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The invention relates to control means for 
gas filled rectifiers. 
The object of the invention is to provide a 

method and means for controlling the starting 
is of such a tube at any time during its entire 

active period, or at any point on the positive 
half cycle of the current to be rectified. 
The principle and mode of operation of the 

invention will be apparent from the following 
description and the accompanying drawing, in 
which the invention is applied to an alternating 
current rectifier. In the drawing, 

Fig. 1 shows a half wave rectifer embodying 
the invention, 

Fig. 2 illustrates graphically the characteris 
tics of various control voltages employed in the 
arrangement of Fig. 1, 

Fig. 3 shows the invention applied to a full 
wave rectifier, and 

Fig. 4 is a modification of the inventions. 
Referring to Fig. 1, there is shown a half wave 

rectifier preferably of the indirect heated type 
having a heating filament 2, an electron emit 
ting cathode 3, a control grid 4 and plate 5. The 
plate supply current for the rectifier is obtained 
from a source of alternating current connected 
to the primary winding 7 of a Supply transform 
er, the secondary winding 8 of which is con 
nected at one end to a plate output terminal 9 
and the other end to the cathode 3 to impress 
the supply current upon the plate circuit. The 
other side of the plate circuit is completed by a 
connection between plate 5 and the remaining 
plate output terminal 10. The flament is heated 
by alternating current from a winding 11 of the 
supply transformer, and heats the cathode 3 to 
cause the latter to become electronically emis 
sive. 
Tube 1 is preferably filled with argon or other 

inert gas, although mercury or other metallic 
vapor may also be used. If a sufficient stream 
of electrons is emitted by the Cathode the gas 
will become ionized thereby and will become 
conductive, and a main discharge between the 
plate and cathode will take place during the 
sactive periods of the tube, that is, during each 
half cycle of the supply current when the plate 
is positive with respect to the cathode. During 
the blocking periods of the tube when the plate 
is negative with respect to the cathode no plate 
current will flow, and therefore a unidirectional 
current only will be impressed upon the output 
terminals 9 and 10. ; 
The grid 4 is used to control the starting point 

of the tube during its active periods by impress 

Yx 

ing a proper potential upon the grid, thereby 
controlling the electron flow from the cathode, 
and thus control the ionization of the gas neces 
sary to induce the main discharge between plate 
and cathode. The means for impressing the 
proper potential upon the grid at the desired 
time are as follows. A sinusoidal control voltage 
is applied to the grid circuit by a transformer 
whose primary winding 12 is connected across 
the winding 8 of the current supply transformer, 
and whose secondary winding 13 is connected at 
One end to the cathode 3 and at the Cther end 
through conductor 14, battery 15, potentiometer 
16 and current limiting resistance 17 to the 
grid 4. The phase of the potential thus applied 
to the grid is shifted with respect to that of the 
plate supply current by a phase shifting con 
denser 18 and preferably a resistance 19 inserted 
in series with the transformer winding 12, a re 
verse potential being obtained from winding 13, 
and in this manner the potential on the grid 
will rise and fall in a predetermined relation 
with respect to the supply current to control the 
starting of the tube. As the grid potential rises 
and the grid becomes relatively more positive, 
the electrons emitted increase until they cause 
ionization of a sufficient number of gas mole 
cules to render the tube conducting, at which 
time the main discharge will start. This dis 
charge will continue during the remainder of the 
positive half cycle, or until the plate supply cur 
rent again passes through Zero, when the dis 
charge will cease, and the tube will remain in 
active during the negative half cycle. Once the 
discharge occurs the grid is no longer effective 
to control the same for the remainder of that 
period, but on the next positive half cycle the 
grid will again function in the same manner to 
determine the time of starting. 
A source of auxiliary control potential is con 

nected to the grid circuit so that such potential 
is impressed thereon in addition to the out of 
phase potential as to give a different resultant 
potential, and in this manner the time of start 
ing of the tube may be adjusted or may be varied 
at will, and it is possible to start the tube at 
any point between Zero and 180 on the positive 
half cycle of the supply current, without shift 
ing the phase of the out of phase potential. In 
the arrangement shown a direct current poten 
tial is obtained from battery 15 inserted in the 
grid circuit, and a potentiometer 16 is used to 
impress either positive or negative potential to 
the grid circuit. Thus, by moving the poten 
tionetter arm so that the battery will impress a 
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and the resultant potential 

negative potential upon the grid circuit, the po 
tential on the grid due to the out of phase 
voltage will be made more negative and the res 
sultant potential will cause the tube to start 
later. If the potentiometer arm is moved in the 
opposite direction so that a positive potential 
will be impressed upon the grid circuit, this will 
nake the Out of phase potential less negative 

Will cause the the to 
start earlier. - 

The characteristics of the various control po 
tentials are shown graphically by Fig. 2, . Ouring 
the active periods of the tube the plate supply 
voltage is shown by the sasoidal curve in which 
the plate voltage is represented by values along 
the Ordinate, and the time during the cycle is 
represented by the abscissa. The dotted line 
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represents the "trigger voltage' of the tube, that 
is, it represents the most positive value which 
the grid can have at any instant without allow 
ing the tube to start. The voltage induced in 
the phase shifting circuit is designated as the 
"out of phase' voltage, and the auxiliary volt 
age impressed upon the grid circuit by the oat 
tery and potentiometer is referred to as the 
"control voltage.' 
Assuming that the arm of potentiometer 16 is 

adjusted so that battery 15 impresses no voltage 
upon the grid circuit, then the grid voltage will 
be that of the out of phase voltage. Under this 
condition the tube will start at the point where 
the out of phase voltage when rising crosses the 
line representing the trigger voltage, as for ex 
ample at point A, because at that point the out 
of phase voltage has a value which will govern 
the electronic enaission SO as to cause ionization 
to occur to induce the main discharge through 
the tube. The plate current will then pass for 
the remainder of the half cycle or active period 
of the tube, the average value of direct current 
potential across terminals 9, 10 for this plate 
current being determined by the area, to the 
right of the yertical line at A, that is, the Sun 
of areas C and D. 
When the auxiliary control potential is in 

pressed upon the grid circuit, however, the start 
ing point of the tube is changed. If this po 
tential is negative, it will make the Out of phase 
potential on the grid more negative, and the 
tube will start later as, for example, at point 8. 
The average value of the direct current poten 
tial would then be determined by the area to the 
right of the vertical line at B, or that deters 
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Fig. 3 shows the invention applied to a full 
wave rectifier employing two tubes 1, on the 
grid circuits of each of which is impressed the 
proper potential during the active period of the 
tube to control the time of starting. The Out of 
phase voltage is obtained by shifting the phase 
of the supply voltage in the primary circuit of 
transformer 12, and providing two secondaries 
13 to impress the Out of phase voltage upon the 
respective grids. The auxiliary control voltage 
from battery 15 and "the potentiometer 16 are 
common to both grids. The circuit operates 
upon the same principle as that of Fig, 1. 

Fig. 4 shows a circuit according to the inven 
tion and also having compensating means to 
maintain the Output or direct current voltage 
constant irrespective of fuctuations in either 
the work circuit or the alternating current sup 
ply source. This is accomplished by inserting 
a resistance 20 across the output circuit and 
connecting the grid control circuit at a point 

1986,627 
along the resistance so that the IR drop across 
that portion 21 connected to the grid circuit 
gives a desired potential difference. If for any 
reason the Output current should rise, the R. 
drop across the resistance. Will increase, and this 
will impress a negative voltage upon the grid 
control circuit. Under this condition it will 
cause the grid to be more negative and will 
cause the tube. to start later on the next cycle, 
thereby bringing the Output voltage back to its 
original value. A storage circuit, represented by 
condense 22, and choke coll 23, is preferably 
provided to retain the negative voltage during 
the blocking period of the tube &nd to improve 
the stability. 

the necess2ry degree of phase shift or dis 
place ment of the Out of phase potential will de 
pend upon the characteristics of the tube, and 
Ixay be either leading or lagging, and may vary 
or be varied within relatively wide imits since 
the tube may be caused to start at any desired 
time by the application of the proper auxiliary 
control potentia. . 
Warious other phase shifting means, either 

fixed or variable, may be used instead of the 
means shown. Thus, it has been found that an 
inductance which gives a lagging potential may 
be used instead of the condenser 18 which gives 
a leading potential, and such inductance may 
be connected in series. With a resistance having 
a variable potential tap connected to the grid 
circuit without the necessity of providing a 
transformer to give a reverse potential. Also, 
the condenser or other phase shifting means 
may be located in the circuit of the Secondary 
winding 13 of the transformer, if desired. In 
practice, it has been found that the potentials 
of the out of phase voltage and the control volt 
age may be relatively small with respect to the 
plate supply voltage. 
The control potential may be obtained from 

any suitable source other than that of the bat 
tery shown, and it may comprise the algebraic 
Sun of . Several Sources. The control potential 
may also be discontinuous Or alternating in 
character, and in practice an alternating cur 
rent voltage of the same frequency as the plate 
supply voltage has been employed. Also, a high 
frequency control potential may be used, or its 
frequency may be s2ch as to cause the control. 
potential to operate on certain cycles of the 
plate supply current and not On others. It is 
only necessary that the control potential be im 
pressed upon the Out of phase potential to give 
a resultant potential on the grid at the desired 
point to induce the main discharge. 
We claim:- 
1. A rectifer system comprising a gas filled 

discharge tube having main discharge and con 
trol electrodes including an electron emissive 
cathode, a source of alternating current supply 
Connected to the main electrodes, means for im 
pressing upon the control electrode an alter 
nating potential of the same frequency but out 
of phase with the potential of said supply cur 
rent, means for impressing an auxiliary con 
trol current upon said control electrode to give 
a resultant potential for determining the time 
of starting during the discharge periods, means 
for changing the potential of said control cur 
ren to shift the time of starting at will, im 
pedance means connected in the output circuit 
of the rectifier to provide an additional poten 
tial which varies with the potential of the out 
put current, and means for inapressing said ad 
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1,086,847 
ditional potential directly upon the control elec 
trode circuit to automatically compensate for 
fluctuations and to maintain the average output 
voltage constant. 

2. The method of controlling the operation of 
a gas filled discharge valve having an electron 
emitting cathode and a control electrode, which 
consists in impressing upon the control elec 
trode a varying potential having a constant 
phase displacement with respect to the potential 
of the plate supply current, impresing an aux 
iliary potential upon the control electrode, vary 
ing the said auxiliary potential through a con 
tinuous range to obtain any desired portion, 
between zero and maximum, of the possible out 
put of said rectifier, and directly impressing 
upon the control electrode an additional po 
tential obtained from the output current to 
compensate for fluctuations and to maintain the 
average output voltage substantially constant. 

3. Means for controlling the output of a gas 
filled alternating current rectifer having an 
electron emitting cathode and a control elec 
trode, comprising means for impressing upon the 
control electrode an alternating potential hav 
ing a constant degree of phase displacement 
with respect to the potential of the supply cur 
rent, means for impressing a direct current p0 
tential upon said control electrode to give a 
resultant potential which will determine the 
time of starting of the rectifer during the dis 
charge periods, means for changing the direct 
Current potential from positive to negative relate 
tive to the alternating potential to determine the 
time of starting at any desired point in a posi 
tive half cycle of the supply potential and means 
for simultaneously and directly impressing upon 
the control electrode a potential obtained from 
said output current which varies directly with 
the output current, to automatically shift the 
time of starting and thereby maintain the aver 
age Output voltage substantially constant. 

4. The method of controlling the operation of 
a gaseous discharge tube having an electron 
emissive cathode and a starting-control elec 
trode, which consists in impressing upon the 
control electrode a varying potential having a 
constant phase displacement with respect to the 
potential of the supply current and adapted to 
start the discharge at an intermediate point in 

... the active period of said tube, impressing an 

55 

auxiliary potential upon the control electrode, 
and making the auxiliary potential variable 
through a continuous range to give resultant 
control potentials for starting earlier or later 
in the cycle than the said intermediate point 
and throughout the entire active period. 

3 
5. The method of controlling the Output of a 

gas filled alternating current rectifier having 
an electron emitting cathode and a control elec 
trode, which consists in impressing upon the 
control electrode an alternating potential hav 
ing a constant out of phase relation with re 
spect to the potential of the supply current and 
adapted to start the gaseous discharge at an 
intermediate point in the active period of said 
rectifier, impressing, a direct current potential 
upon said control electrode and making the lat 
ter potential variable through a continuous 
range from negative to positive to give resul 
tant control potentials for starting earlier or 
later in the cycle than the said intermediate 
point and throughout the entire active period. 

6. A rectifier system comprising a gaseous 
discharge tube having main discharge electrodes 
and a starting-control electrode, a source of 
alternating current supply connected to the 
main electrodes, means for impressing upon the 
control electrode an alternating potential of the 
same frequency but Out of phase with the poten 
tial of said supply current, means for impress 
ing the algebraic sum of two independent direct 
current potentials upon said control electrode, 
and means for varying at least one of said direct 
current potentials through a continuous range 
from positive to negative relative to said alter 
nating potential to control the starting of said 
tube over its entire active period. 

7. In cornbination with a grid-controlled gas 
eous discharge tube, connections for energizing 
the main electrodes of said tube from a single 
phase source, a grid circuit for said tube also 
energized from said source and including a fixed 
single-phase impedance having reactance to 
shift the phase of grid potential a fixed amount 
relative to the anode potential of Said tube and 
thereby start the discharge at an intermediae 
point in the active period of Said tube, a source 
of auxiliary potential in Said grid circuit, and 
means for varying the auxiliary potential to 
make the resultant grid potential more positive 
than the out-of-phase grid potential for that 
portion of the active period prior to said inter 
mediate point, and more negative than said out 
of-phase potential for that portion of the active 
period subsequent to said intermediate point, 
and thereby give resultant control potentials 
for starting the tube throughout its entire ac 
tive period. 

EARLE K. SMITH, 
DONALD W. EDWARDS. 
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