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METHoo or conTRoLLING RECTFERs 
AND CRCUTS, TEEREFOR 

Wilfred H. Howe, winchester, Mass, assignor to 
Atlantic Precision Instrument Company, Mal 
den, Mass, a corporation of Massachusetts 

Original No. 2,020,314, dated November 12, 1935, 
Serial No. 682,120, July 25, 1933. Application 
for reissue November 12, 1935, serial No. 49,432 

19 Claims. (C. 172-19) 
This invention relates to the control of recti 

fiers of the arc type with separate control of the 
ignition time among which are those of the gas 
filled thermionic or hot cathode type, such, for 
example, as those containing mercury vapor, or 
inert gases such as neon or the like. It is char 
acteristic of these rectifiers that they require a 
definite negative or positive ignition control volt 
age to prevent controlled current flow and that 
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if this voltage is made sufficiently positive so 
that flow of controlled current is once started 
this flow continues even though the control 
voltage is thereafter made negative to or beyond 
a point which would have prevented the flow of 
controlled current if it were not already flowing. 
Where an alternating potential causes the flow of 
controlled current, however, the reversal of po 
tential causes the controlled current to cease 
so that if the controlling voltage is then suff- . 
ciently negative, controlled current will not again 
flow on the positive half of the cycle. This in 
vention will be further described with particular 
reference to rectifiers of the hot cathode type, 
but it should be understood that unless specif 
cally so stated the invention includes all recti 
fiers utilizing, a separate, ignition time control 
voltage. ... ' 

Heretofore two general methods of control 
have been utilized for rectifiers of this character. 
In accordance with one method direct potential 
only is impressed on the grid. If this direct cur 
rent is more negative than a given value depend 
ent on the temperature of the tube and the po 
tential of the. Output circuit, no current flows 
in the output circuit, while if the grid potential 
is more positive than this value, the tube is 
“wide, open'. 

open. This method cannot control the amount 
of current flow if 
flow at...all. . . . ' . . . . . . . . . 

The other method consists, in impressing on 
the grid an alternating potential of suitable mag 

43 

50 

nitude in adjustable phase relation to the alter 
nating potential applied to the output circuit. 
By adjusting this phase relation the time of start 
of the plate current in the positive half cycle of 
the plate voltage may be determined, so that the 
average output current flow is adjustable between 
zero and a maximum. For zero current the tube 
fails to open, and for maximum it is open during 
the entire positive half cycle of the plate voltage. . 
The present invention relates to a different 

method of control having the advantage of con 
trol of the average output current flow possessed 

controlling the tube. 

With this method of control the 
tube acts as a relay, being either closed or fully lir 

° phase relation between the alternating current. 
conditions are correct for any 

power. 

monic frequenc 

by the phase shift method but without requiring 
variable phase control. In accordance with the 
method of this invention, the control is provided 
through a variable direct current potential which 
is often much easier to obtain than a variable 
phase alternating control potential. For exam 
ple, any type of vacuum tube circuit may be used, 
the output from such a circuit being in effect 
a variable direct current, and this may be in 
tensifled by one or more stages of amplification 
so as to be adequate both in potential and power 
for such control. There are many other types of 
circuits also where it is an easy matter to obtain 
a source of variable direct current potential for 
With this type of control it is possible by 

, choosing the proper phase relation between a 
necessary alternating current grid potential come 
ponent and the alternating current input to the 
tube to determine the character of response 
in tube output to a change in potential of the 
controlling direct current grid potential. * , 
In order that the application of such variable 

direct, current for control purposes and the ef 
fects thereon of various phase relations between. 
the alternating current grid component and the 
alternating current input may be better under 
stood, reference may be had to the accompany 
ing drawings in which ... . . . . . 

Figures 1 to 6 are diagrams illustrating average 
values of certain characteristics of a mercury 

• vapor filled tube, such a tube requiring a nega 
tive grid potential to prevent plate-cathode cur 
rent flow. . 

Figure 7 is a diagram of the fundamental con 
trol circuit. Figures 8, 9 and 10 are diagrams illustrating the 
limits of smooth full range control by change of 
grid component and the input voltage. 

Figure ii is a diagram developed from the dia 
grams of Figures 8, 9 and 10. 

Figures 12, 13, 14 and 15 are further diagrams 
showing the effects of varying phase relation 
between alternating grid voltage and the input 

Figures 16, 17 and 18 are further diagrams il 
lustrating the effects of the introduction of har 
of grid, potential. . . . Figure 19 is a diagram showing an arrange 
ment for smooth control of a motor from rota 

ies in the alternating component. 
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tion at full speed in one direction through stop, 
reverse and full speed in the opposite direction. 

---... . 

Figure 20 is a diagrammatic view of a system 
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of rectifier control in which use is made of har 
monic frequencies. 

Figure 21 is a diagram showing characteristic 
relations between the controlling and controlled 
mechanisms. 

Figure. 22 is a wiring diagram of one of the 
units shown in Figure 20. 

Figure 23 is a diagram of a typical B-H curve 
for a standard grade of laminated iron. 

Figure 24 is a diagram showing the magnetiz 
ing current flowing through an inductancehaving 
the core of the iron of Figure 23 and on which 
inductance is impressed a sine wave electro 
motive force. - 

Figures 25 and 26 are curves showing two dif 
ferent values of alternating potential added to 
the harmonic potential of Figure 24. 

Figure 27 is a curve illustrating the effect 
applying the voltage shown in Figures 25 and 
26 on the rectifier grid. 

Figure 28 is a curve showing the plate current 
resulting from the grid voltage cycles of Figure 
27 w 

This application is a continuation in part of 
my application Serial No. 562,694, fled Septem 
ber 14, 1931, for Method of controlling gas filled 
thermonic rectifers and fundamental circuit 
therefor. 

In Figure 1 are shown two average character 
istics of a tube of this description with the mini 
mum temperatures within the tube of 30° and 
60° C. and show the values of grid cathode po 
tential which is just sufficient to prevent ioniza 
tion within the tube at the anode cathode po 
tentials shown, the ordinates for these curves be 
ing plate voltage Ep, and the abscissas represent 
ing grid voltage. It is characteristic of gas 
illed tubes that as long as the grid potential E 
is more negative than the value on the curve, 
anode-cathode current will be very small, the 
tube then being closed, while as soon as the grid 
cathode potential becomes more positive than 

, this value, a large anode-cathode current flows 
limited primarily by the external impedance of 
the anode-cathode circuit, the tube then being 
wide open, and this large value of current will 
continue to flow regardless of the grid potential 
unless and until the potential of the anode-cath 
ode circuit is interrupted or reversed. 

Figure 2 is derived directly from Figure 1. E. 
represents the instantaneous plate voltage for a 
220 volt root mean square sinusoidal potential 
representing the potential applied to the anode 
cathode circuit. The curves Ec1 and Eca rep 
resent the corresponding grid cathode potential 
for minimum tube temperatures of 30' and 60° C., 
respectively, just sufficient to prevent ionization 
of the tube, that is, just sufficient to prevent 
current flow in the anode-cathode circuit. At 
any instant if the actual grid cathode potential 
has remained and is more negative than Eo no 
current will flow in the anode-cathode circuit, 
and current will commence to flow in the anode 
Cathode circuit at that instant when the grid 
cathode potential becomes more positive than Ec, 
such current continuing through the remainder 
of the positive half of the cycle of the anode. 
cathode potential. This curve of Figure 2 is 
plotted against degrees, the zero point for de 
grees being taken as the zero, potential of the 
anode-cathode circuit. 

Figures shows the curves to and Eca, poten 
tial on grid cathode for cut-off, taken from Fig 
ure 2. Against these curves are plotted four 

of: 

... 20,418 
other curves a, b, c and d, each consisting of the 
sum of a sinusoidal alternating potential of 5 
volts root mean square in phase lagging the 
anode-Cathode potential by 45° and a constant 
direct current potential of plus 5, Zero, minus 5 
and minus 10 volts, respectively. From an in 
spection of these curves it is apparent that with 
the plus 5 volts direct current (curve a), the grid 
Cathode potential is always positive with respect 
to the cut-off potential Ec and that the tube will 
therefore conduct during the entire positive 
half of the cycle of anode-cathode potential. Un 
der these conditions the tube will be wide open 
throughout the full positive half cycle. With 
zero volts direct current, (curve b), potential of 
the grid will be negative with respect to the cut 
of potential for about the first 30° of the cycle 
and will then become positive with respect to 
this cut-off potential. In other words, the tube 
will be open wide about 30° after the positive 
anode-cathode potential is applied so that cur 
rent will commence to flow at that time and 
Will continue throughout the remainder of the 
positive half of the cycle. Thus the average cur 
rent flow will be less than if the tube were wide 
open during the whole positive half cycle, as 
when a direct current potential of plus 5 volts 
is superposed on the alternating grid potential 
as shown by the curve a. If the direct current 
component of grid-cathode potential is reduced 
to minus 5 volts as shown by curve c, the inter 
section of this curve with the curve Ec indicates 
that the current in the anode-cathode circuit will 
commence about 60° after the potential is ap 
plied. , 

With a direct current potential of minus 10 
volts, shown in the curved, the potential of the 
grid is always more negative than the cut-off po 
tential and as a result substantially no current 
will flow through the anode-cathode circuit as 
the tube will remain closed. 

Figure 4 is similar to Figure 3, except that the 
alternating potential component of the grid 
cathode potential is 10 volts root mean square for 
all curves instead of 5 volts as in Figure 3. Thus 
with plus 10 volts direct current component as 
shown by the curve e, the tube will open at the 
beginning of the positive half cycle. With plus 5 
volts direct current it will open about 15° after 
the commencement of the positive half cycle 
(curve f). With minus 10 volts the tube will open 
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approximately 70 after the start of the positive 
half cycle (curved) though with the lower alter 
nating current plate voltage of Figure 3 the tube 

: Will not open at all with this negative direct cur 
rent potential. Even the use of minus 15 volts 
direct current voltage component will fail to hold 
the tube closed throughout the cycle with this 
higher value of alternating voltage as is shown 
in curve c. . . . . . 

Figure 5 shows the relative phase position of 
the anode-cathode potential at the start of anode 

30 

Cathode current flow for all values between plus, 
applied to the grid together with the same 5 volts 
root mean square, sinusoidal alternating poten 
tial as in Figure 3, this curve in fact being in 
Summary of the points of intersection of a com 
plete family of curves such as the curves a, b, c, 
and d of Figure 3 with the curves Ec and Ec. 

rent component of potential applied to the grid, 
the time of commencement and thus the average 
Current arid likewise the power of the anode 
cathode circuit is caused to vary. 

10 and minus 20 volts of direct current potential 

This figure shows how, by varying the direct cur 
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Figure 6 is similar to Figure 5, except that it 
is made from the values shown in Figure 4. Its 
will be noted that the curves of Figures 5 and 6 
are similar in shape, but that in Figure 6 a con 
siderably larger change of direct current poten 
tial is necessary for the same change of starting 
time of the anode-cathode current. It will be apparent, therefore, that by adjusting the alter 

O 
nating potential, the relation of change of direct 
current potentiai to the controlled change of 
anode-cathode power can be set within wide 

5 

20 

25 

30 

The phase lag of the alternating current po 
tential component of the grid cathode voltage has 
been shown as 45 for all the curves. An inspec 
tion of Figures 3 and 4, however, shows that an in 
crease of this angle of lag increases the angle at 
which the cut-off voltage is reached and also in 
creases somewhat the direct current component 
necessary to make the tube start to conduct in 
the anode-cathode circuit as soon as the anode 
cathode potential is applied. The amount of this 
phase lag, as will later be more fully described, 
determines the character of the output control. 
Where it is desired that the main control of the 
tube be by direct current grid voltage variations, 
in order that smooth, full range control may be 
had, the alternating current grid phase variation 
possible is strictly limited, as will later. be more 
fully explained. . . . . . . . . 

Figure 7 is a diagram of the fundamental cir 
cuit making use of this type of control. The gas 
filled tube indicated at is energized by the trans 

35 
former 2 supplying power to an output circuit 
which is illustrated as the motor at 3, inough it 
should be understood that any desired load night, 
be substituted. The transformer 2, is supplied 

40 

with power of any desired frequency, as, for ex 
ample, 110 volts at 60 cycles per second and has. 
three secondaries. One secondary, 4, energizes 
the cathode of the tube. A second, 4, supplies 
power to the output circuit which leads to the 

45 

plate of the tube, while a third, 5, is utilized in 
the operation of the controlling circuit. The con 
trolling circuit consists of three essential parts. 
The first comprises a source of varying direct 
current potential illustrated at 6 from which it 

50 

is desired to control the output circuit. It will 
be noted that this source 6, as shown, is entirely 
independent of any circuit controlled by the tube, 
or of any other circuit controlling the tube, so that 
the effective value of its potential is not modified. 

60 

in any way by the tube or its immediate essential 
circuits. As hereinbefore pointed out, this may 
be a vacuum tube system operated by any suitable 
source, such, for example, as a light sensitive tube 
or a measuring system such as, is shown in the 
Allen Patents No. 1708,074 granted April 9, 1929, 
and No. 1781,153 granted November 11, 1930, or 
a direct current magneto for speed control, or any 
other source from which it is desired to exercise 
a power control. The second part comprises, a. 

65 

source of direct current potential of determined 
value such as a battery 7, and a potentiometer 8. 
The third comprises a source of alternating po 
tential of the same frequency as that applied to 
the output circuit and so arranged that any de 

70 

sired fixed value of potential in any desired phase 
relation to the output circuit potential may be 
obtained. This third part will be more fully 
described. These three parts are connected in 
series between the cathode of the tube and the 

75 

grid. They may be in any desired order. As 
shown the variable direct current controllingpo 
tential is next to the grid and the direct current 

20,418 

impedance they exactly balance out and this cur 

in phase and each may be set at any desired 

3 
potential of fixed value is adjacent, thereto, but 
any other order would be as satisfactory. 
The third part, which comprises the source of 

alternating potential of controllable magnitude 
and phase, is supplied by the network consisting 
of the transformer secondary 5, a fixed induc 
stance 9, a resistor 10 with two taps and 2 and 
a condenser. The transformer, secondary 5 
supplies a fixed potential exactly in phase with 
the potential of the output or plate circuit. This 
potential causes a current flow through the in 

0 

ductance 9, the resistor 0 and the condenser 13. 
If the condenser and inductance are of equal 
rent is exactly in phase with the voltage of the 15 
transformer secondary 5. The current flowing 
through the condenser 13 produces an impedance 
drop 90 lagging the current and hence 90° lag 
ging the pctential of the input circuit. Since 
the inductance and the capacity exactly balance 
out of the complete circuit the current flow is 
determined by the resistance O and can be set 
up at any desired value by adjusting the tap 12. 
By varying this resistance and thus the current, a 
potential across the condenser of any desired 
value can be obtained up to the limit of the trans 
former secondary 5. By adjusting, the relative 
positions of the taps and 2 any desired alter 
nating potential less than, this in phase with the 
output circuit potential can be obtained. The 
total alternating component potential of the con 
trol circuit is the sum of the potential across the 
condenser 3, and that between the taps I and 
2. These two potentials, however, are 90° apart 

20 

25 
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magnitude so that their vector sum may be ad 
justed to any desired magnitude within the limits 
imposed by the potential of the transformer sec 
ondary 5 and at any desired phase between in 
phase and 90' lagging the output potential. - 40 

In practice the construction of this phase mag 
nitude control circuit may be varied. For ex 
ample, for motor control circuits where the mini 
mum current in the output circuit should be set 
fairly large and hence the maximum phase differ-4; 
ence between the output circuit, and the alter 
nating component of the controlling circuit is 
fairly small the condenser 13 may be dispensed 
with. In practice also a certain value or range 
of values of alternating potential for the control 
circuit may be necessary or desirable and any 
circuit providing this potential in the desired 
phase relation to the output circuit may be used. 

5 Byproperly adjusting the magnitude and phase 
relation of this alternating component of grid 
voltage, and the negative direct current voltage, 
changes of the controlling direct current voltage 
of predetermined amount may becaused to pro 
duce the desired variations in current flow in the 
output circuit, of the tube so. as to produce the 
desired response in output current for any varia 
tion in the controlling circuit. While the con 
trolling direct current voltage has been shown, 
as entirely separate from the negative const 
direct current voltage, of course, in many in 
stances both might be represented by a single, 
variable controlling voltage maintained negative. 
with respect to the grid. Likewise the control. 
ling direct current voltage may be the summation. 
of two or more variable, direct current voltages. 70 
each of which has its effect on the controlled. ... 
The effects of variatio 
tween alternating current 

voltage and input power will 

50 

60 

f the phase relation. 
component of grid 
now be further cons 
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sidered, as quite regardless of the direct current 

5 

O 

5 

grid potential and of magnitude of alternating 
current grid potential, the phase of the alter 
nating grid voltage relative to that of the input 
must lie within certain limits for control of plate 
current flow during any specific proportion of the 
cycle. These phase limits are illustrated in Fig 
ures 8, 9 and 10. In these-figures, the plate to 
flament potential Ep. is shown in dash lines as a 
sine Wave. The abscissas represent the complete 
cycle of input voltage and the ordinates represent 
numerical current values. At Ee is shown a curve 
of critical grid voltage, that is, the voltage on the 
grid which is just sufficient to cause the tube to. 
open and pass current. So long as the grid re 
mains more negative with respect to the flament 

20 

25 

than the value indicated on the curve E, this 
flow of current in the plate circuit is prevented, 
but at the first instant that the grid becomes 
less negative with respect to the flament than 
the value Ee, the flow of plate current will com 
Inence and once started will continue until inter 
rupted by the alternation of the plate voltage at 
the 180 line. 
In Figure 8 it is assumed that conditions of 

the grid circuit are correct to permit plate cur 
rent flow during a small part, about 10, of each 

30 

cycle. The grid voltage thus reaches the critical 
value Ee only ten degrees to the left of the 180° 
line of this figure, or, in other words, the grid per 
mits the plate current to start flowing 10 before 

35 

40 

the reversal of plate potential interrupts this 
flow. Two combinations of alternating and direct 
potentials are illustrated which accomplish this 
control in the curves marked A and B. In both 
curves and throughout Figures 8, 9, and 10 a 
constant magnitude alternating grid potential 
with a peak amplitude of forty-five volts has 
been used. In Figure 8, curve A, this potential 
has been set up lagging the plate to flament po 
tential by 175 and a direct current component of 
plus 5 volts used with it. It will be noted that if 
either the angle of lag, or the direct current com 

45 
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ponent be materially increased, then this grid po 
tential curve will intersect the critical grid volt 
age line E not only at the 10 line near to the 
180° line, causing the plate current flow during 
10° of the cycle, but will also intersect the critical 
voltage curve Ee at its left hand end causing the 
plate current to start at the beginning of the 
cycle. That is, if the alternating current poten 
tial lags by somewhat more than 175, the tube 
will open wide or not at all. Furthermore, with. 
the alternating potential lagging by 175 the tube 
cannot be made to open gradually by direct cur 
rent control through much more than 10 of 
plate current flow before the tube will open wide. 
In curve B, on the other hand, with the alternat 
ing potential lagging by 90 combined with a 
direct current potential of minus 45 volts, if the 
direct current potential is made less than forty 
five volts, that is, becomes more positive, so that 
the curve B as a whole is elevated from the posi 
tion shown, then gradual increase of plate current 
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flow will occur. Thus the plate current will start 
earlier, but this earlier start will be proportional 
to the direct current grid potential. If, however, 
this alternating current potential is used lagging 
by less than 90, then its point of intersection 
with the grid voltage curve a will occur at an 
earlier point in the cycle so that a decrease of 
direct current will cause, not a gradual decrease 
of time of plate current flow to a complete 
closing, but a sudden complete interruption of all 
now of current in the plate circuit when the grid 

plate voltage is lowered out of contact with the 
curve is which will be at a point less than 10 
of, plate current flow, that is, less than 10 from 
the 180 point where the plate voltage reverses. 
To summarize the foregoing, to produce a plate 5 

current flow during ten degrees of the plate cur 
rent cycle, it is necessary that the controlling 
grid alternating potential in the grid circuit shall 
lag the potential in the plate circuit by an angle 
not less than 90 nor more than 175. If the 10 angle of lag is less than 90, variatiof of the 
direct current component in the grid circuit will 
cause the tube to either shut of plate current 
flow entirely, or to pass plate current through 
an angle of more than ten degrees. If the angle .5 
of lag is more than 175", then variation of direct 
current component in the grid circuit will cause 
the tube to either permit current flow for less 
than ten degrees, or else to permit current flow 
through the entire positive half of the cycle. 20 

Figures 9 and 10 illustrate the same effects for 
plate current flow during 90 and 170, respec 
tively. Figure 9 illustrates particularly well that 
at the condition of maximum grid voltage lag 
(curve A) direct current potential control may be 25 
exercised for all values of plate current time less . . 
than 90, while at the condition of minimum grid 
voltage lag, (curve B) direct current potential 
control may be exercised for all values of plate 
current time more than 90. In Figure 10 where 30 
the plate current flow is during 170 the mini 
mum grid voltage lag has become less than zero, 
that is, has become lead instead of lag, but the 
effects are the same. 

It may be noted from these figures that though 85 
only a single, value of magnitude of alternating 
grid potential has been shown, the same conclu 
sons are equally true for all values of alternating 
grid potential, the only effect of variation of al 
ternating potential being the change of the asso- 40 
clated direct current grid potential to produce 
control at the same position, which in turn deter 
mines the amount of variation of, direct current 
voltage necessary for any desired range of 
control. 

Figurell is a summary of the effects illustrated 
in Figures 8, 9 and 10. Here again the plate to 
flament sine wave voltage E has been shown by 
way of reference. Plotted against the degrees of 
a complete cycle of this voltage are the limiting 50 
values of phase of grid alternating potential for 
control at corresponding points in the cycle. The 
most important effect shown by this summary is 
that full range, smooth control is possible only 
with the grid potential lagging at just 90°. If 55 
the angle is less than 90, then as the direct con 
trolling current in the grid circuit becomes grad 
ually more negative, the time of flow of plate cur 
rent, instead of diminishing gradually to zero will 
diminish gradually to a certain point, and then 60, 
shut off to zero suddenly. If, on the other hand, 
the angle of lag is greater than 90, then as the 
controlling direct current potential in the grid 
circuit becomes gradually more positive, the time 
of flow of plate current, instead of gradually in- 65 
creasing to a maximum condition, will increase 
gradually to a certain point only, from which any 
further increase of positive direct current poten 
tial will cause the plate current to flow during 
the entire positive half of the cycle and thus be 70 
at a maximum. In simple language, therefore, 
if the angle is too small, the tube will close sud 
denly or with a "bump', and if too large, the tube 
will "bump" wide open. 

It will now be apparent that full range direct is 
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current control is possible only with a fixed alter 
nating current phase, but sometimes for specific 
purposes a shift of phase may be utilized to limit 
the control range of the controlling direct. cur 
rent. For example, it may be desired to operate 
a motor as in the diagram of Figure 7 so that it 
Will have a current flow just sufficient to over 
cone the starting friction of the motor. Where 
this is desired the phase of the grid current po 
tential is set lagging sufficiently less than 90 
so that current will pass to the desired extent. 
Current passing more than this minimum then 
may be made to vary with the direct controlling 

, potential through the Working range of the no 
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tor. With this arrangement the control of cur 
rent flow of a value less than necessary to keep 
the notor revolving is eliminated. Likewise it is 
possible by setting the phase angle of grid poten 
tial at more than 90 lag to set up a control range 
within low speed limits which passes at a single 
jump without intermediate range to a high speed. 
In both cases, however, the phase relation is fixed. 
Of course, there may be a supplemental phase 
shift control dependent on the direct current 
control. For example, if the phase were caused 
to continually decrease in lag as the direct cur 
rent is increased and the time of plate current 
flow increases, a limited variation of this phase 
angle as a supplement to the direct current po 
tential throughout the entire range could be used. 
A supplemental phase shift control which always 
increases, the angle of lag when the direct cur 
rent potential is well on the negative side and is 
decreasing and always decreases the angle of lag 
When the direct current potential is On...the posi 
tive side night be employed, as supplemental to 
the direct current control. , 
The effects of relative changes in magnitude o 

the alternating and direct components of the 
grid voltages will be apparent fron an inspection 
of the curves of Figures 8 to 11. The magnitude 
of , alternating component must be considerable 
in comparison with the amplitude of the critical 
grid voltage curve Es so that harmonics set up in 
either the grid or plate circuit by the flow of 
current through the rectifier shall have a negli 
gible effect on the operation of the circuit. In 
practice, therefore, there is a rather definite min 
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innum of value of alternating current voltage 
which will provide smooth operation. With posi 
tive direct current potential, increase of magni 
tude of alternating current potential tends to de 
crease the time of flow of the plate current, and 
with negative direct current potential increase of 
alternating potential magnitude tends to increase 
time of plate current flow. Thus increase of al 
ternating current voltage tends to reduce the 
controlling effect of changes in the direct cur 
rent voltage. Increase of direct current poten 
tial overcomes this so that properly employed va 
riation of alternating current voltage magnitude 
may be used as a supplemental control for direct 
current potential so long as the phase is undis 

65 
turbed and the magnitude of the alternating po 
tential always is maintained greater than a pre 
determined minimum. 

Referring now to the discontinuous control by 
the use of correct alternating current phase, it 
is possible to have the rectifier open from the 
shut of position to a condition where it passes 
just sufficient current to cause rotation of a mo 
tor and then from this point to open gradually 
to full opening so that the speed of the notor 
varies with the direct current control of the cir 

5 
cult, there being a constant direct current grid 
voltage bias just insufficient to start the motor. 
This characteristic of sudden discontinuance 

of smooth control may be useful in other rela 
tions. For example, it may be desired to have a 
rapid rate of motion of a motor to feed work or a 
tool into close juxtaposition whereupon the feed 
may be suddenly slowed to the rate desired for 
the machining operation. The rectifier is thus 
wide open when there is no controlling direct 
current on it, but as soon as this controlling di 
rect current is applied there is immediately a 
large decrease of current flow to the motor to a 
predetermined value less than full current flow 
and through this lower-range of speed the mo 
tion is controlled smoothly to the full off position. 
Any point of instantaneous turning on or turn 

ing off of the rectifier may be combined with 
any rate of control from the turn-off point to full 
opening, or from the of position to the turn-on 
point. (By “turn on' point is meant the point at 
which the rectifier passes from gradual control to 
instantaneous full opening, while the “turn-off" 
point means where the rectifier closes instanta 
neously from some partially open condition.) The 
operation of this discontinuity and its control 
may be more readily understood by reference to 
Figures 12 to 15. Figure 12 illustrates the con 
dition where the grid potential curves A, B and 
Clag the plate potential curve Ep by zero de 
grees, that is, are exactly in phase. The curve E. 
represents the critical value of grid voltage curve 
as in Figures 8 to 10. If the potential of the 
grid with respect to the cathode at any time 
during the positive half of the plate potential 
cycle is more positive than the value indicated 
by the curve Ec, the rectifier will open and re 
main open until the plate current falls to zero 
and the grid potential becomes less than this 
critical value. .. 
Curve A of Figure 12 shows the grid potential 
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at its most positive position. The axis of this 
curve is minus 5 volts with respect to the zero 
line, that is, there is a negative direct current 
potential component of five volts on the grid cir 
cuit. This curve A intersects E at very nearly 
five degrees so that the rectifier opens almost as 
Soon as the plate potential becomes positive and 
remains open during the remainder of the half 
cycle. The curve B is similar to curve A, except 
that the direct current grid component is minus 
20 volts, fifteen volts more negative than in 
curve A. The intersection of the curve A with 
the curve Ee occurs at a later point in the 
cycle as a result of this more negative bias and 
the rectifier is open for approximately 145° in 
stead of about 70 as in curve. A. Curve C has 

to a value of thirty-six volts. This curve C is 
substantially, tangent to the curve, Ee at a point 
of 90 in the cycle so that the rectifier is open 
about 90°. The operation of the rectifier under 
the conditions shown in Figure 12 under the 
direct current control, from minus 5 volts to 
minus thirty-six volts is smooth and continuous. 
As the potential becomes more negative the time 
of tube-opening decreases until at the minus 
thirty-six volt condition the rectifier is open 
ninety degrees during every cycle. If the direct 
current grid voltage is further decreased, the 
grid potential curve will fail to reach the critical 
curve Ee and the rectifier will not open at all. 
Thus, the rectifier under the conditions shown 
Will operate smoothly on direct current control 
from one hundred eighty degrees to ninety de 
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the negative direct current component increased 
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grees and will then close off entirely in a single 
step from ninety degrees to full off. 

Figure 13 illustrates a similar situation, except 
that in this case the alternating potential of the 
grid lags the plate potential by forty-five de 
grees instead of zero. With this alternating po 
tential it is necessary for the direct current po 
tential to be positive twenty-nine volts to cause 
full opening of the rectifier as indicated in 
the curve A of Figure 13. Curve B of minus 
volts direct potential again illustrates an inter 
mediate position with the rect.fier open about 
130°. Curve C, minus 35 volts is just tangent to 
the curve Ec and allows the tube to open for 
fifty degrees during each cycle. If decreased 
below this the rectifier becomes entirely closed. 
Thus by increasing the phase lag of the grid 
potential from zero to 45, as shown in Figures 
12 and 13, the control range has been extended 
from that between 180° to 90 in Figure 12 to 
that between 180° and 50° in Figure 13. If the 
phase lag were increased to 90, the control range 
would extend from 180 to 0, which is the con 
dition for full range control. If, on the other 
hand, the phase of the grid lags more than 90, 
conditions similar to those shown in Figures 14 
and 15 would exist. Figure 14 shows the phase 
of the grid lagging by 135. Here with a direct 
current potential component of minus 23 volts, 
as indicated on curve C, this curve intersects the 
critical voltage curve E at nearly 180, so that it 
is nearly completely closed. Curve B shows that 
with the direct current grid potential at Zero, 
with the same magnitude of and lag in the alter 
nating current grid component as in curve C, 
the critical voltage curve Ee is intersected at 120 
so that the rectifier is open during 55 of the 
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positive plate cycle. The control from the post 
tion of curve C to the position of curve B is con 
tinuous and smooth and so remains until the po 
sition indicated by the curve A is reached with a 
direct potential component of plus 23 volts and 
with the rectifier open through 100" of the cycle. 
In other words, from minus 23 volts to plus 23 
volts direct current grid potential, the rectifier 
gradually opens from the of position to 100 
opening. A further increase of the positive di 
rect potential component, however, causes the 
grid potential curve to intersect the critical curve 
E at zero degrees so that the rectifier will be 
opening during the entire positive half of the 
plate cycle. Thus the tube will open from 100' 
to 180° in a single step and will remain wide 
open as long as the grid potential has a direct 
current component of more than plus 23 volts. 

Figure 15 illustrates the same effects as Figure 
14, except that the alternating current component 
of the grid potential lags the plate current sup 
ply by 165° instead of 135°. Curve C in these 

-figures, with a direct current potential component 
of minus 8 volts holds the rectifier at the point 
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of just turning on. In curve B with a zero 
direct current component of grid potential the 
rectifier is open for 20, while in curve A having 
a direct current potential component of plus 9 
volts the rectifier is open for 35. Any further 
increase in the positive, potential will cause this 
grid voltage curve to intersect the critical grid 
voltage curve Fe at the zero point, causing full 
opening of the rectifer during the entire positive 
half of the plate voltage cycle. Thus with the 
condition shown in Figure 15 the rectifer Will 
open gradually from the full of condition to 35 
open and then will bump wide open with any 
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further increase of positive direct current p0 
tential. 
The point at which the rectifier passes from 

smooth to sudden opening may be varied from 
the zero-degree-position where the control is 
smooth during full 180° of positive plate potential 
to a 180° plus position where smooth control is 
entirely eliminated. The former point of smooth 
full range control is, as has been heretofore 
pointed out, just 90 lag, while the latter, where 10 
smooth control has entirely wanished, is at 180" 
lag. 

It is thus apparent from these curves that a 
combination - of smooth and sudden change of 
plate current flow can be obtained from a con 
tinuous direct current potential variation by em 
ploying an alternating current component of 
suitable magnitude and phase. The point of 
change, from smooth to sudden control is al 
most entirely a matter of phase relation, while 
the ratio of change of direct current grid volt 
age to change of output which occurs during 
the smooth portion of the control range may be 
varied within wide limits by proper choice of 
magnitude of the alternating grid Componeat. 
In Figure 19 is illustrated a motor control for re 

verse rotation of a motor. This circuit shows re 
verse field windings 20 and 2 for the motor 
armature 9, passage of current through each 
reverse field winding being controlled by its own 
rectifier tube 22 or 23 similar to the diagram of 
Figure 7. At 24 and 25 are the sources of out of 
phase alternating grid voltage component, and 
the variable controlling direct current grid con 
ponent is connected in at 30 so arranged that as it 
varies it makes the grid of one rectifier more posi 
tive by the same amount that it makes the grid 
of the other more negative. Means by which two 
direct current voltages may be caused to vary 
equally and oppositely in response to variations 
of a controlling variable are old and Well known 
and perse form no part of the present invention. 
An example of such means is shown in the patent 
to Wold, No. 1232,879, patented July 10, 1917. 
By using a phase lag from the units 24 and 25 
sufficiently less than 90 so that the rectifiers 
pass just enough current to turn the motor as 
soon as they pass any current at all, and with 
proper biasing direct current as from the units 
34 and 35 and magnitude of the alterating grid 
potential, the notor may be controlled smoothly 
from full speed rotation in one direction through 
stop to full speed rotation in the other direction 
by movement of the slider Sf without any range 
of motion during which the motor is stationary. 

Figures 16, 17 and 18 illustrate the fact that 
the introduction of harmonic frequencies in the 
alternating current component of grid potential. 
will produce effects comparable with those result 
ing from shift of phase of the fundamental corn 
ponent. By a careful choice of harmonics it is 
possible to obtain two points of break in the out 
put curve, combining the effects shown in Figures 
12 and 13 with those of Figures 14 and 15. Thus 
the rectifier can be made to turn on to a predeter 
mined value at a single step, then open smoothly 
to another predetermined point, and then open 
at once wide. Referring to these figures, it will 
be noted that the grid control potential wave is 
no longer a sine wave, but a complex wave con 
taining harmonics. The curve it shows the rec 
tifier opening initially to a predetermined value, 
then opening smooth for a further range as the 
direct control current becomes positive, and then 
in a single step opening wide. Figure 16 shows 
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these points in the lowest and highest grid volt 
age curves, respectively, at about 70' and 113. 
Figure 17 shows the rectifier opening at a single 
step from closed to a predetermined opening of 
41 degrees, as the direct current component of 
grid potential becomes more positive than minus 
80 volts, then passing gradually from 41 degrees 
open to 77 degrees open as the direct current cpn 
ponent of grid potential passes from minus 80 
volts to minus 40 volts; when the direct current 
component of grid potential becomes more post 
tive than minus 40 volts, the tube opens at a single 
step from 77 degrees. open to 151 degrees open, 
and then opens gradually from 15 degrees to 180 
degrees or full open as the direct current con 
ponent goes from minus 40 volts to zero volts. 

Figure 18 shows the derivation of the complex 
alternating potential grid wave of Figures 16 and 
17 from the wave of the same frequency as ap 
plied to the plate (dash line ac) and another wave 
(dotted line y) of two-thirds the magnitude and 
three times the fundamental frequency of the line 
. This third harmonic component may be de 

25 
rived from the saturation current of an iron cored 
reactance coil run at high density, If accuracy 
in this harmonic is desirable it may be obtained 
by the use of a band pass filter in a manner well 
known in the art. It is possible to find a con 

30 
bination of fundamental and harmonic grid po 
itential which will cause almost any desired curve 
of control to exist. It is possible to derive many 
complex wave forms by a proper combination of 
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aturated reactors, condensers, and resistors, es 
pecially if the reactances of the condensers em 
ployed are somewhere near the average imped 
ances of the saturated inductances. . . in Figures 20 to 28 is illustrated a practical 
application of the use of harmonics together with 
diagrams showing the effects produced. In 
Figure 20 is shown in outline certain units for this 
purpose in panels H, J, and K, and showing char 
acteristic diagrams of the actions within these 
units in the lower portion of this figure. The 
mechanism 00a in panel K controls a steam 
valve, OO in a main of which may lead to the 
drier cylinders (not shown) of a papermaking 
machine, the valve being controlled from mecha 
nism shown enclosed in the panel H and indicated 

... at O2 and 103. The mechanism 103 may be a 
50 : hygrometric element responsive to the moisture content of the paper after it leaves the drier, as, 

for example, as shown in the Allen Patent No. 
1,781,153, November 11, 1930, and the mechanism 
O2 is a source of direct current voltage rectified 
from the alternating current mains 0 and re 
sponsive in direct current voltage to the condi 
tion of the mechanism.03; its direct current ter 
minals being connected to the leads 020 and fe2. 

: In the Allen patent hereinbeforementioned this 
so direct current voltage actuates the moisture in 
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valve to its extreme position in order that the 
minimum of paper shall be produced, the mois 

o 
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dicating instrument. . . . . . . . 
... In the control of the steam valve foe. it is com 
monly desirable to have the variation of the steam 
flow proportional to the variation of moisture to 
which the mechanism 03 responds within a lim 
ited range. If the moisture goes outside this 
range it then becomes desirable to set the steam 

ature content of which lies outside of this range. 
In other words, when the sheet is very dry the 
steamshould be it entirely. When the 
sheet, becomes 1%% drier than that desired, the 
steam valves should be adjusted to admit an 
amount of steam slightly less than that presum 

7 
ably necessary to dry the sheet to the desired 
point. As the sheet continues to become moister 
the steam flow should be gradually increased in 
proportion to an increase in moisture up to a 
point where the sheet is approximately 1%% 
wetter than the desired value at which point the 
steam should be turned on full and there left 
'as long as there is any moisture greater than 
this amount in the paper. It is apparent that 
it is necessary to interpose some mechanism be 
tween the measuring apparatus in panel H, in 
cluding the mechanisms. 02 and 103, and the 
to obtain this result. This apparatus is indicated 
as the rectifier control unit and is shown in 
panel J. Two available characteristics of this 

0. 

steam control apparatus in the panel K, in order , 
15 

unit are shown in the lower part of this panel in 
the diagram. . 

... Assuming the characteristics of this unit as 
shown, together with the characteristics of meas 
uring and control apparatus, the resultant char 
acteristic of steam flow plotted against moisture 
is shown in Figure 21. Two characteristics are 
there shown marked L and M. Examining curve 
M it will be noted that for moisture of 5%% or 
less the steam flow is zero and that for moistures 
of 8%% or more the steam flow is 100%, or in 
other words, the steam valve 100 is wide open. 
For moistures between 5%% and 8%% the steam 
flow varies from 30% to 50%, this variation being 
proportional to the variation of moisture in the 
sheet as affecting the mechanism 03. 

Figure 22 shows the circuit of the rectifier 
control unit indicated in the central panel J of 
Figure; 20 whose characteristic is shown in the 
diagram in the lower portion of this panel. Re 
ferring to Figure 22, this unit consists of three 
main elements. There is a source of harmonics 
O5, a source of fundamental frequency cyclic or 

alternating potential 06, and a source of direct 
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current potential (, all of which are independ- . 
ently variable and which are shown in Figure 22 
set off from each other by dotted outlines. The 
harmonics arise from an ironcored inductance 

of three henries value. This is supplied from 
the input lines through a resistance condenser 
combination 12, 13 which shifts the phase of 
the potential applied to this inductance by 45°. 
Since the impedance of the resistance 2 and 
the condenser f is is approximately 10% of the 
impedance of the inductance f i?, the current 
through the inductance f l is about 10% of the 
total in this circuit so that the current in the 
inductance i? and its wave form have substan 
tially no effect on the total. In series with the 
inductance-fill and between it and one end of the 
resistance 2 is a current transformer 4, of 
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1 to 10 ratio across which is connected a 750 ohm 
resistance 5. This is equivalent to connecting 
a 7.5 ohn resistance between the inductance fl. 
and the resistance 2. Since the impedance of 
the inductance f is approximately 1000 ohms, 

60 

the 7.5 ohm series resistance has a negligible. 
effect. However, the potential across the 750 
ohm resistance 15 will vary exactly as thé cur 
rent through the inductance it. It is a well 
known fact that the magnetizing current in an 
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inductance across, which is impressed a sine wave. 
electro-motive force contains a considerable por 
In Figure 23 is indicated a typical B. H. curve 

for a standard grade of laminated, iron and in 
Figure 24 is indicated the magnetizing current 
In which would flow through an inductance hav 
ing a core of this iron on which there is impressed 5 

  

  



O 

5 

20 

30 

35 

4) 

5 5 

S 

noted that the current In lags the voltage E by 
approximately 45° and that this current contains 
a considerable proportion of harmonic values. 
Assuming this current In flows through the 

three henries inductance if, the voltage across 
the resistance if S will vary exactly with the va 
riation of the current in of Figure 24. In the 
circuit the potential E applied across this choke 

is the same as that across the 100 ohm re 
sistor 2. 

mately 100 ohms, the voltage in the resistance. 2 
will lead the voltage impressed from the line ff0 
by 45". In other words, the voltage E shown in 
Figure 24 leads the impressed voltage from the 
line by 4.5". Since the current in lags the voltage 
E shown by 45, this current In then is in phase 
with the applied voltage from the line and the 
voltage across the 750 ohn resistor fresulting 
from the current flow in through the 1 to 10 
current transformer 4 will likewise be in phase 
with the impressed potential. This voltage is 
shown as Eo of Figures 25 and 26. This voltage 
Eo is the sum of a certain amount of fundamental 
plus various harmonics. 
The second element 06 of the control unit 

consists of a transformer and resistor if 
which produces a sine wave of alternating poten 
tial in phase - with and exactly proportional to 
the input potential from the line 0. This al 
ternating potential is added to the fundamental 
plus harmonic potential derived from the har 
monic source 5. This potential is variable by 
varying the tap f on the 1000 ohm potention 
eter T. Two values of this potential are shown. 
added to the harmonic potentials in Figures 25 
and 26. These potentials are \designated as E3 
and E4 and are subtracted from the Eo of these 
figures giving potentials E1 and Ea. 
The third section 107 of the control unit in 

panel J consists of a source of variable direct 
current potential shown as a battery 20 and a 
potentiometer 2, all three sections being con 
nected in series and in series with the controlling 
direct current through leads 020 and f2 from 
the external source and applied as at 25 and 126 
between the rectifier grid 27 and the cathode 
28 (Figure 20) which rectifier controls the posi 

tion of the valve actuator foea shown as a sole 
noid for opening the gravity-closed valve foe. 

Figure 27 indicates the effect of the alternating 
potential supplied from the harmonic and fun- . 
damental source upon the rectifier. As has been 
previously noted, these characteristics are in 
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phase with the potential applied from the mains 
to which is likewise applied to the plate to 
cathode circuit of the rectifier. As will be ap 
parent upon inspection, as the zero line of the 
alternating potentials varies up and down due 
to the direct current of the control unit pluis the 
controlling direct current curves E or Ea (Figs.. 
26 and 27) move up and down, intersecting curve 
Ee which represents the critical value of rectifier 
cut-of. Curve. 2 in the position as shown lies 
entirely below the curve E. and hence the tube 
remains closed. As the zero line and with it a 
move up due to more positive direct current po 
tential the peak of Ea intersects the curve Ee at 
about 25% full tube opening. In other. Words, 

- the tube is either an off or at least 25% open. As 
the zero line continues to rise, the curve Ea inter 
sects the curve e at a constantly earlier point 
until the tube is about 50% open at which point 

Since the resistor 2 is connected 
across the line in series with a capacity of 
25 microfarads having an impedance of approxi 
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a sine wave electro-motive force E. It will be ... the rising portion of curve Ea at 100% full open 

sing intersects the curve Ee at 0° of the cycle caus 
ing the tube to open full. In other words, the 
tube. opens gradually from 30% to 50% and then. 
in a single motion from 50% to 100%. This is 
shown diagrammatically in Figure 28, in the 
curve ra. Similarly the action of the character 
istic E1 is shown in curve r1 in this figure. As 
will be noted, Figure 28 is the same as the lower 
diagram of panel J of Figure 20, except that the 
scale of direct current volts, has been altered. It 
is apparent that by varying the direct current 
potential of the rectifier control unit, the whole 
curve, Figure 28, may be moved up or down at 
will. Figure 28 represents the action of the alter 
nating current components supplied by the recti 
fler control unit. The diagram in panel J, Figure 
21, indicates the control as a whole with alter nating plus direct potential components. 

It is apparent that by varying the fundamental 
components of the alternating current control 
any curve value between that shown at L. and M 
of Figure 21 within the limits shown can be pro 
duced and that by varying this value outside the 
limits shown other curves will result. Further 
more, by increasing or decreasing the magnitude 
by both fundamental and harmonic components 
the ratio of moisture to steam flow within the 

- Smooth variation section can be varied at will. 
By varying the direct current potential of the 
rectifler control unit, the entire characteristic of 
Figure 21 may be moved to the right or left, the 
action occurring within any desired limits of 
moisture. Furthermore, by varying the capacity 
of the condenser 3 of the harmonic source of 
Figure 22, the harmonic characteristic may be 
displaced to the right or left thereby varying the 
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minimum amount of steam flow up or down as . 
may be desired. These variations indicate 
roughly a few of the possibilities. By suitable 
combinations of resistors, iron inductanices, and 
capacity almost any desired wave form or wave 
forms can be produced resulting in almost any 
desired response characteristic of the rectifier 
control unit and thereby resulting in any desired 
relationship between the controlling direct cur 
rent potential and the response of the rectifier 
and giving any desired relation between sheet 
moisture and steam flow. 
From the foregoing description of the method 

of Operation and fundamental circuits showing. 
its application, it should be evident to those 
skilled in the art that various other changes and 
modifications might be made without departing 
from the spirit or scope of this invention as de 
fined by the appended claims. 

claim: 
1. The method of operatively controlling elec 

trical power passed by an ionic valve having a 
plurality of electrodes and voltage-responsive 
means for controlling the time of commencement 
of current flow through said valve, which com 
prises impressing a cyclic voltage differential be 
tween said electrodes periodically reaching a value 
to stop the power flow once started, impressing 
on said control means a cyclic voltage of the 
same fundamental frequency as said cyclic volt 
age differential, selecting the phase, relationship 
between said cyclic voltage and said cyclic voltage 
differential to determine the extent and position 
of discontinuity of smooth control, and varying 
the position of the axis of said cyclic voltage to 
control the passage of said electric power. 

2. The method of operatively controlling elec 
trical power passed by an ionic valve having a 
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means for controlling the time of commencement 
of current flow through said valve, which com 
prises impressing a cyclic voltage differential be 

5tween said electrodes periodically reaching a 
value to stop the power flow once started, in 
pressing on said control means a cyclic voltage 
of the same fundamental frequency as said volt 
age differential, selecting the phase relationship 

10 between said cyclic voltage and said cyclic voltage 
differential to determine the extent and position 
of discontinuity of smooth control desired, im 
pressing on said cyclic voltage a voltage having 
a direct current component, and varying said 
component to control the passage of said elec 
trical power. 

3. The method of controlling a condition influ 
enced by the electrical power passed by an ionic 
valve having a plurality of electrodes and voltage 
responsive means for controlling the time of com 
mencement of current flow through the valve, 
which comprises impressing a cyclic voltage dif 
ferential between said electrodes periodically 
reaching a value to stop the power flow once 

25 started, impressing on said control means a cyclic 
voltage having a predetermined program of varia 
tion chosen in accordance with the particular 
needs of the condition to be controlled, and vary 
ing the position of the axis of said cyclic voltage 

30 to control the passage of electrical power. 
4. The method of controlling a condition influ 

enced by the electrical power passed by an ionic 
valve having a plurality of electrodes and volt 
age-responsive means for controlling the time of 
commencement of current flow through the 
valve, which comprises impressing a cyclic voltage 
differential between said electrodes periodically 
reaching a value to stop the power flow once 
started, impressing on said control means a cyclic 
voltage having a predetermined program of varia 
tion chosen in accordance with the particular 
needs of the condition to be controlled, and vary 
gas continuous direct current component of 
id cyclic voltage to control the electrical power 
ed by said valve. . . 

... The method of controlling a condition influ 
genced by electrical power passed by an ionic valve 
shaving, a plurality of electrodes and voltage 
responsive means for cont: olling the time of com 

50 mencement of current flow through said valve, 
which comprises impressing a cyclic. voltage dif 

. . . . ferential between said electrodes periodically 
reaching a value to stop the power flow once 
started, impressing on said control means a cyclic 

u5 control potential made up from a plurality of 
components of frequency harmonically related 
to said voltage differential, predetermining the 
phase and magnitude of said components in ac 
cordance with the program of variation desired, 

60; and varying the position of the axis of said cyclic 
'voltage to control the passage of electric power. 

6. The method of operatively controlling the 
output of an arc rectifier having a separate po 
tential control of ignition time, and having alter 

65 nating potential differences impressed there 
across through a load, which comprises impress 
ing alternating potential of the same frequency 

5 

20 

as said potential differences and a direct current 
potential on said time control, controlling said 

70 direct current potential, and controlling the phase 
relation of said alternating ignition control poten 
tial to said potential differences to determine the 
extent and position of discontinuity of smooth. 
control by direct current ignition time voltage 

75 variations, 
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plurality of electrodes and voltage-responsive 7. The method of operatively controlling the 
9 

output of an arc rectifier having a separate po 
tential control of ignition time, and having alter 
nating potential differences impressed there 
across through a load, which comprises impress 
ing alternating potential of the same frequency 
as said potential differences and a direct current 
potential one the time control, controlling said 
direct current potential, and controlling the rela 
tive magnitudes of the alternating current and 
direct current time control voltage components to 
determine the ratio of variations in output of 
said rectifier to variations in controlling direct 
current time control voltage. 

8. The method of operatively controlling the 
output of an arc rectifier tube having a separate 
control of ignition time, and having alternating 
potential differences impressed thereacross 
through a load, which comprises impressing alter 
nating potential of the same frequency as said po 
tential differences and a direct current potential 
on the time control, controlling said direct cur 
rent potential, controlling the relative magnitudes 
of the alternating current and direct current 
ignition time control voltage components to deter 
mine the ratio of variations in output of said 
rectifier to variations in controlling direct cur 
rent time control voltage, and controlling the 
phase relation of said alternating control poten 
tial to said potential differences to determine the 
extent and position of smooth output control by 
the direct current time control voltage variation. 

9. The method of smoothly controlling the out 
put of an arc rectifier having separate potential 
control of ignition time throughout its entire 
range from no current to full current, which 
comprises impressing on the ignition control of 
said rectifier alternating potential of the same 
frequencies as the input power and lagging the 
same by 90° and a controlling direct current po 
tential for operation for said entire range, and 
controlling the value of said direct current igni 
tion control potential. 10. The method of operatively controlling elec 
trical power passed by an ionic valve having a 
plurality of electrodes and voltage responsive 
means for controlling the time of commencement 
of current flow through said valve, which corn 
prises impressing a cyclic voltage differential be 
tween said electrodes periodically reaching a 
value to stop the power flow once started, im 
pressing on said control means a cyclic voltage of 
the same frequency as said cyclic voltage differ 
ential, impressing on said cyclic voltage a voltage 
having a direct current component, selecting a 
phase relationship between said cyclic voltage 
and said voltage differential sufficiently different 
from 90° to produce a discontinuity in the smooth 
control of said valve by variation of said com 
ponent at the desired, point in the control, and 
varying said component to control the passage 
of electric power. 
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11. The method of controlling the output of an 
arc rectifier having a separate potential control of 
ignition time, to provide a predetermined mini 
mum flow greater than Zero, which comprises im 
pressing on the ignition control a direct current 
voltage and an alternating current voltage com 
ponent of the same frequency as the rectifier in 
put, said alternating current voltage component 
lagging the input phase by an amount sufficiently 
less than 90 to produce the desired minimum 
current flow, and varying said direct current 
voltage. 

12. The method of controlling the output of an 

35 

70 
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1O 
arc rectifier having a separate potential control 
of ignition time to produce a sudden increase of 
output to full power after a gradually controlled 
increase from a lower output, which comprises 
impressing on the ignition control a direct current 
controlling voltage and an alternating current 
component of the same frequency as the rectifier 
input, said alternating current ignition control 
voltage component lagging the input phase by an 
amount sufficiently greater than 90° to produce 
full opening of said rectifier at the desired point, 
and varying the direct current component of 
ignition control voltage. 

13. The method of controlling the output of an 
arc rectifier with separate potential control of 
ignition time for smooth control within a range 
less than from no current to full current passage, 
which comprises impressing on the ignition con 
trol of said rectifier a controlling direct current 
potential and an alternating current potential 
of the same basic frequency as the input power, 
and having the higher harmonics, selecting such 
harmonics and the phase relation between the 
basic wave of said ignition controi alternating 
current voltage, component to said input to pro 
duce the desired departire from smooth full 
range control, and varying the amount of said 
controlling direct current ignitio, control voltage. 

14. The method of controlling a motor fed from 
an arc rectifier with separate control of ignition 
time, which comprises impressing on the ignition 
control of said rectifier a controlling variable 
direct current potential and an alternating cur 
rent potential of the same frequency as said 
rectifier input and sufficiently less than 90' lag 
ging in phase to cause smooth control of rectifier 
output through said motor by variations of con 
trolling direct current potential to begin with flow 
of ouput current substantially just sufficient to 
start said motor. 

15. The method of controiliig a reversible 
motor fed from arc rectifiers for opposite direc 
tions of motion, each rectifier having separate 
control of ignition time, which comprises im 
pressing on the ignition controls of said rectifier 
controlling variable direct current potentials the 
One increasing while the other correspondingly 
decreases and alternating current potential of 
the same frequency as the input to said rectifiers 
and sufficiently less than 90' lagging in phase to 
cause smooth control of rectifer output to said 
motor by variation of said controlling direct cur 
rent potential to begin with flow of current sub 
stantially just sufficient to start said motor, 
whereby smooth control of said motor from op 
eration in one direction through stop and opera 
tion in the reverse direction is produced by con 
tinuous variation of said direct current control 
potentials. 

16. The method of controlling a motor fed from 
an arc rectifer with separate control of ignition 
time, comprising impressing on the ignition con 
trol of said rectifier a controlling variable direct 
current potential and an alternating current 
potential of the same frequency as the input to 
said rectifier and sufficiently more than 90' lag 
ging in phase to cause smooth control of motor 
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speed only throughout a range a predetermined 
amount less than that caused by a maximum 
opening of said rectifier to current flow, whereby 
at the upper limit of said range the motor has 
suddenly impressed thereon the maximum cur 
rent flow which said rectifier can pass. . 

17. The method of controlling the output of an 
arc rectifer with separate potential control of 
ignition time for smooth control within a range 
less than from no current to full current passage, 
which comprises impressing on the ignition con 
trol of said rectifier a variable controlling direct 
current potential and an alternating potential of 
the same frequency as the input to said rectifier 
but containing, harmonics and in correct phase 
relation to said input to cause sudden closing or 
opening of said rectifer to a predetermined lower 
partial opening limit to be produced by variation 
of said direct current potential adjacent to a 
relatively low point, sudden full opening or clos 
ing from a predetermined higher partial open 
limit by variation of said direct current potentiar 
adjacent to a relatively high point and smooth 
control of the extent of opening of said rectifer 
between said limits with smooth variation of con 
trolling direct current potential between said 
relatively low and high points. 

18. A power circuit comprising an arc rectifier 
having a separate potential control of ignition 
time, a load in the rectifier output, means for 
impressing alternating potential across said recti 
fler, means for impressing a controlling variable 
direct current potential on said ignition control, 
and means for impressing an alternating current 
potential on said ignition control of the same 
fundamental frequency as the input to said 
rectifier but with higher harmonics and so re 
lated to the phase of said input potential as to 
cause Smooth variations in controlling direct cur 
rent ignition control voltage throughout a con 
trol range having its lower limit at a predeter 
mined minimum output current flow greater than 
Zero and its upper limit at a predetermined maxi 
mum less than that of full rectifier opening. . . . 

19. A power circuit comprising, an arc rectifier 
having a separate potential control of ignition 
time, a load in the output circuit comprising a 
motor, means for impressing alternating poten 
tial across said rectifier, means for impressing 
controlling variable direct current potential on 
said ignition control, and means for impressing 
an alternating current potential on said ignition 
control of the same fundamental frequency as 
said rectifier input potential but with higher 
harmonics so related to the phase of said input 
potential as to cause smooth variations in con 
trolling direct current ignition control voltage 
throughout a control range having its lower limit 
at a predetermined minimum output current flow 
greater than zero and substantially just sufficient 
to start rotation of said motor and its upper limit : 
at a predetermined maximum less than that of 
full rectifer opening and where said motor is 
rotating at a speed less than maximum corre 
sponding to full rectifier opening. 
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