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The present invention relates to improvements in or 
relating to the control of tubes with discharge in gas and 
vapor, and, more particularly in those of said tubes which 
comprise a priming or lighting electrode, such as a control 
grid, for example, in order that their periods of conduc 
tivity proper may be adjusted through a signal applied 
onto said electrode when an alternating feeding voltage is 
applied between their cathode and their plate. 

Accordingly, it also relates to improvements in or re 
lating to the adjustment and (or) the regulation of the 
feeding with an alternating voltage of the charge circuits 
such as windings of electric motors, more particularly but 
not limitatively, series-connected to the feeding in the 
cathode-piate circuit of said tubes in which case the prim 
ing or lighting signal for the tubes is generally Subjected to 
one or more variable magnitudes previously converted 
into electric voltages, said signal is then figurative, for ex 
ample, of the spacing between a reference value and a 
measured value on a servitude magnitude. 
The invention has for its object to provide these in 

provements so that they insure both a higher precision of 
the lighting control and a greater facility in the flexibility 
of elaborating the control signal, as well as enabling the 
possible use of simple circuits which arrangements are 
well known in remote communication technics. 

Said improvements are essentially characterized in that 
the lighting control signal of a gas or vapor discharge tube 
which receives a low frequency alternating voltage be 
tween its cathode and its plate is constituted through the 
superposition in the circuit of its lighting electrode in the 
first place of an alternating voltage of the same low fre 
quency, in quadrature with the feeding voltage, and in the 
second place of a carrier oscillation of high frequency 
(with respect to the frequency of the feeding voltage) 
oscillation which has previously been modulated in am 
plitude through the servitude signal, so that the lighting 
signal proper, is constituted, in fact, through the modula 
tion envelope of said carrier oscillation, the average level 
of which fluctuates according to the low frequency voltage 
to which said modulated carrier oscillation is superposed, 
the level around which said low frequency voltage de 
velops in quadrature with the feeding voltage being main 
tained sufficiently low, and, moreover, constant, in order 
that said voltage, when operating alone, cannot control 
a priming or lighting of the tube in the absence of the 
modulated carrier oscillation. 

Preferably, moreover, the low frequency voltage in 
quadrature with the feeding voltage is directly derived 
through phase shifting from the feeding voltage itself, and 
the high frequency oscillation is itself generated under 
the control of the feeding voltage. 

This control method as well as the devices which are 
used for carrying out the same into practice will be here 
after described, more in details with reference to the ac 
companying drawings in which are diagrammatically 
shown: 

In Fig. 1, the general arrangement of a lighting control 
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circuit for a gas or vapor discharge tube in accordance 
with the present invention; 

In Fig. 2, graphs which facilitate the disclosure of the 
operation of the circuit arrangement of Fig. 1; 

In Fig. 3, an illustrative arrangement for applying the 
invention to the revertible rotation control of a series 
motor. 
Referring to Fig. 1, the feeding of a charge circuit 1 

through a gas discharge tube, for example of the type 
known under the commercial designation "Thyratron,' 
2, is performed through connecting in series in the plate 
circuit of the tube, the secondary winding 3 of the feed 
ing transformer 4 (the mains, for example) and the 
charge circuit grounded as is also the cathode of tube 2. 
Accordingly, if the control electrode, a grid in this case, 
of said tube 2, was permanently under such a potential 
that the tube be unlocked, any half cycle Such as 14, 
14' . . . , Fig. 2, would cause the lighting of the tube 
and, accordingly, the feeding through these half cycles of 
circuit 1 during the entire duration of the half cycles; this 
would result in that the grid potential would remain dis 
posed at every moment in the location of the curve where 
the characteristic or location of the critical priming volt 
ages 13, 15 is passed beyond, that is to say between this 
curve and axis O, whereas the plate voltage would vary 
according to half cycle 15, 5'. . . . 
Through another secondary winding of the same feed 

ing transformer connecting a phase shifting network 6 and 
an auxiliary liaison transformer, a voltage of the same fre 
quency as the low feeding frequency is applied onto the 
control grid of the tube; said voltage in quadrature is in 
dicated at 16, 6' . . . on Fig. 2 and its average level is 
adjusted to such a value i7 that it cannot by itself unlock 
tube 2. This is indicated on the graph by the fact that this 
voltage 16 does not intersect the characteristic of the criti cal grid voltages 55. 
Through a third winding 8 of transformer 4 a circuit 

or generating device of a non-modulated carrier oscilla 
lation 9 is connected. This delivers through transformer 
10 a stable high frequency oscillation with respect to the 
feeding voltage frequency; if the network is, for example, 
at 50 cycles per second the oscillator or frequency con 
verter 9 will be able to supply a thousand cycles per sec 
ond oscillation. 
The advantage of establishing the voltage in quadra 

ture and the carrier oscillation from the feeding voltage 
itself is quite clear; any phase shifting and any frequency 
variation of the network will be reproduced by these auxil 
iary voltages and accordingly a better accuracy or control 
fidelity obtained. 
The carrier oscillation delivered across the terminals 

of the secondary winding of transformer 19 is applied 
onto a modulator ii which receives through input 12, the 
modulation control or servitude signal. This modulator 
may consist with advantage, though not limitatively, of a 
modulator of any usual type used in a carrier wave tele 
phone and, more particularly, of a dry rectifier modulator 
as hereafter described with reference to the example shown in Fig. 3. 
The output of the modulator connects to a transformer 

13 the secondary winding of which is introduced in series 
with the secondary winding of transformer 7 into the cir 
cuit comprising the grounded cathode and control grid 
of tube 2. Said grid then receives a signal of the form 
shown in the upper graph of Fig. 2, no modulation of 
the carrier osciliation appearing, that is to say, as a 
non-modulated carrier oscillation 12 the average level 
of which varies accordingly to the sinusoidal voltage 13; 
the level value of the carrier when no modulation appears 
is adjusted in order that the modulation envelope will not 
intersect the critical priming voltage characteristics of 
the discharge tubes. When a modulation signal is 
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applied at 12, the level of the modulated carrier oscilla 
tion varies, on the contrary, according to the lower graph, 
Fig. 2, so that the modulation envelope 19, 19 . . . 
intersects the priming characteristic in constant places 
20, 20' . . . and the variation of this envelope level ef 
fectively operates in order to cause relative lighting ad 
vances or delays in the positive half cycles of the plate 
voltage 14, E4'. . . . For this function envelope 19 may 
be may be considered, in practice, as a permanent signal 
owing to the high relative value of the carrier frequency 
with respect to the cycle of the sinusoidal voltage; an 
auxiliary damping circuit-with time constant-may, 
moreover, be connected, if necessary, to the control grid 
of tube 2 in order to give a greater continuity of the volt 
age envelope A8 according to a usual arrangement in the 
remote communication technics. 
Of course, for the feeding of a charge such as 

through both half cycles of a sinusoidal voltage the ar 
rangement of Fig. 1 must be doubled through arranging 
a second discharge tube having also charge in its plate 
circuit, but in series with a winding of transformer 4 con 
nected with an inverse phase to that of winding 3 and 
receiving on its grid through, a second secondary winding 
of transformer 13, the servitude signal in series with a 
second secondary winding of transformer 7 connected 
in an inverse phase with respect to that of the represented 
winding. Such an arrangement appears, moreover, in 
Fig. 3 which is relative, however, to the more complex 
case in which the charge is constituted by a motor ' 
with excitation in series and reversible rotation, whence 
the necessity to provide two control ways, that is two 
pairs of discharge tubes. 

In Fig. 3 motor 1' is provided with both exciter wind 
ings 29 and 30. A pair of discharge tubes 21-22 is pro 
vided in order to control the passage of the power supply 
from the network, delivered by the secondary winding 25 
of transformer 4, through winding 29 and motor 1, 
grounded, from middle point 27 of this secondary wind 
ing 25, the ends of which are connected to the respective 
plates of tubes 24 and 22. Likewise, a pair of discharge 
tubes 23-24 is provided in order to control the passage 
of the power supply delivered by transformer 4 through 
its secondary winding 26 through winding 30 and motor 
1, grounded from middle point of said secondary 26, 
shown at 28, and the ends of secondary winding 26 are 
connected to the respective plates of tubes 23 and 24. 
One or the other pair of tubes must be automatically put 
into operation according to the rotation direction of the 
motor; in either one pair, one of the tubes must control 
the passage of the half cycles of one polarity and the 
other tube the passage of the reverse polarity half cycles. 
The automatic selection of the half cycle polarities is 

direct through the provision of the four secondary wind 
ings 31-32 and 33-34 for transformer 7 which accord 
ing to the diagram of Fig. 1 Supplies the control grids 
in quadrature on the plate voltage; secondary winding 31 
connects to the grid of tube 2, secondary winding 32 
connects to the grid of tube 22, but in reversed polarity 
through simple inversion of the leads; likewise, secondary 
winding 33 connects to the grid of tube 23 and secondary 
winding 34 connects to the grid of tube 24 in reversed 
polarity through inversion of the leads. 
The high frequency carrier oscillation is generated, in 

the diagrammatic example through a rotating frequency 
converter 9, and connected to the high frequency outlet 
terminals of this generator is a transformer e provided 
with four secondary windings 35-36-39-42 the op 
eration of which will be explained progressively. 

Secondary winding 42 connects to a nodulator of the 
ring type with dry rectifiers for which the primary wind 
ing 43 of a transformer 4.3 is used as an output circuit; 
the rectifiers are indicated at 4S-39 in series, and at 
50-51 in bridge; the middle points 46 and 47 of the 
windings of transformers 42 and 43 respectively, are con 
nected through leads 37 and 38 to the terminals of a 
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4. 
tachometer dynamo 2 driven by motor 1" as indicated 
through the mechanical link 45 (with or without reduc 
tion or multiplication); thus, the carrier oscillation is 
modulated through the signal measuring the rotation 
speed of nictor 1, the intensity of which is proportional 
to said speed and the direction of which, with respect to 
the points of connection of modulator 42 and 43, depends 
directly upon the Tctation direction of motor 1, so that 
the nod'iated oscillation is delivered at the output of 
transformer 4-3 with a phase relative to the input phase 
(in any Secoinciary winding of transformer G) which is 
direct for one rotation direction of the motor-that is 
phase shift zero-and "everse for the other rotation di 
rectation of the motor-that is a phase shifting of 180°. 
This measuring signal is compared with a reference 

signai (in magnitude and direction) at the output of 
transformer 43, in a resistor comparator or divider 52 
53. Resister 53 receives a voltage of the non-modulated 
carrier frequency, extracted from potentiometer 41 across 
the terminais of secondary winding 39. The middle 
point of this winding is grounded at 40 in order to enable 
the posting of the desired rotation speed for one or the 
other roiation direction, through simple displacement of 
the side of potentiometer 42. 
The spacing signal, so obtained, is amplified at 54; 

this amplifier is of the counter-reaction type as indicated 
through the secondary colater-reaction winding 55 of its 
output transformer 53; it is established, furthermore 
through plate or cathode characteristic-in order to as 
surne a linitation of the output level of the spacing signal, 
in the secondary winding 59, to a value lower than dou 
bie the levei of the non-modulated carrier oscillation such 
as it appears in the secondary windings 35 and 36 of 
trailsformer i3, in order to avoid an untimely control 
of the pair cf discharge tubes ailocated for the rotation 
control the direction opposed to that determined 
through the posting at 43. 

Indeed, the automatic determination of the pair of dis 
charge tubes 2-22 or 23-24 which is to be operated 
is performed through comparing the phase of the spacing 
signal with the phase of the reference oscillation in the 
following circuits: from middle point 57 of secondary 
winding 59 through lead 6 of one of its ends, through 
winding 55, to point 58 whence said circuit divides in 
order to connect secondary windings 3 and 32 of trans 
former 7, towards the control grid of tubes 2i and 22 
respectively; from middle point 57 of secondary winding 
59 through lead 62 of the other end of secondary wind 
ing 59, through winding 36 to point 60 whence said 
circuit divides toward windings 33 and 34 of transformer 
7 towards the respective grids of tubes 23 and 24. 

According to its phase, the spacing signal will be added 
to or subtracted from-and conversely-the reference 
high frequency oscillation in one of windings 35 and 36 
and that control way will be rendered efficacious in which 
the addition in phase of the spacing signal and of the 
reference oscillation is performed by means of the tubes 
of the pair controlled through said way, said tubes being 
unlocked following the timing of the half cycles of the 
feeding voltage because of the automatic switching over 
through the reversed application of the voltage in quad 
rature onto their control grids. The other control way, 
through opposition of the reference and spacing voltages, 
remains inefficient at least as long as the spacing voltage 
has not reached, in modulus, such a level that an oscilla 
tion appears on this way, oscillation liable of unlocking 
the tubes of the other pair. Such a level, of course, 
cannot exist in the phase performing this unlocking unless 
the spacing signal can exceed a value at least double of 
that of the non-modulated carrier signal, whence the pre 
requisite limitation, in practice, in the spacing signal 
amplifier. 
On the other hand, a bias 56 is introduced at 57 at 

the middle point of secondary winding 59 in order to 
stabilize level 17, Fig. 2; this introduction location is 
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convenient, being common to the four discharge tubes 
but, of course, this level could stabilize through individual 
bias of the control grids. 

Several detail modification may, moreover, be made 
in the described arrangements, more particularly in the 
example shown diagrammatically in Fig. 3, without de 
parting from the scope and spirit of the invention; 
certain modifications have been indicated in the course 
of the foregoing specification and others may be con 
sidered directly such as, for example, the use of a generator 
and (or) a modulator of another type, the generalization 
of the diagram to a polyphase power supply and other 
applications, and we desire that it be understood that 
no limitations upon the invention are intended other than 
may be imposed by the appended claims. 
What we claim is: 
1. A device for controlling the firing of gas discharge 

tubes and the like, comprising in combination with a 
gas discharge tube having a cathode, an input electrode 
and an output electrode, an input circuit connected with 
said input electrode, a cathode-anode circuit, a phase 
shifting network, a supply voltage transformer having 
three secondary windings one of which is connected in 
Series with a load in the cathode-anode circuit of the 
discharge tube, another one of which is connected to 
said phase-shifting network, an additional transformer 
having primary and secondary windings, the output of 
said network being connected to the primary winding of 
Said additional transformer and the secondary winding 
of said additional transformer being connected to the 
input electrode of the discharge tube, a third transformer 
having primary and secondary windings, the secondary 
winding of said third transformer being interposed be 
tween the input electrode and the secondary winding of 
Said additional transformer, a modulator, a connection 
between the primary winding of said third transformer 
and the output of said modulator, said modulator being 
supplied with a control signal input and a carrier-oscil 
lation input from a frequency changer controlled by the 
third secondary winding of the supply voltage transformer. 

2. A device according to claim 1, in which the load 
is a series electric motor, the rotating speed of which is 
controlled by the discharge tube, said motor driving a 
tachometric dynamo which generates the control signal 
to be applied to the control-signal input of the modu 
lator, the output circuit of which comprises a mixing 
circuit to which is applied the adjustable contactor of a 
potentiometer connected to the frequency changer, while 
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the difference signal of the mixing circuit is applied to 
said output transformer, the secondary of which is con 
nected to the input electrode circuit of the discharge 
tube in series with the secondary winding of the trans 
former connected with the phase-shifting network. 

3. A device according to claim 1 in which the load is 
a series electric motor, the rotating speed of which is 
controlled by the discharge tube, said motor driving a 
tachometric dynamo which generates the control signal 
to be applied to the control-signal input of the modulator, 
the output circuit of which comprises a mixing circuit 
to which is applied the adjustable contactor of a poten 
tiometer connected to the frequency changer, while the 
difference signal of the mixing circuit is applied to said 
output transformer, the secondary of which is connected 
to the input electrode circuit of the discharge tube in 
series with the secondary winding of the transformer con 
nected with the phase-shifting network, said motor being 
reversible and having two excitation windings, one for 
each direction of rotation, two pairs of earthed-cathode 
discharge tubes being provided for controlling the ener 
gization of the two excitation windings respectively, com 
prising an output transformer connected to said frequency 
changer, said output transformer having a plurality of 
secondaries, one of which is connected to the carrier 
oscillation input of the modulator, while another is con 
nected to the potentiometer and has an earthed mediuin. 
tap, said secondary winding of the mixing circuit output 
transformer also having an earthed medium tap, the 
input electrodes of the tubes of said pair of tubes forming 
a common control channel for determining the operative 
ness or inoperativeness of that particular pair of tubes, 
each control channel comprising in series one half of the 
Secondary winding of the mixing circuit output trans 
former, another secondary winding of the frequency 
changer output transformer and two secondary wiridings 
of the phase-shifting network output transformer con 
nected in parallel and the electrically opposed terminals 
of which are connected to the respective input electrodes 
of the two tubes of that pair. 
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