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UNITED STATES PATENT OFFICE 
2,369,893 

COMPENSATEED, CONTROLLEED-FEEDEBACE, 
AMPLETUDEMODULATEF) (OSCELELATOR, 

EPs: Weathers, Haddon Eeights, N. S., assignor 
to Herbert K. Negbei, Philadelphia, Pa. 

Aggelication August 22, 94, Serial No, 770,069 
1. Claim. (Ch. 332-33) 

The present invention relates to modulated 
Oscillators of the electronic tube type as shown, 
described and claimed, for example, in my co 
pending applications Serial No. 636,702, filed 
December 22, 1945, for Oscillators, now Patent 
No. 2,436,129, granted Feb. 17, 1948 and Serial 
No. 715,377, filed December 1, 1946, for Oscil 
lator, now Patent No. 2,436,129, granted Feb. 
it, 1948. 

in the first Oscillator systern referred to above, 
a Seif-excited electronic tube osciliator is pro 
vided with means for effecting a variable control 
of oscillation strength . or modulation effect 
thereon, and a resultant amplified modulation 
signal output. Modulation is applied to the 
oscillator in response to extremely small changes 

2 
sired modulation effects and without appreciably 

O 
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in capacity, inductance or resistance in a control 
circuit coupled with the oscillator, and includes 
the control of feed-back currents differentially 
to effect an accentuated variation in the bias 
potential applied to the grid of the oscillator at 
the modulation frequency rate. This results in 
an enhanced variation in anode current and in 
the modulation output signal derived from such 
Variation. 

In the second of the above applications a self 
excited, electronic-tube oscillator system is pro 
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Systems referred to. 
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vided with a modulation control circuit for vary 
ing feed-back from the plate circuit to the grid 
circuit, in-phase and counter-phase with respect 
to a normal feed-back for maintaining oscilla 
tions. This provides an accentuated variation in 
the input capacity of the oscillator and a re 
sulting variation in the tuning of the oscillator 
grid circuit, thereby to vary the magnitude or 
strength of the oscillation without appreciably 
varying the frequency of the oscillations pro 
duced, whereby a greatly increased high fidelity 
modulation signal output is attained. 

In each of these oscillator systems differentially 
variable capacity, inductance or resistance de 
vices provide the modulation source. In preferred 
embodiments of these oscillator Systerns a phono 
graph pickup device as the modulation Source 
and in the form of differentially variable capacity 
actuated by movement of the pickup stylus, 
serves to modulate the oscillator by the differen 
tial control of feed-back energy from the anode 
circuit to the grid circuit. 

In any case, the modulation Source may com 
prise a small, light-weight push-pull variable 
capacitor or any similarly variable impedance, 
and the oscillator and associated circuits may be 
coupled thereto through a transmission line of 
appreciable length, without introducing unde 
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limiting the frequency range of response of the 
impedance element, or the amplitude of the CO 
trolling effect upon the Oscillator and the fidelity 
of the resulting signal output therefrom. 

In the reproduction of records by means of a 
pickup device of the character referred to, tone 
arm resonance or other undesirable frequency 
characteristic ray be introduced into the modul 
lation effect upon the oscillator System, thereby 
causing distortion in the reproduction or a limitan 
tion of the effective overall gain of the oscillator 
in the reproduction of signals from the record 
at the stylus. 

It is, therefore, a primary object of the present 
invention to provide an improved nodulated 
oscillator circuit which effectively operates to 
correct for any undesired frequency character 
istic which may be applied to the oscillator as a 
result of nodulation. 
The invention is not limited to the oscillator 

However it is particularly 
effective in and adapted to a system as shown, 
described and claimed in the second of the ap 
plications hereinbefore referred to and Will be 
shown and described in connection with a mod 
ulated oscillator system of that type. 

It is, therefore, an object of the invention to 
provide an improved modulated oscillator of the 
self-excited electronic-tube type having differ 
ential modulation feed-back control for varying 
the magnitude or strength of the Oscillations at 
the modulation frequency by varying the input 
capacity of the oscillator, and controlling the 
voltage gain of the oscillator in counter-phase to 
the modulation by controlled negative or inverse 
modulation frequency feed-back, whereby a de 
sired modulation frequency correction may be 
effected to eliminate an undesired modulation 
characteristic. 
The invention, furthermore, is not inited to 

the reproduction of phonograph records in con 
nection with the nodulation of an oscillator but 
may be applied to any modulated oscillator sys 
tem, the modulation characteristic of which re 
quires correction in one or more portions of its 
frequency range. 

It is, therefore, a further object of the inven 
tion to provide a modulated oscillator systern 
which may be effective in any portion of the 
modulation frequency range and which may be 
embodied in or form part of the oscillator circuit, 
and also. which may take advantage of the gain 
of the oscillator tube to amplify the corrective 
effect upon the modulation characteristic. 
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It is a still further object of the invention to 
provide a self-excited, modulated Oscillator SyS 
tem having an improved modulation control cir 
cuit which will permit the oscillator signal out 
put to be adjusted to optimum value in the 
presence of any undesired modulation character 
istic without introducing cross-modulation, 
through correction of the percentage of modula 
tion in the response range in which the unde 
sired characteristic occurs. 
For example, in the reproduction of phono 

graph records tone arm resonance may introduce 
a rapid rise in the percentage of modulation at 
low frequencies and this may in turn produce 
such resultant high modulation percentage that 
cross-modulation of the high frequencies may 
OCC. 

It is, therefore, an object of the invention also 
to provide an improved modulation control SyS 
tem for an electronic-tube modulated oscillator 
which introduces degeneration into the oscilla 
tor system at a predetermined frequency or fre 
quency range whereby the percentage modulation 
may be corrected in that range and in which the 
degree of degeneration may be established at any 
desired predetermined value and the resultant 
frequency compensation may be adjusted so that 
the modulation percentage in the range referred 
to is controlled to a degree whereby it becomes 
possible to increase the overall gain or sensitivity 
of the oscillator without appreciable croSS-modul 
lation effect resulting from undesired modulation 
effects from the modulation source or the aSSO 
ciated circuits. 
The invention will, however, be better under 

stood from the following description, when con 
sidered in connection with the accompanying 
drawing, and its scope will be pointed out in the 
appended claims. 
In the drawing: 
Figure 1 is a schematic circuit diagram of an 

electronic-tube modulated oscillator System en 
bodying the invention in a present preferred 
form: 

Figure 2 is a schematic representation of the 
mechanical elements of a phonograph record re 
producing system with which the circuit of Figure 
1 is adapted for use; 
Figure 3 is a graph showing curves illustrating 

certain operating characteristics of the circuit of 
Figure 1 in accordance with the invention, and 

Figure 4 is a second schematic circuit diagram 
showing a modification of the circuit of Figure 1. 
as a further embodiment of the invention. 

Referring to Figure 1, an electronic-tube oscil 
lator 5 is arranged for generating self-oscilla 
tions and for receiving modulation from a Source 
6 which it delivers at a highly amplified value 
to output terminals and 8, for example as de 
scribed in my aforesaid application. 

In accordance with the invention, the oscilla 
tor grid 9 is connected through a coupling or grid 
capacitor iO with the ligh potential terminal 
of a grid circuit 2 in which is connected a varia 
ble tuning inductance 3, between the terrninal 
and a ground connection lead 4 for the oscillator 
system. The cathode 5 of the oscillator tube 5 
is also connected to the ground lead 4 for the OS 
cillator system. The cathode 5 of the oscillator 
tube 5 is also connected to the ground lead 
through a feed-back modulation frequency Cor 
rection net-work indicated at 6 and comprising 
in the present example a feed-back impedance it 
in the form of a resistor, which may be variable 

4. 
A grid resistor 9 is connected directly between 
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as indicated, and a shunt capacitor 8 therefor 75 

the grid and the cathode as shown, forming a 
D.-C. biasing path. The resistor 9 may have a 
value of several megohms, such as ten megohms 
for example. 
The output anode 20 of the oscillator tube 5 is 

connected through a variable tuning inductance 
2 in series with an output coupling impedance 
or resistor 22 to a suitable source of positive anode 
potential indicated by the lead 23. The lead 23 is 
provided with a by-pass capacitor 24, and the 
anode circuit lead 25 between the inductance 2 
and the resistor 22 is by-passed to ground 
through a by-pass capacitor 26 for the oscillator 
frequency. 

It will be noted that the output terminal 8 is 
also connected to the ground lead 4 and that the 
output terminai 7 is connected through a cou 
pling capacitor 27 and filter resistor 28 in series, 
to the anode circuit lead 25. 
A variable tuning core 29 is provided for the 

anode circuit inductance 2 as well as a shunt 
tuning capacity therefor indicated at 30. The 
latter comprises the inter-electrodal capacities 
of the tube and the reflected reactance through 
the inductance 2 from a modulator circuit com 
prising a feed-back inductance 3 and a transmis 
sion line having leads 32 connected at one end 
of the outer terminals 33 and 34 of the in 
ductance 3 and having the opposite end con 
nected with a pair of spaced capacitor plates 35 
and 36 in the modulation source 6. The leads 32 
may be extended over a considerable distance to 
the modulation unit 6, and are suitably shielded 
as indicated at 37, the shielding element being 
connected to ground through a lead 38. The 
stray capacity between the leads 32 and the Shield 
37 are indicated by the capacities 40 and 4 while 
the stray capacity between the leads is indicated 
by the capacity 42. 
The feed-back inductance 3A is provided with 

a center tap 43 which is connected conductively 
through a lead 44 with the high potential ter 
minal of the grid circuit. The latter circuit 
is variably tuned by means of a movable tuning 
core 45 associated with the grid inductance 3, 
and a variable shunt capacity 46 representing the 
input capacity of the tube and comprising mainly 
the reflected grid-to-anode capacity of the tube, 
together with the stray capacity and the grid-to 
cathode capacity of the tube. This input capacity 
varies with the gain of the tube which is con 
trolled by modulation to effect a variation of the 
strength or magnitude of the oscillations and the 
modulation output from the oscillator. 
With the arrangement shown, the tube 5 will 

operate in a self-oscillating condition because of 
energy feed-back across the inductance 2 
through grid-to-place capacity from the anode 
circuit to the grid circuit 2. When the tube 
operates, the anode current flow through the re 
sistor 22 decreases because of an increase in neg 
ative bias on the oscillator grid 9 established by 
the grid current flow through the grid resistor 
19, until a steady state of oscillation is estab 
lished. The oscillator is thus self-excited and 
tends to oscillate at a fixed frequency determined 
largely by the circuit constants in the anode cir 
cuit. 

Modulation of the oscillator is provided by 
feed-back from the anode circuit to the grid cir 
cuit through external means comprising the feed 
back circuit inductance 3 which is coupled to 
both the grid circuit and the anode circuit and 
the balanced transmission line 32 and the modul 
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lation source connected therewith. The tap 33 
is at the inductive center of the feed-back in 
ductance 3 which is closely coupled inductively 
with the anode circuit inductance 2, and is 
directly coupled to the high potential grid circuit 
terminal through the lead 46, whereby feed 
back current from the anode circuit may flow 
therethrough to the grid circuit. 

In the modulator unit 6 a movable electrode or 
capacitor plate 8 is located between the fixed 
plates 35 and 36 and pivoted as indicated at 49, 
for oscillation as indicated, between the fixed 
plates, to vary the air gaps on each side thereof 
inversely, thereby correspondingly varying the 
capacity of the fixed electrodes with respect 
thereto and the electronic impedance of the cir 
cuits connected with the plates 35 and 36 when 
as in the present example, the capacitor plate 68 
is connected to ground 4. Through the connec 
tions 32 between the plates 35 and 36 and the 
terminals 33 and 38 of the feed-back inductance 
3, the electrical impedance to ground from the 
center tap 63 through each half of the inductance 
3 is correspondingly inversely varied in response 
to movement of a stylus or other movable actuat 
ing element 56 for the plate 68. 
With this arrangement, the feed-back induct 

ance 3 is provided with two normally balanced 
feed-back paths to ground or cathode which pro 
duces balanced positive and negative feed-back 
through feed-back inductance which may be 
varied differentially to modulate the osciliator. 
This is by reason of the fact that as the flow of 
energy or current with respect to the tap 43 
through one winding portion of the inductance 
3 increases, the flow through the other winding 
portion decreases proportionately, thereby ef 
fecting a push-pull action to increase and de 
crease the strength of oscillations of the OScil 
lator 5. The resulting ancde current variations 
represent the amplified signal from the modula 
tion source which is derived at the modulation 
frequency across the impedance element 22 from 
the terminals and 3. 
The foregoing modulation system may provide 

any suitable means at the modulation Source in 
connection with the feed-back inductance 3 
for conveying feed-back current or energy from 
the anode circuit through said inductance differ 
entially, to provide differential in-phase and 
counter-phase inductive feed-back or energy to 

- the grid circuit thereby to vary the amplitude or 
strength of oscillations of the Oscillator. 

If the nodulation source S is subjected to the 
undesired modulation action in operation, as for 
example, when the operating element 58 is are 
ranged as the stylius element in the end of a 
phonograph tone-arm 52 as shown in Figure 2, to 
which attention is now directed, it may have a, 
non-uniform frequency characteristic in the low 

O 
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Figure 2, and are connected with the terminals 
33 and 36 as shown in Figure . 
When the stylus 50 is actuated by constant an 

plitude recording, for example, as in present 
phonograph records, below 500 cycles and above 
2000 cycles, tone arm resonance may cause the 
percentage of modulation to exceed a desirable 
limit and result in a high percentage modulation 
within the range of frequencies in which the tone 
arm resonance occurs. This same result or effect 
may occur in other forms of reproducing equip 
ment, that is, with other forms of modulating 
devices at the modulation source 6 and in turn 
may require correction in the particular frequency 
range in which the over-modulation or undesired 
frequency characteristic occurs. The modulation 
system of the present invention may be adapted 
to meet the requirements for modulation fre 
quency correction in any of the 3bove cases, as 
will be seen from a consideration of this present 
CaSe, 
Considering the present case, in which the 

stylus 56 is actuated by the lateral cut record 
groove in the record 55, and responds to tone 
arm resonance in a range below 500 cycles, for 
example, there will appear in the output of the 
modulation system a rapid rise in moduation per 
centage and signal output in the lower frequency 
range, the rise at 30 cycles being extremely rapid 
as shown in Figure 3 at 69 on a response curve 
6 for the system plotted between frequency and 
per cent modulation as shown. This is a norinal 
response curve for a phonograph pickup arrange 
ment as shown in Figure 2 when connected with 
a modulated oscillator as in Figure 1, without 
provision of frequency response or modulation 
control means in accordance with the invertion. 
The rapid rise at the lower frequency end of 

, the range, particularly below 50 cycles, is the re 
30 
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sult of tone arm mass VS. stylus compliance res 
onance. When the oscillator System for amplice 
fying the modulation component from the source 
6 is adjusted to optimum signal output at the 
terminals and 8, signal frequencies of high 
amplitude of the order of 30 cycles per second, for 
example, may excite the tone arm stylus 50 to 
produce such high modulation percentages as in 
dicated by the portion 60 of the curve 8, that 
cross-modulation of the high frequency portions 
of the reproduced signal by the low frequency 
modulation referred to may occur. 

in accordance with the invention, effective dea 
generation or inverse modulation frequency feed 
back is provided at low frequencies, or in a de 
sired frequency range, so that the percentage of 
modulation may be reduced to a value such that 

80 

audio frequency range when the tone arm res 
onance becomes effective, tending to produce dise 
tortion. 

In this case the modulation Source is contained 
Within the free end 53 of the tone arr Which is 
pivotally mounted in a support Sé for lateral and 
vertical movement with respect to a phonograph 
record 55 With which the actuating element or 
stylus 50 engages as the turntable 56 rotates. 
This arrangement for record reproduction is 

well known and most commonly used, and when 
connected in a nodulation system as shown in 
Figure i, the control circuit leads 32 may extend 
through the tone arm as a shield as shown in 

O 

75 

no appreciable cross-modulation results. In tha 
present example, the percentage of modulation is 
reduced to a value at the tone arm resonant, fre 
quency such that the cross-modulation is sub 
stantially Zero. 
The curve 62 shows the resulting output, which 

may be effected by this means... it will be noted 
that the lower end of the curve S2, as indicated 
at 63, provides selectively low percentage modu 
lation rise Which is Within a, desired limit, for 
preventing croSS-modulation of the higher fre 
quencies in the signal output from the system. 
It will also be noted that the curve S2 is at a 
generally higher level, of the order of two to 
One, than that of the curve 6, which indicates 
tha, the overall signal output may be increased 
greatly without attendant undesired over-modu 
lation at the low frequency end of the response 
range, whereby the system may effectively be used 
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in connection with the reproduction of phono 
graph records with a normal tone arm arrange 
ment as shown, for example, in Figure 2. 

Referring again to the circuit diagram of Fig 
ure 1 more particularly, the oscillator 5 is main 
tained in a steady state of oscillation by the nor 
mal feed-back through the grid and anode 
capacity as hereinbefore referred to, and the 
modulation from the source 6 is applied thereto 
by inverse or differential variation of the exter 
nal feed-back path provided between the anode 
and grid circuits through the feed-back induct 
ance 3, the pickup circuit 32 and the differen 
tially variable capacity provided between the 
movable pickup element 48 and the fixed elements 
35 and 36. 
The frequency corrective network utilizes a 

third feed-back path and modulation frequency 
feed-back as distinguished from the Oscillator 
frequency feed-back for the modulation between 
the anode and the grid circuit. The negative or 
inverse modulation frequency feed-back is ap 
plied to the grid by the impedance or resistor 
in the cathode circuit which is given a desired 
frequency response characteristic by means of 
the shunt capacitor 8 or other suitable means 
as will hereinafter be described. 

It will be seen that the resistor is located at 
a point in the oscillator circuit whereby it couples 
the grid and anode circuits and is in effect a 
portion of the output impedance 22 located in 
the anode circuit, whereby anode current varia 
tions resulting from modulation appear across the 
terminals of the impedance or resistor . This 
variation is applied to the grid circuit through 
the inductance 3, and because of the polarity 
of the connections, the resulting potential varia 
tion at 7 is in counter-phase or degenerative with 
respect to the input signal or modulation appear 
ing on the grid 9. This circuit arrangement 
operates to reduce the percentage modulation 
due to the modulation voltage feed-back being 
in such phase that the voltage gain of the oscil 
lator is varied in counter-phase to the modulation 
envelope, as will be described in connection with 
the operation of the system. 
To provide for frequency compensation or cor 

rection of the modulation effect in the present 
example in the tone arm resonant range, the 
shunt capacitor 8 is of such value that it forms 
an effective by-paSS for the resistor 7 at all of 
the higher frequencies, for example above 500 
cycles. Since the grid resistor 9 for the oscil 
lator is returned directly to the cathode 5, the 
bias on the grid 9 is not changed by the varia 
tion in modulation potential at the resistor 7. 
However, when the anode current changes, the 
change also occurs across the resistor T at fre 
quencies below that frequency at which the im 
pedance of the capacitor 8 becomes too large 
appreciably to shunt the resistor 7, in this case, 
below 500 cycles. The resistance value. of the 
latter resistor may be made a predetermined per 
centage of the resistance value of the resistor 22 
so that a predetermined degree of degeneration 
or inverse modulation frequency feed-back may 
be obtained, and the degree of frequency com 
pensation may further be adjusted by variation 
of the resistor 7. By this arrangement the low 
frequency modulation percentage may be reduced 
to a point where it becomes possible to increase 
the overall sensitivity of the modulated oscillator 
system as shown in Figure 1, without the possi 
bility of cross-modulation. 

Suitable amplification of the reproduced signal 
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from the modulation source 6 may be introduced 
between the oscillator tube 5 and the output ter 
minals 7 and 8, and the inverse modulation fre 
quency feed-back correction network 6 may be 
provided with additional degenerative or inverse 
feed-back from one or more amplifier stages con 
nected with the Oscillator, as shown, for example, 
in Figure 4, to which attention is now directed, 
and in which the same reference numerals as 
used in connection with Figure 1 are applied to 
like circuits and circuit elements. 

In the circuit of Figure 4, the modulation source 
and oscillator circuit per se is the same as in 
Figure 1 and functions in the same manner to 
produce self-oscillations and a modulation signal 
output at the terminals and 8 from the source 6. 
The feed-back modulation frequency correction 
network 6 in circuit with the Cathode 5 com 
prises a resistor 65 connected between cathode 
and the ground lead 4 and shunted by a resistor 
or other suitable impedance 66 in series with a 
capacitor 67. 
The oscillator output signal through the out 

put capacitor 2 is applied to the grid 68 of an am 
plifier tube 69 having cathode 70 connected 
through a self-bias resistor f to the ground lead 
4. The self-bias resistor is provided with 
the usual by-pass capacitor 2 to ground and the 
output anode 73 is connected across an output 
impedance or resistor 74 to the output terminal 
through a coupling capacitor 75. The output 
terrainal 8 is connected to ground as in Figure 1. 
Anode potential is applied to the anode 73 through 
a positive anode potential supply lead 76 which is 
by-passed to ground by a by-pass capacitor indi 
cated at . Bias is applied to the grid through a 
resistor 8. 
Additional inverse feed-back is applied across 

the resistor 65 in the cathode circuit of the Oscil 
lator 5 through an inverse or negative modulation 
frequency feed-back connection lead 80 connect 
ed between the cathode end of the resistor 65 at 
a terminal 8 and a tap 82 on the output im 
pedance 74, through a series coupling capacitor 
83 in the lead 80. With this arrangement a por 
tion of the signal appearing across the output in 
pedance 4 is applied substantially in phase with 
the anode potential modulation frequency varia 
tions in the resistor 65 resulting from the modul 
lation, and tends to enhance the inverse feed-back 
or degenerative effect upon the modulation sig 
nals on the grid circuit, thereby further to con 
trol the output response of the modulated oscil 
lator in a desired frequency range. 
In the present example, a modulation control 

or corrective circuit is provided which is effective 
to suppress undesired frequency response in the 
System in a band of frequencies, for example, be 
tween 500 cycles and 2000 cycles or in any similar 
frequency, pass band, being a modification of the 
corrective network arrangement of Figure 1 for 
other purposes. As in the previously described 
circuit, the modulation frequency characteristic 
is corrected by inverse feed-back in a circuit ex 

to the self-excitation and modulation cir 
C.S. 

In the present example, resistor 66 and the 
capacitor 67 form a shunt path for the modula 
tion frequency feed-back impedance 65 which has 
a controlled frequency characteristic such that 
below a certain frequency, such as 2000 cycles for 
example, the impedance of the path formed by 
said resistor and capacitor becomes increasingly 
effective to permit the inverse modulation fre 
quency feed-back to be applied to the grid cir 
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cuit, thereby suppressing the signal output in a 
range below that frequency. 
The capacitor 83, however, is of such value 

that at the lower limit of the suppression range 
desired, such as at 500 cycles in the present ex 
ample, it becomes increasingly effective in in 
pedance value to prevent the flow of feed-back 
current through the circuit 80, thereby prevent 
ing reduction of the gain of the System below that 
frequency and cutting of the effectiveness of the 
by-pass arrangement 36 and 67 for the addi 
tional feed-back from the amplifier. It is ob 
vious that other suitable bandpass control net 
works may be devised for providing frequency 
characteristic correction in any desired band or 
range as may be required. 
In any case, from the foregoing considera 

tion of the circuits of Figure 1 and Figure 4, it 
will be seen that the feed-back modulation fre 
quency correction network is placed in the cath 
ode circuit of the oscillator so that it effectively 
couples the grid and anode circuits substantially 
independently of the differentially controlled 
modulation circuit. Furthermore, With this ar 
rangement, the inverse feed-back is amplified by 
the gain of the oscillator tube itself and there 
fore the correction effect is greatly enhanced 
over that which would be possible by use of Ordi 
nary series circuit limiting or other known means. 
The operation of the system shown in Figure 1 

may briefly be considered as follows: 
Assuming the oscillator 5 to be energized, feed 

back of energy from the anode circuit through 
the normal grid-to-anode capacity path main 
tains the oscillator in a steady state of oscilla 
tion at a frequency determined by the anode and 
grid circuit constants. In the present example 
this may be assumed to be of the order of i445 kc. 
The average anode current flowing through the 
output coupling in pedance 22 and the feed-back 
correction impedance in a cathode circuit, as 
sumes a normal and constant value, and with 
Substantially no variation in average anode cur 
rent resulting from no excitation a variation of 
the modulation source capacitor 35-36-68, the 
modulation signal output at the terminals and 
8 is Zero. Energy from the anode circuit at the 
Oscillator frequency is prevented from appear 
ing at the output terminals by reason of the by 
pass capacitor 2S and the filter 28 connected with 
the termina . 
Modulation feed-back current at the frequency 

of the tuned anode circuit, that is, at the normal 
OScillator frequency, flows by inductive coupling 
through the feed-back inductance 3; substan 
tially equally on either side of the intermediate 
tap 33. Modulation feed-back current through 
the inductance 3 flows in a path which may be 
traced from the center terminal 3 through the 
connection lead 54 to the grid circuit inductance 
E3, thence through the ground connection ( and 
the movable electrode 48, thence through the 
electrodes or plates 35 and 36, the cable co 
nections 32 back to the terminals 33 and 36 of 
the inductance 3. 

It will be seen that when the return path 
through the leads 32 and the modulation source 
S is balanced, that is when the impedance to 
ground in connection with the terminals. 33 aid 
3 are equal, the opposing potentials induced in 
the grid circuit through the coupling with the 
feed-back inductance 3 are equal and opposite 
in phase and cancel, whereby the steady state 
of Oscillation is maintained without change. 

Wariatio of the ipedance element at the 

O 

20 

25 

30 

35 

. 

45 

5 

5 5 

O 

35 

70 

5 

control end of the modulation circuit 32 causes 
a variation in the impedance between ground and 
the terminals 33 and 86, thereby causing an un 
balance in the potentiais applied to the terminal 
83 and the grid circuit connected therewith dif 
ferentially, thereby causing a flow of in-phase 
or counter-phase feed-back energy to the grid 
circuit, and increasing or decreasing the strength 
of oscillations. 
This is by reason of the fact that when the 

feed-back of energy through the feed-back in a 
ductance 3 is varied, and increase in feed back 
from the anode circuit in One direction Will aid 
and in the opposite direction will oppose, the 
normal feed-back from the plate to the grid, 
thereby varying the amplitude of oscillations aEd 
the signal output at the termials and 8 in 
response to modulation control of the variable 
impedance means at the modulation source 6. 
Wariation in feed-back of the oscillator signal 

energy causes the input capacity 46 across the 
grid circuit to vary, thereby varying the fre 
quency of response of the grid circuit with respect 
to the fixed frequency of the oscillator circuit. 
The variation of tuning of the grid circuit, hows 
ever, has substantially no effect upon the fre 
quency of the osciliator which is aaintained sub 
stantially constant by the turned anode circuit 
comprising the inductance 2 and the refected 
capacity 3G as hereinbefore referred to. 

Wariation of the tuning of the grid circuit by 
variation of the input capacity only varies the 
magnitude or strength of the OSciations. There 
fore, in this syster, nodulation is effected by 
varying the strength or magnitude of the oscil 
lations by varying the input capacity of the oscil 
lator tube in response to differential variations 
of feed-back of energy at the oscillator frequency 
from the anode circuit to the grid circuit, with 
respect to the normal feed-back for a steady 
state, self-excited condition of oscillation. 
The anode current is correspondingly varied 

at the modulation frequency and provides a co 
responding modulation potential variation across 
the output impedance element 22 and the mod 
ulation control feed-back impedance 8, the yoto 
age across the latteriapedance introduces inverse 
or degenerative nodulation frequency feed-back 
in the grid circuit of the oscillator to reduce the 
percentage. modulation applied thereto and the 
resulting signal output at the terminals and 3 
correspondingly. 

Correction of the frequency characteristic by 
negative or inverse modation frequency feed 
back takes place in the grid circuit, when applied 
to the network is in the cathode lead, as follows: 
The percentage nodulatio is reduced by feed 
back from the plate-toa-anode circuit to the grid 
circuit due to the fact that the modulation volt 
age is fed back in such phase relation that the 
voltage gain of the tube is caused to vary in 
counter-phase to the nodulation envelope. Since 
the effective grid-to-anode capacity, Or in 
put capacity, appearing across the grid circuit 
is essentially proportional to the voltage gain of 
the oscillator tube, fluctuations in the voltage gain 
of the OSciliator tube occasioned by negative 
nodulation feed-back limits the maxiinn Swing 
or variation of the effective tuning capacity across 
the grid circuit, and therefore reduces the per 
centage modulation, 
The feed-back voltage across the impedance 

is modified to apply a desired correction to the 
modulation amplitude thereby to compensate for 
any desired freqexacy characteristic result 



ing from he modulation at the source . In the 
present example, as hereinbefore referred to, the 
capacitor 8 forms an effective bypass for the 
inverse feed-back modulation frequency poten 
tials above a certain low frequency range so that 
the degenerative effect of the correction network 
becomes effective only below, for example, 500 
cycles, and increasingly effective in the range of 
the tone arm resonance frequency, thereby pre 
venting over-modulation and permitting an over 
all increase in the signal output by adjustment 
of the system to optimum amplification, as indi 
cated by a comparison of the curves 6 and 62 
in Figure 3. 
In the circuit of Figure 4, additional gain in 

the modulation signal output is provided at the 
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terminals 7 and 8 by introduction of the amplifier 
stage associated with the amplifier tube 69, and 
additional corrective inverse feed-back is obtained 
from the amplifier stage output circuit by reason 
of the feed-back connection between the tap 82 
and the cathode end of the oscillator cathode 
impedance 65. By proper relation of the im 
pedance elements 83, 66 and 67 a band-pass effect 
for frequency response correction may be applied. 
Furthermore, by making the tap 82 adjustable 
as indicated, the degree of feed-back from the 
amplifier stage may be controlled and likewise 
the impedance 65 may be made adjustable as 
shown in connection with the similar impedance 

in the cathode circuit of Figure 1. 
In any case, the feed-back modulation fre 

quency correction network is applied to the Oscil 
lator system at the cathode circuit to provide for 
amplification of the correction effect by reason 
of the gain in the oscillator tube itself. 
The present invention is, therefore, of impor 

tance in connection, with the reproduction of 
phonograph records and the like, through the 
usual tone arm and pickup arrangement, as it 
will be seen that it may be made highly effective 
to control the modulation within any desired fre 
quency range, thereby to impart to the output 
signal a desired frequency characteristic devoid 
of any undesired modulation effects by reason 
of operation of the modulation source and its 

25 

30 

35 

40 

45 

2,469,808 
12 

associated elements, such as tone arm resonance, 
for example. 

Furthermore, while the invention has been 
shown and described in connection with a present 
preferred form of modulated oscillator, and is 
particularly effective in connection thereWith, it 
may be applied to any modulation control system 
for a self-excited electronic-tube oscillator pro 
vided with means for effecting a variable control 
of oscillation strength or modulation effect by 
inverse variation of feed-back. 
What is claimed as new and useful is: 
In a self-excited electronic-tube oscillator SyS 

tem, the combination of means for tuning said 
system to a predetermined constant frequency 
of oscillation, modulator means for differentially 
varying feed-back of energy at the Oscillator fre 
quency to modulate said system in a predeter 
mined modulation frequency range, means for 
applying thereto a controlled negative modula 
tion frequency feed-back for limiting the effect 
of variation of said oscillator frequency feed-back 
to control the percentage modulation in a pre 
determined portion of said modulation frequency 
range, said iast named means including an oscil 
lator cathode circuit and an impedance network 
in said circuit, amplifier means for the modulated 
signal output of said system having an output 
impedance, and a negative modulation frequency 
feed-back connection from said last named in 
pedance to said network for further controlling 
the percentage modulation of said system in a 
predetermined portion of said modulation fre 
quency range. 

PAUL WEATHERS 

REFERENCES CTED 

The following references are of record in the 
file of this patent: 

UNITED STATES PATENTS 
Number Name Date 
2,101,688 Rechnitzer ---------- Dec. 7, 1937 
2,371,373 Badmaieff ---------- Mar. 13, 1945 
2,412,023 Woll ---------------- Dec. 3, 1946 

  


