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This invention relates to improvements in elec 
trical circuits involving the employment of ca 
pacitative currents, and more particularly con 
cerns circuits for electron discharge tubes in 
which a relatively weak capacitative current may 
be employed for controlling the operation of an 
electron discharge tube requiring a greater cur 
rent application to its control element for its 
controlled operation. 
An illustrative form of employment of such 

circuitS is with piezo-electric elements intended 
to control the frequency of Oscillations generated 
by electron discharge tubes. Other instances of 
Such employment are with resistively coupled 
radio frequency amplifiers and with microphone 
modulation circuits. 
One object of the present invention is to pro 

vide means for obtaining a greater output from 
an electron discharge tube, controlled by the 
means passing the weak capacitative current, 
than has heretofore been accomplished without 
the employment of succeeding steps of amplifica 
tion. 
Another object of the invention is to provide 

a novel circuit arrangement whereby the capaci 
tative current is caused to act symmetrically and 
reciprocally upon a pair of electron discharge 
tubes connected in what might be called “a push 
pull' arrangement, and wherein each tube oper 
ates at a greater power output than can be con 
trolled by the Weak capacitative current involved. 

Still another object of the invention is to pro 
vide a circuit, arrangement in which a pair of 
electron discharge tubes may be employed and in 
Which the connection to these tubes for current 
of useful output frequency shall be symmetrical 

... With respect to ground Or cathode potentials or 
shall provide a substantial approximation to this 
condition. 
A further object of this invention when em 

ployed with piezo-electric elements for control 
ling the frequency of electron discharge tubes, 
is the provision of means whereby the mechani 
cal vibrations in a piezo-electric element may be 
sustained by the power component of electric 
oscillations occurring in the electron discharge 
tube circuits while a quadrature current com 
ponent from Such circuits is employed to limit 
and reduce the quadrature current passing 
through the piezo-electric elements. 
A further object of the invention is to pro 

vide a circuit arrangement of electron discharge 
tube generators with the employment of a piezo 
electric element to control the frequency of the 
generated -oscillations and the provision of stabi 

age. 

(C. 250-36) 
lizing or limiting devices separate from the elec 
tron discharge tube for governing the amplitude 
of the generated Oscillations so that large elec 
tron discharge tubes may be operated at normal 
or higher than normal anode potential, such tubes is 
being larger than have heretofore been compe 
tent to direct control by piezo-electric means. 
In the accompanying drawing:- 
Figure 1 shows a simple circuit including an 

electron discharge tube with oscillatory circuits 10 
and a piezo-electric control element, along With 
the operator of the present invention. 

Fig. 2 is a view of a modified circuit using a 
single electron discharge tube and modified type 
of control means. s 

Fig. 3 is a diagram showing two electron dis 
charge tubes mounted symmetrically with respect 
to a single piezo-electric element. 

Fig. 4 is a modified form of circuit employing 
two tubes mounted symmetrically with respect 20 
to the piezo-electric element. 

Fig. 5 is a further modified form showing the 
use of two electron discharge tubes with a single 
piezo-electric element. 

Fig. 6 is a vector diagram conventionally ex- 25 
plaining the operation of a single circuit Such 
as that in Fig. 1. 
Considered broadly, it is proposed according to 

this invention to provide circuits involving at 
least one electron discharge tube having anode, 30 
cathode and grid electrodes, in conjunction with 
a relatively weak source of capacitative current, 
i. e. a current of such nature that it may flow 
through a condenser under the conditions of op 
eration and in which the intensity of current 35 
usually leads the potential or voltage. According 
to this invention, means are provided whereby a 
control E. M. F. is applied to the grid portion of 
the tube system. Such means likewise is COIl 
nected to derive excitation from the output cir- 0 
cuit or circuits of the tubes and by the action 
of suitable phase shifting elements to deliver 
a current to the aforesaid grid System in Sub 
stantial quadrature with the control E. M. F. This quadrature current is brought by the phase 
shifting elements into such quadrant or langular 
relationship and electrical vector magnitude that 
its value will be subtracted from the quadrature 
current which would otherwise have to be Sup 
plied by the source providing the control volt 

Thus, the E. M. F. source is relieved of a 
greater or lesser part of the quadrature current 
load which it would otherwise be obliged to carry, 
making possible the control of the operation of 
the entire system by a much Weaker Source of SS 
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known neutrodyne circuits. 
condenser 2 is larger than is required for bal 

control voltage. At the same time, any power 
component of current flowing in Said means 
toward the grid system is so reduced that it does 
not operate upon the grid to determine the Oper 
ation of the circuit. 

In the form set forth in the drawing, such a 
circuit arrangement has been illustrated in con 
junction with the employment of a piezo-electric 
element for controlling the operation of a gener 
atting tube system. In this invention, it is pro 
posed to employ the piezo-electric element in 
conjunction with one or more discharge tubes 
having control and output circuits so that the 
control and output circuits are coupled for the 
generation of Sustained oscillations. It is fur 
ther proposed to segregate the in-phase and 
quadrature components of currents flowing in the 
associated circuits so that the in-phase or power 
component is employed to maintain the piezo 
electric element in oscillation while requiring 
relatively little quadrature current to pass 
through this element, a parallel path carrying 
the major portion thereof to maintain the neces 
sary grid charging current to keep the discharge 
tube in Oscillation, and to provide a useful out 
put therefrom. The quadrature component is 
employed to regulate the effective potential in 
the control circuit. 

In the drawing, Fig. 1 shows an electron dis 
charge tube? of the three electrode type includ 
ing a cathode 2, grid 3, and anode 4. The piezo 
electric element 5 in practice is usually a plate 
cut from a quartz crystal and mounted between 
conductor plates. The frequency control or piezo 
input circuit extends from the cathode 2 through 

... an indicator 6 which may be an alternating cur 
rent milliam meter to indicate qualitatively the 
load carried by the piezo-electric element; 5, 
through the piezo-electric element 5 to the tap 3a 
and tinence to the grid 3. The quadrature feed 
back circuit extends from the cathode 2 by con 
ductor 8 and the secondary coil 9 to the high fre 
quency transformer 9 to condenser f2, and 
thence through resistance 3 to tap 3 and to the 
grid 3. In this figure also, the secondary coil 9 is 
shown to be connected in series with a variable re 
sistance 3S, and a loop comprising the coil 9, re 
sistance 3S, and a variable condenser 2s is con 
nected between the grid 3 and cathode 2 of the 
electron discharge tube f, in series with the con 
denser 2 and resistance 3. This figure likewise 
shows the indicator device 6 as including a coil en 
ergized by the current flowing to the piezo-electric 
elements, so that when the radio-frequency com 
ponents of this current become excessive, and 
upon the flow of direct current as when a break 
down of the system may occur, the coil would 
Operate to close the contacts 6a and establish 
a circuit including the coil 6b of a relay having 
its contactS 6c in the anode circuit of the tube . 
The anode or output circuit of the tube 

extends from the cathode 2 through anode or 
plate battery 4 which is shunted by a high 

65 frequency bypass condenser 5 to the parallel 
loop circuit comprising the primary 10 of high 
frequency transformer i5 and tuning condenser 

, by conductor 
paths through the electron discharge tube 

led to the anode 4. Space 

exist from the cathode 2 to the grid 3 and plate is 
and from the grid 3 to the plate A. 
In actual values, the coupling between coils 9 

and 10 was relatively the same as in the well 
The capacity of 
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ancing a neutrodyne arrangement. In a par 
ticular case, the condenser 2 had a capacity 
of approximately 0.00005 mf. when the circuit 
was adjusted for operation. It might be in 
dicated that with the same circuit the neutrodyne 
balance adjustment required a capacity for the 
condenser 2 of about 0.00002 inf. The in 
pedance 3 employed was a commercial compres 
Sion type rheostat having a resistance which 
could be varied from 100 to 5,000,000 ohms; and 
Which Was adjusted at Such an intermediate point 
that it operated as a phase adjusting device. The 
operation of the circuit according to Fig. 1 may 
be described as follows:- 
With the device adjusted in operating condi 

tion for a given frequency, any momentary im 
pulse Will cause the generation of oscillations in 
the output circuit through coil fo in the usual 
manner, with a quadrature feed-back to coil 9 
in the input circuits. The alternating current 
potential produced in the coil 9 and applied in 
series with the series connected assemblage of 
coil 9, condenser 2 and impedance 3, may be 
considered as producing currents acroSS three 
paths, (1) the Space path of the discharge tube 
between cathode 2 and grid 3; (2) the piezo 

electric element 5 in series with the load indi 
cator 6; and (3) a shunt bias circuit comprising 
the resistance 7, biasing battery 6 and choke 
coil 2. 
The current passing through the piezo-electric 

element 5 may be considered as resolvable into 
two components: (a) a power component derived 
from the anode circuit of tube by coupling be 
tween the grid 3 and anode 4 of the tube ; and 
(b) a quadrature component originating within 
the piezo-electric element 5 and employed in 
whole or in part to charge the capacity from the 
grid and grid leads to the filament and anode. 
In practice, it has been found that the quadra 
ture current that may be drawn from a piezo 
electric element 5 must be limited to a rather 
Small value in order to avoid the rupture of the 
particular crystal, and that such a Small value 
is not sufficient to adequately excite the grid of 
a discharge tube of large power rating; the pres 
ent invention proposes to permit a portion of this 
quadrature current to be supplied to the grids and 
connections without passing through the ele 
ment 5. 
The normal phase relationship of the E. M. F. 

across the coil 0 will cause power to be fed from 
the anode to the grid through the internal capac 
ity between the grid 3 and anode 4 in the tube: 
and obviously an E. M. F. of opposite phase sup 
plied across the condenser f2 would result in 
power being drawn from the grid circuit through 
this condenser. This tendency for power to pass 
in this direction is to be reduced so that no in 
terference will be presented to the maintenance 
of oscillations in the piezo-electric element. This 
reduction of the power passing through the ca 
pacity f2., resistance 3, coil 9 and conductor 8 
is produced by the employment of the phase 
shifting impedance f3, which is roughly of a non 
reactive nature. 

If for any reason the flow of current to the 
piezo-electric element 5 becomes excessive, then 
this fact will be made known by the indicator 6; 
and further in the particular form described in 
conjunction with Fig. 1, a circuit will be closed 
from the filament heating battery T through the 
contacts 6a of the indicator 6, the coil 6b of the 
anode relay, and back to the battery T. This coil 
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:The operation of this circuit is substantially 

*the same as before, and it will particularly be 
noted that the phase shifting device f3b has the 
same function here as the phase shifting devices 
f3, 3a described above; and the regulating in 
pedances. 8a, 8a may be of the same character 
as the regulating impedance 8 described in re 
spect of Fig.2 and serves to prevent more than a 
predetermined maximum current from flowing 
through the piezo-electric element 5. 
A further development of the present inven 

stion is shown in Fig. 5, in which the respective 
discharge tubes , f' are heated by a common fila 
ment battery Tac. The tubes are symmetrically ar 
ranged as before, and the direct current anode 
component circuit of either tube may be traced, for 
example, between cathode 2 by one cathode con 
ductor to the symmetrical tap 4c and thence by 
a conductor. 4a and common Space current bat 
tery 4 to a symmetrical tap 4d between the high 
-frequency choke coils 35, 35’ through the respec 
tive choke coil as 35 to the anode 4. The anodes 
4, 4' are directly connected through the block 
ing condenser 34, the output parallel resonance 
circuit comprising the coil. 27ac and condenser 26, 

: the blocking condenser 34 to the anode 4. A 
shunt path, whereby to bypass a part of the 
quadrature current component (required for 

i charging the grids) around the piezo-electric ele 
ment 5, is provided through the parallel resonance 
elements 26, 27ac by connecting the terminals of 
these elements through respective phase shifting 
impedances f3ac and 3y and the balancing con 

: densers 2, f2' to the respective grids 3, 3’ of the 
tubes , f'. 
denser 29a is preferably connected between the 
cathode and grid of one tube. The output in 
ductance 27ac is coupled to the output coil 28, as 
before. 

As before, a final balancing con 

The piezo-electric control circuit for the 
grids is connected directly between these and 
icomprises the indicator 6 and the piezo-electric 
telement 5 in Series. The individual grids are 
afforded proper bias by being connected in cir 
cuits, for example, from the cathode 2 through 
the heating conductors and the common grid 
biasing battery 6b to a symmetrical tap connec 
tion 24 and thence by the respective high fre 
quency choke coil 25, to the respective grid 3. 
A method of calculating the dimensions of the 

respective parts, and of indicating the operation 
of an apparatus according to this invention, is 
shown by the vector diagram of Fig. 6, which is 
based upon the equivalent circuit operation of a 
distortionless amplifier, Corrections for a par 
ticular device operating with distortion similarly 
may be computed, by taking into account the 
dimensions of the distortions. This vector dia 
gram is a qualitative indication of the nature of 
operation of the circuit. The controlled E. M. F., 
which is applied between the grid and the cath 
sode, is taken as the reference vector and marked 
ip.E.g. u.Eg is then the fictitious E. M. F. which, 
if acting within the tube in series with the anode 
cathode path, through the electronstream, would 
produce the alternating is current component 
found to exist as a result of the application of 

: the control E. M. F. The amplification factor u. 
of the tube, under the conditions of operation, is 
a constant, and hence this reference vector is in 
phase with the control E. M. F. 

Ip is the alternating current carried by the 
electron stream between anode and cathode, and 
is shown as lagging behind the control. E. M. F. 
since this is the necessary condition for transfer 
of energy from the anode to the grid through the 
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inherent capacity therebetween, this transfer be 
ing in turn necessary for the operation of the 
type of piezo-electrically controlled Oscillator 
commonly used. This transfer of energy is also 
relied upon for the maintenance of Oscillations 55 
of the piezo-electric element in all of the circuits 
shown herein. IRo is the particular IR drop 
that occurs within the tube due to the passage of 
the alternating current component carried by the 
electron stream. Ro is commonly referred to as 0 
the internal impedance of the tube, and is of the 
nature of a pure resistance. The Voltage acroSS 
the capacity existing between anode and grid 
may be obtained by subtracting pro from 
Eg-u.Eg, that is, (l--pi) Eg. The vector result is 5 
shown as Egp on the diagram. The current 
through this capacity leads the voltage acroSS it 
by 90°, and is indicated by the vector Igp On the 
diagram: it is also shown as resolved into two 
components, Ix and iy, which are respectively in 20 
line with and at right angles to the control E.M.F. ------ 
Eg; of these components Iris the power component 
of current and represents power transferred from 
the anode to the grid and used to maintain the 
piezo-electric element in oscillation, and to over- 25 
come any other power losses associated with the 
flow of the alternating current in the elements 
associated with the gird circuit, while Iy is the 
component of the current Igp which is at 90' 
from the control E. M. F., and represents a quad- 80 
rature or Wattless component required to charge 
the grid-anode capacities. These charging cur 
rents necessarily complete their path by return 
ing in Some manner to the cathode, Igf is an 
other quadrature component of grid current 35 
which represents all of the charging current re 
quired to charge capacities between grid and 
anode. except the aforementioned Iy which goes 
to the cathode by way of the anode. Iy--Isr then 
gives the total quadrature current which must be 40 
supplied to the grid by Some means in Order 
that its voltage may be Eg. This sum is marked 
Iqi on the diagram. - 

Since one of the objects of this invention is to 
provide means which will relieve a piezo-elec- 5 
tric element, used for the determination of the 
frequency of the E. M. F. Eg, of a portion or all 
of the quadrature load represented by IQ, means 
are provided including a phase reversing device 
shown as a simple transformer or autotransform- 50 
er, and including a tunable element. This trans 
former is caused to function by the voltage E. 
from anode to Cathode, which may be found. On 
the diagram by subtracting IpRo from u.Eg, this 
voltage being represented by the vector E on 55 
the diagram. The result of reversing this E. M.F. 
utilizing an ideal means, would be -kE, where k 
is Some constant employed to show that the 
means may change the amplitude of the E. M., F. 
at the same time that it reverses it. This E. M.F., 60 
-kEp, is for example, the one which acts, in coll 
9 of Figs. and 2 due to transformer action from 
the coil 10, across which Ep exists. The total al 
ternating current component of E. M. F. acting 
on the portion of the circuit through the conduc- 65 
tor 8, coil 9 and elements 2 and 3 is the vector 
sum of -kEp and Eg, and is shown on the diagram 
as EB. The current which will flow through this 
portion of the circuit is shown as IB, leading EB 
by the angle (b. In the above ideal case, if the re-70 
sistive element 3 is reduced to Zero, the angle 
d) will be 90° and, as explained elsewhere, IB will 
have a component (Opposite to Ix) which will ab 
stract power from the grid circuit. For the oper 
ration of the circuits here disclosed, this power T3 
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6b will operate to open the contacts 6c in the 
anode circuit. This effect, Will occur whether the 
actuation of the contacts 6a is produced by an ex 
cessive flow of radio frequency current compo 

5 nents through the piezo-electric device 5, or if a. 
direct current should flow as by a break-down or 
short circuit in some part of the system; thus pro 
Viding a Safety device to prevent overloading of 
the piezo-electric element 5. 

10 In Fig. 2 the elements are substantially the 
Sane as set forth with respect to Fig. 1, except 

; that a resistance 3; is provided in series with the 
Secondary coil 9 of the high frequency trans 
former 9, and with a loop circuit comprising the 

15 condenser 2a and impedance 2 and 3a. In 
this case also, a resistance 3r is shown as con 
nected in Series with the variable condenser 
in parallel to the primary coil 0 of the trans 
former 9, as a further means for controlling the 

20 phase shift. The bias battery 6a is here con 
nected likewise in series with the coil 9 and With 
a small high frequency choke coil 23; while the 
biasing battery 6a, choke coil 23 and impedance 
20 are shunted by a high frequency bypass con 
denser 22. The output circuit from the cathode 
2 extends through the impedance 20 in series 
with the plate battery 4, while the frequency 
controlling input circuit including the piezo-elec 
tric element 5 and the indicator 6 passes through 
an impedance 8: the impedances 8 and 20 being 
of Substantially non-reactive nature. The im 
pedance 8 to be effective must have a resistance 
Which in the neighborhood of desired current 
through the piezo-electric element 5 will increase 
rapidly with increase of current whereby to limit 
the maximum current which may be passed 
through the piezo-electric element 5. One such 
means is an iron wire ballast resistor which may 
have a value of several hundred ohms when the 
current through the piezo-electric element 5 is 
normal, but rising abruptly to a very high value 

- as the current through the piezo-electric element 
5 exceeds a predetermined maximum permissive 
value. The impedance 20 is preferably of the 
same nature as the impedance 8 but will give 
some limiting action by change of grid bias, even 
if its resistance is constant, and in a practical 
example this resistance was a constant one of 
approximately one thousand ohms. The in 
pedance 3a was of such character that direct 
current could pass through it, so that this path 
is employed to supply the desired direct current 
operating bias to the grid 3 of the tube; as be 

is fore, a resistance which here could be varied be 
tWeen 200 and 5000 ohms, was employed, to ac 
complish the phase adjustment of the current 
through the coil 9. The operation of this device 
Was in effect the same as that described for 

60 Fig. 1. 
Fig. 3 is a modification of the device in which 

two electron discharge tubes are employed as 
generators of alternating current . With a fre 
quency control by a single piezo-electric element. 

65 The tubes i, having the cathodes 2, 2’, grids 
3,3 and anodes 4, 4 are supplied with heat-cur 
rent for the filamentary cathodes by the bat 
teries 7, 7' and With Space current from a corn 
mon battery 4. The anode circuit of either 

70 tube may be traced, for example, from the cath 
ode 2 to a symmetric central tap Aa, thence 
through the space battery is to a central tap 
27a on an output inductance coil 27, back to the 
anode 4: the respective anodes A, 4' being con 

75 nected to opposite ends of the output coil 27, 

35 

40 

45 

which in turn is shunted by a tuning condenser 
26 and delivers an output of current through a 
coupled coil 28 to the output connection 28a. 
The grid bias circuits of the tubes are symmetrical 
and have parts in common and may be traced, 
for example, from the cathode 2 to the common 
tap 4a, thence by a common grid biasing bat 
tery 6b to a common tap connection 24, the re 
spective choke coil 25 and thence to the respec 
tive grid 3. The piezo-electric element 5 is again 0 
connected in Series with the indicating device 
6 and the two are connected directly between the 
two grids 3, 3’. For controlling and balancing 
the circuit, it is found desirable to employ a Small 
condenser 29 connected between the grid and fila 
ment of one of the tubes. 
The operation of the device of Fig. 3 is as foll 

OWS:- 
The piezo-electric element 5 is located in a cir 

cuit which may be traced from anode 4 through 20 
parallel loop 27-26 to anode 4, grid 3', piezo 
electric element 5, indicating device 6, back to 
grid 3 and anode 4. The piezo-electric element 
5, therefore, acts to reduce the effect at the grid 
3 at the same time that it acts to increase the 25 
effect at the grid 3: SO that, in effect, the same 
current is employed at the two grids, and hence 
the total effect is twice as great in the produc 
tion of amplitude of oscillation in the parallel 
resonance circuit 26, 27 between anode 4 and SO 
anode 4. 
In the circuit shown in Fig. 4, an alternating 

current Supply is connected to the low frequency 
transformer 32 having a secondary coil 33 to 
deliver alternating current to the cathodes 2, 2' 35 
of the tubes , . A point of symmetry between 
the cathode heating conductors is established 
by a resistance 20 connected across the same with 
a central tap 20a. The anode circuit of either 
tube may be traced as follows: from the cathode 0 
2, for example, by the heating conductors in 
parallel to the shunting resistance 20 and the 
Symmetrical tap 20a of the same to conductor 
4a, through the space current battery 4 to the 

central tap 27c of the output inductance coll 2d 45 
and thence through half of this coil 27d to the 
anode 4. It will be noted that as with Fig. 3, 
a direct connection exists between anode 4 acroSS 
the parallel loop circuit comprising the tWO Sec 
tions of the coil. 2d and the condenser 26 to the 50 
other anode 4: and as before a coil 28 is 
coupled to the coil 2d to obtain an effective 
output by conductors 28a. The grid biasing cir 
cuit of either tube may be traced, for example, 
from the cathode 2 by the heating conductors in 55 
parallel to the Symmetrical tap 20a on the re 
sistance 20 and thence by the connon leak re 
sistance f7, and common biasing battery 6b, the 
respective high frequency choke coil 25, respec 
tive impedance 8a, to the grid 3. The piezo- 60 
electric element 5 and indicating device 6 are here 
connected in series in a circuit extending from the 
grid 3 of one discharge tube through the im 
pedance 8a of the respective grid circuit, the in 
dicating device 6 (which may operate an anode 65 
circuit relay as in Fig. 1), the piezo-electric ele 
ment 5, the impedance 8a of the other discharge 
tube, the grid 3' of this other tube ', and back 
through the space paths of the tubes and by the 
cathode heating conductors of these tubes. A di- 70 
rect shunt connection between the two grids 3, 
3' also exists across the balancing resistance 3b 
between these Sections, all in Series, to establish 
an external circuit connection between the anode 
and the grid circuits. 5 
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component must be so reduced that it does not 
determine the operation of the circuit. This re 
duction of the power components of IB may be 
accomplished by any means which shifts IB clock 

5, Wise in the vector diagram of Fig.6 without ma 
terially disturbing other operations of the cir 
cuit. It may be accomplished by causing EB to 
shift clockwise, or by reducing the angle (b. The 

- first of these may be accomplished by change of 
10 the resistance in the primary circuit of the cou 

pling element, such as the transformer.9 in Fig. 
1, and since in practice there is always some re 
sistance present in these windings, a certain 
amount of this shift is obtained due to the in 

15...herent characteristic of circuit elements. Ex 
perience indicates that the magnitude of this shift, 
however, is small so that the angle 0 is reduced 

- approximately to zero due to this only with other 
circuit adjustments closely approaching a con 

20...dition of instability where the generated fre 
quency abruptly changes to some value different 
from that normally maintained by the piezo-elec 
tric element. It is therefore usually preferred to 
locate the means employed to cause the angle 6 

25 to approximate or equal Zero in the Secondary 
circuit at a point such as indicated by element 3 
in Fig. 1. At the Same time that phase adjust 
ments of IB are made, the impedance of the ele 
ments 2 and 3, or the magnitude of -kEp, or 

30 both, should be so adjusted that the magnitude 
of IB Will be equal to, or preferably slightly leSS 
than that of Iq1... When so adjusted, IB lies in 
the direction of Iqa on the diagram. IQ is pref 
erably slightly Smaller than Iq1 because the ap 

35 parent input impedance of the grid circuit of the 
tube increases rapidly as the total quadrature 
component approaches zero, with the result that 
the frequency of the crystal may be forced, to an 
undesirable extent, to depart from its normal fre 

4.0 quency for free oscillation. 
It will be understood that this vector diagram 

is employed to indicate the vector relationships 
of the electric quantities and dimensions, and 
that the operation of other circuits employing 

45 this invention may be predicted and computed 
in a corresponding manner. 

It is obvious that the invention is not limited 
to the forms of execution shown, but that it may 
be practiced in many ways within the scope of 

50 the appended claims. 
What I claim as new and desire to Secure by 

Letters Patent is:- 
1. In a piezo-electrically controlled apparatus, 

a piezo-electrically responsive element, tWO elec 
55 tron discharge tubes each having cathode, anode 

and grid electrodes, an anode conductor COnnect 
ing said anodes and including branch portions 
respectively containing inductance and capaci 
tance to form a parallel resonant circuit, a first 

60 grid conductor including in series said piezo 
electric element and connecting said grids, a sec 
ond grid conductor establishing a shunt around 
said piezo-electric element and including a coil 
in inductive relation with said inductance, a third 

65 grid conductor in shunt of said piezo-electric 
element and including inductance, an anode con 
nection between a midpoint of said first induc 
tance and a midpoint of Said third grid shunt 
conductor inductance, and a cathode connection 

70 between said midpoint of said third grid shunt 
conductor and the cathodes. 

2. An electrical apparatus comprising a piezo 
electrically controlled element, two electron dis 
charge tubes each having anode, cathode and grid 

75 electrodes, a conductor including said piezo-elec 

tric element for connecting said grids, a conduc 
tor including an inductance and a condenser in 
parallel for connecting said anodes, a conductor 
for Connecting Said cathodes, individual conduc 
tOrS for Connecting the grid of a said tube to the s 
anode inductance terminal remote from the anode 
of Said tube and each including a resistance and 
a condenser, a Second conductor including in 
ductance in shunt of Said piezo-electric element, 
a Source of current connected to tap connections 10 
On Said anode inductance and said second con 
ductor inductance, and output means actuated 
by the current foWing between said anodes. 

3. An electrical apparatus comprising a piezo 
electrically responsive element, two electron dis 
charge tubes each having anode, cathode and 
grid electrodes, a conductor including said piezo 
electrical element for connecting Said grids, a 
conductor including an inductance and a con 
denser in parallel for connecting said anodes, a 20 
conductor for connecting said grids in shunt of 
Said piezo-electrical element and including in 
Series a further inductance in inductive relation 
to Said anode inductance, a resistance and a con 
denser, a further conductor including inductance 25 
in shunt of Said piezo-electrical element, a source 
of current connected to tap connections on said 
anode inductance and Said further conductor in 
ductance, and Output means actuated by the cur 
rent flowing between said electrodes. SO 

4. An electrical apparatus including elements 
for providing interconnected first and second 
Sources of alternating current of the same fre 
quency but differing in phase, and a common 
load of low power factor at such frequency, said sis 
first Source having a high impedance and adapt 
ed to pass only a low current intensity at such 
frequency; Said elements including means for 
energizing Said Sources, means for maintaining 
Said Second Source at the same frequency as said d0 
first Source. So that Said Second source operates 
as a relay for Said first Source, and also means for 
Connecting said Sources in multiple to said load 
and Supplying to Said load from Said second 
Source a current component substantially in 5 
quadrature to the output voltage of the said first 
Source to relieve said first Source at least in part 
from the delivery of quadrature current to said 
load. 

5. An electrical circuit comprising an electron 50 
discharge tube having anode, cathode and con 
trol elements, means for connecting said elements 
to provide input and output circuits, a device of 
high impedance and low current capacity for de 
livering electric oscillations, means for connect- 55 
ing Said device to the input circuit so that the 
tube operates as a relay for Said device, and 
means energized by Said output circuit for Sup 
plying a Current component Substantially in 
quadrature to the potential drop between the 60 
control and cathode elements to said connecting 
means SO that the device is relieved at least in 
part of delivering quadrature current to said in 
put circuit. 

6. An electrical circuit comprising an electron 65 
discharge tube having anode, cathode and con 
trol elements, means for connecting Said elements 
to provide input and output circuits, a device of 
high impedance and low current capacity for 
delivering electric oscillations, means for con- 70 
necting Said device to the input circuit. So that 
the tube operates as a relay for said device, and 
means energized by Said output circuit for sup 
plying to the connecting means between the de 
vice and control element, a current component Ys 
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Substantially in phase opposition to the current 
flowing between the grid and cathode elements. 

7. An electrical circuit comprising an electron 
discharge tube having anode, cathode and con 

is trol elements, means for connecting said elements 
to provide input and output circuits, a device of 
high impedance and low current capacity for de 
livering electric oscillations, means for connect 
ing said device to the input circuit S0 that the 
tube operates as a relay for said device, and 
means energized by said output circuit for Sup 
plying current to said device for maintaining the. 
same in Oscillation, and to the connecting means 
between the device and control element a cur 
rent component substantially in quadrature to 
the potential drop between the control and 
cathode elements So that the device is relieved 
at least in part of delivering quadrature, current 
to Said input circuit. 

8. An electron discharge tube relay apparatus 
comprising an electron discharge tube. having 
input and output circuits, the input circuit in 

2,027,291 
cluding a device having lower current capacity. 
than the remainder of the input circuit, a phase 
reversing device Supplied from Said output cir 
cuit, and circuit means connected to said phase: 
reversing device and said input circuit for feed 
ing current to said input circuit in opposition to 
the quadrature current flowing from Said input 
device and including means for producing a fur 
ther phase shift thereof to substantially quadra 
ture relation to the input Voltage, 

9. An electron discharge tube relay apparatus 
comprising an electron discharge tube having 
input and Output circuits, the input circuit being 
connected for imposing an input Voltage on Said 

O 

tube and including a device having lower current lis 
capacity than the remainder of the input circuit, 
a phase reversing device Supplied from said out 
put circuit, and circuit means Supplied from said 
phase reversing device for feeding said input cir 
cuit With current having Substantially a quadra- 20 
ture lag with relation to the input voltage. 
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