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My present invention relates to apparatus 
adapted to respond to electric currents or 
impulses and more particularly to apparatus 
which is adapted to be actuated in response 
to an electrical condition only at the end 
of a predetermined time interval after the 
electrical condition has been produced. 
More specifically my invention relates to 

a time limit apparatus for delaying the oper 
ation of a relay or other electro-responsive 
mechanism. " . . . a 

One of the objects of my invention is to 
provide a time limit apparatus which will not depend upon any moving parts for the in 
troduction of the time limit feature of its 
operation and which will at the same time 
be positive and reliable in its action. 
Another object of my invention is to pro 

vide an apparatus in which the time required 
for operation may be fixed at any desired 
value. 
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In carrying my invention into effect I pro 
vide an electrical energy storage means for 
controlling the operation of an electro-re 
sponsive device. The operation of the elec 
tro-responsive device is dependent upon 
the amount of electrical energy in the 
energy storage means. In order to produce 
an operation of the electro-responsive device 
means may be provided for causing a change 
in the amount of energy stored in the energy 
storage means. Means may also be pro 
vided for controlling the rate of change in 
the amount of stored energy. By adjust 
ment of this last mentioned means the time 
required for a change in the amount of stored 
energy from a value at which the electro-re 
sponsive device will not operate to a value 
at which it will operate may be fixed at any 
period desired. 

In the specific embodiment of my inven 
tion, which I am about to describe, I employ 
in conjunction with the energy storage 
means a means which is controlled by the po 
tential resulting from the stored energy, 
which potential is of course dependent upon 
the amount of stored energy. One conven 
ient form of potential operated device is a 
three electrode electron-discharge device 

having associated therewith the usual grid 
or control circuit and plate or output circuit. 
The novel features which I believe to be 

characteristic of my invention are set forth 
With particularity in the appended claims. 
My invention itself, however, both as to its 
organization and method of operation will 
best be understood by reference to the follow 
ing description taken in connection with the 
accompanying drawings, in which Fig. 1 
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O 
shows diagrammatically a circuit organiza 
tion embodying my invention, and Fig. 2 
shows the utilization of my invention in a 
Selective calling system for telephone com 
munication. 
I have indicated in Fig.1 of the drawings 

an electron discharge device 1 of the three 
65 

electrode type having the usual cathode 2, 
anode 3 and grid 4. The output or plate 
circuit of this device comprises the usual 
Source of energy 5 and winding 6 of a relay, 
the armature 7 of which, when the relay is 
energized makes contact at 8 for closing a 
circuit. When the relay is not energized 
the armature 7 makes contact at 9 and there 
by may close the second circuit. 

In the grid or control circuit of device 1 
there is included in parallel an energy stor 
age device consisting of a condenser 10, a 
high resistance 11, and the battery 12 hav. 
ing its negative terminal connected to the 
grid 4 through a switch 13. This battery is 
of Such a value that the negative potential 
impressed thereby upon the grid 4 is sufficient 
to either entirely interrupt the current in the 
plate circuit, or reduce it to such a value that 
the Winding 6 will not be energized sufi 
ciently to operate the relay. If then the bat 
tery 12 is disconnected from the grid as by 
opening the Switch 13, the grid will still be 
negative by reason of the charge upon the 
condenser 10. The energy 
condenser 10, however, will gradually be dis 
charged through the resistance 11 until the 
potential of the grid 4 has fallen to such a 
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stored up in the 

9. 
value as to permit enough current to flow in 
the output circuit of device 1 to operate the relay. 
The time required for this operation to take 

place will depend of course upon the amount Ra 



O 

2 
of energy stored in the condenser 10 and the 
value of resistance 11, as well as the difference 
between the normal potential of the grid 4 
and potential at which sufficient current will 
be permitted to flow in the plate circuit to 
operate the relay. 
By adjustment of these different variables 

the time interval between the opening of 
switch 13 and the operation of the relay may 
be fixed at any desired value. The time delay 
varies directly as the product of the resist 

5 

ance and capacity and with the logarithm of 
the ratio between the charging voltage and 
the grid voltage at which the relay operates. 
I have found that in actual practice the pe 
riod may be fixed very accurately at any value 
desired and that the period will remain con 
stant over long intervals of operation. 
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In the system shown in Fig. 2 I have illus 
trated the application of a time delay device, 
such as described in a system adapted for 
receiving a call and ringing a bell or operat 
ing any other desired form of signal, and also 
a system for transmitting a call for ringing 
a bell at another desired station. This sys 
tem is especially suitable for operation on 
the so-called carrier current telephone com 
munication system although it may be ap 
plied to ordinary wire or radio communica 
tion. In the system illustrated operation is 
produced by the interruption of a calling cur 
rent. When the system is to be used for re 
ceiving a call the calling current, which may 
be a modulated high frequency current, is 
received and detected by any suitable appara 
tus, and the detected current impressed by 
means of the transformer 14 upon the input 
circuit of device 1. When current is thus re 
ceived the potential of the grid 4 is raised 
sufficiently to cause the operation of the re 
lay 6, which closes the contact at 8 and com 
pletes a circuit from the battery 15 through 
the winding 9 of a selector relay 10'. This 
selector relay 10' is of any well known type, 
which may be adjusted to respond only to 
a predetermined succession of impulses. 
When the calling current is interrupted the 
relay 6 immediately releases its armature and 
the circuit through winding 9 is thus broken. 
Thus it will be seen that the circuit through 
the winding 9’ is opened at each interruption 
of the calling current and immediately closed 
when the calling current starts again. When 
the number of interruptions in the calling 
current and the order in which these inter 
ruptions are produced corresponds, to the 
number fixed with the operation of the selec 
tor 10’, contact is made at 11, thereby clos 
ing the circuit from the source 15through 
the bell 16. This circuit will remain closed 
as long as the calling current continues as the 
relay 6 will remain energized. 
The system is provided with a telephone 

instrument which may be of the type com 
monly used in machine switching telephone 
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systems. This is indicated merely diagram 
matically in the drawings as comprising the 
usual receiver 1, transmitter 17a and a dial 
ing device 18. When the call is received in 
the manner described the person answerin 
the call removes the telephone receiver 1 
from the hook and thereby closes contacts 
19 and 20. Contact 19 completes a circuit 
from the negative terminal of the source 15 
through the contact 21 of the dialing mecha 
nism and the winding 22 of a master relay 
back to the positive terminal of source 15. 
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This relay operates to open contacts at 23 
and 24, and make contacts at 25, 26. By the Qpening of contact 23 the secondary of trans 80 
former 14 is disconnected from the grid cir- . 
cuit, thus precluding any possibility of sup 
plying energy to the device 1 during subse 
quent operations. The opening of contact 
24 and making contact 25 disconnects the 
battery 12 from the grid circuit and connects 
resistance 11 and condenser 10 directly to 
the grid through the connection 27. The 
condenser 10 being fully charged and the 
calling current supplied to grid 4 being in 
terrupted the relay 6 will de-energized 
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and its armature 7 will be making contact 
with the lower contact 8a, The winding 9' 
being deemergized the contact at 11' will 
open and the bell circuit will be interrupted. 
At the same time that contact is made 
at 26 a circuit is closed from the positive ter 
minal of source 15 through contacts 8a and 
26 and the winding 28 of a relay. This relay 
being energized breaks contact 29 and makes 
contact at 30. The result of this is to con 
nect the tone generator or source of calling 
current 31 through the primary winding 32 
of the transformer 33 and to disconnect the 
microphone 17 from this primary. 
The tone generator 31 is driven by a motor 

34, which is supplied with current from a 
battery 15. The motor circuit is closed by 
means of relay 35, which in turn is energized 
by the making of contact 19 when the receiver 
is removed from the hook. At the same time 
that relay 35 operates, other mechanism may 
also be brought into action to start the op 
eration of the transmitting equipment for 
producing modulated high frequency cur 
rent. A short time will be required for this 
apparatus to come into operation, hence the 
tone generator 31 will not immediately cause 
a calling signal to be sent out. By the time 
the transmitting equipment is in condition 
for operation the charge on condenser 10 
will have been reduced sufficiently to permit 
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the operation of relay 6. This will open the 
circuit through relay 28 and disconnect the 
tone generator from the microphone trans 
former and connect the microphone. The 
system will then be ready for transmitting 
conversation. 
When the operator desires to call another 

station he removes the receiver 17 from the 30 
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hook and gives the transmitting set time to 
come into operation. The same cycle, of relay operations takes place as described 
previously. The operator then dials the 
called station in the usual way. Upon re 
leasing the dial for each digit in the call the 
dial returns to normal, breaking the circuit 
through the master relay 22 as many times 
as there are units in the digit. On each in 

10 terruption the master relay 22 opens and 
also instantly closes again. For each inter 
ruption therefore the condenser 10 and 
discharge resistance 11 are momentarily 
connected across the battery 12 and then re 

15 connected to the grid 4. This action keeps 
the charge on the grid negative throughout 
the dialing process and the relay 6 thus re 
mains deenergized. For this purpose the 
time delay should be made great enough so 

20 that the relay will not operate during the 
normal period between dialing of the suc 
cessive digits of the number called. The in 
terruption in the calling current is effected 
by the momentary break at the contact 26 and 

25 the consequent break at contact 30. 
The calling system described may prop 

erly be termed an interrupter system rather 
than an impulse system of calling as the 
impulses are of long duration with respect 

30 to the interruptions. A system using short 
impulses and long interruptions will be 
much more susceptible to static or other dis 
turbances giving the effect of extra impulses 
in the received signal train and therefore 

35 causing failure to complete the desired call 
or the making of a false call. 
The grid circuit of device 1 is preferably 

shif by a by-pass condenser 36 of com 
paratively small value for the purpose of 

40 protecting the device 1 from damage due to 
high frequency pick-up when the transmit 
ting equipment is in operation. 
What if claim as new and desire to secure 

by Letters Patent of the United States, is: 
1. The combination of an electrical circuit, 

an electron discharge device comprising a 
cathode and an anode connected between dif 
ferent parts of said circuit and with a grid 
arranged to control the current transmitted 
between said cathode and anode, energy stor 
age means connected between said cathode 
and grid, energy dissipating means connected 
in parallel with said storage means, a source 
of energy, switching means arranged to con 
nect said source between said grid and cath 
ode in parallel with said storage and dissipat 
ing means and to disconnect said source from 
said storage means whereby the current in 
said anode is controlled by said energy stor 
age means after said source is disconnected, 
and a transformer having a secondary wind 
ing connected between said grid and cathode 
whereby alternating electromotive force may 
be applied to said grid. 

65 2. The combination of an electrical circuit, 
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between said cathode and anode, energy stor 

3 

an electron discharge device comprising a 
cathode and an anode connected between 
ferent parts of said circuit and with a grid 
arranged to control the current transmitted 
between said cathode and anode, energy stor 
age means and energy dissipating means con 
nected in parallel between said grid and cath 
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ode, means for supplying-energy to said stor 
age means, and means connected between said 
grid and cathode in series with said storage 75 
and dissipating means for causing current to 
be transmitted through said circuit indicat 
ing means responsive to said current, trans 
mitting means, means for simultaneously op 
erating said transmitting and energy 
means, and means including the energy stor 
age and dissipating means for interrupting 
the operation of said transmitting means 
after a predetermined time interval. 

3. The combination of an electrical circuit, 
an electron discharge device comprising a 
cathode and an anode connected between dif 
ferent parts of said circuit and with a grid 
arranged to control the current transmitted 
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age means connected to said grid and cathode, 
energy dissipating means connected in par 
allel with said storage means, a source of 
energy, Switching means arranged to connect 
said source between said grid and cathode in 
parallel with said storage and dissipating 
means and to disconnect said source from said 
grid and storage means whereby the current 
in said anode is controlled by said energy 
storage means after said source is disconnect 
ed from said grid and storage means by said 
switching means, and means connected be 
tween said cathode and grid in series with 
said source for causing a modulated high fre 
quency potential to be applied to said grid. 

4. The combination of an electrical circuit, 
an electron discharge device comprising a 
cathode and an anode connected between i 
ferent parts of said circuit and with a grid 
arranged to control the current transmitted 
between said cathode and anode, energy stor 
age means connected between said grid and 
cathode, energy dissipating means connected 
in parallel with said storage means, a source 
of energy, switching means arranged to con- 115 
nect said source between said grid and cath 
ode in parallel with said storage and dissipat 
ing means whereby the current in said anode 
is controlled by said energy storage means 
after said source is disconnected from said 
grid by said switching means, a relay con 
nected in said electrical circuit, and high fre 
quency current supply means connected be 
tween said grid and cathode in series with 
said source for energizing said relay. 

5. The combination of an electrical circuit, 
an electron discharge device comprising a 
cathode and an anode connected between dif 
ferent parts of said circuit and with a grid 
arranged to control the current transmitted 80 
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4. 

between said cathode and anode, energy stor 
age means connected between said grid and 
cathode, energy dissipating means con 
nected in parallel with said storage means, 
a source of energy, switching means ar 
ranged to connect said source between 
said grid and cathode in parallel with 
said storage and dissipating means, a relay 
connected in said electrical circuit, high fre 
quency current supply means connected be 
tween said grid and cathode in series with 
said source for energizing said relay, and 
additional means controlled jointly by said 
relay and said switching means. 

6. In combination, a space discharge de 
vice provided with an anode, a cathode and 
a grid for controlling the current flowing be 
tween said cathode and anode, energy storage 
means and energy dissipating means con 
nected in parallel between said grid and cath 
ode, an energy source connected between said 
grid and cathode, a pair of transmitting de 
vices, a circuit for each transmitting device, 
means for interrupting the connection of 
Said energy source between said grid and 
cathole and for simultaneously completing 
a circuit for one of said devices, and means 
responsive to current flowing between said 
anode and cathode to interrupt said circuit 
and to complete a circuit for said other trans 
mitting device when the energy of said stor 
age device has decreased to a predetermined 
Value. 

7. In combination, a space discharge de 
vice provided with an anode, a cathode, and a 
grid for controlling the current flowing be 
tween said cathode and anode, energy storage 
means and energy dissipating means con 
nected in parallel between said grid and 
cathode, an energy source connected between 
said grid and cathode, a pair of transmit 
ting devices, a circuit for each transmitting 
device, means for interrupting the connec 
tion of said energy source and for simul 
taneously completing one of said circuits, and 
means connected between the anode and 
cathode for interrupting said circuit and 
completing the other circuit at a prede 
termined time after interrupting the con 
nection of said source. 

8. The combination in an electrical sys 
tem of an electron discharge device having in 
put and output circuits, a condenser, a source 
of potential and a resistance all connected in 
parallel in said input circuit, a relay which 
is responsive to the current in said output cir 
cuit, means for disconnecting the source of 
potential, from the input circuit, the whole 
being so arranged and proportioned that the 
relay will operate at a predetermined time 
interval after the source of potential has been 
disconnected from the input circuit, and ad 
ditional means for applying electromotive 
force to the grid to cause instantaneous oper 
ation of said relay. 
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9. The combination in an electrical system 
of an electron discharge device having a 
cathode, an anode and a grid, and having 
grid and output circuits associated therewith, 
a relay which is responsive to the current in 
the output circuit, a source of potential, a 
condenser and a resistance all connected in 
parallel in said grid circuit in such a way 
that the potential of the grid is normally of 
such a negative value that the relay will not 
be energized, means for disconnecting the 
source of potential from the grid circuit, the 
whole being so arranged and proportioned 
that the relay will operate by reason of the 
decrease in the negative potential of the grid 
at a predetermined time interval after a 
source of potential has been disconnected 
from the grid circuit, and means for apply 
ing alternating electromotive force to the grid 
to cause instantaneous operation of the relay. 
In witness whereof I have hereunto set my 

hand this 6th day of December, 1924. 
EMMETT F. CARTER, 
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