagram of Fig. 1. 
As previously stated, various types of frequency gen 

erators may be used to determine the sweep repetition 
rate of the oscillator 17 even though the specific form 
shown in Fig. 2A comprises a blocking oscillator. This 
blocking oscillator 13 includes a tube 40 which has its 
plate connected through a winding of a pulse transformer 
T1 and resistor 41 in series to (B-). The control grid 
is connected through another winding of the pulse trans 
former Ti and through resistor 42 and capacitor 43 in 
parallel to ground. A by-pass capacitor 44 is connected 
from the junction of resistor 41 and the plate winding 
of the pulse transformer T1 to ground, and another con 
nection is made from ground, and through a third wind 
ing of the pulse transformer T1 to the control grid of 
tube 45 included in the cathode follower 14. The con 
trol grid of tube 45 is connected to ground through resis 
tor 9 which thus effectively shunts this output winding of 
transformer T1 and thereby dampens transient voltages 
that tend to appear across this winding. Thus, a conven 
tional blocking oscillator is provided which supplies posi 
tive output pulses to the control grid of the cathode fol 
lower tube 45 at a rate which is primarily determined by 
the time constant of the parallel-connected resistor 42 and 
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6 
capacitor 43. Since a blocking oscillator of this kind is 
well-known in the art, its operation will not be described 
in detail. 

Each positive input pulse applied to the control grid of 
the cathode follower tube 45 causes a corresponding posi 
tive pulse to appear across the cathode load resistor 46 of 
this tube, and these positive pulses are applied through a 
capacitor 47 to the control grid of a triode tube 48 which 
is included in the sawtooth generator 15. The occurrence 
of a positive pulse on the grid of tube 48 causes a current 
to flow between the cathode and control grid of this tube 
so as to charge the capacitor 47. At the end of this posi 
tive pulse, the charged capacitor 47 begins to discharge 
but can now discharge only through the relatively high 
resistance of resistor 39 which connects the control grid 
to (B-). For the selected rate at which the positive 
input pulses occur, as determined by the blocking oscil 
lator 13, the time constant for the discharge circuit of 
capacitor 47 is so selected that this capacitor can dis 
charge only slowly between successive input pulses. Con 
Sequently, the control grid of tube 48 is maintained at a 
sufficiently negative potential between successive input 
pulses to maintain this tube cut off. Upon each occur 
rence of a positive input pulse, however, the tube con 
ducts momentarily to charge capacitor 47. 

Each time that tube 48 becomes conductive in response 
to a positive input pulse, the capacitor 49 which is con 
nected from its plate to ground and is normally charged 
to a relatively high voltage after the tube has been in a 
cutoff condition for some time, discharges through the 
plate-cathode circuit of conducting tube 48. This dis 
charge takes place rapidly so that the plate voltage of 
tube 48 abruptly drops to a relatively low value. 
A connection is provided from the plate of tube 48, 

through capacitor 50, to the control grid of tube 51 in 
cluded in the gate generator 27. The control grid of tube 
51 is normally at about ground potential since any in 
Crease in potential of this grid above ground causes a grid 
current to flow through the resistor 52 connecting this 
control grid to (B-) which tends to lower the grid volt 
age. This tube 51 is normally, therefore, in a conductive 
condition, and the capacitor 50 is normally charged to a 
relatively high voltage. 
As the plate voltage of tube 48 is lowered as a result 

of its becoming conductive and allowing capacitor 49 to 
discharge, the capacitor 50 also tends to discharge, but 
since the discharge can take place only through the rela 
tively high resistance of resistor 52, this capacitor 50 can 
discharge only slowly with the result that the grid voltage 
of tube 5 is driven negative with respect to its cathode 
and is cut off. 
The cathode follower comprising tube 53 is associated 

with the tube 48 so as to provide means for increasing 
the linearity of the Sweep output voltage obtained from 
tube 48. More specifically, by choosing the series-con 
nected cathode load resistors 54 and 55 of this tube to be of 
a large value, the cathode voltage of tube 53 approximately 
equals the grid input voltage to this tube which is ob 
tained from the plate of tube 48. Since this cathode 
voltage is applied through a capacitor 56 to the junction 
of resistors 57 and 58 which connect the plate of tube 
48 to (B-), a substantially constant voltage difference 
appears across the resistor 57 so that the charging cur 
rent for capacitor 49 is maintained at an essentially con 
Stant value. The voltage across the charging capacitor 
49 thus increases at a substantially linear rate with respect 
to time. 
When capacitor 49 begins to charge through resistors 

57 and 58 after tube 48 has again become nonconductive, 
no charging current need at first be supplied for the 
capacitor 50 since the voltage existing at that instant 
between the plate of tube 48 and ground is less than the 
voltage then appearing across the capacitor 50 so that 
this capacitor 50 continues to discharge for a short time. 
The reason for this occurrence is that the slow dis 
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charge rate of the capacitor 50 prevents it from dis 
charging fully during the short interval of time that tube 
48 conducts in response to the positive output pulse 
obtained from the cathode follower 14. Therefore, at 
the instant tube 48 becomes nonconductive once more, 
the capacitor 50 continues for a short time to discharge 
still more. After capacitor 49 has charged for a short 
time, however, the voltage at the plate of tube 48 rises 
to a level where it equals the then existing voltage across 
the capacitor 50. Any further increase of voltage at the 
plate of tube 48 must now cause an increase in the charge 
on the capacitor 50. The effect of this occurrence is to 
cause the voltage at the plate of tibe 48 to rise more 
rapidly at first and then to increase at a somewhat slower 
rate during the remainder of the voltage rise when charg 
ing current must also be supplied for the capacitor 50 
as well as for the capacitor 49. As a result, the voltage 
that appears at the junction of resistors 54, and -55 in 
the cathode circuit of tube 53 has approximately the 
waveform shown in Fig. 3 at line A. 
The saturable transformer controller 16 includes the 

pentode type tube 59 which has its cathode connected 
directly to ground and its control grid connected through 
a grid leak resistor 60 to ground. The input voltage is 
applied through the coupling capacitor-97 to the control 
grid. The screen grid is connected to the plate, and the 
Suppressor grid is connected to the cathode. The primary 
winding of the saturable transformer ST is included in 
the plate circuit of this tube in series with a resistor 61. 
The resistor 62 connected across the primary winding 
of the saturable transformer ST serves to dampen transient 
voltages which tend to appear in the primary circuit. 
It has been found that the Q of the secondary winding 
of transformer ST decreases considerably when there is 
no current in the primary winding and this would ordi 
narily tend to make the oscillator 17 momentarily in 
operative at the end of each frequency sweep when the 
current through tube 59 drops to zero. Resistor 38 
prevents this from happening by maintaining a certain 
minimum current through the primary winding. 
The outstanding characteristics of the saturable trans 

former ST that make possible its use in conjunction with 
a radio-frequency Sweep oscillator organization are its 
very low secondary inductance and the very low degree 
of coupling between primary and secondary windings 
which minimize the shunting effect on the sweep fre 
quency oscillator i7. 
By applying an input voltage to the control grid of this 

tube 59 having a waveform substantially as shown in 
Fig. 3 at line A, the variation in current through the 
primary winding of the saturable transformer is approxi 
mately linear with respect to time. The high inductance 
appearing in the plate circuit of tube 59 through the 
effect of the primary winding of transformer ST would 
ordinarily tend to prevent a rise of plate current at the 
start of each sweep; however, the more rapid increase 
of voltage occurring at the start of the upward voltage 
'sweep tends to overcome this effect so that the plate 
current of tube 59 varies almost linearly. As will pres 
ently be more fully described, the secondary winding of 
this saturable transformer ST is included in the circuit 
organization of an electron tube sweep oscillator 17. 
The variation in inductance of the secondary winding 
serves to vary the frequency of the oscillator output. 

It has been found that a substantially linear current vari 
ation in the primary winding of the saturable transformer 
ST tends to produce an inductance variation of the sec 
ondary winding effective to produce an almost linear 
variation in frequency of the oscillator. Thus, by pro 
viding this discontinuity in the voltage sweep as shown 
in Fig. 3 at line A, a more linear current variation and 
thus also a more linear frequency variation with time 
can be achieved. It should be fully understood, how 
ever, that although the circuit organization as shown 
in Fig. 2 tends to produce a frequency variation that is 
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8 
substantially linear with time, the principles of this in 
vention do not require-that the frequency sweeping be 
accomplished at a linear rate as it is only required that 
the frequency sweeping through a selected range be at 
a relatively rapid and somewhat uniform rate. 
The voltage applied to the control grid of tube 59 is 

shown at line A of Fig. 3 as increasing from-a low value 
to some higher level and then decreasing abruptly to its 
original value. This sudden voltage flyback of voltage 
tends to produce a spurious output from the secondary 
of the saturable transformer ST and may be effective 
throughout the rest of the circuit organization to provide 
an output similar to that which occurs when a tuned 
control coil is brought into coupling range with the re 
ceiving coil. As will later be apparent, an output from 
the wayside equipment caused by such spurious voltages 
can be prevented from occurring by removing or suf 
ficiently lowering the plate voltage of tube 63 included in 
the differentiator-amplifier 19. For this reason, the out 
put voltage appearing at the plate of tube 48 included 
in the sawtooth oscillator 15 is supplied, as previously 
described, to the control grid of the normally conduc 
tive tube 51 which is included in the gate generator 27. 
As a result, upon the occurrence of the abrupt voltage 
drop at the plate of tube 48, tube 51 becomes momen 
tarily cut off as previously described and the plate voltage 
of this tube 51 is thus momentarily increased because 
of the reduced voltage drop across resistor 64. This 
voltage increase is applied through capacitor 65 to the 
control grid of tube 65 and causes this latter tube to be 
come momentarily conductive. The resulting reduction 
in the plate voltage of this tube causes a sufficient reduc 
tion in the plate voltage of tube 63 included in the differen 
tiator-amplifier 19 to make this tube inoperative for a 
time. 
The positive plate pulse of tube 5 also causes the 

capacitor 65 to quickly charge, and since the time con 
stant for the discharge of this capacitor through the re 
sistor 98 is chosen to be relatively long with respect to 
the interval between successive inputs, a negative cutoff 
voltage is applied to the control grid of tube 66 between 
successive pulses. The high plate voltage that then re 
sults for tube 66 because of the reduced voltage drop 
across plate resistor 99 causes the normally high operat 
ing potential to be supplied to the plate of tube 63 for 
the remainder of each sweep cycle. Only at the begin 
ning of each Sweep cycle when the abrupt voltage re 
versal occurs does the tube 66 become monentarily con 
ductive and so disable tube 63 by reducing its plate 
voltage. 
The Sweep frequency oscillator 17 shown in Fig. 2A is 

related to the Colpitts type of oscillator circuit, but other 
types of oscillator circuits may also be used when de 
sired. In this oscillator, the grid-cathode circuit includes 
a parallel inductance-capacitance tank circuit which in 
cludes the secondary winding of the saturable trans 
former ST shown in the saturable transformer controller 
16. This secondary winding is connected in parallel with 
the fixed inductor 67. The capacitance elements of this 
tuned circuit comprise the capacitors 68 and 69 connected 
in series, with the cathode of the tube 70 connected to 
their junction. The cathode circuit of this tube also in 
cludes the wayside receiving coil 10 so that this wayside 
coil is actually in parallel with the capacitor 69 and thus 
forms a part of the tuned circuit for the oscillator. The 
voltage appearing across this tuned circuit is coupled 
through the coupling capacitor 71 to the control grid of 
the tube 70, and this control grid is connected to ground 
through the grid leak resistor 72. The plate of the oscil 
lator tube 70 is connected through the plate load resistor 
73 to (B+), and this resistor is shunted for the range of 
output frequencies of the oscillator by the by-pass capaci 
tor 74 which is connected from plate to ground. ... The 
Screen grid of this tube 70 is connected directly to the 
plate, and the suppressor grid is connected to the cathode. 
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The output of the sweep frequency oscillator 17 is ob 

tained from its cathode and applied directly to the con 
trol grid of tube 75 included in the cathode follower-am 
plitude detector 18 which also includes the tube 76. The 
cathode circuit of tube 75 includes the resistor 77 which 
is shunted by the capacitor 78. On the positive peaks of 
the input voltage to the control grid of tube 75, the cath 
ode-plate current reaches its maximum value, and the 
maximum voltage then appears across the cathode resistor 
77. The capacitor 78 tends to charge to a voltage level 
approximating this maximum voltage that appears across 
the cathode resistor. The time constant for the capacitor 
78 and resistor 77 is so chosen that the capacitor 78 can 
discharge only slightly between successive positive half 
cycles so that a relatively high level of direct voltage is 
maintained between the cathode of tube 75 and ground. 
This bias voltage is of a sufficient level to cut the tube off 
for the negative half cycles of the input voltage with the 
result that rectification of the input to this tube occurs. 
The time constant for capacitor 78 and resistor 77 is 

properly chosen, however, to permit variations in the 
cathode voltage of tube 75 when changes occur in the 
level of the output voltage derived from the sweep fre 
quency oscillator 17. In other words, this time constant 
is chosen to be sufficiently long so as to prevent a sub 
stantial discharge of capacitor 78 during the interval ber 
tween successive cycles of the oscillator output, but is 
sufficiently short so as to permit discharging of this 
capacitor in the event, for example, that a decrease in 
output voltage of the oscillator occurs. 
A resistor 79 and the capacitor 80 which are con 

nected in series across the cathode load resistor 77 act as 
a low pass filter for the ouput of the amplitude tube 75. 
Thus, the capacitor 80 acts as a low impedance for the 
relatively high frequency output of the oscillator, but 
the slower variations in amplitude of the oscillator Wave 
form are not shunted by this capacitor so that they are 
applied through a coupling capacitor 8 to the control 
grid of the amplifier tube 76. This tube is provided with 
a grid leak resistor 120 and plate load resistor 121 and 
operates as a conventional voltage amplifier. 
The principal effect of the loading of the sweep fre 

quency oscillator 17 that occurs when the receiving coil 
10 becomes inductively coupled with the tuned control 
coil 11 is a substantial reduction in the amplitude of the 
oscillator output. This drop in voltage may be compared 
to the decrease of output voltage of a generator that oc 
curs when a heavy load is placed upon it. Thus, the 
presence of a resonated coil in the presence of the re 
ceiving coil which is included in the oscillator circuit 
causes a substantial transfer of energy to take place from 
the oscillator to the tuned coil with the result that a de 
crease of oscillator output voltage appearing at the cath 
ode of tube 70 takes place. 
Another effect of the loading action that has been ob 

served is a tendency for the tuned control coil to momen 
tarily lock the oscillator frequency to its own resonant 
frequency even though the oscillator frequency tends to 
continue its frequency sweeping action. In other words, 
the effects of the oscillator loading are so pronounced 
as the oscillator frequency passes through the resonant 
frequency of the control coil as to tend to retard for a 
very brief instant the normal variation in frequency of 
the oscillator that would otherwise occur. 
As the inductance of the secondary winding of the 

saturable transformer ST is varied still further by the out 
put of the sawtooth oscillator 15, the circuit constants 
for the sweep frequency oscillator 17 are eventually so 
altered that it can no longer oscillate at a different fre 
quency than the frequency at which it would normally 
oscillate despite the effect of the resonated vehicle-carried 
coil. At such time, the oscillator output effectively be 
comes unlocked from the effects of the resonated coil, and 
at such time there is a rather abrupt jump in the level of 
the oscillator output, Observations show that this volt 
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age variation is more abrupt than the decrease of oscil 
lator output occurring as the resonated coil and way 
side coil first become coupled together. The effect on 
the envelope of the oscillator output is approximately as 
illustrated in Fig. 3 at line C and this is the voltage varia 
tion that is applied to the control grid of tube 25 includ 
ed in the amplitude detector and amplifier 18. 
The differentiator-amplifier 19 is organized to detect 

this sudden shift in level of the oscillator output. Tube 
76 included in the amplitude detector and amplifier 18 
amplifies and inverts the waveform of the output of tube 
75, and the output voltage of this tube 76 is applied to 
the control grid of tube 63 through capacitor 82 and re 
sistor 83. The inversion of the waveform produced by 
tube 76 causes the abrupt increase of the oscillator out 
put as the loading effect on the oscillator is removed to 
appear as a sharp decrease of voltage on the grid of 
tube 63. 
The control grid of triode tube 63 is connected to 

(B-) through the current limiting series-connected resis 
tors 83 and 84. The voltage at the control grid of this 
tube is, therefore, normally at approximately the same 
level as the cathode. Thus, the increase of grid voltage 
occuring when the oscillator first is loaded by the tuned 
vehicle-carried coil can only produce a further increase in 
the grid current of tube 63 so that the plate current of 
this tube remains substantially unchanged. 
The time constant for the discharge of capacitor 82 is 

chosen to be relatively short so that the input circuit 
for tube 63 is effective to produce differentiation of the 
input waveform. Thus, when the plate voltage of tube 
76 is abruptly decreased each time that the coupling 
effect on the oscillator is removed, a negative voltage 
pulse appears on the grid of tube 63 and causes this tube 
to be momentarily cut off. Since the junction of resis 
tors 83 and 84 is maintained at a certain voltage level 
above that of the control grid, the pulse from the plate 
of tube 76 must lower the voltage at the junction of these 
resistors must be lowered by more than this amount be 
fore there is any decrease in the grid voltage of tube 76. 
This provision tends to prevent the occurrence of an out 
put from tube 76 in response to spurious voltages of a 
lower level. 
The positive trigger pulse that appears on the plate of 

tube 76 is applied through a resistor 85 to the control grid 
of a cathode follower tube 86. The cathode of this 
tube S6 is connected through resistor 122 to (B-). Con 
sequently, even when the gate generator 27 causes a nor 
mal plate voltage to be applied to tube 63 so that a higher 
voltage results on the grid of tube 86, the positive cathode 
voltage of tube 86 cuts this tube off so that only a sub 
stantial positive pulse at the plate of tube 63 can make 
tube 86 conduct. A corresponding positive pulse then 
appears across the cathode resistor 87 for this tube 86 
and is applied over wire 24 to the gated amplifier 21 
provided for each of the various channels and also to the 
pulse stretcher-amplifier 20 of the master channel. 
Where a single tuned coil is provided on each vehicle, 

the outputs obtained from the cathode follower tube 84 
include only one pulse for each sweep of the oscillator 
frequency range. Since the rate of this frequency sweep 
ing is determined by the blocking oscillator 13, the rate 
of occurrence of successive outputs from the cathode 
follower tube 86 is known. 
The pulse stretcher-amplifier 20 of the master channel 

includes the triode tube 88 which has applied to its con 
trol grid the positive output pulses obtained from the 
cathode follower tube 86. Each positive pulse applied 
through capacitor 89 to the control grid causes the tube 
to become momentarily conductive and at the same time 
causes the capacitor 89 to become charged. At the 
end of each such positive pulse, the capacitor 89 is pre 
vented from discharging rapidly because it can then 
discharge only through the high resistance provided by 
the resistor 90 connected from control grid to (B+). 
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The tube 88 is cut off, therefore, following each positive 
pulse applied to its grid for a time which is determined 
by the discharge time of the capacitor 89. The time 
constant for the discharge of this capacitor is properly 
chosen so as to hold the tube 88 cut off for an interval 
which is approximately equal to one-half the time between 
successive positive input pulses. The tube 88, there 
fore, is alternately cut off and then conductive for ap 
proximately equal time intervals as long as successive 
input pulses are applied to it from the cathode follower 
tube 86. 
The resulting pulses at the plate of tube 88 are then 

applied through the capacitor 91 to the "control grid of 
amplifier tube 93. The control grid of this tube is con 
nected through a grid leak resistor 94 to ground, and a 
cathode bias is provided for it by the resistor 95 which 
is shunted by the by-pass capacitor 96. The primary 
winding of a transformer T2 is included in the plate 
circuit, and the secondary winding of this transformer 
supplies an output to the full-wave rectifier 28 which has 
a relay MR connected across its output terminals. The 
amplified alternating input applied to tube 93 and appear 
ing in its plate circuit is thus rectified so as to provide 
a direct current for the energization of relay MR. 

This relay MR and the corresponding relays provided 
for the various channels are all provided with slow op 
erating characteristics which may be provided by a shunt 
ing capacitor as previously described. Other means may 
also be supplied as desired to require a repetition of out 
puts from each channel before the relay for that channel 
is actuated. Thus, it might be required that a certain 
number of output pulses as determined by a counting 
means be supplied to each relay before the relay could 
be picked up. 

Each of the various channels such as channel 1 shown 
in Fig. 2B includes an L-C resonant unit and detector 22 
comprising a parallel tuned circuit resonated to a cor 
responding one of the plurality of control coil resonance 
frequencies. The frequency band for each of these tuned 
circuits is chosen so as to encompass one of the resonance 
frequencies of a vehicle-carried control coil. The tuned 
circuit for the resonant unit and detector 22 of channel 
1 is included in the grid-cathode circuit of tube 80 and 
comprises the inductor 101 and capacitor 02 connected 
in parallel. The grid input voltage for the tube 100 
is obtained from the grid circuit of the sweep frequency 
oscillator tube 70 over the wire 23. This input voltage 
is applied through a decoupling resistor 103 to the control 
grid of tube 100. 

Each time that the output of the sweep frequency oscil 
lator 17 passes over the frequency for which the induc 
tor 101 and capacitor 102 exhibit resonance character 
istics, the voltage on the grid of tube 100 increases to 
a maximum value as the frequency approaches the exact 
resonance frequency and then decreases as the frequency 
sweep continues. The plate-cathode current of this tube 
100 varies in accordance with this variation in grid volt 
age. 
The circuit organization, including the cathode resis 

tor 104 and the shunting capacitor 05 associated with 
tube 100 operates in a manner somewhat similar to that 
of the amplitude detector and amplifier 18 in that rectifica 
tion of the input voltage to the tube 100 occurs. This 
output voltage does not include any abrupt variations as 
does the envelope of the sweep frequency oscillator out 
put when this oscillator is inductively loaded by a tuned 
control coil. The reason for this is that the grid of the 
oscillator is sufficiently overdriven so that the loading that 
occurs does not greatly affect the alternating voltage on 
the grid although there is a substantial decrease of the 
alternating cathode voltage applied to tube 75. It is, 
therefore, possible to employ a capacitor 105 in the 
cathode circuit of tube 100 having sufficient capacitance 
to provide a filtering action for the oscillator frequency 
so that the output voltage obtained from the cathode 
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12 
of this tube represents approximately the envelope of 
the input grid voltage waveform. Additional filtering 
means such as is provided for the output of tube 75 in 
cluded in the amplitude detector and amplifier by resis 
tor 79 and capacitor 80 is not required. 
The output voltage of tube 100 is applied to the cathode 

of tube 106 included in the gated amplifier 21. The con 
trol grid of this tube is positively biased by having its 
grid connected to the junction of resistors 107 and 108 
which are included between (B--) and ground. Accord 
ingly, when the amplitude of voltage obtained from the 
cathode of tube 100 rises above a predetermined level, the 
tube 106 becomes cut off. Variation of the positive grid 
voltage for the tube 106 by changing the ratio of values of 
the voltage dividing resistors 107 and 108 affects the am 
plitude of voltage that must be applied to its cathode in 
order to cut the tube off. Since the amplitude of the ap 
plied cathode voltage varies in accordance with the prox 
imity of the sweep frequency voltage to the exact res 
onance frequency of the tuned circuit in the grid circuit 
of tube 100, the grid bias on tube 106 can be adjusted so as 
to cut off this tube for a selected range of frequencies cen 
tering about the frequency F1. 
For example, if the resonant frequency to which a vehi 

cle-carried coil may be tuned is 280 kc., then the inductor 
101 and capacitor 102 are tuned to this frequency also. 
As the output of the sweep frequency oscillator 17 ap 
proaches 280 kc., and then decreasing again as the fre 
quency recedes from this value. The cathode output 
voltage of this tube varies in a similar manner. Since the 
selection of bias voltage for tube 106 controls the level 
of cathode voltage that must be applied to cut this tube 
off, this also determines the range of output frequencies of 
the sweep frequency oscillator 17 for which the tube is 
cut off. 

Since tube 106 is normally conducting because of its 
positive grid voltage, the voltage at the plate of this tube 
is normally at a low value, so that the voltage applied to 
the control grid of the cathode follower tube 110 is low. 
Since the cathode of tube 110 is positively biased by being 
connected through resistor 92 to (B-), the low grid 
voltage results in a grid-cathode voltage for this tube that 
is below cutoff. 

Each time that the output of the sweep frequency oscil 
lator 17 sweeps through the frequency F1, however, tube 
106 becomes cut off as has been described. The voltage 
increase that then tends to appear between plate and 
cathode of this tube 106 causes tube 109 to conduct a 
substantial plate current because of the normally positive 
bias for this tube resulting from the connection of its con 
trol grid to the junction of resistors 118 and 119 connected 
between ground and (B-). The flow of plate current of 
tube 109 through the resistors 113 and 114 produces a 
substantial voltage drop so that a low voltage still appears 
on the wire 111 which is connected to the grid of cathode 
follower tube 110. However, if a vehicle-carried coil 
tuned to F1 is at that time coupled to the wayside receiv 
ing coil 10, the loading of the sweep frequency oscilla 
tor 17 that occurs causes a positive output pulse to appear 
on the wire 24 in a manner that has already been described 
in detail. This positive pulse is applied through the 
capacitor 112 to the cathode of tube 109 and raises the 
cathode voltage appearing across resistor 122 to such an 
extent that the tube is momentarily cut off. The drop in 
current that then momentarily results through the resistors 
113 and 114 causes a positive pulse to be applied to the 
control grid of tube 110. In other words, if at the time 
that the oscillator output is sweeping over the range of 
frequencies adjacent F1, an output is simultaneously re 
ceived from the differentiator-amplifier 19 resulting from 
a loading action upon the oscillator, this is an indication 
that the reaction which has been detected is caused by a 
coil tuned to F1, and therefore a positive pulse is applied to 
the cathode follower tube 110 of channel 1, 
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During the interval that the control and receiving coils 
are inductively coupled together, a distinctive output pulse 
is obtained from the cathode follower 25 across the cath 
ode resistor 115 for each sweep of the oscillator frequency 
through the frequency F1. Since the rate of frequency 
sweeping is dependent upon the relatively fixed output 
frequency of the blocking oscillator 13, the consecutive 
output pulses from the cathode follower 25 occur at a 
predetermined frequency. The pulse stretcher-amplifier 
26 for channel 1 and for the other channels also is organ 
ized in a manner similar to that of the pulse stretcher 
amplifier 20 of the master channel previously described. 
Thus, in response to each output pulse from the cathode 
follower 25, the tube 116 is cut off for approximately one 
half of the interval between consecutive pulses and is then 
conductive for the rest of this interval so that a rectangu 
larly shaped waveform having positive and negative por 
tions of approximately equal duration is applied to the 
control grid of tube 117. The resulting variations in plate 
current are applied, through the action of the transformer 
T3, to a full-wave rectifier 30 and are effective to cause 
the energization of the relay C1. This relay C1 is also 
provided with slow action characteristics so that a plural 
ity of outputs from the gated amplifiers 21 must occur 
before actuation of this relay occurs so as to ensure against 
its being operated through random spurious outputs. 

Channels 2 and 3 of Figs. 2B and 2C, respectively, 
represent additional channels which may be provided as 
desired. Each of these channels is organized in a man 
ner similar to that of channel 1. Each receives a common 
input over wire 24 from the differentiator-amplifier 19. 
In other words, each channel receives an output pulse 
each time that the oscillator frequency sweeps over the 
resonant frequency of a control coil which is inductively 
coupled to the receiving coil, regardless of the resonant 
frequency of such coil. At the same time, each channel 
receives an input from the sweep frequency oscillator 17. 
The tuned circuit elements which are included in the L-C 
resonant unit and detector 22 provided for each channel 
provide a distinctive output only as the oscillator frequen 
cy sweeps over the range of frequencies adjacent the par 
ticular resonant frequency for that channel. Thus, the 
contemporaneous occurrence of an output from the L-C 
resonant unit and detector for a particular channel with 
the occurrence of a positive pulse from the differentiator 
amplifier 19 is an indication that there is then coupled 
with the wayside receiving coil, a vehicle-carried control 
coil which is resonant to the frequency associated with that 
channel. 
The different resonance frequencies of the various 

control coils must be properly separated so that any con 
trol coil will be effective only with respect to its associated 
channel and not with any of the other channels. The 
number of different control coil frequencies that may be 
used in a system is, therefore, affected by the width of the 
frequency band that the sweep frequency oscillator 17 can 
be made to operate over. In one embodiment of the in 
vention, the sweep frequency oscillator was organized to 
operate over a range of frequencies from 150 kc., to 300 
kc. with four different control coil resonance frequencies 
included in this frequency range. Also, in this embodi 
ment of the invention a sweep rate of 300 cycles per 
second was selected, thereby ensuring that the sweep 
frequency oscillator would sweep over its frequency range 
several times during the interval that control and receiving 
coils were inductively coupled together for even the highest 
train speeds contemplated. These specific values are men 
tioned here only for purposes of illustration; other values 
can equally well be used in practice. 
As previously mentioned, the inductive control system. 

of this invention may also be used for transmitting con 
trols from the wayside to moving vehicles. When used 
in this manner, the electronic apparatus shown in Fig. 2 
comprising the sweep frequency generating means and 
the various channels and the like can be mounted upon 
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14 
the vehicle, while the resonated control coils are ther 
positioned at selected locations along the trackway. 
When the inductive control system of this invention is 

to be used for train description purposes, the number of 
different train descriptions involved may exceed the possi 
ble number of different control coil resonance frequen 
cies. In that event, it may be desirable to mount upon 
each vehicle a plurality of control coils, each resonant 
to a different one of selected resonance frequencies in 
either the manner shown in Fig. 5A or 5B. In this man 
ner, the combination of different resonance frequencies 
determines the train description, and with a specified 
number of different resonance frequencies available, the 
number of different train descriptions is appreciably in 
creased by this method. 
When more than one control coil is thus to be used at 

a single location, it may be desirable to modify the re 
ceiving equipment by adding the apparatus shown in Fig. 
4 within the dotted line block titled pulse stretcher driver 
130. The reason for doing so under these circumstances 
is that a plurality of outputs is produced by the differ 
entiator-amplifier 19 for each sweep of the oscillator fre 
quency when more than one control coil is used at a 
location in the manner shown in Fig. 5B, one output be 
ing supplied for each control coil. It will readily be 
understood from the description of the pulse stretcher 
amplifier 20 previously given that its operation is de 
pendent upon the reception of inputs from the differ 
entiator-amplifier 19 at a rate of one for each frequency 
sweep, with this rate determined by the blocking oscil 
lator 13. Consequently, if more than one input is 
applied to the pulse stretcher-amplifier for each fre 
quency sweep a symmetrical, rectangular waveform is 
not produced. 
The pulse stretcher driver 130 shown in Fig. 4 has 

applied to it over wire 24, the output obtained across 
the cathode resistor 87 of tube 86 included in the dif 
ferentiator-amplifier 19 which is shown in detail in Fig. 
2A. The output of the pulse stretcher driver 130 is 
applied through capacitor 89 to the control grid of tube 
93 included in the pulse stretcher-amplifier 20. The 
pulse stretcher driver 130 includes a one-shot multi 
vibrator comprising the triode tubes 131 and 132, a 
differentiating amplifier including the tube 133, and 
cathode follower tube 134. 
The circuit organization of a one-shot multivibrator 

is well-known in the art so that a detailed description 
of its manner of operation will not be presented. Brief 
ly, however, tube 132 is in a normally conductive con 
dition because its control grid is connected through 
resistor 135 to (B-). A relatively low voltage thus ap 
pears at the plate of this tube 32 because of the high 
voltage drop across plate resistor 136. Because of the 
presence of the biasing battery 137 in the grid circuit of 
tube 131 and also because of the low plate voltage of 
tube 132, the grid voltage for tube 131 is sufficiently low 
to cause this tube to be nonconductive. A high plate 
voltage therefore results for the tube 131 because there 
is then no voltage drop across the plate resistor 138. 
Capacitor 139 connected between the plate of tube 131 
and the control grid of tube 132 is thus charged to a 
high potential. 
As described, when more than one control coil is used 

at a single location, a plurality of outputs is obtained 
from the differentiator-amplifier 19 for each frequency 
Sweep of the oscillator 17. Each of these outputs from 
the differentiator-amplifier 19 appears as a positive-going 
pulse on the wire 24 and is applied through the capacitor 
140 and decoupling resistor 141 to the control grid of 
tube 131. The first-occurring of these positive pulses 
raises the grid-cathode voltage of tube 131 above the 
cutoff level so that this tube begins to conduct plate cur 
rent. The resulting drop in plate potential of tube 131 
causes the grid of tube 132 to be driven below cutoff so 
that this tube becomes nonconductive. The high plate 
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voltage of tube 132 then tends to overcome the negative 
voltage provided by battery 137 so that the grid volt 
age of tube i31 is held above cutoff. 
At the same time, capacitor 139 begins to discharge 

through the conducting tube 131 with its rate of discharge 
determined primarily by its value of capacitance and the 
resistance of resistor 135. As capacitor 139 continues 
to discharge, the grid voltage of tube 132 rises until 
finally the grid-cathode voltage for this tube reaches 
cutoff. At that time, the tube 132 becomes conductive 
once more and the resulting low plate voltage of this 
tube then causes tube 131 to again become nonconduc 
tive. 
The time constant for the discharge of capacitor 139 is 

Selected so as to keep tube 131 conductive for a time 
interval that is slightly less than the sweep repetition 
rate of the oscillator 17. Thus, the multivibrator can 
respond to the first-occurring output pulse from the dif 
ferentiator-amplifier i9 but then cannot respond again 
until the next frequency sweep of the oscillator 17 re 
Sults in an output produced by the differentiator-an 
plifier 19 in response to the same control coil that pro 
duced the response in the previous cycle. 
As an example, if control coils resonant to the fre 

quencies F1 and F2 are employed at a single location, 
a separate output will be produced by the differentiator 
amplifier 19 for each of these control coils on each fre 
quency sweep of the oscillator 17. If the first output 
from the differentiator-amplifier 19 results from induc 
tive coupling of the receiving coil with the control coil 
tuned to frequency F2, then the multivibrator will re 
Spond to such output by causing tube 131 to become con 
ductive and tube 132 nonconductive. Before the com 
plete cycle time of the sweep oscillator has elapsed, an 
output from the differentiator-amplifier 19 will be pro 
duced in response to the control coil tuned to frequency 
F1. At the time of occurrence of this output, however, 
tube 131 will still be conductive so that this pulse will have 
Substantially no effect. The time constant for the dis 
charge of capacitor 39 is so selected, however, that tube 
131 will again become nonconductive just prior to the sec 
ond occurrence of an output from the differentiator 
amplifier 19 in response to the control coil tuned to 
frequency F2. As a result, tube 131 becomes conduc 
tive only once for each frequency sweep of the oscilla 
tor 17, regardless of how many control coils are used 
at a location. 

Each time that tube 131 becomes conductive, the nor 
mally charged capacitor 142 which connects the plate 
of tube 131 to the control grid of tube 133 is rapidly 
discharged. The time constant for the discharge of 
capacitor 142 through resistor 143 is chosen to produce 
differentiation of the plate voltage of tube 131 so that 
a sharp negative pulse appears on the control grid of 
tube 133 each time that tube 131 becomes conductive. 
Whenever tube 131 becomes nonconductive, the increase 
of voltage that ends to appear on the control grid of 
tube 33 merely causes grid current to flow so that the 
grid voltage does not rise appreciably. 
Each negative pulse at the grid of tube 133 produces a 

'corresponding negative pulse at the plate of this tube be 
cause of the momentarily reduced plate current through 
plate resistor 134. The resulting positive pulse appearing 
at the grid of cathode follower tube 144 produces a simi 
lar positive pulse across the cathode resistor 145 so that a 
positive resistor is applied to the grid of tube 93 included 
in the pulse stretcher-amplifier 29. 

By including the pulse stretcher-driver 130 in the receiv 
-ing apparatus, it is thus possible to supply to the pulse 
stretcher-amplifier 20, an input which comprises only a 
isingle pulse for each sweep of the sweep oscillator 7. 
'The pulse stretcher-amplifier 20 can thus respond, as al 
ready described, to produce an output which comprises a 
symmetrical, rectangularly shaped waveform. 

Having described an inductive control system as one, 
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6 
embodiment of this invention, it should be understood 
that this form is selected to facilitate in the disclosure of 
the invention rather than to limit the number of forms 
which it may assume. Also, various modifications, adapta 
tions, and alterations may be applied to the specific form 
shown to meet the requirements of practice without in 
any manner departing from the spirit or scope of the 
present invention. 
What I claim is: 
1. A system for transmitting controls at selected loca 

tions inductively between a moving vehicle and fixed way 
side locations along the trackway through inductive coop 
eration between control coils at a control transmitting 
location and a receiving coil associated with receiving 
apparatus, each of said control coils being resonated 
by respectively associated capacitance to a Selected 
frequency, said receiving coil passing through an in 
ductive coupling relationship with each of Said con 
trol coils during train movement, said receiving apparatus 
including an electron tube oscillator for energizing said 
receiving coil, tuning apparatus including a Sawtooth gen 
erator for continuously varying the output frequency of 
said oscillator over a range of frequencies including said 
selected resonant frequencies of said control coils, said 
tuning apparatus and said electron tube oscillator coop 
erating to vary the frequency of said oscillator at a repetl 
tion rate to cause said oscillator frequency to Sweep over 
said range of frequencies a plurality of times during the 
interval said control and receiving coils are inductively 
coupled at maximum train-speeds, circuit means governed 
by said oscillator and effective to provide a distinctive Out 
put in response to the loading effect produced on said os 
ciliator when the output frequency of Said oscillator 
sweeps over the resonant frequency of a control coil cou 
pled inductively to said receiving coil, a controlled device, 
and means associated with said controlled device to permit 
actuation of said controlled device only in response to 
a plurality of successive occurrences of said distinctive out 
puts to prevent spurious outputs. 

2. A system for inductively transmitting controls be 
tween moving trains and the trackway at fixed locations 
comprising, control coils at a control transmitting location 
each being resonated to a selected frequency, a sweep fre 
quency oscillator including a receiving coil at a control 
receiving location, said sweep oscillator energizing Said 
receiving coil with an output frequency continuously 
sweeping between selected limits at a fixed repetition rate, 
said receiving coil becoming inductively coupled with each 
control coil at said control transmitting location during 
train movement, reaction detecting means governed by 
said oscillator and effective to provide a distinctive out 
put in response to the loading of said sweep frequency os 
cillator by said control coil, a controlled device, circuit 
means Fesponsive only to successive occurrences of said 
distinctive outputs for supplying a steady current to said 
controlled device, means associated with said controlled 
device and effective to cause actuation of said controlled 
device in response to said steady current only provided 
that said steady current persists for a selected time interval. 

3. A system for transmitting controls at selected loca 
tions between a moving vehicle and the trackway through 
inductive cooperation between control coils at a control 
transmitting location and a receiving coil associated with 
receiving apparatus, each of said control coils being reso 
nated to a selected frequency by respectively associated 
capacitance, an electron tube oscillator for energizing said 
receiving coil, electronic tuning apparatus for continuously 
varying the output frequency of said oscillator over a 
range of frequencies which includes said selected resonant 
frequency of said control coil, reaction detecting circuit 
means associated with said oscillator and effective to pro 
duce a distinctive output in response to the termination of 
the loading effect produced on said oscillator when the 
output frequency of said oscillator sweeps over the reso 
nant frequency of a control coil inductively coupled to 
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said receiving coil, said tuning means effective to vary the 
frequency of said oscillator over said range in the same 
direction on Successive frequency sweeps with an abrupt 
return between successive sweeps to the starting frequency, 
resonant circuit means included in said receiving appa 
ratus tuned to the resonant frequency of said control coil 
and having the output of said oscillator applied thereto, a 
controlled device, means responsive to the contempo 
raneous occurrence of said distinctive output and the in 
crease of voltage occurring across said resonant circuit 
to actuate said controlled device, the unidirectional fre 
quency sweep of said oscillator causing successive of said 
distinctive outputs to occur at substantially the same fre 
quency of said oscillator, said resonant circuit means be 
ing tuned to resonate over a relatively narrow frequency 
band encompassing said same frequency of said oscillator, 
to thereby render ineffective spurious outputs from said 
reaction detecting circuit means occurring at other fre 
quencies of said oscillator. 

4. A system for transmitting controls at selected loca 
tions between a moving vehicle and the trackway through 
inductive cooperation between control coils at a control 
transmitting location and a receiving coil associated with 
receiving apparatus, said control coils at each location 
resonated by respectively associated capacitance to dif 
ferent selected frequencies, an electron tube oscillator for 
energizing said receiving coil, tuning means for continu 
ously rapidly varying the output frequency of said oscil 
lator over a selected frequency range including said se 
lected resonant frequencies of said control coils, said 
tuning means being effective to vary said oscillator fre 
quency at a repetition rate effective to cause said oscilla 
tor frequency to vary over said frequency range a plurality 
of times during the interval said control coils and said re 
ceiving coils are inductively coupled even at maximum 
train speeds, reaction detecting circuit means associated 
with said oscillator and effective to produce a distinctive 
output in response to each loading of said oscillator occur 
ring as the output frequency of said oscillator sweeps over 
the resonant frequency of a control coil inductively coll 
pled to said receiving coil, a master channel comprising a 
controlled device and circuit means for causing actuation 
of said controlled device only in response to a preselected 
plurality of occurrences of said distinctive outputs, an 
individual frequency channel associated with each of said 
control coil resonant frequencies, sweep position determin 
ing circuit means included in said individual channel ef 
fective to produce a distinctive gating voltage as the out 
put frequency of said oscillator sweeps over said resonant 
frequency corresponding to said individual channel, gated 
circuit means included in said individual channel respon 
sive to the contemporaneous occurrence of said distinc 
tive gating voltage and said distinctive output from said 
reaction detecting circuit means and effective to produce 
an output voltage pulse, a controlled device included in 
said individual channel, circuit means governed by said 
voltage pulses and effective to cause actuation of said con 
trolled device only in response to a preselected plurality of 
occurrences of said voltage pulses, circuit means respon 
sive to the contemporaneous actuation of said controlled 
device associated with said master channel and said con 
trolled device of said individual channel to designate a 
particular control. 

5. A system for inductively transmitting controls be 
tween moving trains and the trackway at fixed locations 
comprising, control coils at a control transmitting location 
each being resonated to a selected frequency by respec 
tively associated capacitance, a sweep frequency oscillator 
associated with receiving apparatus and including a receiv 
ing coil, said sweep oscillator energizing said receiving coil 
with an output frequency range continuously Sweeping be 
tween selected limits at a fixed repetition rate, said receiving 
coil becoming inductively coupled with each control coil 
during train movement, reaction detecting circuit means ef 
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loading effect on said oscillator occurring when said oscil 
lator frequency sweeps over said frequency of each control 
coil during the time said control coil is inductively coupled 
to said receiving coil, tuned circuit means resonated to said 
resonant frequency of said control coil, circuit means for 
applying the output of said sweep frequency oscillator to 
said tuned circuit means, two electron discharge tubes 
having a common plate load resistor, circuit means respon 
sive to the envelope of oscillator voltage appearing across 
said tuned circuit means for controlling one of said tubes 
to a nonconductive condition, circuit means responsive to 
the occurrence of said distinctive output from said reaction 
detection means for controlling the other of said tubes to 
a nonconductive condition, a controlled device, circuit 
means responsive to the high voltage appearing at the 
plates of said tubes when said tubes are simultaneously 
controlled to nonconductive conditions to actuate said con 
trolled device. 

6. A system for inductively transmitting controls be 
tween moving trains and the trackway at fixed locations 
comprising, control coils at a control transmitting loca 
tion each resonated by respectively associated capacitance 
to a selected frequency, a sweep frequency oscillator asso 
ciated with receiving apparatus, a receiving coil included 
in the circuit organization of said sweep frequency oscil 
lator, said sweep frequency continuously varying between 
selected upper and lower frequency limits at a fixed repeti 
tion rate, said receiving coil becoming inductively coupled 
with each control coil during train movement, reaction 
detecting means associated with said oscillator and effec 
tive to provide a distinctive positive voltage pulse in re 
sponse to each inductive loading of said oscillator by a 
resonated control coil, circuit means responsive to the 
repetitive output pulses from said reaction detecting means 
and comprising a grid controlled electron discharge tube, 
said grid being connected to a positive voltage source 
through a grid resistor, circuit means for applying said 
positive pulses to said grid through a coupling capacitor, 
said capacitor having a discharge time through said grid 
resistor effective to maintain said tube nonconductive fol 
lowing the occurrence of each of said distinctive pulses for 
an interval equal substantially to one-half the Sweep repe 
tition rate of said oscillator, an electromagnetic relay, rec 
tifying circuit means responsive to the plate current of said 
tube for energizing said relay, a capacitor shunting the 
winding of said relay, whereby a plurality of distinctive 
outputs must be produced by said reaction detector circuit 
means to cause the energization of said relay to persist 
for a long enough time interval to actuate said relay. 

7. In a system for inductively transmitting controls at 
selected locations between a moving vehicle and the track 
way through inductive cooperation between control coils 
at a control transmitting location and a receiving coil 
associated with receiving apparatus, each of said control 
coils being resonated to a selected frequency by an as 
sociated capacitance, said receiving equipment including 
an electron discharge tube, a saturable transformer hav 
ing primary and secondary windings, a plate-cathode cir 
cuit for said tube including said primary winding, a grid 
cathode circuit for said tube, circuit means for applying 
to said grid-cathode circuits a voltage varying over a 
selected range at a predetermined repetition rate, said 
voltage initially varying rapidly for a short time interval 
and then varying more slowly in the same direction for 
the remainder of said interval, the level of said voltage 
at the end of said voltage variation returning abruptly 
to a fixed starting level, an electron tube oscillator, a 
tank circuit for said oscillator including said receiving 
coil and said secondary winding, whereby said voltage 
variation causes said oscillator frequency to vary sub 
stantially linearly over a selected frequency range includ 
ing said resonance frequencies of said control coils. 

8. A system for transmitting controls at selected lo 
cations between moving vehicles and the trackway through 

fective to produce a distinctive output in response to the 75 the inductive cooperation between control coils at a con 
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trol transmitting location and a receiving coil associated 
with receiving apparatus, a plurality of control coils at 
each control transmitting location, each of said control 
coils at a location being resonated by an associated ca 
pacitance to a different frequency, a sweep frequency 
oscillator for energizing said receiving coil, said oscil 
lator output frequency continuously sweeping over a fre 
quency range including said resonance frequencies of said 
control coils at a predetermined repetition rate, reaction 
detecting means effective to produce distinctive voltages 
in response to the loading effect upon said oscillator pro 
duced as said output frequency of said oscillator sweeps 
over said resonance frequencies of said control coils, a 
master channel for said receiving apparatus including first 
circuit means responsive to said distinctive voltages, said 
circuit means being rendered ineffective in response to 
an occurrence of one of said distinctive outputs to re 
spond to successive occurrences of said distinctive out 
puts for a time interval just less than the time required 
for said oscillator to sweep over its entire frequency 
range, a controlled device, second circuit means governed 
by the output of said first circuit means for energizing 
said controlled device, means associated with said con 
trolled device to permit said controlled device to be actu 
ated only in response to a plurality of successive occur 
rencies of said distinctive outputs. 

9. A system for transmitting controls at selected lo 
cations between a moving vehicle and the trackway through 
the inductive cooperation between control coils at a con 
trol transmitting location and a receiving coil associated 
with receiving apparatus, a plurality of control coils each 
being resonated to a different frequency by an associated 
capacitance at each of said control transmitting locations, 
a sweep frequency oscillator for energizing said receiving 
coil, said oscillator output frequency continuously sweep 
ing over a frequency range including said resonance fre 
quencies of said control coils at a predetermined repeti 
tion rate, reaction detecting means effective to produce 
distinctive voltages in response to the loading effect upon 
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said oscillator produced as said output frequency Sweeps 
over said resonance frequencies of each of said control 
coils, a master channel for said receiving apparatus in 
cluding a one-shot multivibrator, circuit means for con 
trolling said multivibrator from its normal condition in 
response to said distinctive voltages, said multivibrator 
controlled to return to its normal condition after a time 
interval just less than the time interval of a complete 
frequency sweep by said sweep frequency oscillator, cir 
cuit means governed by said multivibrator to give a 
distinctive output when said multivibrator is controlled 
from its normal condition, a controlled device, means 
responsive to said distinctive outputs for governing said 
controlled device, means associated with said controlled 
device to permit said controlled device to be actuated 
only in response to a plurality of successive occurrences 
of said distinctive outputs. 
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