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This invention relates to controlling Systems 
and particularly to Systems in which the current 
through the load is controlled by means of space 
Current devices. 
Grid-glow tubes and other space-current de 

Vices, having the property that a certain po 
tential upon the grid will cause them to become 
conducting and thereafter they will continue to 
Conduct until the anode potential falls below a 
characteristic minimum, have been used for the 
Control of current from an alternating power 
Source to a load. By controlling the time in the 
positive half-cycle at which the potential upon 
the grid becomes sufficient to render the tube 
conducting, the portion of the cycle during which 
the tube Will deliver current to the load is con 
trolled and, in this way, the average Value of the 
current delivered to the load is controlled. 

Heretofore, a very Substantial amount of power 
has been required for impressing the necessary 
potential upon the grids of the controlling tubes. 
A considerable portion of the power supplied to 
the grids is expended without any correspond 
ing useful result, because, once the grid has ren 
dered the tube conducting, a change in the po 
tential of the grid Will not stop the tube from 
conducting. 

Moreover for the control of large-power tubes, 
say tubes intended to conduct over fifteen an 
peres, apparatus for controlling directly the 
phase of the potential supplied to the grids 
would be of impractical size. 

It is an object of my invention to Supply power 
to the grids of the control tubes during only the 
time necessary to render the tube conductive. I 
thereby minimize the power needed for the control 
of the grids. 

It is a further object of my invention to con 
trol the main control tubes by auxiliary tubes 
and to limit the currents through the auxiliary 
tubes to momentary currents. 

It is a further object of my invention to in 
press the controlling potential upon the grids 
of the main control tubes by means of the drop 
through a resistor, the current in which is con 
trolled by the auxiliary tube. 

It is a further object of my invention to con 
trol the anode potential upon the auxiliary tubes 
by the drop through the main control tubes, 
Whereby the anode potential of the auxiliary tubes 
may become too small to maintain a discharge 
through them immediately after the main con 
trol tubes begin to conduct. 
Other objects of my invention and a detailed 

knowledge of the circuits and apparatus em 

(CI, 250-27) 
ployed may be obtained from the following de 
Scription and the accompanying drawing, in 
Which 

Figure 1 shows one application of my inven 
tion, and 

Fig. 2 shows another application thereof. 
The source of power is represented by the 

power line which, in Fig. 1, Supplies two main 
control tubes 2 and 3. The anode of the tube 
2 is connected to one side of the line . The 
Sane side of the line is connected to the middle 
point of the secondary of a transformer A which 
energizes the cathode of the tube 3. The cath 
Ode of the tube 2 is energized by a similar trans 
former 5 and the middle point of this trans 
former is connected to the anode of the tube 3. 
The cathode of the tube 2 and the anode of the 
tube 3 are connected to one terminal of the load 
8 and the other terminal of the load 6 being con 
nected to the other side of the line from the 
anode of the tube 2. 
A pair of Smaller tubes 9 and serve to 

control the grids of the tubes 2 and 3. The 
anode of the tube () is connected directly to the 
Same Side of the line as the anode of the 
tube 2. The anodes of tubes 2 and 0 are thus 
connected together and so maintained at the 
Same potential. Similarly, the anode of the tube 

f is connected to the anode of the tube 3 and to 
that side of the load 6 which is remote from the 
line. 
The cathode of the tube ?o is energized through 

a transformer 2 and the center point of the 
secondary of this transformer is connected 
through a resistor 3 to the anode of the tube 

and also to the terminal of the load 6 remote 
from the line. The anode of the tube fl, one 
terminal of the load 6, the anode of the tube 3 
and the cathode of the tube 2 are thus connected 
together and through the resistor 3 to the cath 
ode of the tube 0. 
The grid of the tube 2 is connected to a point 

between the cathode of the tube 9 and resistor 
3. The connection may, if desired, include a 
means for impressing potential on the grid of 
tube 2 independent of the condition of tube 0. 
Such a Source of potential has been illustrated as 
a battery T with its negative pole toward the grid, 
but a source of alternating potential may be used. 
A separate transformer might be used for the 
purpose if it is SO connected that it impresses a 
negative potential on the grid of tube 2 during 
the half-cycle in which the anode thereof is 
positive. Both battery and transformer may be 
used together if desired. 
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The battery 7 provides a potential between the 

grid and the cathode of the tube 2 by reason of 
which the tube 2 is maintained in deemergized 
condition until the other elements of the System 
are actuated. In the tubes utilized in the pre 
ferred practice of my invention the battery T is 
of such polarity that the potential of the grid is 
normally maintained negative relative to the 
cathode. 
The cathode of the tube 0 is also connected to 

one terminal and the grid thereof to the other 
terminal of a secondary 4 of a transformer, the 
primary 5 of which is connected acroSs a phase 
determining device. The phase-determining de 
vice consists of a resistor 6 connected across the 
line and the combination of a resistor 7 and 
a condenser 8 connected in series, the combina 
tion of the two being in parallel to the resistor 6. 
The primary 5 is connected between the middle 
point of the resistor 6 and the junction point 
uniting resistor 7 and condenser 8. 
One of the elements in parallel to the resistor 

6 is adjustable. As shown in Fig. 1, the adjust 
ment is provided for the resistor 7 but, if de 
sired, the condenser 8 may be made adjustable 
instead. 
A resistor 20 connects the anode of the tube 

0 with the midpoint of the secondary of a trans 
former 2 which energizes the cathode of the 
tube ff. The grid of the tube 3 is connected to 
that terminal of the resistor 20 which is remote 
from the anode of the tube O. A source of po 
tential 8, which may be direct, alternating or a 
combination of the two, may be inserted in this 
Connection if desired. 
The source of potential 8 functions in the same 

manner as the source 7. 
An additional Secondary 22 associated with the 

primary 5 is connected between the cathode and 
the grid of the tube ff. The cathode of the tube 
f f is thus connected through the resistor 20 to the 
common connection uniting the anode of the tube 
f0, the anode of the tube 2, the cathode of the 
tube 3 and one side of the line . 

In Fig. 2, the tubes 30 and 3, like the tubes 2 
and 3 of Fig. 1, are adapted to carry the heavy 
current supplying the load 6, but the tubes 30 and 
3 are arranged to constitute a rectifier Supplying 
the load 6 with direct current from the Source of 
alternating current represented by the line . 
This is accomplished by means of connections in 
cluding the transformer 32, the primary of which 
is connected across the line . The midpoint of 
the secondary of the transformer 32 is connected 
to one terminal of the load, the other terminal 
of the load is connected to the midpoint of the 
Secondary of a transformer 33 which energizes 
the two cathodes of the tubes 30 and 3. The 
anode of the tube 3 is connected to one ter 
minal of the secondary 32 and the anode of the 
tube 30 is connected to the opposite terminal of 
the Secondary. 
A Small tube 34 has a cathode energized by a 

transformer 35 and an anode connected to the 
anode of tube 3 and one terminal of the second 
ary of transformer 32. A resistor 36 is connected 
between the midpoint of the secondary of trans 
former 35 and the midpoint of the secondary of 
transformer 33. The connection may, if desired, 
include a Source of alternating potential, of di 
rect potential or both. This is indicated by the 
battery 28. The connection of resistor 36 to the 
midpoint of the secondary of transformer 35 is 
connected to the grid of the tube 3 through a 
resistor 3. 
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Similarly, a small tube 40 has its cathode en 

ergized from a transformer 4 and its anode con 
nected to the anode of the tube 30 and thus to 
one terminal of the secondary of transformer 32. 
The midpoint of the secondary of the transformer 
4 is connected through a resistor 43 to the mid 
point of the secondary of transformer 33. The 
connection may include a potential source 29 of 
the same character. The terminal of resistor 43, 
which is connected to the midpoint of the sec 
ondary of the transformer 4 f, is connected 
through a resistor 44 to the grid of the tube 30. 
The Sources of potential 28 and 29 function in 

the same manner as the sources 7 and 8 Cf the 
System shown in Fig. 1. 
A phase-determining device comprising a re 

sistor 6, a resistor 7 and a condenser 8, con. 
nected as explained in connection with Fig. 1, 
delivers power to the primary 5 of a transformer 
having two secondaries. One secondary 45 is 
connected between the grid and the cathode of 
the tube 34, the other secondary 46 is connected 
between the grid and the cathode of the tube 4), 
the connection to the cathode being in each in 
stance by means of a connection to the midpoint 
of the Secondary of the filament-heating trans 
former. 

In the Operation of the device as illustrated in 
Fig. 1, alternating current from the line deliv 
ers power to the load 6, first through the tube 2 
and then through the tube 3. Current to the load 
through the tube 2 does not occur during the 
whole of the half-cycle throughout which the an 
Ode of the tube 2 is positive, but only during that 
part of this half-cycle which remains after the 
grid of the tube 2 has rendered the tube conduc 
tive; Similarly concerning the current through 
the tube 3 during the other half-cycle. 
There will not be a discharge through the tube 

O throughout the whole of the half-cycle during 
Which the anode of the tube 0 is positive. At 
Some point in this half cycle, the potential of 
the grid of the tube 0 will be rendered sufficient 
ly positive by the seconday f 4 to cause the tube 
0 to become conductive. The moment at which 

this occurs is determined by the Setting Of the 
adjustment of the resistor 7. When the tube 0 
becomes conductive, current flows from one side 
of the line through the tube FO and the re 
Sistor 3 to the load 6 and through it to the other 
Side of the line . This current provides a poten 
tial drop across the resistor 3 by which the grid 
Of tube 2 becomes positive relative to the cathode 
Of tube 2. 
Thereupon, the tube 2 becomes conductive and 

a current much larger than that which flowed 
through the tube 0 flows from one side of the 
line through the tube 2 to one terminal of the 
load and through the load to the other side of 
the line. Since this current is large compared to 
that which flowed through the load from the tube 
0, the drop across the load is much greater 

than before. The potential difference across the 
tube 0 is the potential on the line f minus the 
drop over the load 6. As the drop over the load 
6 is now large, this remainder is now small. When 
the tube 2 is conducting Current there will be a 
current from the grid thereof, through the re. 
sistor 3 to the cathode. This produces a drop 
across the resistor 3 which still further reduces 
the potential between anode and cathode of 
tube 0. 
The potential impressed across the tube 0 has, 

therefore, become Small. A certain difference of 
potential must be exerted across the tube 0 to 
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maintain the discharge through this tube. The 
action just described results in too small a poten. 
tial across the tube iO to maintain the discharge 
through it and the tube 9, therefore, ceases to 
Conduct SubStantial current. 
The cathode of tube 9, as illustrated, is hot. 

It therefore delivers some electrons which would 
produce a Small current through this tube even 
at the diminished anode potential. This current 
is too Small to produce any significant effect upon 
the grid potential of tube 2. By proper choice 
of potentials, a cold cathode tube can be used for 
tube O if preferred. 

It is possible to utilize the thermionic electron 
emission for the current in tube 9 either in a 
gas-filled tube or in a vacuum tube by adding a 
direct-current bias of proper amount to the grid 
thereof, either in addition to the potential of con 
trolled phase or as a substitute therefor. 

It will be observed that the time during which 
the tube was conductive began when the po 
tential of the grid of the tube first became Suf 
ficiently positive and continued until current was 
established through the tube 2. This time Would 
Ordinarily be only about a hundred micro-sec 
Onds. The current in the tube 0 can, therefore, 
properly be called momentary. The supply of 
energy to the filament by the transformer 2 con 
tinues through all of each half-cycle but the pow 
er required by it is Small. 
The current through the tube 2 endures from 

the instant at which the momentary current in 
the tube ?o occurred until the end of the half 
cycle. At the end of the half-cycle, the potential 
impressed acroSS the tube 2 by the line is too 
Small to maintain the discharge through the tube 
and the tube 2, therefore, ceases to conduct any 
SubStantial Current. 

During the other half-cycle, that is, while the 
anode of the tube 3 is positive, a potential upon 
the grid of the tube Sufficient to render the 
tube if conductive is impressed by the secondary 
22 at a time fixed by the setting of the adjust 
ment of resistor f7. Tube then becomes con 
ductive. Current then flows from the line through 
the load 6 to the anode of tube , through tube 

to the resistor 2 and through this resistor to 
the other side of the line. 

This current produces a drop over the resistor 
2) by which the grid of the tube 3 is made positive 
Irelative to the cathode of the tube 3. The tube 3 
then becomes conducting, the current through it 
greatly increases the drop through the load 6 
and thus diminishes the potential across the tube 
if sufficiently to cause the tube to cease to 
conduct. The tube , therefore, conducted mo 
mentarily only, but the current through tube 3 
continues from this moment until the end of the 
half-cycle. 

It is thus apparent that the load 6 receives, 
during each half-cycle, a current through one of 
the two power-controlling tubes which current 
endures throughout a portion only of said half 
cycle and that the ratio of Said portion to the 
whole half-cycle is determined by the adjust 
ment of the phase-controlling device. 
When one of the power controlling devices is 

conducting current, there is a space current be 
tween the grid and the cathode. In the case of 
tube 2, this space current is limited by the resis 
tor 3 and, in the case of tube 3, a similar limi 
tation upon the grid Current is effected by the 
resistor 28. The magnitudes of resistors 3 and 
2) must be so chosen that the grid currents are 
of convenient strength. The magnitude of re 

3 
sistors 3 and 20 must be such that the currents 
through the tubes f and produce sufficient 
drop to establish proper control of the grid po 
tentials of tubes 2 and 3. These two considera 
tions can be met by approximately the same mag 
nitudes of the resistors. The magnitudes actu 
ally used meet either consideration satisfactorily. 
In one embodiment of the device illustrated in 

Fig. 1, in which 220 volts was the potential on 
the line , I have found it convenient to use, for 
tubes 2 and 3, two tubes which require 10 to 15 
Wolts to maintain a discharge through them and 
which are capable of carrying from 50 to 75 ann 
peres. For tubes 0 and f , in the same embodi 
ment of my invention, I have used tubes which 
require 10 to 15 volts to maintain a discharge 
across then and can carry only a few milliam 
peres, and for the resistors 3 and 20, I have used 
2000 ohms each. The tubes 0 and f, under 
these conditions, are capable of conducting only 
about 10 milliamperes. 
In the Operation of the device illustrated in 

Fig. 2, when the voltage delivered by the sec 
Ondary of the transformer 32 is in the sense to 
make the anode of the tube 3 positive, the anode 
of the tube 34 will also be positive. At some time 
during this half-cycle, the secondary 45 will im 
preSS upon the grid of the tube 34 a potential 
which will render said tube conductive. 
Current will then flow from one terminal of 

the secondary of transformer 32 through the 
tube 34 over the resistor 36 and through the load 
6 to the center of the secondary of transformer 32. 
This produces a drop over the resistor 36 in con 
sequence of which the grid of the tube 3 will be 
pOsitive relative to the Cathode. The tube 3 
thereupon becomes conductive and a large cur 
rent flows through the tube 3 and the load 6. 
The drop across the load 6 thus becomes large 
and, consequently, the voltage delivered to the 
tube 34 becomes Small. The grid current from 
tube 3 produces a drop in resistor 36 which fur 
ther reduces the anode potential on tube 34. This 
tube thereupon ceases to conduct any Substantial 
amount of current, but the tube 3 continues to 
conduct current until the end of the half-cycle. 
The grid current in tube 3 f is limited by the com 
bined effect of resistors 36 and 37. 
During the next half-cycle, the anodes of tubes 

30 and 9 are positive. The tube 49 becomes con 
ductive at a time fixed by the setting of the 
condenser f8, because of the potential impressed 
upon it by the secondary 46. When the tube 40 
becomes conductive, current flows from One ter 
minal of the secondary of transformer 32 through 
tube 40, resistor 43 and the load 6 to the center 
of the secondary. This produces a drop over re 
sistor 43 which renders the grid of tube 30 posi 
tive relative to the Cathode thereof. 
The tube 30 thereupon conducts and produces 

a large drop across the load 6 which results in 
a small difference of potential across the tube 40. 
There is a further reduction because of the grid 
current from tube 3 which makes it even more 
certain that the anode potential will be too small 
to maintain the discharge through tube 40, which 
thereupon ceases. The current through tube 40 
is thus momentary, but the current through tube 
3 continues from this moment until the end of 
the half-cycle. 
The load 6 thus receives current always in the 

same direction, first from one-half of the sec 
ondary of transformer 32 and then from the 
other half thereof, but this current is not contin 
uous. It endures Only for a portion of each half 
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cycle and the ratio between said portion and the 
whole half-cycle is determined by the setting of 
the adjustable condenser 8. 

Obviously, in Fig. 2, the adjustment may be 
provided by the resistor instead of by the con 
denser 8. 
In an embodiment of the system illustrated by 

Fig. 2, I have employed voltages and tubes of the 
same sizes as those described in connection with 
Fig. 1 and have found that, for resistors 36 and 
43, 6,000 ohms each is a suitable value, while re 
sistors 3 and 44 Were each 2,500 ohms. 
Although I have illustrated and described in 

detail only two embodiments of my invention, I 
do not desire to be limited thereto, since many 
other applications of the invention and many 
Variations in detail Will occur to those skilled in 
the art. No limitation is intended except what 
is required by the prior art or indicated in the 
accompanying claims. 

I claim as my invention: 
1. In combination, a load, a Source of power, 

a grid-controlled space-current device control 
ling the Supply of power from Said Source to Said 
load, phase-responsive means for changing the 
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potential of the grid to a potential which will 
make said space-current device conductive at a 
predetermined moment in each cycle and means 
for limiting the delivery of energy from Said 
phase-responsive means to said grid to the mo 
ments of said potential change. 

2. In combination, a load, a source of power, a 
space-current device controlling the Supply of 
power from said source to said load, Said Space 
current device having a grid and a plurality of 
principal electrodes, phase-responsive means for 
changing the potential of the grid to a potential 
which will make said Space-current device Con 
ductive at a predetermined moment in each Cy 
cle, said phase responsive means including a dis 
charge device coupled between said control elec 
trode and one of said principal electrodes, and 
means for limiting the delivery of energy from 
said phase responsive means to Said grid to the 
moments of Said potential change, said limiting 
means including conductive connections between 
Said discharge device and said principal elec 
trodes. 
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