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To all whom it may concern; 
I3e it known that I, ALBERT W. Hu LL a 

citizen of the United States, residing at 
Schenectady, in the county of Schenectady, 
State of New York, have invented certain 
new and useful Improvements in Signal 
Receiving Systems, of which the following 
is a specification. . 
My present invention relates to signal re 

ceiving systems and more particularly to 
systems for receiving continuous wave 
signals of radio frequency. 
One of the objects of my invention is to 

provide a simple and efficient apparatus and 
method for receiving continuous wave 
signals whereby an audible indication of 
desired signals which are normally incapa 
ble of giving such an indication may be ob 
tained. 
In carrying my invention into effect I in 

clude in the circuit upon which the signaling 
currents to be detected are impressed, an 
electron discharge device so that the signal 
ing current flowing in the circuit is carried 
through this device by means of electrons. 
By varying the number of electrons which 
can flow between the electrodes of this de 
vice the resistance of the circuit may be 
varied in any manner desired. In the pres 
ent case I prefer to vary the number of 
electrons flowing by means of an electro 
static field produced upon a grid electrode 
which is properly positioned to vary the 
flow of electrons. If the potential of this 
grid electrode is varied periodically between 
suitable positive and negative values at a 
frequency somewhat different from that of 
the signaling currents to be detected, the 
l'esistance of the signaling circuit will be 
varied between maximum and minimum 
values and the current in the circuit may be 
caused to vary at an audible frequency. 

I also preferably arrange the electron dis 
charge device in such a way as to produce a 
negative resistance between the cathode and 
the controlling grid. By tuning the circuit 
between cathode and controlling grid oscil 
lations will be produced in that circuit and 
the potential of the grid will automatically 
be caused to vary periodically at the fre 
quency of the oscillations produced. 
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 fol 
lowing description taken in connection with 
the accompanying drawing in which Figs. 
1 and 2 show two different circuit arrange 
ments which may be employed in carrying 
my invention into effect, and Fig. 3 
represents a set of characteristic curves 
showing the relation between current in the 
signaling circuit and the potential impressed 
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upon that circuit for different values of potential of the controlling grid. 
As indicated in Fig. 1 of the drawing, I 

utilize an electron discharge device 1, which 
comprises an electron emitting cathode 2, an 
anode 8, a third electrode 4 and a discharge controlling grid 5. A battery 6 which is 
connected in the circuit between the cathode 
2 and the anode 3 may also serve to furnish 
the operating potential for the other elec 
trodes. In the present case, the third elec 
trode 4 is connected to a point 7 in the bat 
tery and the grid 5 is connected to a point 
8 so that both of these electrodes will be 
maintained normally at positive potentials 
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lower than that of the anode 3. These po 
tentials are so chosen that the circuit be 
tween cathode 2 and grid 5, as well as the . 
circuit between cathode 2 and third elec 
trode 4, will have negative resistance char 
acteristics. Signaling potentials received 
upon the antenna 9 are impressed upon the 
secondary of transformer 10 which is includ 
ed in the external circuit between cathode 
and anode as well as in the external circuit 
between cathode and third electrode. By 
including the input coil in both of these cir 
cuits the tendency of the device to produce 

90 

oscillations in the circuit between cathode 2 
and third electrode 4 by reason of the nega 
tive resistance characteristic of that circuit 
is eliminated, the potential of the cathode 
2 is also varied with respect to both anode 
and third electrode. An inductance 11 and 
variable capacity 12 are included in the cir 
cuit between the cathode and grid 5. This 
circuit having a negative resistance char 
acteristic oscillations will be produced there 
in, the frequency of which may be varied by 
adjusting the capacity 12. A variable ca 
pacity 13 may also be inserted in shunt to 
the secondary of transformer 10 for tuning 
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the signaling circuit to the frequency of the incoming signals. 
The operation of the device will best be 10 
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understood by reference to the curves of 
Fig. 3 which show the relation between 
plate potential and plate current for differ 
ent values of potential of the grid 5. The 
curve A represents the current for a high 
otential of the grid 5 and curve D for a 
ow or negative potential of the grid 5. It 
will be apparent from an inspection of these 
curves that the effect of varying grid po 
tential is to produce a variation in the ap 
parent resistance of the circuit between 
cathode and third electrode. In the normal 
operation of the system the point 7 on the 
battery 6 is chosen to correspond with the 
voltage C at which the current flowing be 
tween cathode and third electrode is zero. 
As long as the potential remains at this 
point the variation in the potential of the 
grid 5 will produce no changes in the cur 
rent flowing in the circuit between cathode 
and third electrode. If, however, a signal 
ing potential is impressed upon the second 
ary of transformer 10 so that the total po 
tential of electrode 4 corresponds to the 
voltage E, the variation in the potential of 
the grid will vary the apparent resistance 
of the circuit between cathode and third 
electrode between a substantially infinite 
value at which the current is zero and a 
much lower value at which the current is 
represented by the value F on the character 
istic curve A. If the oscillations produced 
in the circuit of the grid 5 are of the same 
frequency as the signaling current and 
properly phased with respect thereto, po 
tentials of one sign may produce currents 
between cathode and third electrode while 
signaling potentials of the opposite sign 
will produce no current in that circuit. The 
device then would in effect operate as a 
half wave rectifier and produce a unidirec 
tional current in the circuit between cath 
ode and third electrode. If, on the other 
hand, currents produced in the grid circuit 
are of slightly different frequency from the 
signaling current, the current produced in 
the circuit between cathode 2 and third elec 
trode 4 will consist of a number of current 
impulses in one direction followed by a 
number of current impulses in the oppo 
site direction as the phase relations change 
So as to produce a current in the telephone 
receiver 14 having an audible frequency 
component capable of affecting the tele 
phone receiver. The current in this case 
would be of the same nature as that de 
scribed in Goldschmidt Patent No. 1087,113 
and illustrated in Fig. 3 of that patent. 
The circuit arrangement shown in Fig. 2 

is identical in its operation with that shown 
in Fig. 1. I have, however, in this case, in 
order to indicate more clearly the different 
circuits involved, shown separate batteries 
15, 16, for furnishing the operating poten 
tials for the grid 5, and the third electrode 

that circuit. 
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4. In order that greater amplification of 
the signaling current may be obtained, it 
may also be desirable to insert a positive 
resistance 17 in the circuit between cathode 
and third electrode of approximately the 
same value as the negative resistance of 

Since a change in the current 
between cathode and third electrode is ac 
companied by an equal but opposite change 
in the current between cathode and anode, 
the telephone receivers 14 unay, if desired, 
be included in the circuit between cathode 
and anode in order to obtain the desired in 
dication of changes in the signaling cur 
rent. By reason of the fact that the sec 
ondary of transformer 10 is common to the 
two circuits as described and that a change 
of current in one circuit is accompanied by 
an equal and opposite change in current in 
the other circuit the current through the 
secondary of transformer 10 will be sub 
stantially independent of the signaling po 
tential. 
While I have described the preferred em 

bodiment of my invention, it will be appar 
ent that my invention is by no means lim 
ited to the particular circuit arrangements 
or form of apparatus used, but that many 

70 

75 

80 

85 

90 

modifications therein may be made without 
departing from the scope of my invention as 
set forthin the appended claims. 
What I claim as new and desire to secure 

by Letters Patent of the United States, is:- 
1. The combination in a signal receiving 

system of a circuit upon which signaling po 
tentials may be impressed, a negative resist 
ance in said circuit, and a local source of 
current which is produced independently of 
the negative resistance of said circuit for pe 
riodically varying the value of said nega 
tive resistance independently of the signal 
ing potentials. 

2. The combination in a signal receiving 
system of a circuit upon which signaling po 
tentials may be impressed, a negative resist 
ance in said circuit comprising an electron 
discharge device and means for producing 
by said electron discharge device independ 
ently of the negative resistance of said cir 
cuit an alternating potential for periodically 
varying the value of said negative resistance 
independently of the signaling potentials. 

3. The combination in a signal receiving 
system of an electron discharge device, a cir 
cuit associated therewith upon which sig 
naling potentials may be impressed, said cir 
cuit including a negative resistance, a second 
circuit associated with said electron dis 
charge device, and means for producing in 
said second circuit by the action of said elec 
tron discharge device and independently of 
the negative resistance of said first circuit an 
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alternating potential for periodically vary 
ing the value of said negative resistance. 

4. The combination in a signal receiving SO 
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system of an electron discharge device hav 
ing a plurality of electrodes, a circuit asso 
ciated with two of said electrodes upon which signaling potentials may beinpressed, 
said circuit including a negative resistance, a 
second circuit associated with two of said 
electrodes and means for producing inde 
Reley of the negative resistance of the rst circuit an alternating potential in said 
second circuit for varying the value of the 
negative resistance in the first circuit. 

5. The combination in a signal receiving 
system of an electron discharge device hav 
ing a plurality of electrodes, a circuit asso 
ciated with two of said electrodes upon 
which signaling potentials may be im 
pressed, said circuit including a negative re 
sistance, a second circuit associated with two 
of said electrodes, said second circuit also in 
cluding a negative resistance which is inde 
Rede of the negative resistance of the rst circuit, and means for producing an al 
ternating potential in said second circuit for 
varying the value of the negative resistance 
of the first circuit. 

6. The combination in a signal receiving 
system of an electron discharge device hav 
ing an electron emitting cathode, an anode, a 
third electrode and a discharge controlling 
member, means for producing an emission of 
secondary electrons from both the third elec 
trode and the discharge controlling mem 
ber sufficient to produce a negative resist 
ance characteristic between cathode and both 
of said electrodes, a resonant circuit connect 
ed between cathode and discharge control 
ling member which is tuned to a frequency 
different from that of the signal to be re 
ceived and means for varying the potential 
of the cathode with respect to both anode 
and third electrode in accordance with the 
signals to be received. 

7. The combination in a signal receiving 
system of an electron discharge device hav 
ing an electron emitting cathode, and three 
other electrodes, means for producing an 
emission of secondary electrons from two of 
said electrodes sufficient to produce a nega 
tive resistance characteristic between cath 
ode and each of said electrodes, circuit con 
nections from said cathode to each of said 
other electrodes, means associated with one 
of said circuit connections for producing os 
cillations of a frequency differing from that 
of the signals to be received and means for 
impressing the signals to be received upon 
one of the other circuits. 

8. The combination in a signal receiving 
system of an electron discharge device hav 
ing an electron emitting cathode, an anode, a 
third electrode and a discharge controlling 
member, circuit connections between said 
cathode and each of said other electrodes, 
sources of potential connected in said circuit 
connections of such values that a negative 

resistance characteristic will be produced 
between cathode and both the third elec 
trode and the discharge controlling member, 
means for varying the potential of the cath 
ode with respect to both anode and third 
electrode in accordance with the signals to 
be received, and means for varying the re 
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sistance between cathode and third electrode 
at a frequency differing from the frequency 
of the signals to be received. - 

9. The combination in a signal receiving 
system of an electron discharge device hav 
ing a plurality of electrodes, at least two in 
dependent circuits associated with said de 
vice, one of said circuits including a negative 
resistance, means for impressing signaling 
potentials upon a second of said circuits, and 
means for utilizing the negative resistance 
of the first circuit for producing an alternat 
ing potential for periodically varying the 
value of the resistance of the second circuit. 

10. The combination in a signal receiving 
system of an electron discharge device hav- ' 
ing an electron emitting cathode, an anode, 
a third electrode and a discharge control 
ling member, circuit connections between 
said cathode and each of said other elec 
trodes, means for impressing signaling po 
tentials upon the circuit between cathode 
and third electrode, and means associated 
with the circuit between cathode and dis 
charge controlling member for varying the 
resistance of the circuit between cathode and 
third electrode. w 

11. The combination in a signal receiving 
system of an electron discharge device hav 
ing an electron emitting cathode, an anode, 
a third electrode and a discharge control 
ling member, circuit connections between 
said cathode and each of said other elec- 105 
trodes, means for impressing signaling po 
tentials upon the circuit between cathode 
and third electrode and means associated 
with the circuit between cathode and dis 
charge controlling member for protruding 110 
oscillations therein and thereby varying 
the resistance of the circuit between cath 
ode and third electrode. 

12. The combination in a signal receiving 
system of an electron discharge device hav- 115 
ing an electron emitting cathode, an anode, 
a third electrode and a discharge control 
ling member, circuit connections between 
said cathode and each of said other elec 
trodes, means for impressing signaling po- 120 
tentials upon the circuit between cathode 
and third electrode, means for producing a 
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negative resistance in the circuit between 
cathode and discharge controlling member, 
and means for utilizing this negative resist- 125 
ance to produce an alternating potential for 
periodically varying the resistance of the 
circuit between cathode and third electrode. 13. The combination in a signal receiying 
system of an electron discharge device hav- 190 
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12. 

ing an electron emitting cathode, an anode, 
a third electrode and a discharge controlling 
member, circuit connections between said 
cathode and each of said other electrodes, 
means common to the circuits between cath 
ode and anode and between cathode and 
third electrode for impressing signaling po 
tentials upon said circuits and means asso 
ciated with the circuit between cathode and 
discharge controlling member for varying 
the resistance of the circuit between cathode 
and third electrode. 

14. The combination in a signal receiving 
system of an electron discharge device hav 
ing an electron emitting cathode, an anode, a 
third electrode and a discharge controlling 
member, circuit connections between said 
cathode and each of said other electrodes, 
means common to the circuits between cath 
ode and anode and between cathode and 
third electrode for impressing signaling po 
tentials upon said circuits, and means as 
sociated with the circuit between cathode 
and discharge controlling member for vary 
ing the resistance of the circuit between 
cathode and third electrode at a frequency 
slightly different from the frequency of the 
signals. 

15. The combination in a signal receiving 
system of an electron discharge device hav 
ing an electron emitting cathode, an anode, 
a third electrode and a discharge control 
ling member, circuit connections between 
said cathode and each of said other elec 
trodes, means for producing a negative re 
sistance characteristic in the circuit between 
athode and third electrode, means com 
mon to the circuits between cathode and 
anode and between cathode and third elec 
trode for impressing signaling potentials 
upon said circuits, and means associated 
with the circuit between cathode and dis 
charge controlling members for varying the 
resistance of the circuit between cathode and 
third electrode. 

16. The combination in a signal receiving 
system of an electron discharge device hav 
ing an electron emitting cathode, an anode, 
a third electrode and a discharge control 
ling member, circuit connections between 
said cathode and each of said other elec 
trodes, means for producing a negative re 
sistance characteristic in the circuit between 
cathode and third electrode and in the cir 
cuit between cathode and discharge control 
ling member, means common to the circuits 
between cathode and anode and between 
cathode and third electrode for impressing 
signaling potentials upon said circuits, and 
means associated with the circuit between 
cathode and discharge controlling members 
for varying the resistance of the circuit be 
tween cathode and third electrode. 

17. The combination in a signal receiving 
system of an electron discharge device hav 
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ing an electron emitting cathode, an anode, 
a third electrode and a discharge controlling 
member, circuit connections between said 
cathode and each of said other electrodes, 
means for producing a negative resistance 
characteristic in the circuit between cathode 
and discharge controlling member, means 
common to the circuits between cathode and 
anode and between cathode and third elec trode for impressing signaling potentials 
upon said circuits, and means associated with 
the circuit between cathode and discharge 
controlling member for varying the resist 
ance of the circuit between cathode and third 
electrode. 

18. The combination in a signal receiving 
system of an electron discharge device hav 
ing an electron emitting cathode, an anode, 
a third electrode and a discharge controlling 
member, circuit connections between said 
cathode and each of said other electrodes, 
means for producing a negative resistance 
characteristic in the circuit between cathode 
and discharge controlling member, means 
common to the circuits between cathode and 
anode and between cathode and third elec 
trode for impressing signaling potentials 
upon said circuits, the circuit between 
cathode and discharge controlling member 
being resonant to a frequency different from 
the frequency of the signals. 

19. The combination in a signal receiving 
system of an electron discharge device hav 
ing an electron emitting cathode, an anode, 
a third electrode and a discharge controlling 
member, circuit connections between said 
cathode and each of said other electrodes, 
means common to the circuits between cath 
ode and anode and between cathode and 
third electrode for impressing signaling po 
tentials upon said circuits, and means asso 
ciated with the circuit between cathode and 
discharge controlling member for varying 
the resistance of the circuit between cathode 
and third electrode, the system being so 
proportioned that the current flowing in the 
means common to the circuits between cath 
ode and anode and cathode and third elec 
trode is substantially independent of the 
signaling potentials impressed thereon. 

20. The method of operating an electron 
discharge device comprising an electron 
emitting cathode, an anode, a third electrode 
and a discharge controlling member to de 
tect radio signals which consists in produc 
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ing an emission of secondary electrons from 
both third electrode and discharge control 
ling member sufficient to give the device a 
negative resistance characteristic between 
cathode and both third electrode and dis 
charge controlling member, producing oscil 
lations by means of said device, supplying 
the oscillations thus produced to the dis 
charge controlling member and thereby 
varying the negative resistance between 
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cathode and third electrode and varying the 
potential of the third electrode in accordance 
with the signals to be detected. 

21. The method of operating an electron 
discharge device comprising an electron 
emitting cathode, an anode, a third electrode 
and a discharge controlling member to de 
tect radio signals which consists in produc 
ing an emission of secondary electrons from 
both third electrode and discharge control 
ling member sufficient to give the device a 
negative resistance characteristic between 
cathode and both third electrode and dis 
charge controlling member, periodically 
varying the potential of the discharge con 
trolling member and thereby varying the 
negative resistance between cathode and 
third electrode and varying the potential of 
the third electrode in accordance with the 
signals to be detected. 

22. The method of operating an electron discharge device comprising an electron 
emitting cathode, an anode and a third elec 
trode which consists in producing an emis 
sion of electrons from the third electrode 
sufficient to give the device a negative re 
sistance characteristic between cathode and 
third electrode, varying the potential of said 
third electrode in accordance with signals 
to be detected and periodically varying the 
negative resistance of the device. 

23. The method of operating an electron 
discharge device comprising an electron 
emitting cathode, an anode and a third elec 
trode which consists in producing an emis 
sion of electrons from the third electrode 
sufficient to give the device a negative re 
sistance characteristic between cathode and 
third electrode, varying the potential of 
said third electrode in accordance with sig 
nals to be detected and periodically vary 
ing the negative resistance of the device at 
a frequency slightly different from the fre 
quency of the signals. 

24. The method of operating an electron 
discharge device comprising an electron 
emitting cathode, an anode, a third electrode 
and a discharge controlling member to de 
tect radio signals which consists in produc 
ing an emission of secondary electrons from 
both third electrode and discharge control 
ling member sufficient to give the device a 
negative resistance characteristic between 
cathode and third electrode, periodically 
varying the potential of the discharge con 
trolling member and thereby varying the 
negative resistance between cathode and 
third electrode, and varying the potential 
of the third electrode in accordance with 
the signals to be detected. 

25. The method of operating an electron 
discharge device comprising an electron 
emitting cathode, an anode, a third electrode 
and a discharge controlling member to de 
tect radio signals which consists in pro 

sing an emission of secondary electrons 
from both third electrode and discharge con 
trolling member sufficient to give the device 
a negative resistance characteristic between 
cathode and both third electrode and dis 
charge controlling member, periodically 
varying the potential of the discharge con 
trolling member at a frequency slightly dif 
ferent from that of the signals to be de 
tected, and thereby varying the negative 
resistance between cathode and third elec 
trode and varying the potential of the third 
electrode in accordance with the signals to 
be detected. 

26. The method of operating an electron 
discharge device comprising an electron 
emitting cathode, an anode, a third electrode 
and a discharge controlling member and 
having an oscillatory circuit connected be 
tween cathode and discharge controlling 
member which consists in producing an 
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emission of secondary electrons from the 
third electrode sufficient to give the device 
a negative resistance characteristic between 
cathode and third electrode, producing high 
frequency oscillations in said oscillatory cir 
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cuit and varying the potential of the third 
electrode in accordance with the signals to 
be detected. 

27. The method of operating an electron 
discharge device comprising an electron 
emitting cathode, an anode, a third electrode 
and a discharge controlling member to de 
tect radio signals which consists in pro 
ducing an emission of secondary electrons 
from the discharge controlling member 
sufficient to give the device a negative re sistance characteristic between cathode and 
discharge controlling member, producing 
oscillations by means of said device, supply 
ing the oscillations thus produced to the dis 
charge controlling member and thereby 
varying the resistance between cathode and 
third electrode and varying the potential of 
the third electrode in accordance with the 
signals to be detected. 

28. The method of operating an electron 
discharge device comprising, an electron 
emitting cathode, an anode, a third electrode 
and a discharge controlling member and 
having an oscillatory circuit connected be 
tween cathode and discharge controlling 
member which consists in producing an 
emission of secondary electrons from the 
discharge controlling member sufficient to 
give the device a negative resistance char 
acteristic between cathode and discharge 
controlling member, producing high fre 
quency oscillations in saidoscillatory cir: 
cuit and varying the potential of the third 
electrode in accordance with the signals to 
be detected. 

29. An electron discharge device having 
an electron emitting cathode, an anode, a 
third electrode and a discharge controlling 
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member, and means for producing an emis 
sion of secondary electrons from both the 
third electrode and the discharge con 
trolling member sufficient to produce a 
negative resistance characteristic. between 
cathode and both of said electrodes. 

30. An electron discharge device having 
an electron emitting cathode and three co 
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and means associated with one of the other 
circuits from the cathode to one of the other 
electrodes for producing an indication of 
signals. 

33. An electron discharge device having 
an electron emitting cathode, an anode, a 
third electrode and a discharge controlling 
member, circuit connections between the 

operating electrodes, circuit connections be-scathode and each of the other electrodes, 
tween the cathode and each of the other 
electrodes, and means for producing an 
emission of secondary electrons from two 
of said other electrodes sufficient to produce 
a negative resistance characteristic in the 
circuits connected thereto. 

31. An electron discharge device having 
an electron emitting cathode and three co 
operating electrodes, circuit connections be 
tween the cathode and each of the other . 
electrodes, means for producing an emission 
of secondary electrons from two of said: 
other electrodes sufficient to produce a neg 
ative resistance characteristic in the circuits. 
connected thereto, means for producing. 
Oscillations in one of the circuits having a 
negative resistance characteristic and there 
by varying the negative resistance of the 
other circuit having a negative resistance 
characteristic. 

32. An electron discharge device having 
an electron emitting cathode and three co 
operating electrodes, circuit connections be 
tween the cathode and each of the other 
electrodes, means for producing an emission 
of secondary electrons from two of said 
other electrodes sufficient to produce a neg 
ative resistance characteristic in the circuits 
connected thereto, means for impressing sig 
naling potentials upon one of said circuits 
having a negative resistance characteristic 

means for producing an emission of sec 
ondary electrons from both the third elec 
trode and the discharge controlling member 
sufficient to produce a negative resistance 
characteristic in the circuits connected 
thereto, means for impressing signaling po 
tentials upon one of said circuits having 
a negative resistance characteristic, and 
means associated with one of the other cir 
cuits from the cathode to one of the other 
electrodes for producing an indication of 
signals. 

34. An electron discharge device having 
an electron emitting cathode, an anode, a 
third electrode and a discharge controlling 
member, circuit connections between the 
cathode and each of the other electrodes, 
means for producing an emission of sec 
ondary electrons from both the third elec 
trode and the discharge controlling member 
sufficient to produce a negative resistance 
characteristic in the circuits connected 
thereto, means for impressing signaling po 
tentials upon one of said circuits having 
a negative resistance characteristic, and 
means associated with the circuit connected 
to the anode for producing an indication of signals. 

In witness whereof, I have hereunto set 
my hand this 28th day of February, 1921. 

ALBERT W. HULL. 
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