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My invention relates to electric discharge ap 
paratus and it has particular relation to control 
apparatus for an electric discharge device. 

It is an object of my invention to provide a 
highly Sensitive system that shall operate in 
response to an external disturbance to control 
an electric discharge device. 
Another object of my invention is to provide 

apparatus for controlling the transmission of 
Current through an electric discharge device of 
the gaseous type that Shall Operate in response 
to an external disturbance of relatively Small magnitude. 
A more specific object of my invention is to 

provide a highly Sensitive light responsive SyS 
tem. 
More concisely stated, it is an object of my 

invention to provide apparatus that shall operate 
in response to Small variations in light intensity. 
In accordance With the preferred practice of 

my invention an electric dischage device having 
an anode, a cathode, a control electrode and a 
gaseous medium is controlled. While my inven 
tion is thus particularly applicable to a gaseous 
electric discharge device, it may be, under certain 
circumstances, applied to the control of a high 
vacuum discharge device, and such use is contem 
plated as Within the Scope of my invention. 
Alternating potential is normally impressed be 

tween the anode and the Cathode of the discharge 
device, and to control it a negative potential is 
impressed between the control electrode and the 
cathode at the beginning of each of the half cycles 
during which the anode is negative with respect 
to the cathode. This potential is impressed SO 
that it can persist for a finite time interval as 
for example by depositing a charge on a capacitor. 
During the remainder of the negative half cycle, 
the negative control potential may be counter 
acted as, for example, by permitting the charge 
deposited to leak away through a photo-Sensitive 
device or a high resistor Such as Would be pro 
vided by the deposit of moisture. On a Surface. 
The leakage is thus cumulative during the nega 
tive half cycle and even for a comparatively Small 
leakage effect the cumulation is Such that at the 
beginning of the half cycle during which the 
anode is positive and the cathode is negative, the 
condition of the discharge device is changed. 
The novel features that I consider character 

istic of my invention are set forth. With particu 
larity in the appended claims. The invention 
itself, however, both as to its organization and 
its method of operation, together with additional 
objects and advantages thereof, Will be understood 

(C. 250-2) 

from the following description of a Specific em 
bodiment when read in connection with the ac 
Companying drawing, in which: 
Figure 1 is a diagrammatic view showing a 

preferred embodiment of my invention; and, 
Fig. 2 is a graph illustrating the operation of 

Fig. 1. 
The apparatus shown in Fig. 1 comprises an 

electric discharge device 3 preferably having an 
anode 5, a hot cathode 7, a control electrode 9 
and a gaseous medium. While in the usual prac 
tice of my invention the discharge device 3 is of 
the hot-cathode type, it may obviously be re 
placed by a mercury pool device Such as an igni 
tion tube or a grid controlled device With a con 
tinuous keep-alive electrode. 
An alternating potential is impressed between 

the anode 5 and the cathode of the discharge 
device 3 from a secondary section of a suitable 
transformer 3 through a current limiting resistor 
5 and the load 7 which is to be supplied by the 
discharge device. BetWeen the control electrode 
9 and the Cathode a capacitor 9 is connected 
through a suitable high resistor 2 and a source 
of dephased alternating potential derived from 
a dephasing circuit 23 of the usual type. The 
dephasing circuit 23 may consist of a capacitor 
25 and a resistor 27 connected across another 
secondary section 29 of the transformer f3. The 
Secondary Section 29 is provided With an inter 
mediate tap 3 to Which one terminal 33 of the 
high resistor 2 is connected, while one plate 35 
of the capacitor 9 is connected to the junction 
point 37 of the capacitor and the resistor. The 
other terminal 39 of the high resistor 2 is con 
nected to the cathode 7 and the other plate 4 
of the capacitor 9 is connected to the control 
electrode 9. - 

Across the resistor 2 a.. uni-polar potential of 
short duration compared to a half cycle of the 
source 43 whereby the transformer 3 is supplied 
is impressed. The potential is derived from a 
further secondary section 45 of the transformer 3 
and is impressed acroSS the resistor 2 through 
a saturable transformer 47. The primary 49 of 
a Saturable transformer is Supplied from the Sec 
tion 45 through a resistor 5 and a reactor 53. 
The secondary 55 of the Saturable transformer 
47 on the other hand, is connected across the 
resistor 2 through a rectifier 57 preferably of 
the dry-disc type. The connection of the rectifier 
57 is such that the polarity of the potential im 
pressed renders the terminal 39 of the resistor 2 
that is connected to the cathode 7 negative and 
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2 
the terminal 33 connected to the intermediate tap 
3 of the Secondary Section 29 positive. 
The Saturable transformer 47 operates to con 

vert the potential derived from the source into 
impulses of short duration compared to the alter 
nations of the source 3. The rectifier 5 in the 
Secondary circuit of the Saturable transformer 
operates to permit an impulse of the one polarity 
mentioned only to appear acrosss the resistor 2 
and to be impressed between the control electrode 
9 and the cathode of the discharge device 3. 
The capacitor 9 is charged negative under the 
influence of the impulses thus produced and by 
reason of the rectifying properties of the control 
electrode-cathode circuit of the discharge device 
3, the charge remains on the capacitor until it 
is removed by Some external electrical leakage 
element. 
To produce the necessary electrical leakage a 

photo-sensitive device 59 may be connected across 
the capacitor 9. As long as the photo-sensitive 
device 59 is unenergized, the charge remains on 
he capacitor 9. When the photo-sensitive de 

vice is energized by light or other radiations, the 
charge leaks away from the capacitor and de 
creases the negative potential impressed between 
the control electrode 9 and the cathode 7. Since 
the capacitor 9 is charged negative at the be 
ginning of each negative half cycle of the alter 
nations of the source 3, the photo-sensitive de 
Vice 59 may have a considerable impedance and 
still produce the necessary discharge as the dis 
charge is distributed over substantially a com 
plete half cycle. Accordingly, to operate the sys 
ten the photo-sensitive device 59 need not be 
very highly illuminated. The dephased network 
23 operates to superimpose on the potential im 
pressed through the capacitor 9 an alternating 
potential which renders the control electrode 9 
sufficiently positive relative to the cathode 
when the capacitor is discharged to energize the 
discharge device. - 
The operation of the system is illustrated 

graphically in Fig. 2 in which current or potential 
magnitudes are plotted vertically and time is 
plotted horizontally. The heavy sine curve 6 
represents the anode-cathode potential impressed 
on the discharge device 3. The cathode is to 
be taken as the reference point for potential and 
its potential is represented by the abscissa, 63. 
The medium continuous curve 65 represents the 
dephased potential Superimposed on the potential 
impressed through the capacitor f9. The poten 
tial impressed by the charge on the capacitor is 
represented by the broken line curve 6. The 
U-shaped curves 69 of medium intensity rep 
resent the critical potential of the discharge de 
Vice 3. The light peaked curves 7 represent the 
potentials impreSSed through the Saturable trans 
former 4 and the rectifier 5. 
ASSume that the main Switch for the system 

is closed at an instant corresponding to the ex 
treme left-hand of Fig. 2, and that at this instant 
the photo-Sensitive device is deenergized. At this 
instant, the dephased potential 65 is positive and 
the discharge device 3 is energized for a half 

70 

75. 

cycle as is indicated by the shaded half wave.73 
On the extreme left. However, the System in 
corporating the saturable transformer 47 is so 
adjusted that a peak of potential is impressed 
in the control circuit of the discharge device 3 
at the beginning of the subsequent (negative) 
half cycle. At this point, the capacitor is Sud 
denly charged so that its upper plate 4f be 
comes negative and its lower plate 35 positive, 

device is energized. Additional 

2,125,091 
and the charge appears as an abrupt drop 75 in 
the medium curve 65 since the negative potential 
is now superimposed on the dephased potential. 
Since the photo-sensitive device 59 is still de 
energized and the control curve. 69 is not inter 
sected by the curve 65, the discharge device 3 
now remains deenergized during the next posi 
tive half cycle. It Will, of course, remain in this 
condition indefinitely uneSS the photo-Sensitive 

impulseS in 
pressed from the Saturable transformer is have 
no effect on the charge on the capacitor 9 since 
they are now Superimposed on a potential nega 
tive by Such an amount that the control electrode 
9 does not become positive, and, therefore, there 
is no current flow between the control electrode 
and the Cathode . 
Assume now that near the end of the last men 

tioned positive half cycle the photo-sensitive 
device 59 is energized. The charge on the capa 
citor i9 now leaks off as indicated by the rising 
portion of the broken line curve 67. The peak if 
impressed by the saturable transformer A7 has no 
effect because it does not rise above the abscissa 
63. The discharge of the capacitor 9 thus con 
tinues during the remainder of the negative half 
cycle 9 and at the end of this half cycle, the 
potential represented by the curve 67 has risen 
to such a value that the dephased potential $5 
is positive and during the next half cycle 8: the 
discharge device 3 is energized. At the end of 
this positive half cycle an impulse is im 
pressed by the saturable transformer 4. This 
causes the negative charge to again accumulate 
on the capacitor 9. However, the charge im 
mediately begins to leak away through the ener 
gized photo-sensitive device 58 and continues to 
leak away for the remainder of the negative half 
cycle 83. At the beginning of the Susequent posi 
tive half cycle 85, the dephased potential is again 
positive and the discharge device is again ener 
gized. 

It is to be noted that the sensitivity of a system 
in accordance With ny invention increases aS 
the time during which the capacitor 9 may dis 
charge increases, and, therefore the sensitivity 
increases as the frequency of the source 43 de 
creases. Advantages may be taken of this fea 
ture by providing a source 43 of variable fre 
quency and suitably adjustable impedances; 25, 
27, 5, 53, etc. In such a case the sensitivity of 
the system may be varied by varying the fre 
quency of source 43 and properly adjusting the 
impedances. 
Although I have shown and described certain 

specific embodiments of my invention, I am fully 
aWare that many modifications thereof are possi 
ble. My invention, therefore, is not to be re 
stricted except insofar as is necessitated by the 
prior art and by the spirit of the appended 
claims. - 

I claim as my invention: . 
1. Translating apparatus comprising an elec 

tric discharge device having a control electrode 
and a plurality of principal electrodes, means for 
impressing an alternating potential between said 
principal electrodes, means functioning dynami 
cally for impressing between said control elec 
trode and one of said principal electrodes a po 
tential such as to block a current flow between 
Said principal electrodes, the dynamic operation 
of the last Said means taking place during the 
intervals during which the potential impressed 
between Said principal electrodes is such as to 
preclude - a. discharge therebetween, and control 
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2,125,091 
means for counteracting said blocking potential, 
said control means operating to counteract said 
blocking potential at least during the said inter 
Wals. 

2. Translating apparatus comprising an elec 
tric discharge device having a control electrode, a 
plurality of principal electrodes and a gaseous 
medium, means for impressing an alternating 
potential between Said principal electrodes, 
means functioning dynamically for impressing 
between said control electrode and one of said 
principal electrodes a potential such as to block a 
current flow between said principal electrodes, 
the dynamic operation of the last said means 
taking place during the intervals during which 
the potential impressed between said principal 
electrodes is Such as to preclude a discharge 
therebetween, and control means for counteract 
iing Said blocking potential, said control means 
Operating to counteract said blocking potential 
at least during the said intervals. 

3. Translating apparatus comprising an elec 
tric discharge device having a control electiode, 
a plurality of principal electrodes, and a gaseous 
mediurn, said principal electrodes being of such 
structure that the conductivity of the discharge 
device is asymmetric, means for in pressing an 
alternating potential between said principal elec 
trodes, means functioning dynamically for in 
pressing between said control electrode and one 
of said principal electrodes a potential Such as to 
block a current flow between said principal elec 
trodes, the dynamic operation of the last said 
means taking place during the intervals during 
which the potential impressed between said prin 
cipal electrodes is such as to preclude a discharge 
therebetween, and control meanS for counteract 
ing Said blocking potential, Said Control means 
operating to counteract said blocking potential at 
least during the said intervals. 

4. Translating apparatus comprising an elec 
tric discharge device having a control electrode 
and a plurality of principal electrodes, means for 
impressing an alternating potential between Said 
principal electrodes, charge storing means func 
tioning dynamically for impressing between Said 
control electrode and One of Said principal elec 
trodes a potential such as to block a current flow 
between said principal electrodes, the dynamic 
operation of the last said means taking place 
during the intervals during Which the potential 
impressed between said principal electrodes is 
Such as to preclude a discharge therebet Ween, 
and control means for counteracting said block 
ing potential, said control means operating to 
counteract, said blocking potential at least dur 
ing the said intervals. 

5. Translating apparatus comprising an elec 
tric discharge device having a control electrode, 
a plurality of principal electrodes, and a gaseous 
medium, said principal electrodes being of such 
structure that the conductivity of the discharge 
device is a Symmetric, means for impressing an 
alternating potential between said principal elec 
trodes, charge Storing means functioning dynam 
ically for impressing between said Cointrol elec 
trode and one of said principal electrodes a po 
tential such as to block a current flow between 
said principal electrodes, the dynamic operation 
of the last said means taking place during the 
intervals during which the potential impressed 
between said principal electrodes is such as to 
preclude a discharge therebetween, and control 
means for counteracting Said blocking potential, 
Said control means operating to counteract said 

3. 
blocking potential at least during the Said inter 
Wals. 

6. Translating apparatus comprising an elec 
tric discharge device having a control electrode 
and a plurality of principal electrodes, neans for 
impressing an alternating potential between said 
principal electrodes, means for impressing he 
tween said control electrode and one of said prin 
cipal electrodes a potential Such as to block a cul 
rent flow between said principal electrodes, the 
last Said means including charge storing means 
and neans for charging Said charge storing 
in eans, at the beginning of the intervals during 
which the potential impressed between said prin 
cipal electrodes is such as to preclude a discharge 
therebetween, for a time that is short compared 
to the length of the said intervals, and control 
means for counteracting said blocking potential, 
Said control means operating to counteract, said 
blocking potential during substantially the whole 
Of Said intervals. 

7. Translating apparatus comprising an elec 
tric discharge device having a control electrode, 
a plurality of principal electrodes, and a gaseous 
medium, Said principal electrode being of such 2 
structure that the conductivity of the discharge 
device is a Symmetric, means for impressing an 
alternating potential between said principal elec 
trodes, means for impressing between said con 
trol electrode and one of said principal electrodes 
a potential Such as to block a current flow be 
tWeen Said principal electrodes, the last said 
means including charge storing means and means 
for charging Said charge storing means at the 
beginning of the intervals during which the po 
tential impressed between said principal elec 
trodes is such as to preclude a discharge there 
between for a time that is short compared to the 
length of the said intervals, and control heans 
for counteracting said blocking potential, said 
Control means Operating to counteract said block 
ing potential during Substantially the whole of 
said intervals. 

8. Apparatus according to claim 7 character 
ized by the fact that the means for charging the 
charge Storing means includes a Saturable trans 
former, the primary of which is Supplied from an 
alternating Source and the Secondary of which is 
collpled to said charge Storing means. 

9. Apparatus according to claim 7 character 
ized by the fact that the means for charging the 
charge storing means includes a Saturable trans 
former, the primary of which is Supplied from an 
alternating source and the secondary of which 
is coupled to said charge storing means through 
means for blocking the passage of current that 
is of such polarity that said charge storing means 
would be charged thereby in a sense to apply a 
potential between the control electrode and the 
One principal electrode Such as to permit the pas 
Sage of current between the principal electrodes. 

10. Apparatus according to claim 7 character 
ized by the fact that the means for charging the 
charge storing means includes a saturable trans 
former, the primary of Which is Supplied from an 
alternating Source and the Secondary of which is 
coupled to said charge storing means through a 
rectifier for blocking the paSSage of current that 
is of such polarity that Said charge storing means 
would be charged thereby in a sense to apply a 
potential betWeen the control electrode and the 
One principal electrode Such as to permit the pas 
Sage of current between the principal electrodes. 

11. Apparatus according to claim 6 character 
ized by the fact that the control means includes 
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4. 
means for discharging the charge storing means. 

12. Apparatus according to claim 6 character 
ized by the fact that the control means includes 
means responsive to an external physical disturb 
ance for discharging the charge storing means. 

13. Apparatus according to claim 6 character 
ized by the fact that the control means includes 
means responsive to an external physical dis 
turbance for discharging the charge storing 
means, and means for superimposing on the po 
tential produced by said charge storing means a 
periodic potential of the same frequency as said 
alternating potential but dephased relative 
thereto. . 

14. In combination, an electric discharge de 
vice having an anode, a cathode and a control 
electrode and a gaseous medium, means for in 
pressing an alternating potential between Said 
anode and cathode, a capacitor connected be 
tween said control electrode and cathode through 
an element. Whereby a potential, of short duration 
relative to a half-cycle of said source and of a 
polarity Such that current flows between said 
control electrode and cathode, is impressed be 
tween said control electrode and cathode, thereby 
to charge Said capacitor, and means responsive 
to an external disturbance for discharging said 
capacitor. 

15. Apparatus according to claim 14 character 

2,125,091 
ized by the fact that the connection between the 
capacitor and the control electrode and the cath 
Ode includes means for Superimposing On the 
potential impressed by the element a periodic 
potential of the same frequency as the alternat 
ing potential but dephased relative thereto. 

16. Apparatus according to claim 14 character 
ized by the fact that the element is of such struc 
ture and is so connected that the potential of 
short duration is impressed at the beginning of 
the half cycles of the alternating potential during 
Which the anode is negative and the cathode is 
positive. 

17. Apparatus according to claim 14 character 
ized by the fact that the responsive means has 
the properties of a high impedance which is war 
ied by the external disturbance. 

18. Apparatus according to claim 1 character 
ized by means for impressing an alternating po 
tential of adjustable frequency between the prin 
cipal electrodes. 

19. Apparatus according to claim 6 character 
ized by means for impressing an alternating po 
tential between the principal electrodes the fre 
quency of which may be varied to vary the Sensi 
tivity of the response of the translating appa 
ratus. - 

EDWIN, H. VEDDER. 
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