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UNITED STATES PATENT OFFICE 
2,531,187 

SWITCH-OVER SYSTEM 
Michel N. Yardeny and Adolph Razdowitz, New 
York, N. Y.; said Razdowitz assignor to said 
Yardeny 
Application April 23, 1948, Serial No. 22,863 

9 Claims. 
1. 

The present invention relates to remote con 
trol Systems for Selectively connecting a plu 
rality of loads to a control circuit over a trans 
mission channel, a system of this general de 
scription having been disclosed in the co-pend 
ing United States patent application of Michel 
N. Yardeny and Robert Bernas, Ser. No. 5,276, 
filed January 30, 1948, now abandoned. in 
that System, a transmission channel is used to 
Operate a plurality of loads, such as the various () 
controls of a radio receiver located at a remote 
station, from a control station, the transmission 
channel Serving both as a path for the receiver 
output and as means for transmitting signals 
to Select and operate the various controls. As 
further disclosed in our said co-pending appli 
cation, the positioning of the various loads can 
be effected by connecting a pair of potentiom 
eters acroSS the control end and the remote end 
of the transmission channel, respectively, a load 
Operating motor at the remote station determin 
ing the position of the second potentiometer and 
being energized as long as the voltages applied to 
the transmission channel by the two potentiom 
eters differ. 
An object of the present invention is to pro 

vide means for Selectively operating a plurality 
of loads in a remote control system particularly, 
though not exclusively, of the type described 
in our aforesaid co-pending application. 
Another object of the invention is to provide 

Simple and dependable means for selectively con 
necting one of Several loads to the remote end 
of a control channel. 
A further object is to provide, in a remote con- 35 

trol System comprising a transmission line 
adapted to transmit D.-C. Voltages, means for 
Selective load Switching utilizing D.C. voltages of 
one polarity only while reserving the D.-C. volt 
ages of opposite polarity for other control oper 
ations, such as the actuation of the respective 
load Selected. 

Stated briefly, a now preferred embodiment of 
the invention resides in a remote control System 
comprising a transmission line interconnecting 
a control Station and a remote station, a volt 
age Source at the control station operable to 
apply to the line a D.-C. pulse of selected mag 
nitude, the internal impedance of said source 
being low compared with the impedance termi 
nating the line at the remote end whereby the 
D.-C. pulse Will be transmitted to the remote 
end without Substantial attenuation, and a 
D.-C. responsive Selector circuit at the remote 
Station adapted to actuate one of several switch 
ing elements, according to the magnitude of the 
pulse received, and to maintain such switching 
element actuated after the pulse has subsided. 

Preferably, the selector circuit is designed so 
that each new Switching pulse received at the co 

(C. 171-97) 
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remote end of the line restores the previously 
Selected switching element to its initial posi 
tion before resulting in the actuation of the 
particular switching element corresponding to 
the magnitude of the new pulse. The inven 
tion also provides certain safeguards to prevent 
false operation and means designed to enhance 
the Selectivity of the System, in order to render 
the operation Virtually fool proof and to reduce 
the range of potentials required for carrying out 
any given number of SWitching operations. 
The above and other features and objects of 

the invention will become more apparent from 
the following description, taken in conjunction 
With the accompanying drawing in which: 

Fig. 1 is a typical circuit diagram of a control. 
Station according to the invention; 

Fig. 2 is a typical circuit diagram of a remote 
station according to the invention; 

Fig. 3 illustrates a timer circuit adapted to 
be used in combination with the arrangement of 
Fig. 1; 

Fig. 4 illustrates a biasing circuit for the selec 
tor tubes of Fig. 2; and 

Fig. 5 is a partial modification of the biasing 
circuit of Fig. 4. 

Referring now to the drawing in detail, there 
is shown a control Station (Fig. 1) and a remote 
station (Fig. 2) interconnected by suitable trans 
mission means illustrated as a two-wire trans 
mission line comprising conductors i and 2. 
The remote station is shown to comprise a radio 
receiver 3 having an audio output indicated at 
4, a power Supply shown as a battery 5 and a 
plurality of controls including a tuning control 
6, a volume control 7 and a band switch 8. 
These three controls are driven by respective 
notorS 9, , and f l responsive to motor con 
trols 2, 3, and 4, respectively, the latter being 
Selectively connectable to the line , 2 in a man 
ner Subsequently to be described. The shafts 
of motorS 9, 8, and also entrain the pointers 
of respective potentiometers 5, 6 and 7. 
The actuating elements for the respective re 

ceiver controls are represented, at the control 
Station, by knobs f3, 9 and 20 determining the 
Setting of associated potentiometers 2 , 22 and 
23, respectively. Each of these knobs is con 
nected by way of a linkage 24, 25, 26 with an 
aSSociated SWitch 27, 28, 29 which will close 
momentarily when the respective knob is being 
displaced; linkages 24, 25 and 26 may each be 
a conventional Switching device which will auto 
matically restore the associated switch 27, 28, 
29 to open position when the respective knob. 8, 
9, 20 is released. A novel switching device par 

ticularly suitable for this purpose is disclosed 
in the co-pending application of Michel N. 
Yardeny and Robert Bernas, Ser. No. 17,883, 
filed March 30, 1948. In addition, there is pro 
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3. 

vided an “On' switch 39 and an "Off' switch 3 
each of which, in the simplified embodiment of 
the invention shown in Fig. 1, may be a naanually 
operated push button. 
The switches 27 through 3 control a group of 

five relays, generally indicated at 32, which in 
clude an “On' relay A, a “tuning' relay B, a “vol 
ume' relay C, a “band switch' relay D and an 
“Off’ relay E. Each of these relays is provided 
with two windings one of which is connectable 
in series with a battery 33 by the actuation of a 
respective switch. These relays are arranged So 
that energization of any one of then Will close a 
locking circuit which includes a back contact of 
each of the other relays, whereby the continued 
energization of more than one relay will be impos 
sible. The several arimatures of relays A, B etc. 
are indicated at a 1, a2, bf, b2 and So forth. 
The locking circuit for the relayS 32 includes 

a battery 34 connected to a conductor 35 and the 
primary of a transformer 36, the secondary of 
this transformer being connected in the grid cir 
cuit of a vacuum tube 37 shown as a tetrode. The 
load circuit of the tube 3 includes a relay 38 
in series with a battery 39 and shunted by a con 
denser 43. The armature of relay 38 is con 
nected to Wire 2 by way of a conductor 4, the 
latter also serving to connect the grid of a thyra 
tron tube 42 to the wire 2. 
Tube 42 is energizable from a source of alter- } 

nating current 43 connected in Series with a re 
lay 44 which is shunted by a condenser 45. A 
conductor 46 connects the cathode of the thyra 
tron 42 to the wire whereby the input circuit of 
the thyratron is connected across the transmis 
sion line , 2. Thyratron 42 is biased or designed 
so that it will become conductive whenever the 
potential of conductor 4 exceeds a given posi 
tive value relative to conductor 46. The arma 
ture of relay 44 normally connects battery 33 to 
conductors 47 and 48 which, together with a bus 
conductor 49, form part of the energizing circuit 
for relays 32. 

Line wire f is also connected to the neutral ter 
minal of a voltage divider 50 having a negative 
terminal 5 and four positive terminals 52, 53, 
54, and 55, the potentials for these terminals be 
ing obtained from batteries 56 and 51, respec 
tively. Preferably, the potential of terminal 5 
is of the same order though opposite polarity as 
that of terminal 55. Terminal 5 is connected by 
conductor 58 to the front contact of armature 
a2; the negative terminals 52 through 55 are Sim 
ilarly connected by conductors 59, 60, 6f and 62 
to the front contact of armatures b3, c3, d3 and 
e3, respectively. A conductor 63 connects arma 
ture e3 to the front contact of relay 38. 
A battery 63 has its positive terminal connect 

ed to a bus conductor 65 for potentiometers 2, 
22 and 23 and has its negative terminal connect 
ed to armature d5 by a conductor 66. Between 
the conductors 65 and 46 there is inserted a re 
sistor 67 having one terminal connected to ar 
mature d6 by way of a conductor 68, its other 
terminal being connected to a set of unbalance 
indicators 39, 8, 7 shown here schematically 
as lamps. Indicators 69, 70 and T are con 
nected by conductor's T2, 3 and 74 to the front 
contacts of armatures bé, c6 and d6, respectively. 
The pointers of potentiometers 8, 9 and 20 

are connected to the front contacts of armatures 
b4, c4 and d4 by conductors 75, T6 and 77, re 
spectively. The remaining terminals of these po 
tentiometers are connected to the front contacts 

. 

i 

35 
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5 ratrons 22, 23 and 24. 

4. 
of armatures b5, c5 and d5 by conductors 78, 
79 and 80, respectively. 
Connected across the line , 2 in a non-gal 

vanic manner, as by way of two condensers 8, 
82, is a loudspeaker or other reproducing device 
83 responsive to alternating currents arriving 
over the line. A Suitable filter, shown here aS an 
audio frequency choke 84 in series with wire 
and a condenser 85 Shunted across the line, pre 
vents these alternating currents from reaching 
the control circuit just described. 

Referring now again to Fig. 2, there is shown 
a similar line-terminating filter consisting of a 
choke 86 in series with wire and a shunt con 
denser 87. Connected across the line ahead of 
the filter 86, 8 is the secondary of a transformer 
88 whose primary forms part of the audio out 
put circuit 4 of receiver 3. The provision of a 
condenser 89 in series With this Secondary is 
necessary in order to prevent a virtual short 
cuiting of the line for direct current. 
Connected permanently across the line , 2, 

in series with a resistor 90 whose magnitude 
should be large compared With that of voltage 
divider 50 (Fig. i.), are a pair of parallel voltage 
dividerS 9t, 92 each in Series with a respective 
rectifier 93, 94. Rectifiers 93 and 94 are oppo 
sitely poled. A portion of Voltage divider 92 is 
connected between the Cathode and the auxil 
iary electrode of a cold-cathode tube 95, by means 
of conductors 96 and 9; and a portion of volt 
age divider 9 is connected between the cathode 
and the auxiliary electrode of a cold-cathode 
tube 98, by means of conductors 9 and 99 and 
the left-hand armature of a relay 100. 
The energizing circuit of relay 3 includes a 

battery if and leads over the al'mature and front 
contact of a relay 02 in series with the anode of 
tube 98, a similar relay 3 being in series with 
the anode of tube SS. Relays 82 and 33 are 
Shunted by condensers 64 and 35, respectively. 
A Source of alternating current 86 is connected 
acroSS the main gap of tube S5 by neans of ccn 
ductorS C, 8, 9 and across the main gap of 

43 tube 98 by inneans of conductoi's G, i8 and the 
left-hand arnature of relay 6. 
Source 6 is also connected across the primary 

of a transformer is whose secondary has one 
terminal connected to a conductor 8 and the 
other to the center right-hand armature of relay 
ft. Raw rectified cuirent from transformer f09 
is fed to the bus bar i i of motor controls 2, 3 
and f4 by Way of a rectifier 2 shunted by a con 
denser ; 3. Conductor 6 also connects with a 

5 bus conductor 4 Cf a set of relays generally in 
dicated at 5, comprising the relays F, G, H, i. 
and J. Each of the relays is is shunted by a 
respective condenser S., ii, 3, 29 and 20; 
the holding circuit of these relays includes a rec 
tifier 84 inserted in the conductor S. 
Connected across the line , 2 is further the 

input circuit of a thyratron 2 of the screen 
grid type, its cathode being connected to wire 
as are the cathodes of three further, similar thy 

The grids of tinyra 
trons 22, 23 and 24 are connected, over the 
usual current limiting resistors, to terminals 25, 
26 and i2l, respectively, of a voltage divider 28 

associated with a battery f29 whose positive ter 
minal is connected to wire over a very large re 
Sistor 30. The function of resistor 3 is to 
maintain the control grids of tubes 22, 23 and 
24 at the correct bias potentials preparatory to 

the commencement of the Switching operations 
described hereinafter. A bias potential is also 
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applied to the screen grid of tube 2 by means 
of a battery 3f. 
The anode of tube f2 is connected to the wind 

ings of relays I and J in parallel by a conductor 
32, the anodes or plates of tubes f22, 23 and 24 
being similarly connected to the windings of re 
lays F, G and H, respectively, by means of re 
spective conductors 33, 34 and 35. A resis 
tor f36, in series with line wire , has one termi 
nal connected to armature it by a conductor 37 
and the other to armature i3 by a conductor 38, 
the latter terminai being also connected to the 
bus conductor 39 of potentiometers 5, 6 and 
7. The pointers of these potentiometers are 

connected by conductors f40, 4, 42 to the front 
contacts of armatures fi, g4 and h4, respectively, 
while the remaining potentiometer terminals are 
connected by conductors 43, 44 and 45 to the 
front contacts of armatures f3, g3 and h3, re 
spectively. Conductors 46, 4 and 48 connect 
motor controls 2, 3 and 4 to the front contacts 
of armatures f2, g2 and h, respectively. A bat 
tery 49 has its positive terminal connected to 
bus conductCr 39 and its negative terminal to the 
armature j4. Relay J, which may be slightly 
slow-operating, has armatures i5 and d2 connected 
to wire 2, the front contact of armature i2 being 
connected to the positive terminal of battery, 29 
by conductor 50. 
The operation of the control circuit at the local 

station (Fig. 1) is as follows: 
Whenever one of the Switches 2 through 3 is 

actuated, it connects battery 33 in series with the 
left-hand Winding of the aSSociated relay 32 
which locks over its right-hand Winding, sending 
a current impulse through the primary of trans 
former 36. This impulse is applied to the grid 
circuit of tube 37 With Such a polarity as to ren 
der this tube momentarily conductive, energizing 
relay 38 which closes its front contact and con 
nects wire 2 to a terminal of voltage divider 50 
Over a front contact of the operated relay 32. 
This pulse will be negative if the SWitch actu 
ated was the “On' switch 30 (relay A operated) 
and will be positive in all other instances. The 
duration of the pulse will be determined by the 
time relay 38 remains energized, dependent in 
turn on the value of condensei 4, and should be 
sufficient to permit the full potential of the se 
lected divider terminal to be developed at the far 
end of the transmission line. 
After the relay 38 releases, its armature falls 

back and, if the operated relay 32 is one of the 
Switching-device-actuated relays B, C and D, 
connects wire 2 over a front contact of Such relay 
to the wiper of a respective potentiometer 2, 22 
or 23. It should be noted that, in the exemplifi 
cation illustrated, this latter operation will drive 
conductor 2 negative with respect to conductor 
, but to a less eXtent than when an "On' pulse 

is applied to the line; hence there will be no inter 
ference between the negative control voltages 
from the potentiometers, on the one hand, and 
either the negative “On' pulse or the positive 
“Off' or switching pulses, on the other. 
When the highly negative “On' pulse arrives 

at the remote station (Fig. 2) after a period of in 
activity, it will be of such a polarity as to pass 
the rectifier 93 and to set up a voltage difference 
across the exciting gap of tube 98 sufficient to ion 
ize the latter, resulting, in turn, in the energiza 
tion of relay 02 which loses its front contact 
and operates relay 00. Relay .00 locks over its 
inner right-hand front contact and armature and 
Over the armature and back contact. of relay 03, 

() 

20 
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at the same time removing the power from the 
main gap of tube 98 at the back-contact of its 
left-hand armature. Relay 100 also connects 
power to receiver 3 at its outer right-hand arma 
ture and front contact, and further connects the 
secondary of transformer 09 to wire f and, 
hence, to the cathodes of tubes 2 through 24 
at its center right-hand armature and front con 
tact. 

If, now, a positive switching pulse is received, 
tube 2 as well as one or more of the progreS 
sively biased thyratrons 22, 23 and 24 will be 
momentarily ionized, depending on the magni 
tude of the pulse. The ionization of tube 2 
energizes relay I and, immediately thereafter, 
relay J which opens the energizing circuit of re 
lay I, causing it to release after an interval which 
is short compared with the duration of the pulse 
received. During the brief period of its opera 
tion, relay I at the back contact of its armature. 
opens the holding circuit of any relay F, G, H. 
that may have been operated. Since one or more 
thyratrons 22, 23, 24 are conducting at this 
time, one or more relays F, G, H will be ener 
gized but only the one corresponding to the tube 
with the highest bias will lock after relay I 
releases. After the pulse has subsided, all the 
relays - 5 except the one that has locked will 
be unoperated, their de-energization making it 
possible for the operated relay to connect a par 
ticular motor control. 2, 3, 4 across the re 
sistor f36 and the associated potentiometer 5, 
6, 7 across the line f, 2. 
The potential applied to conductor 2 by the Se 

lected potentiometer 5, 6 or 7 will be of the 
same polarity as that of a respective control po 
tentiometer 2, 22 or 23 simultaneously connect 
ed across the line by a particular relay 32, al 
though not necessarily of the same magnitude. 
If the two potentials differ, the line will be un 
balanced and current will flow through resistor 
67 (Fig. ), lighting one of the unbalance indi 
cators 69, 70, 7 f. In practice, it will generally 
be necessary to amplify the voltage drop acroSS 
resistor 6. Current will also flow through re 
sistor 36 (Fig. 2), causing the respective motor 
control. 2, 3 or 4 to respond and to energize 
the associated motor 9, O or in such a sense 
as to decrease this potential difference; when 
the line is again in balance, the motor stops. 
When an “Off’ pulse is received, this pulse will 

pass through rectifier 94 and voltage divider 92 
and will place a voltage difference across the ex 
citing gap of tube 95 which ionizes, energizing 
relay 03 and breaking the holding circuit of re 
lay f OO at the back contact and armature of re 
lay 03. Power is disconnected from the re 
ceiver 3 and from the cathodes of thyratrons 2 
through 24. The release of relay 00 again con 
nects the generator 06 across the main gap of 
tube 98, placing this tube in readiness to respond 
to the next “On' pulse. 

Considering the operation of the system in 
greater detail, we shall assume that the operator 
at the local station (Fig. 1) has depressed the 
"On' Switch 30 for an instant, the remote sta 
tion being in the idle condition following the re 
ception of an 'Off' signal. Relay A energizes: 
Battery 33, back contact and armature of relay 
44, conductor 48, switch 30, left-hand winding of 
relay A, conductor 49; and locks: Battery 34, 
Secondary of transformer 36, armatures and back 
contacts ef, d, c and b in series, right-hand 
winding of relay A, front contact and armature 
al, conductor 35. Relay 38 energizes and con 



7 
nects high negative potential to wire 2: Terminal 
5?, conductor 58, front contact and armature a2, 
back contacts and armatures b3, c3, d3, and e3.in 
series, conductor 63, front contact and armature 
of relay 38, conductor 4. Tube. 98 ionizes, CauS 
ing relays 00 and 102 to be energized. Power is 
connected to receiver 3 and the output of this 
receiver, as determined by the Setting of the con 
trols 6, 7 and 8, will be transmitted to the loud-. 
speaker 83 over transformer 88 and line. , 2. 
Assume, now, that the operator desires to 

switch to a different frequency band, actuating 
the knob. 20...for that purpose. Switch 29 is closed 
momentarily, energizing relay D: Battery 33, 
back contact and armature of relay 44, conductor 
47, Switch 29, left-hand winding of relay D. 
Relay. D releases relay A by opening the holding 
circuit thereof at the back contact of its arma 
ture d, then locks: Battery 34, secondary of 
transformer 36, armature and back contacted, 
right-hand winding of relay D, front contact and 
armature d2, back contacts and armatures c2, 
b2, all in series, conductor 35. Relay, 38 ener 
gizes momentarily and connects the positive po 
tential of terminal 54 to wire 2: Terminal 54, 
conductor 61, front contact and armature d3, 
back contact and armature e3, conductor 63, 
front contact and airmature of relay 38, con 
ductor 4-d. 
At the remote station, the positive pulse fires 

thyratron f2l, relay I energizes: Cathode of tube 
2, front contact and center armature of Felay 
f00, secondary of transformer 99, conductor 
10, conductor 4, back contact and armature 

id, conductor 32, plate of tube 2; relay J op 
erates in parallel with relay I, releases relay I 
and at i2 connects wire 2 to conductor. 50. 
The high resistor 3) is now connected acroSS 
the line but is of susch magnitude that the level 
of the pulse will not decrease appreciably. This 
pulse is now applied to the inputS of thyratrons 
22, 23 and 24 in opposition to the bias volt 

ages developed across the voltage divider 28. 
Since the pulse has been obtained from the highly 
positive terminal 54 of voltage divider 59, its 
magnitude will be sufficient to ionize all three 
thyratrons 22, 23 and 24. Relays F, G and 
H energize: Wire , front contact and center 
armature of relay i C, secondary of transformer 
f09, conductor ff ), conductor 4, windings of 
relays F, G and H in parallel, conductor's 33, 
34 and 35, respectively. Relay H, alone, locks: 
Wire it, conductor 3, armature and back con 
tact ii., armature and front contact h, con 
ductor ff ); and at h;2, h3 and his prepares the 
circuits for connecting band switch motor con 
trol 4 and potentiometer 7 to the line. 
At the control station, the positive pulse ap 

plied to the line 1, 2 has also fired the thyratron 
42 whose exciting potential should be not higher 
than the lowest positive pulse used in the systelli, 
i. e. the potential of terminal 52. Thyratron 42 

() 

30 

() 

GO 

energizes relay 46 which opens its armature, 
thereby preventing for the time being the actua 
tion of a different relay 32. This is necessary in 
order to forestall false operation such as might 
oceur if a new Switching operation were initiated: 
before the previous pulse had decayed sufficiently 
to de-ionize tube 2 and release relay J. If nec 
essary, relay 4 may be made slightly slow-re 
leasing. 
After relay J becomes de-energized, motor con 

trol. 4 is connected across resistor 36: Wire it, 
motor eontrol 4, conductor (8, front contact 
ans armature h2, back contact and arrnature i3, 75 

8. 
conductor 38. At the same time, battery ?ag 
is connected across potentiometer 7; conductor. 
39, potentiometer f7 conductor 45, front con 
tact and armature ha, back contact and arma 
ture j4. Also, the wiper of potentiometer T is 
connected to wire. 2: Conductor 42, front con 
tact and armature ha, back contact and armature 
j6. Meanwhile, at the control station, the end 
of the pulse has been marked by the release of 
relay 38 which now connects the wiper of band 
Switch control 23 to wilre 2: Conductor 77, front 
contact and armature d4, back contact and ar 
mature of relay 38, conductor 4?. Earlier, the 
energization of relay D had connected the neg 
ative terminal of battery 64 to potentiometer 23: 
Conductor 66, front contact and armature d5, 
conductor 18. At the same time, the unbalance 
indicator if had been connected across resistor 
61: Conductor 74, front contact and armature.d6, 
Conductor 68. 

If the cause of the actuation of switch 29 has 
been a downward displacement of the contact 
arm aSSociated with knob 20, then the control 
Voltage applied to the line by potentiometer 23 
Will have become inore negative than the bal 
ancing Voltage from potentiometer f7. and cur 
rent will flow through resistor 36 from left to 
right, causing the control device 4 to close its 
contacts in such a manner that notor will 
rotate the Wiper of potentiometer 7 in counter 
clockwise direction. Lamp i will be lit until the 
two voltages are equal, at which time the motor 
if Will cease to rotate. In similar manner the 
potentiometers 5 and 6 may be brought into a 
desired position, relay H being released at i 
When the next switching pulse is transmitted. 
When the 'Off' signal is given, relay E oper 

ates and locks, tube 95. fires and relay 60 re 
leases as previously described. While this is a 
positive pulse, tubes 2 through 24 will be en 
ergized only for an instant since power will be 
removed therefrom as soon as the armatures of 
relay 00 are restored to unattracted position. 
The receiver 3 and the selector circuit of Fig. 2 
now remains quiescent until the next “On' pulse 
is sent over the line. 
Where the "On' pulse is used to connect not 

Only the plates but also the heaters (not shown) 
of tubes 2-24 to their respective sources of 
Current, false operation may result from the 
transmission of a switching pulse before these 
tubes have had time to warm up sufficiently. 
Another source of error resides in the possibility 
that a control knob be displaced, either at the 

5 local or at the distant station, while the two 
stations are not interconnected for remote con 
trol (i.e. before, an “On' pulse or after an 'Off' 
pulse has been transmitted). Although subse 
quent manipulation of the disaligned control, 
after remote control has been established, will 
immediately restore the correlated potentiom 
eters to corresponding positions, it may happen 
that the operator desires to leave this particular 
control in its position and the maladjustment 
may remain unnoticed for a prolonged period. 
ASsume, for example, that the band switch 

knob 20, Fig. 1, had been brought into the posi 
tion shown while the remote station was quies: 
cent. After the “On' switch has been depressed, 
the operator, being satisfied with the positioning 
Of that knob and believing the receiver to be ad 
justed accordingly, proceeds with the manipula 
tion of tuning control f8 and volume control 9, 
unaware that he is receiving an unwanted band 
of frequencies. Since no "band Switch' pulse is 
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ever transmitted, potentiometer T will remain 
unaffected and retain a setting which is different 
from that of the corresponding control potenti 
Ometer 23. 
A similar situation may arise with respect to 

tuning control, but not with respect to volume 
control where the operator will be able to deter 
mine immediately if the setting of the receiver is 
satisfactory. 

In accordance with another feature of the in 
vention, the above inconveniences may be avoided 
by the provision of a timer circuit as shown in 
Fig. 3. As indicated, the circuit of Fig. 3 replaces 
that part of the control circuit which is shown be 
tween the lines X-X and Y-Yin Fig. 1, includ 
ing “On' switch 30, “Off” switch 3? and conductor 
48. This timer is provided with two banks of 
contacts (5, 52 having wipers 53, 54 driven 
from an A.-C. motor 55 which is energized by a 
Source of alternating current 56. Contact bank 
5 comprises the arcs or segments 5ta, 5b, 
5 fc and 5d; contact bank S2 comprises the 

arcs or segments 52a, 52b, f 52c, ? 52d and 52e. 
A manually operable “On-Off' switch 57 has 

its "On' contact connected to arc or Segment 
5a and its 'Off' contact to arc, or segment 
5tc.; segments f5b and 5 d are connected to a 
conductor 58, as are the movable arm of switch. 
5 and one terminal of motor 55. Conductor 
f59 connects motor 55 and source 56 in Series 
to the wiper 53. There may further be provided 
a synchronization circuit generally indicated at 
60. - 

A conductor 6f connects wiper f 54 to its power 
source (battery 33). Conductors f62, 63 and 64 
connect segments 52d., 52b and 52c to the 
“On' relay A, the “band switch' relay D and the 
“tuning' relay B, respectively; conductors 63 
and 64 also connect relays D and B to their re 
spective actuating switches 29 and 27. The “vol 
ume' relay C is through-connected to its actu 
ating switch 28 by a conductor 65 having no 
connection with the timer. Conductor 66 con 
nects the winding of relay 44 in series with gen 
erator 43 and tube 42, its armature connecting 
conductor 4 to arc 52d. 
The 'Off' relay E is connected to segment 52e 

over a conductor 67. 
The operation of the timer circuit is as follows: 
Since the energizing circuit of motor S5 is open : 

at switch 57, nothing will happen until the Switch 
is brought into its “On' position where it will be 
left as long as communication with the distant 
station is desired. Motor 55 now energizes: Con 
ductor 58, switch 57, segment 5a, wiper 53, 
conductor f 59, generator f36. Wiper 53 begins 
to travel in a counterclockwise direction and, on 
reaching segment 5f b, closes the following cir 
cuit: Conductor 58, segment f5 b, wiper f 53, 
conductor 59, generator 56, motor f 55. The 
motor remains energized until the Wiper reaches 
segment 5 fc. 
Wiper 54 is displaced synchronously with 

wiper 53. As it reaches segment 52d, relay A 
is energized, sending an “On' pulse over the line: 
Battery 33, conductor f6 f, wiper 54, segment 
52a, conductor 62, left-hand winding of relay 

A, conductor 49. After an interval sufficient to 
place the remote station in full operative con 
dition, wiper 54 engages segment f$2b and a 
band switch Synchronizing pulse is transmitted 
by the energization of relay D: Battery 33, con 
ductor 6, wiper 54, segment 52b, conductor 
f63, left-hand winding of relay D, conductor 49. 
Similarly, a tuning control synchronizing pulse 
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is Subsequently sent out by the energization of 
relay B over a circuit which includes segment 
52c and conductor 64. 
When the timing motor stops, wiper 54 is in 

contact with arc 52d. In this position, con 
ductor 47 is connected to battery 33 via the 
armature and back contact of relay 44, segment 
52d, wiper 54 and conductor 62, thus placing 
the relays B, C and D under the control of their 
respective clutch-operated switches 27, 28 and 
29 for the first time. False operation is again 
prevented by the energization of relay 44 when 
a positive pulse appears across the transmission 
line , 2. 
When the Switch 57 is thrown into 'Off' 

position, motor 56 again energizes: Conductor 
f58, switch 57, segment f 5 fc, wiper 53, con 
ductor 59, generator 56. Wiper 53 continues 
to advance and maintains motor 55 energized, 
over segment fd, until it comes to rest in the 
position illustrated. As the wiper 56 passes 
Segment 52e, relay E is energized: Battery 33, 
conductor 6, wiper 54, segment 52e, con 
ductor f6 7. Thus an 'Off' pulse is sent to the 
Selector circuit at the remote station. 
The transmission of the "band switch' and 

"tuning control' synchronization pulses insures 
that the Settings of the respective potentiometers 
at the remote station correspond to the settings 
of those at the control station when the system 
is ready for manual control. It will, of course, 
be understood that a receiver or other apparatus 
to be operated in the manner described may have 
a larger number of controls than herein illus 
trated and that quite a few of these controls 
may be of Such nature that the operator cannot 
readily ascertain the absence of synchronization. 
In Such cases the transmission of three, four or 
more Synchronizing pulses by the timer may be 
required before the system is placed in condition 
for manual operation. 
The synchronization circuit 60 comprises a 

manual Switch 68 connected to generator 56 
over a conductor f69, and a relay fle shunted 
by a condenser 7 and connected to segment 
5c by way of a rectifier 72. The provision of 

this circuit enables the operator to check the 
Synchronization of the controls referred to when 
the timer is in its operative position (wiper 53 
on arc 5 c, wiper 54 on arc 52d). When the 
switch 68 is momentarily depressed, rectified 
current from generator 56 flows through relay 
70 by way of conductor 59, wiper 53, segment 
5 fc and conductor f 69, relay to locking over 

its lower armature. . At its upper armature relay 
To connects motor 55 to segment 5c, causing 

the wipers to advance just as if Switch 5 had 
been placed in its “Off’ position. When the 
wiper 53 leaves segment 5 fc, relay 70 releases. 
When the Wiper finally reaches segment 5 fat, it 
does not stop in the position shown in the draw 
ing because switch f 57 is still in its “On' position. 
Thus the timer steps round until it returns to its 
operative position, having thus completed a full 
cycle during which, successively, an “Off’ pulse, 
an “On' pulse and the synchronizing pulses for 
the band switch and tuning control were sent 
over the line. Proper synchronization has there 
by been insured and the transmission continues. 
A further refinement, designed to eliminate 

errors due to variations in the firing point of the 
thyratrons, is illustrated in Figs, 4 and 5. It is 
known that external factors, such as changes in 
the ambient temperature and fluctuations in the 
power supply, may critically affect the biasing 
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voltage at which a gas-filled-tube, for example a 
thyratron, becomes ionized. Such instability 
would, of course, necessitate a wide separation of 
the various pulse levels which, in turn, would 
lead to very high signaling voltages if the num 
ber of functions to be controlled is large. 
The biasing arrangement in Fig. 4 is adapted 

to enhance the stability of the firing point of a 
thyratron, e. g. thyratron 23, Fig. 2, So as to 
render the same responsive to switching pulses 
of accurately predeterminable minimum ampli 
tude only. Tube 23 obtains its biasing potential 
from terminal f 26 of potentiometer 28 to which 
its control grid is connected by way of a current 
limiting resister, indicated at 3. The Screen 
grid of tube f23 is biased negatively by means: of a 
battery T4 connected across a voltage divider 
which consists of the resistances 5 and 6. 
The element 76 also functions as the cathode 
resistor of a vacuum tube 77 whose grid is con 
nected to terminal 26 by way of a resistor 0. 
At 79 there is shown a battery delivering anode 
voltage to the plate of tube fill by way of a re 
sistor f39. The input resistor f8 corresponds to 
that portion of voltage divider 28 across which 
the bias voltage for thyratron:23 is developed. 
The provision of battery fil4 and voltage di 

wider 75, fl. 6 biases the screen grid of the thyra 
tron so that the firing potential is increased be 
yond that of the pulse to which the thyratron 
should respond. Also, tube fill is biased to cutoff 
by the potential normally existing on terminal 
i:26. If, however, a positive pulse of the desired 
magnitude is received, tube becomes conduc 
tive and a voltage drop appears across resistor 
TG which opposes the bias impressed upon the 

screen grid of the thyratron by the battery 4, 
thereby lowering the exciting voltage of tube 23 
to that corresponding to the incoming pulse. 
The critical adjustment of the bias on tWO 

grids of a thyratron tends considerably to stabi 
lize the minimum voltage at which the tube be 
comes conductive. Even more effective in this 
regard is the arrangement of Fig. 5, showing a 
modification of the portion of the circuit of Fig. 4 
which is between lines 2-Z and W-W. In this 
modification the resistor T5 is replaced by a 
vacuum tube 82 having a variable cathode re 
sistor f 83. The effect of the arrangement of Fig. 
5 is that, as soon as the tube fill becomes con 
ductive, the current through tube 32 will increase 
whereby, due to the cathode follower effect of 
resistor 83, the inner resistance of tube 82 will 
increase, thereby driving the screen grid of tube 
f23 even more sharply positive when a pulse Suffi 
cient to render tube 77 conductive is received. 
The variability of resistor -83 allows for the ac 
curate adjustment of the bias of tube f23. 

It will be understood that the arrangement 
of Fig. 4 or 5 may be applied not only to the thyra 
trons of Fig. 2 but also to tube 42 of Fig. 1, if de 
Sired. 

Although the invention has been described with 
reference to the renote Control of a radio re 
ceiver, it is by no means limited to a system of 
this character but may be adapted to a variety 
of purposes. An obvious field for its application 
is, for example, in combination with automatic 
telephone systems wherein the control station 
represents a calling subscriber and the controlled 
station a central office having means for con 
necting the calling subscriber with a selected one 
of a plulality of other SubscriberS. Again, the 
subscriber may be a broadcast listener connected 
by Way Of a transmission line to a central station 
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receiving a plurality of programs, transmission 
of a particular switching signal enabling Such 
Subscriber to be connected to a Specific One of the 
programs received at the central Station. 

Furthermore, it is to be understood that the 
specific circuit elements disclosed, or their rela 
tive arrangement, may be modified in various 
ways without departing from the Spirit or ex 
ceading the scope of the invention. It will be 
possible, for example, to replace the two-wire 
transmission line herein referred to by a Single 
wire with ground return, by a coaxial cable, or 
by any other transmission channel capable of 
transmitting D.-C. voltages. What we claim as 
novel, and desire to Secure by Letters Patent, is: 

1. In a remote control system, in combination, 
a conductive transmission channel, a Source of 
D.C. potential at one end of Said channel, means 
including said source for applying a Selected one 
of a plurality of predetermined D.-C. voltages to 
said channel for transmission to the other end of 
said channel, a plurality of loads at Said other 
:end, a plurality of Selectively biased selector ele 
ments at Said other end, means including said 
Selector elements for connecting a respective one 
of said loads to said channel as determined by 
the magnitude of the Selected voltage, and a 
plurality of Switching elements actuatable by the 
said selector elements, respectively, and provided 
with locking means, said locking means being 
interconnected so that only an end element in 
a chain of actuated Switching elements will re 
main actuated after the associated selector ele 
ments have become inoperative. 

2. The combination according to claim 1, 
wherein each of said loads is connectable to said 
channel by means of a respective switching cir 
cuit arranged to be completed when all but a 
corresponding one of said switching elements 
are unactuated. 

3. A remote control System comprising a con 
trol station, a remote station and a conductive 
channel interconnecting Said stations; said con 
trol station comprising a plurality of sources of 
different but fixed potentials, and pulse generator 
means Operable to connect a selected Source of 
potential to said channel whereby a D.-C. voltage 
pulse of a magnitude corresponding to the poten 
tial of Said Selected source is transmitted to said 
remote station; said remote station comprising 
a plturality of voltage-responsive elements, bias 
ing means making each of said elements respon 
Sive to a respective minimum voltage only, said 
minimum voltages substantially corresponding to 
said fixed potentials, respectively, a plurality of 
Switching elements each actuatable by a respec 
tive voltage-responsive element when the latter 
responds, locking means interconnected so that 
Only an end element in a chain of actuated switch 
ing elements will remain actuated after the re 
Sponse of the aSSociated voltage-responsive ele 
ments has ceased, a plurality of loads, and a 
plurality of Switching circuits each arranged to 
connect a respective load to said channel when 
all but a respective one of said switching ele 
mentS are unactuated. 

4. A System according to claim 3, wherein said 
channel is terminated at the remote station in an 
impedance which is high relative to the internal 
impedance of any of said potential sources. 

5. A System according to claim 3, wherein said 
voltage-responsive elements are normally discon 
nected from said channel, and wherein an ad 
ditional voltage-responsive element is provided 
responsive to any of said pulses and arranged to 
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connect all of said normally disconnected ele 
ments across said channel at the beginning of 
each pulse. 
6. A remote control system comprising a control 

station, a remote station and a transmission line 
interconnecting said stations; said control sta 
tion comprising a plurality of Sources of different 
but fixed potentials, a plurality of manually con 
trollable switches, and pulse generator means op 
erative upon actuation of any one of Said Switches 
to connect a respective one of said sources acroSS 
said line for a predetermined period, whereby a 
D.-C. voltage pulse of a iihagnitude corresponding 
to the potential of said respective source is trans 
mitted to said remote station; said remote station 
comprising a plurality of normally non-conduc 
tive electronic devices, voltage-responsive means 
for connecting the inputs of Said devices in 
parallel across said line, biasing means arranged 
to render each of said devices conductive upon 
application thereto of a minimum voltage corre 
sponding to the potential of a respective one of 
said sources, a plurality of relayS each Operable 
upon excitation of a respective one of Said devices, 
said relays having armatures connected in circuit 
in the order of the magnitudes of the exciting 
voltages of the associated electronic devices, at 
least certain of said relays having front and 
back contacts, the connection of Said armatures 
being such that a holding circuit is closed only for 
that one of a series of operated relays which is 
controlled by the electronic device having the 
highest exciting voltage, a plurality of loads, and 
circuit means including a front contact of the re 
spective relay and back contacts of all other of 
said relays for respectively connecting each of 
said loads across said transmission line. 

7. A system according to claim 6, wherein Said 
voltage-responsive means comprise an additional 
electronic device responsive to pulses derived from 
any of said sources, and a further relay operative 
upon excitation of said additional device. 

8. A system according to claim 7, comprising 
yet another relay operative upon excitation of 
said additional device to open the holding circuit 
of any relay previously operated, and circuit 
means including said further relay for de-energiz 
ing said other relay shortly after the beginning 
of a pulse. 

9. A system according to claim 6, wherein 
said pulse generator means include a set of con 
trol relays each energizable upon actuation of a 
respective one of said manually controllable 
switches, each of said control relays being pro 
vided with a holding circuit including back con 
tacts of all other control relays whereby only 
one control relay will remain energized Subse 
quent to the actuation of said respective Switch. 

10. A system according to claim 9, wherein 
said pulse generator means further include a 
reactance in series with all of said holding cir 
cuits, and relay means operable in response to 
a current surge through said reactance to dis 
connect said respective source of potential from 
said line. 

11. A system according to claim. 6, further con 
prising an electronic device connected across said 
transmission line and responsive to voltages de 
rived from any of said sources to disable all of 
said manually operable Switches until the pulse 
applied to the line has decayed below a prede 
termined level. 

12. A remote control system comprising a Con 
trol station, a remote station and a transmission 
line interconnecting said stations; said control 
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4. 
station comprising a source of positive potential, a 
source of negative potential, a plurality of addi 
tional sources of fixed but different potentials of 
given polarity, first switch means operable to 
connect one of the two first-mentioned sources 
across said line whereby an "On' signal is Sent 
to said remote station, second switch means oper 
able to connect the other of the two first-men 
tioned sources across said line whereby an "Off' 
signal is sent to said remote station, and a plu 
rality of third switch means each operable to 
connect a respective one of Said additional sources 
across said line whereby a respective switching 
signal is Sent to said remote station; said remote 
station comprising a plurality of loads, a plu 
rality of electronic selector means each adapted 
to connect a respective one of said loads across. 
said line in response to a respective one of Said 
Switching Signals, a first electronic Switch re 
sponsive to said "On' signal to connect power to 
Said electronic selector means so as to place the 
Sane in condition to respond to said Switching 
signals, and a second electronic Switch responsive 
to said 'Off' signal to disconnect power from said 
electronic Selector means. 

13. A system according to claim 12, wherein 
Said "Off' signal is of the same polarity as said 
Switching signals. 

14. A System according to claim 13, wherein 
said "Off' signal is of greater magnitude than any 
of Said Switching signals. 

15. A System according to claim 12, wherein 
Said Switch means include a timer operable to 
Send at least certain of said pulses over said line 
in a predetermined order. 

16. In a control System, in combination, a gas 
filled electron tube having a cathode, an anode 
and at least two grids, a Source of control voltage 
connectable across said cathode and one of said 
grids, a biasing circuit for the other of said grids 
normally maintaining said other grid at a po 
tential sufficiently negative to prevent applica 
tion of Said control voltage to said one grid from 
ionizing said tube, an electronic control device 
having an input circuit and an output circuit, 
an impedance common to said output and bias 
ing circuits, and a connection for applying said 
control voltage to said input circuit so that a 
voltage drop Sufficient to render said tube con 
ductive will be developed across said impedance. 

17. The combination according to claim 16, 
wherein said control device is a vacuum tube 
biased to cutoff in the absence of said control 
voltage. 

18. The combination according to claim 16, 
Wherein said common impedance is a cathode 
resistor of Said control device. 

19. The combination according to claim 18, 
wherein Said biasing circuit comprises a resistor 
and a vacuum tube having at least three elements, 
Said elements including an anode connected to 
said impedance, a cathode connected to said re 
sistor and a grid connected to a point of fixed 
potential. 
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