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to Herbert K. Neuber, Philadelphia, Pa. 
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Claims. 

The present invention relates to oscillators of 
the electronic tube type, and more particularly to 
Self-excited, electronic tube, modulated oscil 
lators, and has for its primary object to provide 
an improved oscillator of the character referred 
to, which is responsive to extremely small changes 
in an electrical characteristic of a control circuit 
therefor, such as a relatively small capacity, in 
ductance, or resistance variation, occurring at a 
remote or extended end of said control circuit, to 
produce a greatly enhanced control or modula 
tion effect on said oscillator and a corresponding 
relatively large and amplified change in oscillator 
anode current or output potential. 

It is also an object of this invention, to provide 
an improved method and means for controlling 
an electronic tube oscillator whereby the anode 
current or output potential thereof may be varied 
with a high degree of sensitivity and over a 
relatively wide range in response to extremely 
Small changes in capacity, inductance or resist 
ance in a control circuit coupled with the oscil 
lator, and whereby the variable capacity, induct 
ance, or resistance referred to may be located at 
the end of a relatively long extension of the con 
trol circuit, such as a transmission line and may, 
therefore, represent only a relatively small por 
tion of the total overall capacitance, inductance, 
or resistance of the circuit, without impairing the 
Sensitivity and control range. 

It is a still further object of the present inven 
tion, to provide an improved oscillator of the self 
excited, electronic-tube type which takes advan 
tage of the Miller, or grid-circuit frequency-vari 
ation effect, with variation in control grid bias, as 
described in chapter 7 of "Radiotron Designer's 
Handbook,' third edition, a publication of RCA 
Manufacturing Co., Inc., Harrison, N. J., in pro 
viding further depth and amplitude to the modul 
lation action thereon in response to extremely 
Small or minute variations in an electrical char 
acteristic of a control circuit therefor. 

It is a further object of this invention, to pro 
vide dual action or push-pull control in the 
modulation of an electronic-tube oscillator, 
through a control Connection involving a rela 
tively long transmission line and by means of 
Substantially minute variations in capacity, in 
ductance, or resistance at the end thereof. 
Because of the permissible extension of the 

control circuit through a transmission line and 
the relatively small circuit elements required for 
effecting a relatively wide control action on the 
modulation or anode current change, a modul 
lated oscillator circuit embodying the invention 
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is particularly well adapted for use in high fidelity 
phonograph record reproduction Systems. 
In accordance with the invention, the modul 

lation source or pick-up may comprise a small, 
light-weight push-pull variable capacitor mount 
ed on the end of a light-Weight tone arm, where 
by record wear is reduced to an absolute mini 
mum, and the Oscillator and aSSociated circuits 
may be coupled thereto through a shielded or 
unshielded transmission line of Several feet in 
length. Without introducing undesired modulation 
effects, and without, in any way, limiting the fre 
quency range of response of the pick-up or the 
amplitude of the controlling effect upon the oscil 
lator and the resulting signal output therefrom. 
Furthermore, because of its sensitivity to rela 

tively small electrical controlling effects, an elec 
tronic tube oscillator circuit embodying the in 
vention is particularly adapted for use in detect 
ing small variations in the content of flowing 
fluids and for registering the approach and de 
parture of a moving body with respect to a pro 
tected area. Thus, an oscillator circuit embody 
ing the invention may readily be adapted for de 
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or water, for example, and for the protection of 
safes, WindoWs, and doors in an alarm System or 
the like, as well as for phonograph record repro 
duction, microphone Sound pick-up and the like. 
In accordance With the invention, two high 

frequency circuits, tuned to substantially the 
same frequency, are coupled to permit the trans 
fer of energy from the one to the other, the one 
or first tuned circuit being located in the anode 
circuit of an electronic tube oscillator and the 
other, or second tuned circuit, being coupled, 
preferably by loose inductance coupling, with the 
grid circuit of said oscillator and arranged to 
provide differential feed-back thereWith. The 
grid circuit is tuned to a slightly lower frequency 
than said first and second circuits and of the 
Sane Order. 

Further, in accordance With the invention, a 
balanced-to-cathode or ground transmission line 
or control circuit is connected with the second 
circuit, in such a manner that it is extremely 
sensitive to capacity, inductance, or resistance 
changes at its terminal end and operates to trig 
ger the flow of energy from the first to the sec 
ond circuit, and thence to the grid circuit of the 
Oscillator by the coupling hereinbefore referred 
to, thereby to provide by a dynamic feed-back 
action on the grid circuit, which is amplified by 
the Miller effect, a greatly enhanced variation 
in anode current or Output potential, and rela 
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tively deep modulation effect upon the oscillator 
in response to variations of said capacity, induct 
ance, or resistance. 
The invention will, however, be more fully un 

derstood from the following description when con 
sidered in connection with the accompanying 
drawings, and its scope Will be pointed out in 
the appended claims. 

In the drawings: 
Figure l is a circuit diagram of electronic tube 

modulated OScillator embodying the invention in 
a present preferred form; 

Figure 2 is a circuit diagram illustrating the 
electrical construction of a circuit element of 
Figure l; 

Figures 3 and 4 are graphs showing curves ill 
lustrating certain operating characteristics of the 
circuit of Figure 1; 

Figures 5, 6 and 7 are circuit diagrams show 
ing detail modifications of a portion of the cir 
cuit of Figure l in accordance with the invention; 

Figure 8 is a schematic circuit diagram of elec 
tronic tube modulated oscillator and associated 
amplifier circuits embodying the invention in a 
practical form for phonograph record reproduc 
tion; and 

Figures 9 and 10 are cross-sectional views, and 
substantially full size, of certain of the circuit 
elements of Figure 8. 

Referring to Figure 1, 2 is an electronic oscil 
lator tube of the thermionic type having an anode 
or plate 3, a control grid 4, and a heated cath 
ode 5. Between the grid and the Cathode is 
connected a tuned grid circuit 6 comprising a 
variable tuning inductance 7 aid shunt tuning 
capacity indicated at 8, comprising mainly the 
reflected grid-to-plate capacity, C9p, of the tube, 
together with stray capacity and the grid-to 
cathode capacity of the tube. 
A grid resistor 9 and shunt grid capacitor 23 

are connected between the grid and the induct 
ance at the high potential side of the circuit 
6. The cathode is connected to ground through 

a lead 2, and a grid circuit return lead 22 to 
cathode from the tuning inductance fil, is pro 
vided at the low potential side of the tuned cir 
cuit 6. 

Since the capacity represented at f8 is the 
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sole tuning capacity for the circuit f6, the in 
ductance element at 7 may be made relatively 
high in inductance value and the tuning adjust 
ment of the circuit 6 may then be accomplished 
by varying the inductance 1, preferably by mov 
able iron core tuning means as indicated at 23. 
A similar tuned circuit 25 is connected be 

tween the anode and the Cathode. This com 
prises a variable tuning inductance 26 connected 
to the anode through an anode circuit lead 27 
and connected to the cathode and ground through 
a lead 28 and a by-pass capacitor 29. The shunt 
tuning capacity for the circuit 25 is provided by 
the combined plate-to-cathode and the plate-to 
grid capacities of the tube, indicated at 30. 
The tuned anode and grid circuits are of the 

high inductance type, adapted for tuning to a 
relatively sharp resonance peak. As in the case 
of the grid circuit, the anode circuit is tuned to 
desired resonance by varying the inductance 26, 
preferably, as indicated, by means of a movable 
iron tuning core indicated at 3f. 
Anode Current is supplied to the Oscillator from 

a positive supply lead indicated at 32, through 
an Output coupling impedance provided by a re 
sistor 33, and a radio frequency choke coil 34 
connected with the lead 28. A low or audio fre 

55 

60 

65 

70 

5 

4. 
quency signal output terminal 35 is provided be 
tween the choke coil 34 and the output resistor 
33 in connection with the high potential end of 
the latter. This is for the purpose of deriving 
signal output from the impedance 33 as the re 
sult of anode current Wariations at the modula 
tion frequency. Other output connection may 
be made with the anode circuit to derive there 
from any desired electrical output effect. For 
example, the tuned anode circuit 25 may be cou 
pled to an output circuit indicated at 38 through 
a coupling capacitor 37 to provide modulated ra 
dio frequency signals for further amplification, 
detection and utilization as in any conventional 
radio receiver circuit. 
When the grid and anode circuits 6 and 25 

are tuned to resonance by adjustment of the re 
spective cores 23 and 3, the tube f2 will oscil 
late because of energy feed-back through the 
grid-to-plate capacity, C9p, from the circut 25 
to the circuit 6. When the tube osciliates, the 
anode current flow through the resistor 33 de 
creases because of an inc; ease in negative bias 
on the oscillator grid 4 established by the grid 
current flow through the grid resistor 9, until 
a steady state of oscillation is established. The 
oscillator is thus self-excited and tends to oscil 
late at a fixed frequency until the feed-back 
or energy applied to the grid circuit is varied. 

Differential variation of feed-back for modul 
lation or other control of the anode current and 
the oscillator signal output, is provided through a 
third tuned circuit 40, comprising an inductance 
winding 4 having a center tap 42 connected or 
coupled with the anode 3 through a coupling 
capacitor 43 and a feed-back circuit 44. The 
terminal ends of the inductance winding are con 
nected to a transmission line forming part of a 
control circuit and comprising a pair of closely 
associated insulated leads 45 and 46, preferably 
twisted together and inclosed within a conduct 
ing shield 47, which is connected as indicated at 
48 to the cathode return lead 22 of the oscillator 
grid circuit 6 and ground for the system. 
With this arrangement, it will be seen that the 

Substantially fixed capacity existing between the 
twisted leads 45 and 46 is effectively connected 
in shunt acroSS the tuning inductance 4 as indi 
cated at 49, thereby providing a shunt tuning 
capacity for the circuit 40. When, furthermore, 
a shield is provided for the transmission line, 
additional tuning capacity effectively across the 
inductance 4 is provided by the stray capacity 
between each of the twisted leads of the cable 
and the shield 47, the components of which are 
indicated at 50 and 5 respectively. The total 
tuning capacity across the inductance 4, there 
fore, is that indicated at 49, plus the capacities 
indicated at 50 and 5 in series, 
The capacities 50 and 5 are also connected 

through the feed-back control circuit effectively 
in parallel relation to the oscillator tuning in 
ductance 26 since the two halves of the wind 
ing 4f are differentially connected in the feed 
back path and inductively neutralize each other, 
and therefore, as the length of the cable is in 
creased the capacities 50 and 5 likewise increase 
in Value and tend to tune the anode circuit to a 
lower frequency. At the same time, the effective 
capacity 49 between the leads 45 and 46 of the 
cable is increased, thereby correspondingly low 
ering the tuning response of the feed-back con 
trol circuit 40, and causing the two circuits to 
remain substantially in resonance one with the 
other regardless of the extension of the control 
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cable within normal limits. In any case, howa 
ever, the tuning change for any length of the 
cable as required, which may tend to provide an 
appreciable frequency difference, may be core 
rected by adjustment of the tuning of the induct 
ance 26 in the anode circuit by means of the 
tuning core 3. 

Since the cable comprises a closely twisted or . 
associated pair, the value of the capacity 49 is 
substantially fixed, while shifting of the cable 
in the shield or movement with respect to the 
System ground and cathode connection as by 
movement or vibration of the cable and shield, 
changes both of the capacity values indicated at 
50 and 5 substantially equally. Therefore, as a 
result, the overall change in capacity balance is 
effectively zero and no undesired modulation or 
noise effect is produced upon the system, as will 
hereinafter be described. 
The terminal end of the transmission line is 

connected to a suitable variable control or modu 
lation source providing inversely variable, and 
preferably normally balanced, impedance paths 
to ground or Cathode for the control circuit leads 
45 and 46. In the present example, the modula 
tion source is provided by a push-pull variable ca 
pacitor having fixed plates 55 and 56 connected 
respectively with the terminal ends of the leads 
46 and 45, and a plate or electrode 57 located be 
tween the fixed plates and pivoted as at 59 for 
example, for oscillation between said plates to 
increase the air or dielectric gap on one side and 
correspondingly decrease the air or dielectric gap 
on the other in response to movement imparted 
thereto by a phonograph record pick-up stylus 
60, representing any suitable means for impart 
ing push-pull controlling action to the balanced 
capacitor arrangement. The variable impedance 
path to ground or oscillator cathode from each 
electrode 55 and 56 is completed by connect 
ing the movable plate 57 as at the pivot 59, to 
ground through a lead 6 connected with the 
shield 47. 

Referring to Figure 2, along with Figure 1, a 
present preferred construction for the tapped coil 
or inductance 4 is shown, in which the tWO 
sections or portions on either side of the mid 
tap 42 are inductively equal and comprise par 
allel conductors preferably wound in a bi-filar 
or double lead arrangement simultaneously and 
connected in series aiding as indicated. The total 
overall inductance of the winding 4 is made 
essentially equal to that of the inductance 26 
in the anode circuit. The operational effect is 
to provide a balanced feed-back coil or induct 
ance which may be tuned overall to the same 
frequency as the anode circuit. The tap 42 is 
thus at the electrical or inductive Center of the 
Winding 4, and therefore, a current introduced 
at the tap 42 will flow in opposite directions 
through the winding 4 to the leads 45 and 46, 
and provide opposing feed-back or inductive cou 
pling effects in the circuit 40 and upon any aSSo 
ciated inductive winding such as the inductance 
7 in the grid circuit. 
The two portions of the inductance 4 pref 

erably are twisted together before winding to fur 
ther insure a balanced feed-back effect With the 
same current flow in each portion and essen 
tially the same stray capacity coupling between 
each portion and the inductance 7 of the grid 
circuit, LOOse coupling is preferably provided 
in order that the Stray coupling my be reduced 
to a minimum and to permit the grid circuit to 
vary in frequency independently of the frequency 
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6 
of the circuit 40 and of the circuit 25, as will 
hereinafter be described. 
With the balanced feed-back arrangement de 

scribed, it will be seen that as the impedance to 
cathode or ground return circuit of the system 
at the terminal ends of the transmission line is 
varied by movement of the balanced capacitor 
'armature 57 between the fixed electrodes 55 and 
56, feed-back from the anode circuit 25 to the 
grid circuit 6 will be increased and decreased 
correspondingly by reason of the differentially 
derived currents reducing Oscillation amplitude 
when unbalanced in One direction and increas 
ing oscillation amplitude when unbalanced in 
the opposite direction through the winding 4, 
thereby increasing and decreasing the effective 
feed-back to the grid circuit and the amplitude 
or intensity of the Oscillation voltage therein. 
The corresponding variation in the bias voltage 
across the grid resistor 9, and in the anode cur 
rent flow through the Output resistor 33 in pro 
portion thereto, is greatly amplified by reason 
of the push-pull feed-back action and the Miller 
effect as will be seen from a further considera 
tion of the circuit of Figure and the graphs 
shown in Figures 3 and 4. 

Referring to Figure 3, the relation betWeen 
grid bias voltage variation with capacity change 
at 55-56-57 and resulting anode or plate cur 
rent change is illustrated by the curve 65. Nor 
mally, the adjusted value of grid resistor 9, the 
feed-back through the grid-to-plate capacity and 
the resulting grid bias is such that the anode cur 
rent is adjusted to a value represented at the 
point 66 with steady-state oscillation at a fixed 
frequency. 
The differential feed-back through the induct 

ance 4 under control of the inversely variable 
or push-pull impedance at 55-56-57 is such 
that the grid bias varies to effect an anode cur 
rent variation between limits indicated at 67 and 
68, the latter being just below the upper knee 
of the plate-current grid-bias curve in order that 
the anode current variations may be along a 
linear portion of the curve and follow without 
distortion the modulation variations at the 
modulation Source. 
The tube thus operates in a high gain control 

range, With the anode current at a normal mini 
mum consistent With permitting a desired varia 
tion in anode current without distortion. Thus, 
the oscillator may provide weak oscillations with 
out losing effectiveness and without radiating en 
ergy which would cause objectionable interfer 
ence with other electronic apparatus in the im 
mediate vicinity. 
Referring now to the arrangement for utiliz 

ing the Miller effect in the grid circuit and re 
sulting bias variation to provide a wider varia 
tion in anode current and modulation output 
than would otherwise be possible with the push 
pull feed-back control, it will be seen that since 
the grid-to-plate capacitance, C9p, is variably 
amplified by variations in the bias voltage of the 
oscillator, and in effect shunts the grid induct 
ance at 8, as previously described, it is obvious 
that the resonance of the grid circuit 6 Will drop 
in frequency with a decrease in the strength of 
Oscillations, and conversely will rise in frequency 
With an increase in the strength of OScillations 
as provided by the modulation feed-back through 
the coil 4f in response to variations in the ter 
minal impedance of the transmission line. 

It has been found that to obtain the aiding ac 
tion of the Miller effect, the grid circuit must be 

t 
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tuned to a mean frequency of the order of and 
slightly below the resonance frequency of the 
anode circuit, that is, the anode circuit 25 is tuned 
to a higher frequency than the grid circuit 6, 
so that as the strength of oscillation increases in 
the grid circuit 16, the resonance frequency of 
the latter circuit rises and more closely ap 
proaches that of circuit 25, thus increasing the 
strength of oscillations further, by reason of its 
closer approach to resonance With the circuit 25, 
until a condition of equilibrium is reached. Con 
versely, this action aids in decreasing the strength 
of oscillations when the feed-back through coil 
4 is negative and opposes feed-back grid-to 
plate capacitance Cop. This action will further 
be described hereinafter when considering the 
operation of the system. 
With the foregoing arrangement and fre 

quency relation between the tuned anode and 
grid circuits, it will be seen that as the grid bias 
varies in response to feed-back, the Miller ef 
fect may be utilized to produce Wide variation of 
the capacitiy indicated at 8 and, therefore, 
greatly increases the feed-back effect and pro 
vides a greater degree of modulation or control 
of the oscillator than Would otherwise be poSSible 
and a higher signal output or anode current vari 
ation. 
As a further means for enhancing the modula 

tion or control of the System described, consid 
eration will now be given to the tuning of the 
circuit 40, which is determined by the inductance 
at 4 and the shunt capacities indicated at 49, 
50 and 5. These capacities are determined by 
the length of the cable, the tightness of the twist 
of the two control leads 45 and 46, and the spac 
ing between the leads and the outer shield, which 
is determined by the thickness of the outer in 
Sulation used between the leads and the cable. 
As hereinbefore referred to, variations of the 

twisted pair Within the cable with regard to 
spacing from the shield or other movement with 
respect to ground or cathode return connection 
has substantially no effect upon the frequency 
of the circuit 40, or upon the balanced feed-back 
normally provided by the inductance 4, since 
both the control Wires are tightly twisted and in 
movement toward or away from the shield or 
Other grounded object, provide a simultaneous 
variation of both the capacity indicated at 50 
and the capacity indicated at 5 in the same 
sense, so that no unbalance of the feed-back is 
caused thereby. 

Further, since the capacities represented at 
50-5 are relatively small compared to the ca 
pacity at 49 between the twisted pair, even if the 
leads 45 and 46 became slightly separated, slight 
change in frequency would result because of 
movement of the cable within the shield or with 
respect to ground or Cathode return circuit. 

Therefore, it will be seen that the cable may 
be extended to a distance of Several feet or to 
a limit in the value of the capacity at 49 which 
is required to resonate the coil 4. Within a de 
Sired frequency range, this range being deter 
mined by the desired operating frequency of the 
oscillator. 

Since the transmission line is at all times 
balanced to ground thereby providing a balanced 
positive and negative feed-back of minimum 
strength through the feed-back Winding 4, full 
modulation control of great range may be realized 
at the terminal end of the transmission line by 
the use of a relatively Small capacity change, 
Such as provided by a movable metallic reed or 
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spring plate at 57 a small fraction of an inch 
in width. When vibrated almost imperceptibly 
between two similar narrow fixed plates at 55 
and 56 relatively widely spaced therefrom as will 
hereinafter be described. 
To further provide that Such Small capacity or 

reactance change may control a large and effec 
tive feed-back current, the circuit 25 is tuned 
Substantially to resonance with the circuit 40. 
This is accomplished by adjustment of the vari 
able core 3 in the present example. The ex 
change of energy from the circuit 25 to the cir 
cuit 40 upon slight movement of the controlling 
element at the modulation Source is thereby 
caused to be instantaneous and dynamic in ef 
fect, because of the resonance condition existing 
between the two circuits. Furthermore, it will 
be seen as the fiOW of current through One Wind 
ing portion increases, the flow through the other 
Winding portion decreases proportionately, there 
by further enhancing the control action or mod 
ulation range by push-pull action. 
To illustrate the enhanced overall control ef 

fect, attention is now directed to Figure 4 in 
which the signal output at the terminal 35 in 
response to tuning of the circuits 25 and 6 is 
ShoWn by curves 70 and 7, respectively, plotted 
between frequency and the modulation signal 
amplitude at the terminal 35. As the core 3 
is varied to bring the anode circuit 25 into res 
Onance With the control circuit 40 at a prede 
termined frequency, Such as 1650 kc. for ex 
ample, the output amplitude increases along the 
curve 70. In Operation, the core 3 is adjusted 
until the tWO circuits resonate to provide maxi 
num. Output as indicated at the point 72 on the 
curve 70, with the grid circuit 6 detuned, for 
example, to 1600 kc., as established on the graph 
by the line 73. The grid circuit 6 is then tuned 
to approach the frequency of the anode circuit 
25 and at a certain frequency, such as 1620 kc. 
as indicated at the point 74 on the curve 7, a 
maximum modulation signal ouput is obtained 
at the terminal 35. 
The tuning of the grid circuit may now vary 

about the mean frequency of 1620 kc. in response 
to variations in the grid to plate capacity, Cgp, 
as hereinbefore described, while remaining be 
low the frequency of the anode and feed-back 
controlling circuits 25 and 40 respectively, and 
thereby permitting full advantage of the Miller 
effect to be taken in providing enhanced modul 
lation control of the Oscillator. As hereinbefore 
pointed out, the grid circuit 6 readily may vary 
in frequency because of the loose coupling pro 
vided between the windings 7 and 4. 
The Operation of the System is as follows: 

With the OScillator energized, the anode circuit 
25 is tuned to resonance With the control cir 
cuit 40, and the grid circuit 6 is tuned to re 
Sonance at a lower frequency of the same order, 
for maximum response as hereinbefore described. 
Feed-back of energy from the anode circuit 
through the grid-to-anode capacity maintains 
the grid circuit in a steady state of oscillation 
at that frequency, and grid current therefrom 
flowing through the resistor 9 causes the grid to 
assume Substantially a fixed negative bias, which 
in turn reduces the average anode current flow 
ing through the output coupling impedance 33 
to a constant normal value, as indicated at 66 
in Figure 3. With Substantially no variation in 
average anode current, the modulation signal 
Output at the terminal 35 is zero. Radio fre 
quency energy from the tuned anode circuit is 
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prevented from appearing at the output terminal 
by the bypass capacitor 29 and the choke coil 34. 

Feed-back current at the frequency of the 
tuned anode circuit 25 flows from the anode con 
nection 27 through the coupling connection 
44-43 to the similarly tuned control circuit 40, 
and divides at the terminal 42 to flow in part 
upwardly and equally in part downwardly, as 
viewed in the drawing, to the terminal ends of 
the inductance 4 and the control leads 45 and 
46, and thence through the cable to the capacitor 
plates or electrodes 55 and 56, respectively, of 
the modulation or control source. The alternat 
ing feed-back currents from each electrode 55 
and 56 flow to the center electrode 57 and unite 
to flow back to the ground for the System and 
the anode circuit, through a common path which 
may be traced from the pivot 59 through the lead 
6 to the shield 47, thence through the connec 
tion leads 48 and 22 to the cathode and chassis 
ground, and thence through the bypass capaci 
tor 29 to the anode circuit by way of the lead 
28. The feed-back currents thus flow through 
the winding 4 in opposition and when equal, 
neutralize the feed-back action of the anode 
current as appears from the following consid 
eration. 
Assuming that the fow of feed-back current 

in the inductance winding 4, upwardly as 
viewed in the drawing from the terminal 42, ex 
cites the circuit 40 to provide positive feed-back 
of energy to the grid circuit 6 through the loose 
inductive coupling, the resulting voltage induced 
in the circuit f6 would be in phase with the 
voltage induced by the normal feed-back through 
the grid-to-plate capacity, thereby increasing 
the effective circuit voltage and grid current 
through the grid resistor 9. 

Likewise, assuming that the flow of feed-back 
current in the inductance winding 4., down 
wardly as viewed in the drawing from the ter 
minal 42, excites the circuit 40 to provide the 
opposite or negative feed-back of energy to the 
grid circuit, the resulting voltage induced therein 
would be in counter phase with the voltage in 
duced by the normal feed-back, thereby decreas 
ing the effective circuit voltage and grid current 
through the grid resistor. 
Assuming a balanced feed-back condition with 

Substantially equal feed-back current foW 
through each half of the winding 4f from the 
terminal 42, by reason of substantially balanced 
impedance paths 55-57 and 56-57 in the con 
trol circuit 45-46 connected therewith, as when 
the capacitor plate 57 is substantially centered 
between the fixed plates 55 and 56, it will be seen 
from the foregoing considerations, that the ex 
citation effect upon the circuit 40 and feed-back 
to the circuit 6 will be substantially zero, result 
ing in no change in grid bias and anode current. 
Assuming now a condition of unbalance of the 

feed-back paths as the capacitor plate 57 is 
moved toward the plate 56 and away from the 
plate 55, the impedance or reactance of the bal 
anced paths are varied inversely. The feed-back 
current flow through the winding 4 from the 
terminal 42 to the lead 46 will increase and the 
feed-back current flow through the Winding 4 
from the terminal 42 to the lead 45 will decrease 
correspondingly. Under the conditions assumed, 
this results in a differential or preponderance of 
current flow in the upper half of the winding 4 
and a differential excitation of the circuit 40 to 
produce positive feed-back on the grid circuit and 
a corresponding increase in negative grid bias 
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and decrease in anode current. It will be appre 
ciated that the effectiveness of this change is en 
hanced by the inverse control or push-pull action, 
that is, by the simultaneous increase of feed-back 
current through the One half of the winding 4 
and the Corresponding decrease in feed-back cura 
rent through the other half in response to the 
push-pull variation of impedance at the end of 
the Control circuit. 
The change is further amplified by the Miller 

effect. As the bias potential becomes more negas 
tive, the gain of the tube is reduced and the re 
flected grid-to-plate capacity, Cgp, which is 
multiplied by the tube gain and appears effec 
tively at 8, is reduced in value, causing the grid 
circuit 6 to tune to a higher frequency more 
nearly approaching that of the anode and con 
trol circuits. This causes the grid circuit to be 
come more responsive to feed-back at the anode 
circuit frequency and additional circuit voltage 
and increased negative bias results, thereby pro 
viding a further reduction in anode current, 
which continues in accordance with the process 
outlined above until a steady state of OScillation 
once more obtains for the new condition of ad 
justment of the control circuit. 

Furthermore, the exchange of feed-back en 
ergy from the circuit 25 to the circuit 40, and 
thence inductively to the grid circuit 6 in re 
sponse to change, however slight, in the balance 
or static condition of the control circuit at the 
modulation or control Source, is caused to be in 
stantaneous and dynamic in effect, as referred 
to hereinbefore, by reason of the condition of 
resonance existing between the tuned anode cir 
cuit and the tuned control circuit. 
Assuming a condition of unbalance of the feed 

back paths in the opposite direction, as the 
capacitor plate 57 is moved away from the plate 
56 and toward the plate 55, the feed-back current 
flow in the upper or positive feed-back portion 
of the winding 4 is decreased and correspond 
ingly increased in the lower or negative feed 
back portion thereof by reason of the inverse 
change in impedance in the two branches of the 
control circuit. The differential feed-back results 
in a decrease in the amplitude of the oscillations 
in the grid circuit and a reduction in the grid 
bias provided at 9. The average anode current 
is increased correspondingly, the gain or ampli 
fication factor of the tube is increased, and the 
grid circuit frequency is lowered by the corre 
sponding increase in the reflected capacity Cap 
at 8, thereby rendering the grid circuit less re 
sponsive to feed-back from the anode circuit and 
further reducing the negative grid bias until a 
steady state of oscillation once more obtains for 
the new condition of adjustment of the control 
circuit. 
The anode current variations thus are intensi 

fied and follow the variations in grid bias pro 
vided by the variable dynamic feed-back through 
the tuned circuit 40, which, as has been shown, 
may be controlled by inversely varying the in 
pedance of the two branches of the control circuit 
even minutely or to a relatively fine degree. In 
the case of audio frequency modulation provided 
by the pick-up or control device, it will be seen 
that the grid bias voltage is derived by grid cir 
cuit rectification. The grid potential thus varies 
at the audio frequency rate and the amplified 
audio frequency signal is reproduced by the cor 
responding anode current variation in the Output 
impedance 33. The amplified audio frequency 
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signal appears at the output terminal as a voltage 
variation across the output impedance 33. 

It will further be seen that the radio frequency 
energy of the oscillator is amplitude modulated 
and may be derived from any part of the Oscil 
lator circuit as at the output lead 36 and utilized 
in any desired manner as by conventional ampli 
fication and demodulation as hereinbefore noted. 

Referring now to Figures 5, 6 and 7 in turn, 
modifications of the modulation source of Figure 
1 are shown in circuit between the control leads 
45 and 46 and ground. 
In Figure 5, the leads 45 and 46 are connected 

respectively to small spaced co-axial inductance 
windings 75 and 76 in series, with a center tap 77 
connected to the cable 47 and ground, as indi 
cated at 78. A small short-circuited conducting 
ring 79 is arranged to move on a pivot 80 between 
the windings in response to modulating move 
ment of a stylus or other actuating element 8. 
As the ring 79 moves, the inductive balance of the 
windings is changed inversely to permit a flow 
of instantaneously preponderantly positive or 
negative feed-back through the winding 4? 
thereby providing amplified modulation of the 
oscillator and wide variation of the anode Current 
resulting from the additional accelerating effects 
as hereinbefore described. 

In Figure 6, two equal resistance elements 85 
and 86 are provided in connection with the leads 
45 and 46 and With a common return path to the 
shield 47 and ground through a lead 8. As the 
resistance elements are varied in a manner to in 
crease the One and decrease the other correspond 
ingly in impedance value, the feed-back paths are 
thereby unbalanced and modulation control re 
sults as before described. It has been found that 
a relatively low resistance of 5000 ohms is satis 
factory for this purpose in each branch of the 
control circuit. 

In Figure 7, a circuit similar to that of Figure 5 
is shown, in which two small coaxial inductance 
coils 99 and 9 are connected in series aiding be 
tween the leads 45 and 46 and at their mid-point 
to the cable 47 and ground through a lead 92. 
The inductive unbalance is effected by a body or 
particle of matter indicated at 93 which is mov 
able between the coils axially relatively thereto, 
as a core, by any suitable means for effecting 
modulation. for example, in the same manner as 
the ring 79 in the embodiment shown in Figure 
5 or as a particle of foreign matter moving in 
either direction, as indicated by the arrowed line 
94, in any carrying medium (not shown). 
Thus, the modulation source provided in con 

nection with the extended transmission line or 
control circuit may assume various forms for the 
utilization of push-pull or inversely variable im 
pedance or reactance control elements as may be 
required in the various applications to which the 
invention is adapted, 

Referring again particularly to Figure 1, the 
modulation output available at the terminal 35 
may be utilized in any suitable manner and pref 
erably is taken to any suitable utilization means 
not shown, through a coupling capacitor 97 con 
nected between the output terminal 35 for the 
output impedance 33 and a modulation frequency 
amplifier 98 representing any suitable amplifier 
means for increasing the modulation output en 
ergy to a suitable value for utilization. 
From the foregoing description, it will be seen 

that in an oscillator circuit embodying the inven 
tion, the dynamic control provided by the tuned 
circuits 25 and 40, in conjunction with the Miller 

O 

5 

20 

25 

30 

35 

45 

50 

55 

60 

65 

70 

75 

2 
effect upon the frequency variation of the grid 
circuit, the push-pull action of the feed-back Con 
trol circuit 40 and of the variable reactance Or 
impedance element at the end of the transmission 
line provide a maximum high degree of Sensitiv 
ity in response to slight movement of the modu 
lating or control element of the System, 

Referring now to Figure 8, a phonograph rec 
ord reproduction system is arranged in accord 
ance with the invention, to include a cathode 
00, an anode 0 and a control grid 02 for an 

electronic tube oscillator in the Same envelope 
03 with modulation signal or audio frequency 

amplifier tube elements comprising a Second 
cathode 04, a second anode 05, and a second 
control grid 06, thereby economizing on the 
number of tubes employed. In the present ex 
ample, the tube 03 may be of the type known on 
the commercial market as an 6SC tube or dual 
triode of the indirectly heated cathode type as 
indicated. 
A variable tuning inductance 08 is connected 

between the control grid O2 and the cathode 
00 of the oscillator portion of the tube, and the 

grid circuit thus formed is provided with a grid 
resistor f09 and a grid capacitor 0 connected 
between the grid O2 and the inductance 08. As 
indicated in the drawing, the inductance 09 is 
variably tunable by a movable tuning core of 
ferro magnetic or other suitable material indi 
cated at fill, in conjunction mainly with the re 
flected shunt capacity of the tube elements of 
and f O2 or C9p as in the circuit of Figure 1. 
The anode circuit is likewise tunable by a 

variable inductance 2 and the tube capacities 
effectively in shunt therewith. The inductance 
is connected between the anode 0 and a signal 
output resistor f3, which in turn, is connected 
With a source of positive anode potential indi 
cated at 4. The tuning inductance 2 is 
variably tunable as in preceding example, by 
means of a movable core of ferro magnetic or 
other suitable material as indicated at 5. 

In operation, as in the preceding embodiment 
of the invention, the grid circuit is tuned to a 
slightly lower frequency than the anode circuit 
and a steady state of OScillation is established by 
feed-back through the grid-to-plate capacity, 
Cgp, and adjustment of the grid resistor f09. 

Modulation feed-back energy is derived from 
the tuned anode circuit by a feed-back connec 
tion f6 with the anode and is applied to a feed 
back controlling or modulating inductance, Com 
prising two windings 7 and f f8, through a 
coupling capacitor if 9. The windings 7 and 
f8 provide balanced sections of a single in 

ductance as indicated and as described in con 
nection with Figure 2, to provide a balanced feed 
back inductance which is tunable by the distrib 
uted capacity of a transmission line comprising 
control circuit leads 20 and 2 connected there 
with as indicated, the feed-back connection from 
the anode circuit being applied to a center tap 
connection f 22 thereon. 
The transmission line preferably is contained 

in a conducting shield indicated at 23 and ex 
tends to a pick-up device comprising two fixed 
Substantial widely separated electrodes f24 and 
25 between which is mounted a flexible laterally 
movable electrode 26 carrying a stylus 27 at 
its free outer end. The inner terminal ends of 
the electrodes are mounted in a block of suitable 
insulating material 28 and the movable elec 
trode is connected to the shield and ground 
through a connection indicated at 29, Ground 
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connection for the shield is provided through a 
lead indicated at 30, which is connected with a 
ground lead 3 of the oscillator and amplifier 
circuit, terminating in a negative anode supply 
terminal indicated at 32. 

Modulation of the Oscillator in sensitive re 
Sponse to the slightest movement of the stylus 
27 is effected through self-excitation of the os 

cillator and dynamic control of feed-back from 
the anode circuit to the grid circuit through the 
inductance comprising the sections 7 and 8 
loosely coupled to the grid circuit inductance 
08, in conjunction with the Miller effect upon 

the frequency variation or modulation of the grid 
circuit, and the push-pull inversely variable re 
actance action of the control circuit. 
The modulation or audio frequency Output is 

derived across the grid resistor O9 shunted by 
the grid or filter capacitor if 0 and appears in 
amplified form across the output resistor ft3 
at the output terminal indicated at 35. In the 
present example, the signal output is applied to 
the amplifier control grid 06 through an audio 
frequency coupling capacitor f36 across the in 
pedance of a grid resistor 37 connected to the 
ground lead f3. The grid resistor is provided 
with a suitable radio frequency by-pass ca 
pacitor 38. 
The amplifier portion of the dual triode is 

self-biased by means of a cathode resistor 39 
connected between the Cathodes OO and 04 
and the ground lead 3. The cathode bias re 
sistor is provided with a suitable audio frequency 
by-pass capacitor indicated at 40. 
The output anode 05 of the amplifier portion 

of the tube 03 is connected by a lead 4 to the 
positive supply terminal 4 through an output 
coupling resistor indicated at 42, across the im 
pedance of which the amplified audio fred uency 
output is taken and applied to any additional 
audio frequency or power amplifier, as indicated 
at 43, through a coupling capacitor 44. The 
amplifier 43 is, in turn, connected to a sound 
reproduction device or loudspeaker, indicated at 
45, through output leads indicated at 46. 
In a practical embodiment of the invention 

for phonograph record reproduction, as shown 
in Figure 8, utilizing a tube of the character re 
ferred to, having an amplification factor of sub 
stantially 70 for each portion thereof and a 
grid-to-plate capacity of substantially 2.4 mmfcd., 
the grid resistor at 09 was found to provide most 
satisfactory operation when adjusted to sub 
stantially 10,000 ohms in value with a grid ca 
pacitor of .0002 mi?d, capacity at 0, although 
a value as high as 1.0 megohm could be used at 
09 with satisfactory results. The feed-back ca 

pacitor 9 and the by-pass capacitor 38 each 
may have a value of .0002 mi?d., with an am 
plifier grid resistor of .5 megohms at 37. The 
coupling resistors at f 3 and 42 may have any 
suitable value, such as 1,000,000 ohms, and the 
coupling capacitors at 36 and 44 may each 
have a value of .01 mfd. 
The operating frequency in the circuit under 

consideration was of the Order of 1600 kc. Which 
proved to be satisfactory. The anode circuit 
was tuned to the frequency of the coupling or 
control circuit or 1650 kc., while the grid circuit 
was tuned to a mean frequency of substantially 
1620 kc. 
In the embodiment of the invention shown in 

Figure 8, the grid and anode inductance ele 
ments 08 and 2 each may comprise substan 
tially 144 inches of litz. Wire form wound on a 
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%' diameter insulating tube, while the control 
inductance 7-f 8 may comprise two parallel 
litz wires each substantially 72' in length, twist 
ed together and form Wound simultaneously. On 
the same size form as the grid and anode in 
ductances, as shown substantially full-size in 
Figures 9 and 10, to which attention is directed 
along with Figure 8. 
In Figure 9, the anode coil or inductance is 

shown at 50 on a form 5, at one end of which 
is mounted a metallic cap 52. The cap car 
"ies a threaded adjustment Screw 53 connected 
at its inner end with a tuning core f 54 of suit 
able ferro-magnetic material such as powdered 
iron mixed with an insulating binder. Tuning 
or variation of the inductance 50 is provided 
by movement of the core axially with respect 
thereto as is well understood. 

Referring to Figure 10, the grid inductance is 
provided by a form wound coil f 56 mounted on 
an insulating tube 57 with the modulation con 
trol inductance also provided by a similar form 
Wound coil 58 substantially widely spaced from 
the grid coil to provide loose coupling for rea 
sons hereinbefore pointed out. 
Tuning of the grid coil 156 is effected by means 

of an adjustable ferro-magnetic tuning plug or 
core 59 adjustable by means of a screw 60 
mounted in a threaded cap 6 on the grid coil 
end of the supporting tube 57. 

Referring again more particularly to Figure 
8, the pick-up device comprising the electrodes 
24, 25 and 26 is preferably constructed sub 

stantially as indicated, with a relatively wide 
OutWard Spread of the fixed electrodes and is 
represented diagrammatically on a greatly en 
larged scale in order to illustrate the principle 
of Operation. 
From an inspection of the illustration, it will 

be seen that the fixed electrodes 24 and 25 
are curved outwardly at their free ends to pro 
vide a wide separation between them and the 
flexible center electrode 28. The extreme ex 
Cursions of the center electrode are indicated 
in dotted lines at 65 and 66. Thus, at the 
extreme limits of its movement, it will be noted 
that the center electrode is in spaced parallel 
relation to the fixed electrode which it ap 
proaches. With this arrangement, the movable 
electrode moves in a relatively weak electrostatic 
field between the fixed electrodes and provides 
a high degree of fidelity in the reproduction of 
Sound from a record. Furthermore, operation 
of the movable electrode from a neutral position 
Slightly displaced toward either of the fixed elec 
trodes has no appreciable effect upon the fidelity 
and uniformity of the signal output from the 
OScillator, 
From the foregoing description, it will be seen 

that a phonograph record reproduction system 
in accordance with the invention, may be pro 
vided by a minimum number of low-cost circuit 
elements which may be assembled in substan 
taly a non-radiating oscillator capable of pro 
ducing a relatively high gain at the output cir 
cuit thereof in response to minute variations of 
the control element. 

Furthermore, because of the effectiveness of the 
control system, the pick-up device or control ele 
ment may comprise an impedance or reactance of 
relatively low value and may, therefore, be of 
Small size and Weigh merely a fraction of an 
ounce on a record surface when in use, thereby 
providing minimum Wear and minimum pick-up 
of surface noise in operation. 

A 
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While the invention has been shown and de 
scribed in several of its present preferred embodi 
ments, it should be understood that it is not lim 
ited thereto, but may be carried out in other 
forms and for other purposes including those 
hereinbefore referred to. 
What is claimed as new and useful is: 
1. In an electronic tube OScillator System, 

means providing a tuned anode circuit respon 
sive to a predetermined frequency, means provid 
ing a tuned grid circuit responsive to a frequency 
of the order of and slightly lower than the first 
named frequency and having as a tuning element 
thereof the reflected grid-to-anode capacity of 
said tube, a third tuned circuit responsive to the 
frequency of the anode circuit having an induct 
ance element coupled with the anode circuit at 
substantially the electrical center of said element 
and providing feed-back coupling with the grid 
circuit, means including said inductance element 
providing substantially balanced opposing feed 
back paths from said anode circuit to the ground 
of said system, means for varying the impedance 
of said paths to modulate said oscillator System, 
and means providing a modulation signal output 
circuit connected with said anode circuit. 

2. An electronic tube Oscillator System compris 
ing in combination, means providing a tunable 
anode circuit and a tunable grid circuit adapted 
to be capacitively coupled and tuned by the inter 
electrodal capacities of an associated electronic 
Oscillator tube, means connected with said grid 
circuit for providing a grid biasing potential for 
said tube in response to OScillations in said cir 
cuit, an output anode impedance connected with 
said tunable anode circuit, a third tunable circuit 
comprising an inductance winding loosely coupled 
with said grid circuit and having a mid-tap con 
nection thereon coupled to the anode circuit to 
receive feed-back current therefrom, a pair of 
control leads connected with the terminals of said 
inductive winding and extending therefrom in 
closely aSSociated relation to each other providing 
stray capacity between them for tuning said in 
ductance to resonance with the anode circuit, 
means providing inversely variable impedance 
elements between the outer terminal ends of said 
control leads and ground for said System, means 
for adjusting the tuning of said anode and grid 
circuits whereby the frequency of the anode cir 
cuit is of the Order of and higher than the fre 
quency of the grid circuit, and means for actuat 
ing said variable impedance elements to provide 
inverse impedance variation thereof and modula 
tion of said system. 

3. An electronic tube oscillator System con 
prising in combination, means providing a tun 
able anode circuit and a tunable grid circuit 
adapted to be capacitively coupled and tuned by 
the inter-electrodal capacities of an associated 
electronic oscillator tube, means connected with 
said grid circuit for providing a grid biasing po 
tential in response to oscillations in said circuit, 
an output anode impedance connected with said 
tunable anode circuit, a third tunable circuit 
Comprising an inductance winding loosely coupled 
with Said grid circuit and having an electrical 
mid-tap connection thereon coupled to the anode 
circuit to receive feed-back current therefrom, a 
pair of control leads connected with the terminals 
of Said inductive winding and extending there 
from in closely associated substantially parallel 
relation to each other providing stray capacity 
between them for effectively tuning said induct 
ance to resonance with the anode circuit, means 
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6 
providing a common ground circuit return path 
to the grid circuit and anode circuit for said Sys 
tem, means providing an inversely variable im 
pedance element between said last named circuit 
means and each of Said control leads, means for 
adjusting tuning of Said anode and grid circuits 
Whereby the anode circuit is of the Order of and 
slightly higher than the frequency of the grid cir 
cuit, and means for actuating said variable in 
pedance means to provide inverse impedance 
variation thereof and differential variation of 
feed-back through said inductance winding. 

4. In an electronic tube control apparatus, the 
combination of a tuning inductance adapted to 
provide with reflected anode-to-grid capacity ef 
fectively in parallel therewith a tunable grid cir 
cuit responsive to a predetermined oscillation fre 
quency, a resistance element in said circuit for 
establishing a variable grid biasing potential in 
response to variations in the amplitude of Oscilla 
tions in said grid circuit, a second tuning induct 
ance adapted to provide with the inter-electrodal 
tube capacities effectively in parallel therewith a 
tuned anode circuit responsive to an oscillation 
frequency of the order of and slightly higher than 
that of the grid circuit, a signal output circuit 
coupled with the anode circuit, a tuned feed 
back control circuit having an inductive winding 
providing feed-back coupling between the anode 
circuit and the grid circuit, and means for con 
veying feed-back current from the anode circuit 
through said winding differentially to provide dif 
ferential in-phase and counter-phase inductive 
feed-back of energy to said grid circuit to vary 
the amplitude of oscillations therein. 

5. In an electronic tube control apparatus, the 
combination of a tuning inductance adapted to 
provide with reflected anode-to-grid capacity ef 
fectively in parallel therewith a tunable grid cir 
cuit responsive to a predetermined oscillation fre 
quency, a resistance element in said circuit for 
establishing a variable grid biasing potential in . 
response to variations in the amplitude of oscil 
lations in Said grid circuit, a second tuning in 
ductance adapted to provide with the inter 
electrodal tube capacities effectively in parallel 
therewith a tuned anode circuit responsive to an 
Oscillation frequency of the order of and slightly 
higher than that of the grid circuit, a signal out 
put circuit coupled with the anode circuit, a tuned 
feed-back control circuit having an inductive 
winding providing feed-back coupling between 
the anode circuit and the grid circuit, means for 
conveying feed-back current from the anode cir 
cuit through said winding differentially to provide 
differential in-phase and counter-phase inductive 
feed-back of energy to said grid circuit to vary 
the amplitude of Oscillations therein, said last 
named means comprising a variable impedance 
element connected with one terminal of said 
winding, a second variable impedance element 
connected with the other terminal of said wind 
ing, and means for varying at least one of said 
impedance elements with respect to the other, 
thereby to provide a differential flow of feed-back 
energy through Said winding and a corresponding 
variation in amplitude of grid circuit oscillations. 

6. In an electronic tube oscillator system adapt 
ed to generate Self-oscillations by feed-back, the 
Combination of anode and grid circuits coupled 
to provide said Oscillations in operation, addi 
tional means for feeding back energy from the 
anode circuit to the grid circuit comprising an 
inductance winding coupled to said grid circuit 
inductively, said winding having two inductive 
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ly opposed portions, means for tuning said por 
tions in series aiding inductive relation to the 
frequency of the anode circuit, circuit, means 
connected with the anode circuit for conducting 
feed-back current through said winding portions 
in opposition to provide simultaneous positive and 
negative feed-back action differentially in said 
winding, means for controlling the flow of feed 
back current through each of said winding por 
tions to vary the differential feed-back effect and 
the strength of oscillations in the grid circuit, and 
means for deriving an electrical output effect 
from the anode circuit as a result of said varia 
tion. 

7. In an electronic tube oscillator system, means 
providing a tuned anode circuit responsive to 
a predetermined frequency, means providing a 
tuned grid circuit responsive to a frequency of 
the order of and slightly lower than the first 
named frequency and having as a tuning element 
the reflected grid-to-anode capacity to said tube, 
a third tuned circuit responsive to the frequency 
of the anode circuit having an inductance ele 
ment coupled with the anode circuit at Substan 
tially the inductive center of said element and 
providing loose inductive coupling with the grid 
circuit, means including said inductance element 
providing substantially balanced opposing feed 
back paths from said anode circuit to ground of 
said System, means for inversely varying the im 
pedance of said paths to vary the feed-back ef 
fect on the grid circuit in amplitude and phase 
thereby to modulate said OScillator system, and 
means providing a modulation signal output cir 
cuit connected with said anode circuit. 

8. The combination with an electronic tube 
Oscillator System having a tunable anode circuit 
and a tunable grid circuit for generating self 
oscillations, of a feed-back winding coupled to 
said grid circuit and having a coupling connec 
tion from an intermediate point thereon to one 
side of the anode circuit, means for tuning said 
feed-back winding whereby the anode circuit may 
be resonated therewith, and a control circuit for 
said winding including a variable impedance ele 
ment connected with each of the terminal ends 
of said winding and the other side of said anode 
circuit, thereby to provide controlled flow of feed 
back current through said winding in opposite 
directions from said intermediate point and dif 
ferentially positive and negative feed-back on 
said grid circuit in response to variation of said 
impedance elements. 

9. The combination with a self-excited elec 
tronic tube oscillator System having a grid circuit 
and an anode circuit. of means for differentially 
applying feed-back from the anode circuit to the 
grid circuit comprising a feed-back inductance 
inductively coupled to the grid circuit and cou 
pled to the anode circuit through a tap connec 
tion Substantially at its inductive center, a con 
trol circuit comprising a pair of leads connected 
with the terminals of said inductance and extend 
ing therefrom in closely associated relation to 
each other, a variable impedance element con 
nected between each of said leads and ground for 
said oscillator system, means for varying at least 
one of said impedance elements with respect to 
the other to vary the flow of feed-back energy 
through said inductance differentially thereby to 
vary the strength of oscillations in the grid cir 
cuit, whereby the anode current is correspond 
ingly and proportionately varied, and means con 
nected with the anode circuit for deriving output 
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8 
signal variations in response to variations in ans 
Ode current. 

10. The combination with an electronic tube 
oscillator System having a tunable anode circuit 
and a tunable grid circuit for generating self-os 
cillations, of a feed-back winding coupled to said 
grid circuit and having a coupling connection 
from an intermediate point thereon to One side 
of the anode circuit, means for tuning said feed 
back winding whereby the anode circuit may be 
resonated therewith, a control circuit for said 
winding, a fixed capacity electrode connected with 
each of the terminal ends of said winding through 
said control circuit, said electrodes being spaced, 
a movable capacity electrode located between said 
fixed electrodes and providing inversely varia 
ble capacity means therewith for controlling the 
flow of feed-back current through said winding 
in opposite directions from said intermediate 
point and differentially positive and negative 
feed-back on said grid circuit in response to var 
iation of said impedance elements. 

11. In an electronic tube oscillator System 
adapted to generate self-oscillations by feed-back, 
the combination with anode and grid circuits 
wherein said Oscillations are established in Opera 
tion, of additional means for feeding back energy 
from the anode circuit to the grid circuit com 
prising an inductance winding having two induc 
tively opposed portions substantially equally cou 
pled inductively with said grid circuit, means for 
tuning said inductance winding to the frequency 
of the anode circuit, circuit means connected 
with the anode circuit for conducting feed-back 
current through said winding portions in oppo 
sition to provide simultaneous positive and nega 
tive feed-back action differentially in said wind 
ing, means for variably controlling the flow of 
feed-back current through each of said wind 
ing portions to vary the differential feed-back 
effect and the strength of Oscillations in the grid 
circuit, and means for deriving an electrical out 
put effect from the anode circuit as a result of 
said variation, 

12. The combination with an electronic tube 
Oscillator System having a tunable anode circuit 
and a tunable grid circuit for generating self 
oscillations, of a feed-back winding coupled to 
said grid circuit and having a coupling connec 
tion from an intermediate point thereon to one 
side of the anode circuit, means for tuning said 
feed-back winding whereby the anode circuit may 
be resonated therewith, a control circuit for said 
winding including a variable impedance element 
connected with each of the terminal ends of Said 
winding and the other side of said anode circuit, 
thereby to provide controlled flow of feed-back 
current through said winding in opposite direc 
tions from said intermediate point, means for 
varying at least one of said impedance elements 
to provide differentially positive and negative 
feed-back on said grid circuit in response thereto, 
and means providing a modulation signal output 
circuit for said system, 

13. An oscillator system comprising in com 
bination, an electronic tube having an anode, a 
cathode and a control grid, a tuned anode circuit 
for said tube, a tuned grid circuit for said tube 
responsive to a frequency of the order of and 
slightly lower than the resonance frequency of 
the anode circuit and having as a tuning element 
thereof the reflected grid-to-anode capacity of 
Said tube, a third tuned circuit responsive to the 
resonance frequency of the anode circuit, an in 
ductance element in said last named circuit pro 
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viding substantially loose inductive coupling with 
the grid circuit, means providing a coupling con 
nection with the anode circuit at an intermediate 
point on said inductance element, means provid 
ing substantially balanced Opposing feed-back 
paths through said inductance element from said 
intermediate point to the ground of said System, 
means for variably unbalancing the impedance 
of said paths to modulate said oscillator, and 
means providing a modulation signal output cir 
cuit for said system. 

14. An Oscillator System comprising in Com 
bination, an electronic tube having an anode, a 
cathode and a control grid, a tuned anode circuit 
for said tube, a tuned grid circuit for said tube 
responsive to a frequency of the order of and 
slightly lower than the resonance frequency of 
the anode circuit and having as a tuning element 
thereof the reflected grid-to-anode capacity of 
said tube, a third tuned circuit responsive to the 
resonance frequency of the anode circuit, an in 
ductance element in said last named circuit 
coupled with the anode circuit at substantially 
the electrical center thereof and providing loose 
inductive coupling with the grid circuit, means 
including said inductance element providing sub 
stantially balanced opposing feed-back paths 
from said anode circuit to ground of said system, 
means for variably unbalancing the impedance 
of said paths to modulate said oscillator tube, 
and means providing a modulation signal output 
circuit for said system. 

15. A self-excited electronic-tube oscillator sys 
tem having a tuned grid circuit, an anode circuit 
and means to provide feed-back from the anode 
to the grid circuit, comprising a feed-back in 

lation of the system. 

20 
ductance coupled to both the grid circuit and to 
the anode circuit, and having a coupling connec 
tion from an intermediate point thereon, by 
means of which connection coupling to one of 
said circuits is effected, and means for convey 
ing feed-back current from the anode circuit 
through said inductance differentially to provide 
differential in-phase and counter-phase inductive 
feed-back of energy to said grid circuit to vary 
the amplitude of Oscillations therein, as well as 
controlling the relative resonant frequencies of 
the circuits by reflected reactance, 

16. An oscillator system according to 15, where 
in the feed-back conveying means comprise a 
control circuit including at least one variable im 
pedance having terminals respectively connected 
with each of the terminal ends of the inductance 
and with the other side of the circuit connected 
to the intermediate point of the inductance. 

17. An oscillator system according to claim 15, 
including a pair of impedance elements and 
means for varying at least one of the impedance 
elements with respect to the other to provide 
inverse impedance variation thereof and modul 
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