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My present invention relates to electronic re 
actance simulation circuits, and more especially 
to circuits so arranged as to present to an ap 
plied voltage a reactance whose magnitude and 
sign are both determined by the frequency of the 
applied voltage. 
One of the main objects of my invention is to 

alter the effective constants of an oscillatory 
circuit so that either a reduction or an increase 
occurs in the rapidity with which circuit 
phenomena vary with frequency. 
Another important object is to provide an os 

cillation generator whose frequency is rendered 
Substantially independent of variations in its 
Constants, by the automatic application of con 
pensation to its constants by means of the elec 
tronic reactance to be hereinafter described. 
Another object of the invention is to maintain 

a circuit in a resonant condition to provide a 
large resonant voltage rise over a large range of 
frequencies, thereby making possible an ampli 
fier stage having high gain and, at the same time, 
increased band Width. 

Still another object is to provide an elec 
tronic reactance network constructed and ar 
ranged to simulate inductive and capacity effects 
in dependence on the direction of frequency shift 
of energy from a predetermined frequency value. 

Still other objects of my invention are to in 
prove generally the efficiency and reliability of 3 
electronic reactance circuits, and more particu 
larly to provide such reactance circuits in an 
economical nanner. 
The novel features which I believe to be char 

acteristic of my invention are set forth in par 
ticularly in the appended claims; the invention 
itself, however, as to both its organization and 
nethod of operation will best be understood by 
reference to the following description taken in 
connection with the drawing in which I have 
indicated diagrammatically several circuit or 
ganizations whereby my invention may be carried 
into effect. 
In the drawing: 
Fig. 1 is a circuit diagram of an electronic 

reactance circuit employing the invention, 
Fig. 2 shows a use of the reactance circuit, 
Fig. 3 shows a signal amplifier embodying the 

invention, the amplifier functioning as part of 
the reactance circuit, 

Fig. 4 shows an oscillation generator circuit 
whose tube functions as part of the reactance 
simulation netWork, 

Fig. 5 shows the reactance circuit embodied 
in an amplifier for tuning stabilization, 
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Referring now to the accompanying drawing, 
wherein like reference characters in the different 
figures designate similar circuit elements, in Fig. 
there is shown a tube having a Cathode 2, a 

control grid 3 and a plate 4. The alternating 
voltage input terminals are 5 and 6, terminal 5 
being connected to plate 4 through a direct cur 
rent blocking condenser . The cathode 2 is con 
nected to ground through the usual bypassed 
grid bias resistor 8, and the input terminal 6 is 
connected to ground. The positive Woltage for 
the plate 4 is Supplied through a radio frequency 
choke coil 9, and a positive Screen grid may pref 
erably be employed adjacent the plate 4. The 
dotted rectangle T designates an impedance net 
work which is composed of a resistor R arranged 
in series with the primary winding of a trans 
former M. 
One end of the resistor R is connected to the 

input terminal 5 through the direct current 
blocking condenser . The secondary winding 

of transformer. M has one end connected to 
the low potential end of winding , while its 
high potential end is connected to the grid of 
the amplifier tube 2 through the direct current 
blocking condenser 3. The junction of Windings 
9 and is connected to ground through con 
denser C. The amplifier tube 2 may be of the 
Screen grid type, and its cathode is connected to 
ground through a by-passed grid bias resistor. 
The input grid of tube 2 is connected to ground 
through a path which includes the choke coil 
S4 and the negative voltage source 5. The latter 
includes Some means for varying the value there 
of thereby to provide gain control. The output 
electrode of amplifier tube 2 is connected to a 
Source of positive potential through the primary 
winding 6 of transformer M1, the winding 6 be 
ing shunted by the adjustable condenser . The 
latter condenser is in turn shunted by a resistor 
8. The control grid 3 of tube is connected 
by lead 2 to one terminal of the switch 2, the 
opposite terminal of the Switch 2 is established 
at ground potential, and the switch is arranged 
in circuit with the secondary winding 22 of 
t3ansformer M1. 

In Order to understand the functioning of the 
network shown in Fig. 1, the following theoretical 
explanation is given. It is to be understood that 
the purpose of the network is to simulate between 
terminals 5 and 6 a reactance effect which is 
either capacitative or inductive depending on the 
Sense of frequency departure of alternating volt 
age impressed between the terminals 5 and 6 
from a predetermined frequency value, The net 
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Work T functions to provide, from a given im 
pressed voltage, an output voltage whose phase 
relative to that of the impressed voltage is such 
as to cause any desired type of impedance to 
be simulated between terminals 5 and 6, and 
whose magnitude varies with frequency in such 
a Way as to make the simulated impedance a 
desired function of frequency. Let it be assumed 
now that alternating voltage is applied between 
terminals 5 and 6. If secondary f is suitably 
poled relative to winding O, then at the fre 
quency where the reactance of condenser C is 
equal and opposite to the mutual reactance of 
transformer M, the output voltage of the net 
Work Tis Zero. If resistor R is so large as to in 
sure the current flowing therethrough being sub 
stantially in phase with the voltage between the 
terminals 5 and 6, then upon a departure from the 
frequency mentioned above there will arise an 
output voltage from network T which will be 
90° Out of phase with the input voltage at 5-6. 
Furthermore, the output voltage will have a 
magnitude proportional to the departure from 
the predetermined frequency. These statements 
correctly imply that the phase of the output 
voltage reverses as the frequency of the im 
preSSed alternating voltage passes through a 
critical frequency value. 
Let it now be assumed that the radio frequency 

Output from network T is fed back to the grid 3 : 
of tube . Then at frequencies above the prede 
termined critical frequency value tube draws 
a leading current (assuming one position of 
Switch. 2), and, hence, acts like a condenser 
whose capacity is proportional to the amount 
by which the frequency of the impressed alter 
nating voltage exceeds the critical frequency 
value. Below the critical frequency value the 
tube acts like an inductance whose value de 
creases as the frequency falls. 
This phenomenon could be used, for example, 

for the stabilizing of an Oscillator. In the latter 
case suppose the tuned circuit of an oscillator 
is shunted between terminals 5 and 6, and that 
the normal oscillator frequency is the afore 
mentioned critical frequency value. Now sup 
pOSe that the OScillation frequency tends to in 
?crease a Small amount. If it does so then tube 

Will act like a condenser across a tuned cir 
cuit of the oscillator which, of course, tends to : 
lower the oscillator frequency. By arranging 
the circuits so that the grid 3 gets Sufficient 
voltage for a given frequency departure, then 
the frequency drift can be limited to any extent 
desired. A downward drift in frequency of the 
Oscillator is limited in similar fashion by the 
resulting action of tube as an inductance in 
shunt to the Oscillator tuned circuit. The stiff 
neSS of the control action may be adjusted by 
varying the amount of voltage applied to grid 
3, or by the design of the selective network T. 
In the circuit arrangement of Fig. 1, the wind 

ing 0 and condensei C are preferably arranged 
to resonate at the same frequency as the reso 
nant frequency of the mutual inductance of 
transformer M and capacity C, so as to cause 
minimum possible plase shift in the current flow 
ing through resistor R. The output circuit of 
amplifier 2, if tuned, is preferably made to tune 
broadly by the shunt resistors f8, and this is 
done for the Sane reason as Stated in Connec 
tion with the elements of network T, that is to 
minimize phase shift. In other Words, for min 
imizing phase shift effects circuits 7-6, 
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termined critical frequency value. For very best 
results it is preferable that the phase errors in 
troduced by the reactances of winding O and 
Condenser C be balanced by equal and opposite 
effectS in Some other part of the transmission 
path to the grid 3. Such phase errors introduce 
positive or negative resistance components into 
the effective impedance of the reactance tube, 
and while these effects in Some cases may be 
desired, it is also often desired to avoid it. The 
Switch means 2 is included for the purpose of 
permitting the action of tube to be reversed. 
In other words, by throwing Switch 2 into the 
dotted line position, it is possible to reverse the 
Sign Of the reactance simulated between ter 
minals 5 and 6. 
In Fig. 2 there is shown a use to which the 

electronic reactance network of Fig. 1 may be 
applied. In this case the signal collector 23 is 
Coupled to a signal-tuned circuit 24. The ter 
minals 5 and 6 of the network in Fig. 1 are 
Connected across the tuned circuit. Let it now 
be assumed that signal voltage, Subject to Small 
departures from a normal frequency, is impressed 
on circuit 24 which is fixedly tuned to said nor 
mal frequency. If the frequency of the signal 
voltage is too high for the circuit an inductance 
should be shunted across the tuned circuit 24 
to bring it into tune. However, by connecting 
the network of Fig. 1 across tuned circuit 24, 
the elements of Fig. 1 being tuned to said normal 
frequency, it has been shown that on a rise of 
impressed frequency there is simulated between 
terminals 5 and 6 a capacity effect. However, 
this action can be reversed by reversing the 
phase of the alternating Voltage fed to the grid 
3. In other Words, it is possible to change the 
reactance simulated between terminalis 5 and 6 
by reversing the Switch 2. Hence, with the re 
versed phase and with properly adjusted stiffness 
of action the reactance netWork of Fig. 1 will au 
tomatically keep the fixedly tuned circuit 24 reso 
nant to the frequency of the signal voltage ap 
plied thereto over a considerably increased 
range of frequencies. Such a circuit could be 
used, for example, with a police receiver having 
fixed tuning and varying antenna, reactions. 
By Superposing a voltage 180 different from 

the applied voltage on a grid of the reactance 
tube, as by putting the former Voltage on an 
other grid, a negative resistance may be applied 
to a tuned circuit along with frequency control. 
Thus, for example, in Fig. 4 there is shown an 
QScillation-production circuit, which comprises 
tube 25 provided with a plate 28, a cathode 27, 
a control grid 28 with an oscillation grid 29. The 
resonant tank circuit of the OScillator tube is de 
noted by numeral 30, and the high potential side 
thereof is connected to plate 26 through the 
direct current blocking condenser 3, the low 
potential side of the tank circuit 39 being ground 
ed. The oscillation grid 29 is inductively cou 
pled to the tank circuit 30, and the cathode 
27 is connected to ground through a self-biasing 
resistor network. 32. The netWork has its re 
sistor R, included in series with the primary 
winding of transformer M and Oscillator plate 
26. The secondary winding of transformer M is 
connected by lead 33 to the control grid 28 
through a transformer 42. 
By virtue of the network T and the control 

grid 28 the oscillator has its frequency main 
tained as stable as is desired by providing ade 
quate stiffness of control from the network T. 

i-C and M-C are each tuned to the prede- 75 Between the plate and cathode of tube 25 there 
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is simulated both a reactive effect having a 
polarity or sign which depends on the sense of 
frequency departure of the oscillation voltage 
from a predetermined critical frequency value, 
and also a negative resistance effect which main 
tains oscillations in tank circuit 38. In other 
words, tube 25 functions both as an electronic 
reactance tube, and as an oscillator tube whose 
frequency is maintained at substantially the 
resonant frequency determined by C and the 
inductance of the secondary of transformer M. 
even in the presence of considerable change in 
the constants of circuit 30. The reversing 
transformer 42 is so poled as to produce the de 
sired sign of simulated reactance, 

In Fig. 3 there is shown a tube 35 used simul 
taneously as a signal voltage amplifier and as 
an electronic reactance tube. The plate 36 of 
tube 35 has included in its circuit therewith a 
fixedly tuned circuit 4G. Upon the signal input 
grid 4 is impressed signal voltage. The cathode 
37 is connected to ground through the usual grid 
biasing network, and the control grid 38 is cou 
pled by transformer 42 to the secondary wind 
ing of transformer M of the network T. The 
network T and the control grid 38 function in 
this case to maintain the resonant plate circuit 
40 in tune with the signal voltage of varying 
frequency. The network T in this case applies 
to grid 38 a reversed, 90° phase-displaced volt 
age derived from the signal voltage. In this 
case the functioning is similar to that in Fig. 2, 
except that tube 35 functions simultaneously 
both as a signal amplifier and as an electronic 
reactance-simulation tube. It will be under 
stood that in Fig. 3 the network T functions to 
produce across tuned circuit 49 either a capacity 
effect, or an inductance effect, depending upon 
the direction of frequency shift with respect to 
a predetermined critical frequency value of the 
signal voltage applied to grid 4. 
The inver?ition has particular use in connection 

with a device of the type known in the art as a 
"cyclotron.” Since this type of oscillation-pro 
duction device is well known in the art at the 
present time, it is not believed necessary to show 
it in detail. It is sufficient to point out that a 
"cyclotron' is a device of the magnetron type 
wherein electric charges within the interior of a 
tube are whirled around in a curvilinear path 
until a very high speed is attained, the moving 
charges then being utilized as a so-called “beam.' 
In a cyclotron the enclosure within which 
charges are whirled around is usually composed 
of D-shaped plates. 
a Self-excited Oscillator is used whose frequency 
depends on the capacity of the D-shaped plates 
together with the lines leading thereto, then 
changes in the capacities of the D-shaped plates, 
due to heating, cause frequency changes which 
require correction to keep the beam strength 
maximum. The reactance tube, connected as 
described heretofore, may be arranged to limit 
frequency variations from this cause to a value 
that is admissible. Furthermore, this can be 
done without the delay involved in mechanically 
correcting the constants of the oscillator circuit. 
This is especially important where rapid cyclic 
changes in effective D-capacities are encoun 
tered as sometimes occurs in practice. 

If, on the other hand, the cyclotron is driven 
from a master Oscillator and an amplifier, then 
the aforesaid changes in the capacities of the 
D-plates throw the resonant connecting lines 
out of tune with the fixed frequency. In this 

If for whirling the charges 
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3. 
case sufficient, and delayless correction may be 
made to the tuning of the D-lines by utilizing 
a reactance tube excited by a voltage propor 
tional to the departure of the tuning of the D 
line from the condition of unity power factor. 
This is shown in Fig. 5 wherein the numeral 50 
is a power amplifier which is fed by a master 
oscillator 5, said power amplifier feeding 
through the coupling capacity 52 to an inter 
mediate point on the tank circuit inductance 
53. It is to be understood that the numerals 
54 and 53 designate the tank circuit, of a cyclo 
tron. In other words, the coil 53 and condenser 
54 are an electrical representation of the usual 
D-plates and the feed lines thereto of a cyclo 
tron. - 

The reactance simulation tube is designated 
by numeral 69, and the plate 6 thereof is con 
nected to a point on the high potential side of 
tank circuit 53-54 by the direct current block 
ing condenser 55, the low potential side of the 
tank circuit being at ground potential. The 
cathode of tube 60 is at ground radio frequency 
potential but at a suitable direct current bias 
ing potential, while the grid 70 thereof is con 
nected to the junction of resistor if and con 
denser 2. The opposite end of condenser 72 
is at ground potential, while in shunt with re 
Sistor T and condenser 72 are arranged a pair 
of coils 73 and 74 wound in opposite directions. 
The coil 73 is coupled to winding 53 on one side 
of the intermediate tap point, while coil 74 is 
coupled to winding 53 on the opposite side of the 
tap point. The rectangle 80 includes within its 
boundary the elements which are included in 
the Selective phase shift network. Between the 
plate and cathode terminals of tube 6 is simu 
lated the reactance which functions to control 
the frequency of tank circuit 54-53. 
When the tank circuit 54-53 is correctly tuned 

the currents flowing in the winding 53, those 
above and below the intermediate tap point, are 
Slithstantially equal since in a cyclotron the reso 
nance of the tank circuit is very sharp. There 
fore, the equal and oppositely poled coils 73 and 
4 will receive substantially no net voltage. 
However, if the tank circuit gets out of resonance 
the aforementioned net voltage is no longer 
Zero, but has a value that increases with the 
amount of detuning and has a phase that is re 
Versed as the sense of the detuning is reversed. 
This net voltage is in phase with the voltage 
across the tank so that when applied to the grid 
0 through the resonant circuit shown it be 
comes 90 out of phase with the voltage across 
the tank with the result that tube 60 acts like a 
reactance. Suitable choice of the polarities of 
the coils 3 and 74 will insure that the effect of 
the automatic reactance is to compensate for 
changes in tank capacity, and just keep the tank 
in tune to an exactness limited only by the stiff 
ness of control provided. The power amplifier 
5 can be made to provide both amplification and 
tuning control as pointed out in connection with 
FigS. 3 and 4. 

If the above mentioned polarities were re 
versed the effect would be that an extremely 
slight detuning of the tank circuit 53-53 would 
Teact to cause a further detuning. Similarly, in 
Figs. 2 and 3, a reversal of the feedback would 
make the response of the circuits in question 
much sharper than normal, since any Slight shift 
in frequency would introduce changes in the 
tuning of the circuits that would accentuate the 
difference between the critical frequency value 
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and the circuit tuning. This effect may be en 
ployed in place of regeneration for the artificial 
sharpening of resonance curves. It has the ad 
vantage that the sharpening can be made very 
large without the danger of a large increase in 
gain of the system setting up oscillations, as is 
the case in highly regenerative systems. 

It will be understood that the phase shifting 
circuit shown in Fig. 1 is merely illustrative, as 
Well as the amplifying and reversing arrange 
ments shown. What is common to the various 
circuits shown in this application is the fact 
that there has been provided an alternating volt 
age resonant circuit which has an electron dis 
charge tube electrically associated therewith, 
and the tube is excited by an alternating voltage 
in quadrature with, and derived from, the alter 
nating voltage existing across the resonant cir 
cuit, means being provided for causing the quad 
rature voltage to have an amplitude algebrai 
cally proportional to the difference between the 
frequency of the quadrature voltage and a pre 
determined critical frequency value of the reso 
nant circuit. 
While I have indicated and described several 

systems for carrying my invention into effect, it 
will be apparent to one skilled in the art that my 
invention is by no means limited to the particul 
lar organizations shown and described, but that 
many modifications may be made Without de 
parting from the scope of my invention, as set 
forth in the appended claims. 
What I claim is: 
1. In a high frequency network, a resonant 

circuit tuned to a predetermined frequency value, 
an electron discharge tube having input and out 
put electrodes, means coupling said output elec 
trodes across said resonant circuit, a phase shifter 
circuit having capacitative and inductive ele 
ments balanced at Said frequency value, means for 
impressing high frequency voltage appearing 
across said tuned circuit upon said phase shifter 
circuit, an auxiliary electrode within said tube, 
means impressing high frequency voltage on said 
auxiliary electrode, and means impressing phase 
shifted high frequency output voltage of said 
shifter upon said input electrodes whereby a re 
active effect is produced between said output 
electrodes Whose sign and magnitude are de 
pendent upon respectively the sense and extent 
of departure of said high frequency voltage fre 
quency from Said predetermined frequency value. 

2. In a high frequency network, a resonant cir 
cuit tuned to a predetermined frequency value, 
an electron discharge tube having input and out 
put electrodes, means coupling said output elec 
trodes directly across said resonant circuit, a 
phase shifter circuit having capacitative and in 
ductive elements balanced at Said frequency 
value, means coupling said shifter circuit across 
said resonant circuit whereby high frequency 
voltage appearing across said tuned circuit is di 
rectly applied upon said phase shifter circuit, 
a control electrode within said tube, means for ap 
plying high frequency energy of said predeter 
mined frequency to said control electrode, and 
means impressing phase-shifted high frequency 
output voltage of said shifter upon said input elec 
trodes whereby a reactive effect is produced be 
tween said output electrodes whose sign is de 
pendent upon the sense of departure of Said high 
frequency voltage frequency from said prede 
termined frequency value, said phase shifter Cir 
cuit including a resistive element in circuit with 
the reactive elements, 
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3. In combination, a high frequency voltage 

circuit, an electron discharge tubehaving output 
and input electrodes, the tube output electrodes 
being directly connected across said circuit, 
means impressing between the tube input elec 
trodes a high frequency voltage in quadrature 
with, and derived from, the voltage acroSS Said 
circuit, an auxiliary control grid in said tube, 
means applying to said grid a high frequency volt 
age derived from said circuit, said impressing 
means being constructed to cause said quadra 
ture voltage to have an amplitude algebraically 
proportional to the difference between its fre 
quency and a critical, predetermined frequency 
value of said circuit, Said impressing means Com 
prising a phase shifter circuit coupled directly to 
said high frequency circuit and being provided 
with reactances of opposite sign, said reactances 
being balanced at said critical frequency value. 

4. In combination, a high frequency Voltage cir 
cuit, an electron discharge tube having output and 
input electrodes, the tube output electrodes being 
directly connected across said circuit, means in 
pressing between the tube input electrodes a high 
frequency voltage in quadrature with, and derived 
from, the voltage across said circuit, a Source of 
high frequency energy, an auxiliary input grid 
in said tube, means coupling said grid to Said 
Source whereby said tube acts as an amplifier, 
said impressing means being constructed to cause 
said quadrature voltage to have an amplitude 
algebraically proportional to the difference be 
tween its frequency and a critical, predetermined 
frequency value of said circuit, said impressing 
means comprising a reactive netWork coupled di 
rectly to said high frequency circuit and heing 
series resonant to said critical frequency value. 

5. In combination with a source of alternating 
current of high frequency and a resonant circuit 
tuned to the frequency of said source, means for 
maintaining synchronism between the frequency 
of said resonant circuit and the frequency of Said 
Source current, said means comprising an elec 
tron discharge tube provided with at least a cath 

; Ode, an input grid, a control grid and output elec 
trode, means coupling the output electrode of 
said tube to said resonant circuit, means for ap 
plying current from said source to said input grid, 
means for deriving from said circuit a voltage 
substantially co-linear in phase with the current 
in said circuit and proportional to the frequency 
thereof, means for deriving from said circuit a, 
second voltage substantially co-linear in phase 
with the current in said circuit and inversely pro 
portional to the frequency thereof, means for 
combining said two voltages in opposition to pro 
vide a resultant voltage, and means for im 
pressing said resultant voltage on the control 
grid of said tube. 

6. In a high frequency network comprising a 
pair of terminals adapted to be connected acroSS 
a high frequency circuit whose frequency is to be 
controlled, an electron discharge tube having in 
put and output electrodes, means connecting the 
tube output electrodes between said terminals, a 
reactive path connected between the said ter 
minals, said path comprising a resistor in Series 
with a reactance network, said resistor having a 
resistance sufficiently high in comparison with 
the impedance of said reactance network to as 
sure current through the latter having a phase 
and magnitude determined substantially solely 
by the resistance of said resistor over a range of 
frequencies, said reactance network comprising 
a transformer in series with a condenser the 
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mutual inductance between the transformer 
Windings and the condenser being resonated to a 
predetermined high frequency, means for deriv 
ing from said reactance network a high fre 
quency voltage in quadrature with the high fre 
quency Voltage between said terminals, means for 
applying Said quadrature Voltage to said tube in 
put electrodes whereby there is developed be 
tWeen Said terminals a reactive effect whose mag 
nitude and sign are determined by the extent and 
sense of frequency difference between the fre 
quency of the Voltage from Said circuit and the 
said predetermined frequency. 

7. In combination with an electron discharge 
tube having input and output electrodes, neans 
for Simulating betWeen the Said output electrodes 
a reactance effect whose sign and magnitude de 
pends upon the Sense and amount of frequency 
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shift of alternating voltage from an assigned fre 
quency Value, an auxiliary input electrode in said 
tube, a resonant circuit tuned to said frequency 
Value Connected between the Output electrodes, 
means for applying to Said auxiliary electrode 
Woltage of Said frequency value, said simulating 
means Comprising an alternating Voltage feed 
back path Common to said output and input elec 
trodes, said path including reactances of con 
Stants Such that the feedback voltage is substan 
tially Zero at Said assigned frequency value, said 
reactances being arranged to produce a quadra 
ture phase relation between alternating voltage 
at said input and output electrodes and a re 
Sistor in circuit with said reactances of such 
magnitude that the phase of the current through 
Said reactances is maintained constant. 

WALTER, WAN B. ROBERTS. 


