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1. 
This invention relates to control systems; more 

particularly to systems for controlling the opera 
tion of electric valves, and it has for one object 
the provision of a simple, reliable and improved 
control system of this character. 
More specifically the invention relates to Sys 

tems for controlling the operation of gas filled 
electric valves, and a more specific object of the 
invention is the provision of improved means 
for shifting the phase of the grid voltage with 
respect to the anode voltage to vary the con 
ductivity of the valve. 

In carrying the invention into effect in one 
form thereof, a gas-filled electric valve having an 
anode, a cathode and a control grid is connected 
to have an alternating voltage supplied to its an 
ode-cathode circuit. For supplying an alternat 
ing voltage to the grid catrode or input circuit a 
phase shifting network is provided. It comprises 
two bridge circuits. Each of these bridge circuits 
has an individual reactance arm and they have a 
variable resistance arm which is common to both. 
In this common arm there is connected a control 
electric valve and a source of direct voltage from 
which it is supplied. The direct voltage supplied 
to this control valve is modulated by alternating 
voltages which are supplied to both bridge circuits 
from the secondary winding of a transformer. 
Two portions of this winding are connected to 
constitute arms of one of the bridges and two 
other portions constitute arms of the other 
Boridge. Across the output terminals of the two 
bridges are connected two primary windings of 
a grid transformer of which the secondary wind 
ing is connected between the cathode and grid 
of the gas filled valve. The control valve in 
the common arm acts as a variable resistor. 
sequently, variation of the grid voltage of the 
control valve varies the phase of the nodulated 
voltage supplied to the grid of the gas filled valve 
relative to its anode voltage and thus varies 
its conductivity. In a modification, one gas 
filled valve is supplied from one phase of a 
quarter phase source and a second gas filled 
valve is supplied from the other phase. The 
phase shifting network for the grid voltage com 
prises four bridge circuits, i.e. a double bridge cir 
cuit for each valve. A resistance arm connon to 
all four bridge circuits includes a source of direct . 
voltage and a control valve supplied therefron. 
Variation of this grid voltage of the control valve 
in the common arm produces simultaneous phase 
shift of the modulated voltages supplied to the 
grids of both gas fled valves. 
For a better and more complete understanding 
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of the invention, reference should now be had to 
the following specification and to the accompany 
ing drawing of which Fig. 1 is a simple, schematic 
diagram of an embodiment of the invention; Fig. 
2 is a simple, schematic diagram of a modifica 
tion; Fig. 3 is a chart of characteristic curves 
which serve to illustrate the invention; and Fig. 
4 is detail. 

Referring now to the drawing, and particularly 
to Flg. 1, a pair of gas filled electric valves and 
2, such as thyratrons, are connected as a biphase, 
half wave rectifier. The valves have anodes a 
and 2a, cathodes b and 2b and control grids ic 
and 2c respectively. Within their envelopes is 
contained a small quantity of mercury vapor or 
inert fgas such as argon. They are supplied from 
al, Suttable source of alternating voltage which is . 
illustrated as a secondary winding 3a of a power 
Supply transformer 3. As shown, the anodes a 
and 2a are connected to opposite terminals of 
the secondary winding 3a, A. load is which may 
be any electrical translating device is consected 
between the cathodes and the center tap of sec ondary winding 3a. 
For the purpose of varying the conductivity of 

plying periodically varying voltages to the grids 
c and 2c and for varying the phase relationships 
of these grid voltages relative to the arodie volt 
ages. This means comprises two alternating volt 
age bridge circuits having their output terminals 
connected through a grid transformer to the in 
put circuit of the valves. These oridge circuits 
connprise a secondary windig 32 of the trans 
former 3. It has five taps 5, 8, , 3 and 9 equally 
Spaced apart. The two portions 5-8 and 8-7 of 
the Secondary winding constitute two airns of one 
of the bridge circuits." A reactance device such as 
the capacitor 0 constitutes the third arm of this 
bridge. Similarly the portions - and 8-9 of 
the secondary winding constitute two arms of 
the second bridge circuit and the capacitor 
constitutes the third airn. An electric valve 2 is 
included in a connection which is common to both 
bridges and constitutes the fourth arm of each 
bridge. This connection is traced from the tap 
through a rectifier 3 and a secondary winding 
3c and through vacuun valve 2 and rectifiers 4 
and 5 in paralled to the lower terminals of ca 
pacitors 0 and . - 
Between the output terminals 6 and 5d of the 

first bridge is connected the primary winding a 
of a transformer 6 of which the secondary wind 
ing 6b is connected between the grid and cath 
ode of thyratron valve . Similarly, between the   
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output terminals 8 and 7 of the second bridge is 
connected another primary winding fic of the 
transformer 6, and another secondary winding 
6d of the transformer is connected between the 

cathode 25 and grid 2c of thyratron valve 2. The 
arrangement of the primary windings 6a and 
sc and secondary windings 6b and 3d on the 
core of the grid transformer is indicated in Fig. 4. 
The electric valve 2 is provided with an anode 

G2a, a cathode 28 and a control grid 2c. A 
direct voltage is supplied to the anode-cathode 
circuit of the valve 2 by means of the transform 
er secondary winding 3c and the rectifier 3 
which are connected in the arm which is con 
on to both bridges. The current flow, is traced 

from the lefthand terminal of secondary wind 
ing Sa through rectifier 3, conductor 8, to the 
midtap 7. At this point the circuit divides and 
current fiows in the arm 7-8, primary winding 
6a of the grid transformer B, and rectifier (i. 
In the parallel branch current flows through 
bridge arm 7-8, primary winding 6c of the grid 
transformer 6 and the rectifier 5. At this 
point the parallel branches unite and current 
flows through the anode-cathode circuit of valve 
2 and conductor 9 to the right-hand terminal 
of secondary winding 3c. 
A suitable direct voltage is supplied between 

the grid and cathode of valve 2 by means of a 
potentiometer 20 connected across a source of 
direct voltage such as the battery 26'. 
The operation is as follows: The direct voltage 

which is supplied to the anode-cathode circuit 
of valve 2 is nodulated by the alternating WOt 
age between the center tap and output terminal 
950, and salso by the alternating voltage between 
the center tap and the output terminal S. 
These two alternating voltages are 180° out of 
phase with each other. Alternating voltages dise 
placed 180° from each other appear across the 
primary winding 6d. and 6c of the grid trans 
former. 
Waying the conductivity of the valve 62 by 

varying its gird voltage produces the same effect 
that would be produced by varying the ohmic 
resistance of the common arm. In other words, 
the valve 2 behaves like a resistance. Conse 
quently, the phase of the modulated voltage 
across the valve 2 and the phase of the modiu 
lated voltages across the primary windings 6a, 
and Gc are varied when the grid voltage of valve 
62 is varied. Since the anode voltage of the 
valve varies with the amount of modulation and 
since the resistance of the valve varies with its 
anode voltage, the alternating voltages across 
the primary windings 6a and 6c are distorted 
considerably from the desired pure sine Wave 
form. This distortion is illustrated in the curve 
chart of Fig. 3 in which curve 2 A represents the 
voltage across primary winding a during a 
positive half cycle of the voltage. The positive 
half cycles of this voltage embrace more than 180 
electrical degrees and the negative half cycles 
embrace less than 180 degrees. Furthermore, the 
amplitude of the negative half cycle is greater 
than the amplitude of the positive half cycle. 
The alternating voltage which appears across 

the primary 6c is represented by the curve 2 ". 
Since the direct current flows in opposite direc 
tions through the arms 6-7 and 7-8 with re 
Spect to the alternating voltage, the distortion 
in the alternating voltage across primary wind 
ing Bc is opposite to the distortion of the 
voltage across primary winding 6a. This op 
posite distortion is indicated by the curve 2. 
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During its positive half cycles it embraces less 
than 180 electrical degrees and conversely dur 
ing its negative half cycles it embraces Inore than 
180 degrees. Its amplitude during positive half 
cycles is greater than its anplitude during nega 
tive half cycles. 
Since both windings Ba and 6b are wound 

cumulatively on the same core, the resultant 
flux has the shape of the curve 22 which is a 
symmetrical wave, i. e. its positive and negative 
annplitudes are symmetrical with respect to the 
axes and positive and negative half cycles each 
embrace 180 electrical degrees. In other words, 
the distortion of one of the voltages is counter 
acted by the opposite distortion of the other so 
that the positive and negative half cycle are 
Symmetrical. 

Alternating voltages having substantially pure 
Sine Wave form are induced in the secondary 
windings 6b and 6d and are supplied to the 
grid-cathode or input circuits of the valves 
and 2. Since the anode voltages of valves 
and 2 are 180° out of phase, the connections of 
the grid transformer secondary windings are 
poled so that the voltages supplied to the grids c 
and 2C are 180° out of phase with each other. 
To vary the phase relationship of the grid 

voltage of valves and 2 relative to their anode 
voltages, the grid voltage of valve 62 in the com 
mon arm of the two bridges is varied. Since 
the valve 2 behaves as a variable resistor when 
its grid voltage is varied, and since the reactance 
of the capacitors ( and in the capacitance 
arms remain unchanged, the phase of the bridge 
output voltages supplied to the primary wind 
ings 6a and 8c are varied. Consequently, the 
voltages supplied to the grids Sc and 2c and cur 
rent conducted by the thyratrons 8 and 2 are 
correspondingly varied. 
The rectifiers (3 and 6 serve as blocking recti 

fiers to isolate the two resistance reactance 
bridges, i. e. to prevent their interference with 
each other. 
A capacitor 23 is connected in paralle with the 

rectifier 3 and secondary winding 3c. This 
capacitor extends the range of phase shift of the 
thyratron grid voltages and makes it possible to 
phase the thyratrons to cut-off. 
In the modification disclosed in Fig. 2, the in 

vention is embodied in a phase control system 
for a quarter phase rectifier. 

It comprises two rectifiers 243 and 2s each of 
which is substantially identical with the rectifier 
of the modification of Fig. 1. For example, the 
thyratron valves 26 and 2 correspond to the 
valves and 2 of Fig. 1, and the supply trans 
former secondary winding 28 corresponds to the 
Secondary winding 8b. The remaining elements of 
rectifier 25 are readily identifiable with their cor 
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responding elements in the rectifier of Fig. 1. 
Similarly, the elements of rectifier 25 are readily 
identifiable with the corresponding elements of 
the rectifier of Fig. 1. The windings-28 and 29 are secondary windings 
of a quarter phase transformer and consequently 
the alternating voltages induced in these windings 
are 90 degrees out of phase with each other. An 
interphase transformer winding 3 is connected 
between the center taps 28a and 28a. 
An arm which is common to all four bridge cir 

cuits is connected from the center tap 30a of the 
interphase transformer to the common output 
terminal 3 of the bridges and includes the con 
ductor 32, the rectifier 33, transformer secondary 
winding 34 and electric valve 35. 
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By varying the grid voltage of the valve 35, the 

phase of the voltages on the grids of all four thy 
ratrons are simultaneously varied with respect 
to their anode voltages, and the currents coin 
ducted by both rectifiers are correspondingly 
varied. 
Although in accordance with the provisions of 

the patient statutes this invention is described 
as embodied in concrete form and the principle 
thereof has been explained together with the best 
node in which it is now contemplated applying 
that principle, it will be understood that the ele 
ments shown and described are inerely illustra,a 
tive and that the invention is no inited thereto 
since alterations and rhodifications will readily 
suggest, themselves to persons stilled in the art, 
Without departing from the true spirit of this 
investion or froii) the scope of learine:ked clains, 
What I claim as new 33d desire &o Secure by 

Letters atten of the United States is: 
2. A control systern for Sin electric valve pro 

Vided With an anode, a ceilinode and a control grid 
cox prising nearls for Supplyig to the 2node 
cathode circuit, 2, periodically '72:ying voltage, 
Eleans for supplying to tie grid and cathode a, 
periodically varying voitage of adjustable phase 
'Yita respect to the anode voitage congrising a 
air of bridge circuits having , connor argin, 8, 

Scirce of direct, volts.ge congected in said cogit non 
2. In, neans for supplying to the 22ut tei" is als 
of said bridges a periodically varying Voitage of 
he sane periodicity 3S said 3,320ie Voltage to 

iroduisite he direct voltages ai, £ie output, termi 
is als, a transformer having a primary Wis disg 
3onnected across the output terrigals of one of 

id bridges, a second privnary Wizatiing corrected 
caross the output terminals of the other os Said 
3ridges and a secondary Wisding co, Saecö3d 33 
{{Yee, said grid and cathode, Sid & co; 3roi electic 

e Connected in Seid coin OE BESY. 
. A control system for an electric 78.7g 220 

isied with an Enode, a cathccie &c. a. 307trol 
grid, Kaeans for Supplying to the 20cie cellode 
Sircuit, of said valves, periodically Varying 70ii 
age, greans for supplying to the grid and 32.Éiroie 
E. pairiodically varying voltage congrisizing a paix. 
of oxidge circuits having individual react&ace 
argins and a connon resistance ari including a 
Source of direct, voltage and a control electric 
73ive, Sea is for supplying C the input terrainals 
g? said oridges periodically varying voltages of the 
S5ine periodicity as said anode voltage to modulate 
the direct voltages at the output terminals, trans 
gorner means comprising a core structure pro 
'vised with a first primary winding connected 
across the output, terminals of one of said bridges, 
a second primary winding connected across the 
output terminals of the other of said bridges 
acid a secondary winding connected between said 
grid and cathode, and means for varying the co 
ductivity of said control valve thereby to shift he 
inase of the voltages of said grid relative to the 
Ygliages of said anodes. 

3. A control system for an electric valve pro 
vided with an anode, a cathodie and a coatrol 
grid, connections from the anode cathode circuit 
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to a source of periodically varying voltage, a pair 
of bridge circuits having individual reactance 
arms and a connon resistance arm, a trail S 
former having a rectifier included in its secondary 
circuit for Supplying a, direct Voltage in Said coin 
mon arm, a transformer having primary coir 
illections to said source, and a secondary Winding 
having a portion constituting two arms of one 
of said bridges and a second portion constituting 
two arms of the other of said bridges for modulat 
ing said direct voltage at the output terminals of 
said bridge circuit, with a periodically varying 
Voltage of the Sane periodicity as the Voltage of 
said source, a pair of blocking rectifiers connected 
between corresponding output terminals of said 
bridge circuits and a terminal of said cominor. 
arm, fansformer neans comprising 2, core struc 
ture provided with 2, first primary Winding cor 
nected across the output terminals of one of said 
bridges and a second primary Winding connected 
acroSS the output terninals of the other of Said 
bridges and having a secondary winding co 
nected between said grid and cathode, for supply. 
ing thereto 8, periodically varying voltage, and S. 
coiltrol electric valve in said connon arm, and 
means for V8, rying the conductivity of said co 
trol valve to vary the phase relationship og the 
grid and anode voltages of said first mentioned 
valve. 

4. A control system comprising first and sec 
ond electric valves each provided with an anoia, 
a cathode and a control grid, a source of quarter 
phase alternating Voltages for supplying guar 3. 
phase voltages to the anode cathode circuits o? 
said valves, means for supplying quarter pinase 
voiages to the grid cathode circuits of said waites 
coyaprising a pair of phase shifting he works, one 
for each W&lve ad each concrising two ridge 
circuits, each ridge circuit, having 23 individuali 
reactance aria and all said bridge circuits having 
a coa; no resistance airin, &, Source of direct, 
foitage included in said common arrin, a guaia: 
pinase transformer supplied fron said source, cine 
seconda y pinase "Jinding constituting ridge signs 
or the both bridge circuits of one of said networks 
and the other phase winding constituting 3rgins 
for the oridge circuits of he other of said ine 
Works for Supplying quarter pinase aiterating 
voltages to inodulate the direct, Voltages at the 
output terminals of said bridges, a first grid Sans 
former having two primary Windings conteced: 
across the output terminals of the two oridges 
respectively of one of said networks and having 
a secondary windling connected to the grid and 
cathode of one of said valves, a second grid trans 
£ormer having two primary windings connected 
across the output terminals of the two bridges 
respectively of the other of said networks and 
having a secondary Winding connected to the grid 
and cathode of the other of said valves, and a 
variable control valve connected in said connoia 
3. 
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