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This invention relates to stable frequency os 
ciilation generator circuits, and particularly to 
means for automatically stabilizing or control 
ling the amplitude level of oscillations. 
One of the objects of this invention is to pro 

Widefimprovements in controlling the aimplitude 
of Oscillations in oscillation generators. 

Another object of this invention is to inprove 
the operation of variable frequency oscillators in 
respect to frequency and amplitude stability. 

In accordance with one feature of this inven 
tion, the amplituder level of oscillations may be 
automatically stabilized over or throughout a 
range of Wariable operating frequencies by means 
of an auxiliary feedback system of the variable 
loss type. The variable loss principle may be ap 
plied to control not only the frequency of oscilla 
tions but also to control the level amplitude sta. 
bilization of the oscillations, a level sensitive ann. 
plitude control circuit replacing the conventional 
level sensitive resistance such as for example a 
therinistor, a carbon or tungsten lamp or a gas 
filled tube. A simple, fast-acting and effective 
means of obtaining amplitude level stabilization 
may be provided with an auxiliary control circuit 
using a 'positively biased control grid in an am 
plifier type vacuum tube or pentode and special 
connections, in accordance with this invention. 
In general, amplitude stabilized oscillators may 

comprise three basic units, or parts, namely an 
amplifier which may be any suitable source of 
gain, a frequency sensitive network associated 
with the amplifier source of gain, and an ampli 
tuide control circuit for stabilizing the amplitude 
level of the oscillations. The frequency sensitive 
network maybe, for example, a bridge type net 
work having two parallel transmission paths in 
the main feedback path of the amplifier source of 
gain and which may as an example employ re 
sistance-capacitance type elements in the fre 
quency sensitive bridge networks. 
suitable means such as an adjustable resistance 
potentiometer associated with the networks may 
be utilized for varying the frequency of Oscilla 
tions, as disclosed and claimed in a Copendingap. 
plication for Variable frequency oscillators, Se 
rial No. 577,622, filed February 13, 1945, by 
S. Darlington, now United States Patent. No. 
2,441,567, dated May 18, 1948. The amplitude control circuit may be a variable i 
loss' type of amplitude stabilizer, the gain of 
which varies with the magnitude of the input os 
ciliations applied thereto. The gain may be zero 
below a given amplitude level and above this level 
the gain to the fundamental may increase in ac 

In addition, 
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cordance with the excess of input over the given 
level. This action may be secured by means of a 
vacuum tube such as by pentode having a low screen'grid potential, a high piaté impedance and 
a positively biased control grid. Such a device is fast; acting and capable of following very rapid 
changes in the amplitude of the oscillations ap 
plied thereto, and may be used with any type 
of oscillator that is provided with a parallel feed 
back path wherein the output of the positively 
biased pentode may beintroduced in proper phase 
oppositidn't relation with respect to signal oscil 
lations which are to be controlled in amplitude: As an illustrative example, the "amplitude con 
trol circuit is herein shown as being particularly 
employed in connection with a specific types of 
bridge type oscillator having a frequency sensi 
tive double T network consisting of resistance and 
capacitance’ elements -only, and in addition an adjustable resistance potentiometer' which introl 
duces a variable loss in the transmission for cor respondingly varying the frequency of osciliation. 
The amplitude control circuit consists of a pentode having a positively biased control grid to 
which is also applied the oscillating signal taken 
from"-theoscillation' output. If the oscillating signal potential applied to the control grid of 
the pentode exceeds in magnitude the positive 
bias applied to the same control grid of the 
pentode, plate current pulses of smaller ampli 
tide will be caused to flow for each excursion of 
the oscillation signal amplitude in excess of the 
positive bias. The resulting plate current control pulses from the pentode are then applied through 

, a -direct: current blocking condenser to the frey 
quency sensitive network at a proper terminal 
thereof so that the control pulses oppose the os cillating's signal potential in the network and 

withi 
amplifier source of gain. AS-applied to 'a particular variable frequency 
loss controlled-oscillator, the oscillator may com: prises a suitable linear amplifier source of gain; 

the linear amplitude range of the main 

a miaihi feedbackpathi having two parallel trans 
mission paths each contributing to the total feed 
back; frequency sensitive networks in one or both 
of the two parallel transmission paths, means for 
introducing flat loss or gain into one or both of 
the two parallel transmission paths, and the 
auxiliary: amplitude stabilizing - control circuit. 
Iri-thé two-parallel transmission paths; the fre 
queney'sensitive networks may be such that the 
correspondiig contributions to the total feedback have the following properties, (a) the two cons' 
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tributions to the feedback corresponding to the 
two parallel transmission paths differ in phase by 
an amount which is substantially 180 degrees in 
dependent of frequency; (b) the amplitudes of 
said two contributions vary differently with fre 
quency, the usual difference being a change in 
the relative levels of the contributions at a rate 
Which may be of the order of Substantially 12 
decibels per octave of frequency change, the above 
conditions applying to the relative phases and 
levels of the two contributions to the feedback 
and not to the actual phase and level of the total 
feedback; and (c) the two amplitudes are equal 
at a definite frequency which is substantially the 
frequency of OScillation. The means for intro 
ducing flat loss or gain into one or both of the two 
transmission paths referred to does so in such a 
way that the difference between the levels of the 
corresponding contributions to the feedback can 
be changed at will by amounts which are sub 
stantially independent of frequency if levels are 
measured on a logarithmic or decibel basis, and 
in Such a way as to leave the two contributions 
substantially unchanged, the variation in flat loSS 
controlling the variation in frequency of oscilla 
tion of the oscillator by varying the frequency 
at which the amplitudes of the two contributions 
to the feedback are equal. The stabilizing ele 
ment referred to may be a level sensitive variable 
control circuit which may produce an effective 
change in one of the networks referred to and 
change the feedback in a Subsidiary feedback 
path. The main source of gain referred to may 
be provided with the stabilizing control circuit in 
a way to meet conditions of high feedback ampli fier stability. 
The oscillator circuit illustrated in the accom 

panying drawing is a specific embodiment of a 
more general class of bridge type feedback oscil 
lator circuits. The circuit illustrates the use of 
variable loss or variable voltage ratioS means for 
variable control or modulation of the frequency, 
as distinguished from the use of variable adjusta 
ble bridge arms in the feedback 3 circuit bridge 
for control of the frequency. The circuit dis 
closed features the use of variable control of the 
frequency by Variable loss devices and also sta 
bilization by variable amplitude control devices. 
These are two independent features, the latter of 
which may be used with or without the other. 

For a clearer understanding of the nature of 
this invention and the additional advantages, fea 
tures and objects thereof, reference is made to 
the following description taken in connection 
with the accompanying drawing, in which like 
reference characters represent like or similar 
parts and in which the Sole figure is a circuit 
diagram illustrating a variable frequency oscilla 
tion generator of the bridge stabilized type em 
ploying a frequency sensitive network with a 
Variable loss control device in the form of a varia 
ble potentiometer for varying the frequency of 
OScillations, and also employing a positively biased 
grid pentode, in combination with the frequency 
sensitive network for automatically stabilizing or 
controlling the amplitude of oscillations. 
The sole figure of the drawing is a circuit 

diagram of a variable frequency bridge type oscil 
lation generator provided With variable resistance 
potentiometers Pi and P2 which are utilized to 
adjust and control the frequency of oscillation, 
and also provided with an amplitude level stabi 
lizing circuit 8 which is utilized to stabilize the 
amplitude of the oscillations generated. As illus 
trated, the variable frequency oscillation gener 
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4. 
ator has a frequency sensitive bridge network of 
the resistance-capacitance type which may be 
conveniently utilized for generating the relatively 
lower values of frequencies over or throughout a 
relatively wide range of low frequencies by ad 
justment of the variable resistance potentio 
meter P2. 
As particularly illustrated in the drawing, the 

oscillator may comprise an amplifier or source of 
gain. A consisting of a series of three high gain 
amplifying vacuum tubes T, T2 and T3 pro 
vided with suitable interstage coupling means 
therebetween. A main feedback circuit 3 couples 
the output S of the third vacuum tube T3 with 
the input of the first vacuum tube T and con 
prises a coupling condenser C, and a pair of 
parallel-connected transimission paths 4 and 2 
which include networks N and N2, respectively, 
and also variable resistance potentiometers P and 
P2, respectively, both of which have a resistance 
component thereof connected in series circuit 
relation with the networks N and N2, respec 
tively. The variable resistance potentiometer Pf 
is used only as a frequency trimmer, and its loss 
is thus held Within narrow limits by the use of 
Seities resistances R. and R32, and a shunting re 
sistance R3. The main tuning resistance po 
tentiometer P2 and the trimmer potentiometer 
P are connected with the main feedback circuit 
3. The other ends of the potentiometers P and 
P2 are connected with the ground . The Several 
ground connections , which are designated in the 
drawing by the conventional symbol for a ground 
connection, may be connected together in prac 
tice by lineans of any suitable Wire connectors. 
The output osciilations may be taken from the 
output, terminal 6 and the ground terminal or 
from points connected therewith. 
In practice, it is frequently desirable to use an 

anpifier Airl which the phase between the input 
and output circuits is reversed. Such an amplifier 
A may be obtained by eimploying an odd number 
of annplifying tube stages, Such as the three 
vacuum tube stages illustrated by the direct 
coupled three-stage amplifier tubes T, T2 and 
TS in the drawing. The tandem-connected linear 
amplifier tubes T, T2 and T3 comprising the 
linear amplifier A, and also the amplitude sta 
bilizer tube TA, may be for example high gain 
vacuum tubes of the pentode type having an in 
directly heated cathode 7, a cathode heater fila 
ment 8, an input or control grid 9, a Screen grid 
Et, a suppressor grid connected with the cath 
ode , a plate or anode electrode 2, and a metal 
envelope or tube which may be connected to 
ground as illustrated at 3 in the drawing. The 
cathode heater filaments 3 of the tubes T, T2, 
T3 and T4 may be connected in parallel and sup 
plied with heating current in a known manner 
from any suitable Voltage Supply Source (not shown). 
The first tube T of the amplifier. A may have 

its cathode electrode 7 and its control grid elec 
trode 9 connected to ground through resist 
ances R3 and RF, respectively, and may have 
its Screen grid electrode connected to ground 
through a resistance R9. Suitable potentials 

for the screen grid electrode () and for the plate 
electrode 2 of the tube T may be supplied 
through resistances Ri and R, , respectively, 
from the positive (--) terminal of a suitable bat 
tery or power supply source 5. The interstage 
coupling between the first and second vacuum 
tubes T and T2 may comprise a resistance R2 
with a grounded series-connected condenser C5 
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and a coupling condenser C6. The second vacu 
um tube T2 of the amplifier A may be provided 
with a grid resistance R3, a cathode resistance 
R4 and a screen grid resistance Ris. Suitable 
potentials for the sereen grid electrode 0 and for 
the plate electrode 2 of the second amplifier 
tubeT2 may be supplied through resistances R.6 
and RT, respectively, from the positive terminal 
of the power supply source 5. The interstage 
coupling between the output of the second ampli 
fier tube T2 and the input of the third amplifier 
tube T3 may include a condenser C, a parallel 
connected condenser C8 and resistance Rf8, a re 
sistance R19, and a grounded condenser C0, as 
illustrated in the drawing. The third tube T3 
of the linear amplifier. A may be provided with 
a grid resistance R20 and a cathode resistance 
R2 Suitable potentials for the grids and 
and for the plate electrode 2 of the tube T3 
may be supplied through resistance R22 from 
the positive terminal of the power Supply 
source 5. The network N2 as illustrated by the block dia 
gram labeled N2 in the drawing, is constructed 
in the form of a T-network consisting of two 
series-connected resistances R2 and R3 and a 
single shunt condenser C2 which is connected at 
one end thereof to the ground . The network 
N as illustrated by the block diagram labeled N. 
in Fig. 1 is constructed in the form of a T-net 
work consisting of two series condensers C3 and 
C4 and a shunt resistance R, which is composed 
of two series resistances R8 and R5, the latter 
being connected at one end thereof to the ground 
1. The networks Ni and N2 taken together 
comprise a double-T or parallel-T network Sys 
tem and taken with the variable resistance po 
tentiometers R and P2 form two parallel paths 
4. and 2, respectively, in the main feedback cir 
cuit 3 of the linear amplifier A, the main feed 
back circuit. 3 being connected between the out 
put circuit, 6 of the third amplifier tube T3 and 
the input of the first amplifier tube T of the 
amplifier A. The output circuits of the parallel 
connected paths A and 2 and of the networks 
N. and N3 are connected with the input of the 
first amplifier tube Ti, and therebetween the re 
sistance R7 is connected to ground at one end 
thereof. The bridge type feedback circuit frequency 
sensitive networks N and N2 may be practically 
any type of network System which provides a 
substantially constant. 180-degree phase differ 
ence and different amplitude characteristics for 
varying frequency values. Since there are a 
large number of bridge circuits which provide 
such transmission characteristics, the network 
system Ni and N2 may consist of any of a large 
number of possible bridge circuit arrangementS. 
The particular parallel-T networks N and N2 
when composed of resistances and capacitances 
only as illustrated in Fig. 1, are particularly use 
ful at the audio and lower frequencies. For the 
higher frequencies, inductances instead of re 
sistances may be used in the networks N. and N2. 
In the circuit shown in the drawing, the fre 

quency of oscillation: depends intimately upon 
the resistances that are used in the networks N 
and N2 and hence they are constructed as pre 
cision units. Where precision is desired. At low 
frequencies, such as, for example, frequencies be 
low 100 cycles per second, the resistance units of 
the networks. N and N2 may be made large in 
order. to avoid the use of unduly large precision 
capacitance devices. Since continuously vari 
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6 
able precision resistance units are difficult to re 
alize in practice in large sizes, the large precision 
resistances of the networks N and N2 may be 
fixed or non-variable resistances, the frequency 
of oscillation being adjusted or Varied by one of 
the variable potentiometers P or P2 which may 
be made to be of relatively low resistance values 
and of relatively small size. In the circuit shown 
in the drawing, the variable resistance potenti 
ometer P2 includes the end resistances 4 and 
f4a and represents a variable loss device which is 
used to furnish variable control over the fre 
quency of the System by adjustment of the Wiper 
5 between the stops. 5d and 5b. Since high pre 
cision in frequency in poses high precision on the 
resistances and other component parts of the 
networks N and N2, where a variable frequency 
is required, it is often difficult or impractical to 
obtain high precision in frequency control by 
means of adjustments in the large precision re 
sistances and other component parts of the net 
Works N and N2 themselves. For this reason, 
and for the same precision in frequency, the use 
of the potentiometer type of frequency control 
P2 is more easily realized in practice. The in 
pedance of the potentiometer P2 being of rela 
tively low value is in ore easily constructed in 
adjustable fora. Fioreover, the potentiometer 
voltage ratios of the adjustable potentiometer P2 
can be normally held to close limits since the 
Woltage ratio thereof depends upon the relative 
resistances rather than upon the absolute values 
of resistance. Accordingly, changes in the abso 
lute values of resistance of the potentiometer P2, 
as caused by changes in temperature, for ex 
ample, do not change the voltage ratio of the po 
tentionetter P2 except to the extent that. Such 
changes in absolute resistance may not be uni 
form along the potentionineter P2. 
While the potentionetter P2 presents a finite 

impedance to the load connected to the brush. 5 
thereof, its effect on the frequency stability of the 
system may be minimized by making the lim 
pedance of the resistance potentiometer P2 
reasonably small relative to the impedance value 
of the resistance R2, to which the brush 5 of the 
potentionnetter P2 is connected. The effect is to 
add resistance to the resistance R2 by the parallel 
combination of the Segments of the potentiometer 
P2 above and below the brush 5 thereof. To the 
extent that the effective addition of such resist 
ance to the resistance R2 is constant, it may be 
COrnpenSated for by a reduction in the resistance 
of R2 itself. The remaining variations in the 
equivalent resistance of R2 as a result of the effect 
of the resistance of the potentiometer P2 thereon 
may be taken care of in part by means of the 
aInplitude stabilizer System such as, for example, 
by the amplitude control system comprising the 
auxiliary feedback circuit 8 including the sta 
bilizer S with the tube T4, and in part by proper 
calibration of the Voltage ratio provided by the 
resistance arms of the potentiometer P2. If de 
sired, the taper of the resistance values of the 
potentiometer P2 may be used to obtain a linear 
Variation of frequency With respect to the shaft 
position of the potentiometer P2. It will be un 
derstood, however, that the adverse effect of the 
Variable resistance of the potentiometer P2 on the 
over-all stability of the oscillator system is not 
large When the impedance of the potentiometer 
P2 is reasonably small relative to the impedance 
Value of resistance R2 of the network N2. 
As illustrated in the drawing, the tuning poten 

tionetter P2 has a resistance composed of amiddle 
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portion connected with the adjustable wiper 5, 
and two end series resistance portions 4 and 
4a. This construction, when used, insures that 
the potentiometer P2 cannot be set to a Value 
corresponding to a frequency outside the range 
for which the circuit is designed. This is a de 
sirable feature because the average pig of the 
system ordinarily should be held within plus or 
minus 90 degrees of a negative real over the en 
tire working range of frequencies. In providing 
the potentiometer P2 with suitable non-adjust 
able end resistance portions 8 and 4d, as illus 
trated schematically in the drawing, the possi 
bility of setting the wiper 5 of the potentiometer 
P2 outside the Working range of frequencies may 
be prevented. 
As illustrated in the drawing, an anxiliary feed 

back circuit 8 may be provided between the plate 
output circuit 2 of the second amplifier tube T2 
and the input circuit of the first amplifier tube 
Ti of the amplifier A in order to stabilize the 
amplitude level of oscillations generated. AS 
shown in the drawing, the anode 2 of the Second 
amplifier tube T2 of the linear amplifier A is con 
nected through a blocking condenser C9 and a 
resistance R26 with the input control grid 9 of the 
pentode T4, and the output or plate electrode 2 
of the tube T4 is connected through resistance 
R27, resistance R3, and condenser C4 with the in 
put grid electrode 9 of the first amplifier tube : 
Ti of the amplifier A. The input or control grid 
electrode 9 of the tube Tig is connected through 
resistances R23, R2A and R25 with the positive 
(--) terminal of the supply source 5. A re 
sistance R26 is connected between ground and a 
point intermediate the resistances R-23 and R25. 
The middle or screen grid electrode G of the tube 
T4 is connected through a resistance R28 to 
ground , and through a resistance R29 to the 
positive terminal of the voltage Supply source 5. 
Potential for the plate electrode 2 of the tube 
T4 is supplied through a resistance R39 which is 
connected with the positive terminal of the power 
supply source 5. 
In the vacuum tube stabilizer Systern S of the 

drawing, positive bias voltage from the Supply 
source 5 and signal voltage oscillations from the 
output of the second amplifier tube T2 of the 
amplifier A are combined at the junction 3, and 
are then fed to the control grid 9 of the tube Té 
through a large resistance R24. The voltage at 
the junction 9 is a resultant of the OScillating 
signal voltage applied thereto and the positive 
bias voltage applied thereto from the Supply 
source 5, the latter being Supplied through re 
sistances R25 and R23. Whenever the instan 
taneous value of the voltage at the junction f S is 
positive, the control grid electrode 9 of the tube 
T4 draws current and produces a Substantial 
voltage drop across the input resistance R24. Be 
cause the control grid current and also the 
voltage drop across the resistance R24 increases 
very rapidly with increasing voltage at the con 
trol grid 9 of the tube T3, the grid voltage at the 
control grid 9 of tube TA changes very little dur 
ing wide fluctuations of the Voltage at the junc 
tion 9. As a result, the oscillating signal fron 
the amplifier A applied to the tube T4 over the 
control circuit f8 is effectively blocked. So long as 
the combination signal voltage and positive bias 
voltage at the junction 9 is positive Over the en 
tire cycle, which is so as long as the amplitude of 
the Oscillation signal voltage applied to the junc 
tion 9 is less than the positive bias Voltage at 
the junction point 9. The positive bias Voltage 
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at the junction point 9 is the voltage from the 
battery 5 fractionated by the resistances R23 and 
R26 according to the factor 

R26 
R23-- R26 

When the amplitude of the oscillation signal 
voltage at the junction i9 begins to exceed this 
value of the positive bias voltage, the voltage of 
the control grid 9 of the stabilizer tube T4 Swings 
negative over a portion of each cycle. While Such 
grid voltage is negative, the control grid 9 of the 
tube T4 draws no appreciable current and there 
is no appreciable corresponding drop across the 
control grid resistance R24. Hence, only portions 
of each cycle of the combination signal and bias 
voltages at the junction 9 are transmitted and 
amplified by the tube T4. The output of the tube 
T4 is fed into the network N of the oscillator 
through the resistance R4 and opposes the Oscil 
lating signal voltage therein, thus giving the de 
sired level amplitude stabilization at a level at 
which the amplitude of the signal voltage at the 
junction 9 is slightly greater than the positive 
bias voltage at the junction 9. 
The positive grid vacuum tube T4 accordingly 

functions to supply pulses of alternating voltage 
in opposition to the oscillation signal voltage in 
the network N thereby to provide level stabiliza 
tion of the amplitude of oscillations. At the 
lower amplitude levels of the output voltage from 
the amplifier A, the vacuum tube T4, due to the 
steady positive bias applied to the control grid 
electrode 9 thereof from the supply source 5, ef 

5 fectively blocks the oscillations reaching it from 
the output of the second amplifier tube T2 over 
the circuit 8 and continues to do so until the 
amplitude of the oscillations reaches a critical 
level in amplitude. As the level increases further 
in amplitude, the tube T4 begins to transmit the 
oscillations to an extent that increases as the 
level of the amplitude of Oscillations increases 
above the critical value mentioned. According 
ly, the effect on the circuit f8 of the tube T4 is to 
prevent transmission of oscillations at the low 
levels of amplitude and to transmit oscillations 
With the increasingly higher values of amplitude 
applied thereto. 
The tube T4 is fed from the output of the Sec 

ond amplifier tube T2 or from the next to the 
last tube of the gain circuit A, rather than from 
the output 6 of the last amplifier tube T3 of the 
gain circuit A, in order to balance against the 
reversal through the stabilizer tube T4, the simi 
lar reversal in direction of signal that occurs in 
passing through the last tube T3 of the gain cir 
cuit A. A vacuum tube, such as the tubes T3 and 
T4, reverses the direction of the signal which it 
transmits. Hence the reversal through the 
stabilizer tube T4 is balanced by the similar re 
Versal through the last tube T3 of the gain cir 
cuit A. The tube T4 fixes the amplitude level of 
Oscillations at a Value Which is substantially in 
dependent of the frequency of OScillations, and 
accordingly a substantially constant oscillator 
output voltage level is obtained from the output 
f6 of the last amplifier tube T3 of the gain cir 
cuit. A provided the tube T3 has a substantially 
constant gain over the Working range of variable 
Operating frequencies. The output of T3 is re 
Versed in phase through the parallel netWorks Nf 
and N2 So that it appears as a positive feedback 
to the grid 9 of the tube T. However, the out 
put 8 of the tube T4 is applied to the network N 
at Such a point that no further reversal in phase 
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is required. Thus the Output of T4 tends to 
cancel and reduce the output of T3 at the grid 9 
of the vacuum tube T. 
The amplitude stabilizer system 8 described in 

connection with the positive grid tube T4 has a 
number of advantages. It is fast acting and 
capable of following rapid changes of frequency 
due to changes in the setting of the frequency 
controlling tuning potentiometer P2 even though 
these changes of frequency setting of the poten 
tionetter P2 call for substantial changes through 
the tube T4. It is a sensitive System giving a 
sharp rise in transmission at a definite amplitude 
level, and the amplifier tube T4 may be of the 
same type as the amplifier tubes T, T2 and T3 of 
the u, circuit A of the oscillator. While consider 
able harmonics may be generated relative to the 
fundamental component transmitted by the tube 
T4, the amplitude of the harmonics and also of 
the fundamental itself that enters the (8 circuit 
over the circuit f8 is relatively small as compared 
with the amplitude of the oscillator signal volt 
age that is fed back over the main feedback cir 
cuit 3 from the output f6, of the last amplifier 
tube T3. Since the oscillator is essentially a 
negative feedback amplifier at frequencies other 
than the frequency of oscillation, the harmonics 
generated by the stabilizer tube T4 are reduced by 
the negative feedback. 

In the amplitude level stabilizer System 8 ill 
lustrated in the drawing, a non-linear feedback 
Woltage is produced which varies with the ampli 
tude of the output voltage of the amplifier A and 
which operates to increase the damping of Oscil 
lations generated with increasing amplitude of 
output voltage. The feedback in the auxiliary 
feedback circuit 8 is in the opposite phase as 
that of the main feedback circuit 3 and increases 
with the level of the output voltage which gives 
satisfactory amplitude stability at low and high 
frequency cut-offs, is comparatively simple and 
Operates well even at low levels of voitage applied 
thereto. This results from the feedback voltage 
from the output circuit of the oscillator being 
fed back through the vacuum tube T4 which has 
a Substantial plus (--) bias on the control grid 
electrode 9 thereof. Where the positive or plus 
(--) bias and the OScillation signal are fed to the 
control grid 9 of the tube T3 through the high 
resistances R23, R24 and R25, the low impedance 
of the control grid 9 at plus (--) voltages operates 
to prevent any Substantial Signal voltage being 
fed back until the magnitude of the signal voltage 
becomes large enough to SWing the control grid 9 
negative, above which critical level there will be 
a Sudden increase in transmission level through 
the Vacuum tube T4. Thus the effective stabiliz 
ing voltage from the output of the tube T4 is 
very Small in magnitude until the critical level 
referred to is reached, and thereafter it rises 
very rapidly With further increasing levels of 
oscillating Signal voltage applied to the tube T4. 
A Substantial value of positive (--) voltage bias 
may be applied from the Supply source 5 to the 
high voltage side of the grid resistances R23, 
R24 and R25, without getting excessive positive 
(--) voltages on the control grid 9 itself of the 
tube T4 as a result of the I. R. voltage drop that 
occurs in Such grid resistances when the control 
grid 9 of the tube T4 draws current. 

It will be noted that since the stabilizing tube 
T. gives a phase reversal, it is fed from the main 
amplifier. A from a different interstage point, and 
preferably from the first interstage back of the 
final output tube T3, as illustrated in the drawing. 
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10 
It will be noted that variations in the gain u of the 
high gain linear amplifier A are absorbed by the 
non-linear stabilizer circuit 8 comprising the 
positive grid tube T4 without substantially any 
shifting of the frequency of oscillation provided 
the phase shift of the bridge netWork System. N. 
and N2 is relatively. Small. Provided that the 
phase shift of the bridge networks Ni and N2 
referred to can be kept Small enough, a rather 
Simal Value of gain u may be used if the precision 
frequired is not too high. 
A is an illustrative example, a particular Oscilla 

tor constructed in accordance with the circuit of 
the drawing and having a variable frequency 
ranging from 30 to 90 cycles per Second was pro 
Wided Witin corponent resistances and condensers 
haying substantially the following values. In the 
particular example mentioned, the values for the 
CO23 policit resistances expressed in ohms Were 
about: . R3 =65,000, R2-200,000, R3=206,000, 
Ré=85,000, R5-12,000, RT-1,000,000, R8=2,000, 
R3=5,900, R, 9-00,000, R. =250,000, R12= 
25,000, R. 3-1,000,000, R. 4-2,000, RA 5-15,000, 
R 6=100,000, R, 7-250,000, R 8-10,000,000, 
R. 9=500,000, R2 =500,000,R2 -800,R22=10,000 
R23-200,000, R24=1,000,000, R25=1,000,000, 
R2S=30,000, R2 = 1,000,000, R28=15,000, R29 
100,000, R3 =1,000,000, R3 =500, R32=720, P 
2,080, and P2 = 10,000 ohms total, the values of 
the end resistances is and 4d, being 750 ohms 
each and the value of the middle resistance cow 
ered by the wiper 5 being 8500 ohms. In the par 
ticula; examplementioned, the capacitance values 
for the component condensers expressed in micro 
farads were about: C = 1.0, C2=.016, C3=008, 
C4=.008, C3-.005, CS=2.0, C=1.0, C8-.012, 
C3=., C =.005; and the tubes T, T2, T3, and 
TÉ were standard 12SJ7 pentodes having their 
cathode fiaments 8 energized from a cathode 
heating Source of about 12.6 volts and provided 
With a battery or power supply source 5 of about 
--250 volts direct current potential. 

It will be noted that the amplitude stabilized 
Oscillator as illustrated consists mainly of the 
main linear annplifier source of gain A, the fre 
q.ency sensitive network System including the 
networks N and N2, and the amplitude control 
cii'cuit f8 which is combined with the network Ni 
of the double-T networks N and N2. As shown 
in the drawing, the networks N and N2 are of 
the resistance-capacitance type, and are con 
trolled by the adjustable resistance potentiometer 
Pa for obtaining frequency variations, as disclosed 
and claimed in the S. Darlington application 
hereinbefore referred to. 
The amplitude control circuit f8 includes the 

positively biased grid form of pentode T4 having 
a low potential rather than the usual high poten 
tial applied to its screen grid electrode 0 and hav 
ing a high impedance provided for its plate elec 
tl'ode 2. To the positively biased control grid 9 
of the pentode is is applied the alternating cur 
rent Signal oscillations from the amplifier A 
through the resistance R24 and the direct current 
blocking condenser C9. The positive bias poten 
tial applied to the control grid 9 of the pentode 
TÉ is supplied from the direct current supply 
source 5 through the resistances R23, R25, and 
R34. If the signal oscillation exceeds in magni 
tude the positive bias Voltage, plate current Will 
be caused to flow in the pentode T4 at a small 
airplitude for each excursion of the Signal OScilla 
tion amplitude that is in excess of the positive bias 
Voitage. The resulting pulses of plate current are 
applied through the condenser C4 to the frequency 
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sensitive network N at a point therein which is 
selected to oppose the main oscillating signal po 
tential in that network, to thereby keep the ampli 
tude of signal oscillations within the linear ampli 
tude range of the main amplifier A. The series 
condensers C8 and C function as direct current 
blocking condensers. The pentode T4 is connected 
in the amplitude control circuit 8 between the 
blocking condensers C4 and C3. 
The positive grid bias voltage E3, which is the 

potential across the resistance R26, is applied to 
the control grid 9 of the pentode T4 through the 
resistances R24 and R25. This positive bias po 
tential E3 is derived from the battery voltage Eb 
of the source 5, and is properly fractionated With 
the resistances R23 and R26 so that the positive 
bias potential 

-- R26 E8-El (offs 
The resistance R25 is used to increase the imped 
ance looking into this circuit from the output of 
the amplifier A and thus reduce the shunting loss 
at that point. The resistance R24 has a purpose 
Similar to that of the resistance R25 since the 
grid-to-cathode path of the pentode T4 is nor 
mally conducting and has a low impedance when 
in that condition. Moreover, the resistance R24, 
as well as the resistance R25, by virtue of the high 
Voltage drop therein due to the grid current flow 
ing When the amplifier A output voltage eo plus 
the Voltage E3 are positive, maintains a grid-to 
cathode voltage Eg on the control grid 9 at almost 
a constant value, so that when the positive bias 
voltage E3 is greater than the voltage eo from the 
amplifier Athere is little or no change in the plate 
current ip of the pentode T4. 
The resistances R28 and R29 represent a fixed 

potentiometer for reducing the bias voltage Es 
across the resistance R28 to a fraction of the 
Voltage Eb of the source 5, so that the pentode 
T4 will have a quick-acting switch-like action. 
The plate resistance R3 is made large to pro 
wide sharp action. The value of the screen grid 
bias voltage Es of the pentode T4 is made small 
and the ratio between the plate current ip and the 
control grid voltage Eg is made high. It is de 
sirable to make the excess control voltage y as 
Small as possible since the tightness of this stabi 
lizing control Voltage ) is proportional or related 
to the gain of the amplifier A, to the loss in the 
frequency sensitive networks N and N2, and to 
the value of 1/u. Since the output of the pentode 
T4 control voltage e is applied to the frequency 
sensitive network N in such a direction as to 
reduce the amplitude of the oscillating signal on 
the input of the linear amplifier A, it may be 
more precisely stated that the Value of 

du 

should be as large as possible. During operation, 
the control voltage e applied by the output of 
the amplitude control circuit 8 to the frequency 
sensitive network N will be a series of sharp in 
terrupted pulses of undirectional fluctuating 
Voltages. The sharp pulses are sufficient to sup 
press uncontrolled oscillation of the main oscil 
lator system. At the network N, these pulses 
are Small in magnitude as compared to the am 
plitude of the signal oscillation there, and are 
Smoothed out by the network N and the nega 
tive feedback of the oscillator for frequencies, 
other than the oscillating frequencies in a man 
ner to cause negligible distortion. 
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The combination of the resistance R30 and the 

impedance seen looking into the network N 
should be as high as is necessary to make the load 
line intersect the characteristics of the pentode 
T4 so that the value of 

di 
dy 

is maximum. The effect of reducing the potential 
on the screen grid of the pentode T4 to a value 
well below the potential of the source 5 is to 
give a high resistance load line in a compressed 
section for the pentode T4 characteristics and 
to thereby obtain a maximum value of 

di (E) or a 
The advantages of this type of amplitude con 

trol circuit as illustrated at 8 in the drawing 
include the following: The pentode T4 provides 
a sharp SWitch-like operation for applied oscil 
lating signal potentials exceeding in magnitude 
the positive grid bias potential value, with no 
Output. When the amplitude of the applied signal 
potentials is below this positive bias value. This 
makes possible a tight or close amplitude stabi 
lization as well as good frequency stabilization 
for the oscillator. The magnitude of the voltage 
of the oscillations to be controlled does not de 
pend on the tube characteristics alone as in the 
case where a gas-filled tube is used. Hence the 
tube i4 can be easily adapted to suit oscillator 
design requirements in general, and the stability 
of the unit is as good as that of the power sup 
ply 5 and of the resistance potentiometers R23 
and R26, which are or can be made to be very 
stable circuit elements. The points at which the 
tube T4 just operates and just not operates are 
equal, and without hysteresis effect. The am 
plitude control circuit 8 provides fast operation 
so that the frequency can be varied very rapidly 
over the desired range, and accordingly, it is a 
high speed circuit having a great advantage 
Where the oscillator is continuously or rapidly 
Varying in frequency. It provides an economical 
and Simple circuit connposed of Standard parts 
Which are Suitable for use With the usual power 
supply units, such as the positive 'B' supply 5 
and the alternating current heater voltage sup 
ply 8. The amplitude control circuit 8 is not re 
stricted to use with the particular bridge type 
Oscillator illustrated in the drawing but may be 
used With any type of oscillator where the out 
put from the circuit 8 is introduced into a paral 
lel feedback path of the oscillator. 
Although this invention has been described and 

illustrated in relation to specific arrangements, 
it is to be understood that it is capable of appli 
cation in other organizations and is therefore not 
to be limited to the particular embodiments dis 
closed. 
What is claimed is: 
1. A variable frequency oscillation system con 

prising an amplifier or Source of gain having a . 
substantially linear amplifying characteristic, a 
main feedback path connected from the output 
of said amplifier to the input thereof, said main 
feedback path including a pair of parallel-con 
nected transmission paths, each of said parallel 
transmission paths including a frequency sensi 
five network contributing to the total feedback 
in Said main feedback path, said pair of parallel 
transmission patins having related phase and am 
plitude characteristics, the relative phase char 
acteristics of said pair of parallel transmission 
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paths differing by substantially 180 degrees and 
being substantially independent of a change in 
the value of said variable frequency, and the rel 
ative amplitude characteristics of said pair of 
parallel transmission paths varying differently 
with a change in the value of said variable fre 
quency and being equal in amplitude at a definite 
frequency corresponding substantially to the 
value of said oscillation frequency, said paral 
lel transmission paths including variable fre 
quency control means for introducing variable 
attenuation or loss into at least one of said pair 
of parallel transmission paths for varying said 
relative anplitude characteristics thereof and 
for correspondingly varying the Value of said 
variablo oscillation frequency, and amplitude 
control raneans for providing substantially level 
sensitive amplitude stabilization of said oscilla 
tions within said substantially linear character 
istic of said amplifier and over a range of values 
for said variable frequency, said annplitude Con 
trol rneans comprising an auxiliary feedback Cir 
cuit including a vacuum tube having a positively 
biased control grid responsive to the amplitude 
of said oscillations from said amplifier for in 
troducing Voltage pulses of Smaller amplitude 
than said amplitude of said oscillations into one 
of said parallel-connected networks at a point 
therein where said pulses are in opposition to 
the Oscillations in said netWork. 

2. An oscillation System in accordance with 
claim 1 wherein said parallel-connected networks 
include double T networks composed of resistance 
and capacitance elements, and wherein said an 
plitude control circuit vacuum tube has its out 
put or plate circuit connected with a tap point 
in the central resistance of one of said networks 
and in series relation. With the Capacitance ele 
ment of said one of said T netWorks, and Wherein 
said vacuum tube is a pentode having said posi 
tively biased control grid connected with and re 
Sponsive to oscillations from Said amplifier. 

3. A generator of oscillations comprising an 
amplifier source of gain, a main feedback path 
connected from the output of said source of gain 
to the input thereof, frequency determining 
means comprising a plurality of parallel-con 
nected frequency sensitive networks connected 
in said main feedback path and contributing to 
the total feedback in said main feedback path, 
frequency varying means comprising a variable 
resistor connected in said main feedback path 
in circuit with one of said parallel-connected 
networks for varying said frequency of said oscil 
lations, and amplitude control means comprising 
an auxiliary feedback circuit having its input 
connected with said source of gain and having 
its output connected to Oine of Said parallel-con 
nected networks for Stabilizing the amplitude of 
said oscillations at a substantially constant level 
over the range of said varying frequency, said 
auxiliary feedback circuit including a vacuum 
tube having a positively-biased control grid re 
Sponsive to Said anaplitude of said oscillations re 
ceived from said source of gain for introducing 
interrupted unidirectional voltage pulses of vari 
able magnitude into said last-mentioned net 
work at a selected point therein where said pulses 
oppose said oscillations in said network, and 
means including a resistor for applying to said 
control grid said positive bias potential at a pre 
determined substantially constant value, said 
value of said positive bias potential corresponding 
to a gain for said tube of substantially Zero mag 
nitude below a predetermined value of Said alm 
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14 
plitude level of said oscillations applied thereto, 
and to a gain for said tube increasing in magni 
tude in accordance with the excess in amplitude 
of said oscillations over said predetermined value 
of said amplitude level of said oscillations applied 
thereto. 

4. A source of Oscillations comprising an am 
plifier having a substantially linear amplifying 
characteristic, a main feedback circuit means in 
cluding frequency sensitive parallel-connected 
netWorks connected with said amplifier for con 
trolling the frequency of said oscillations, and an 
amplitude control circuit for controlling the am 
plitude level of said oscillations within said sub 
Staatially linear characteristic of said amplifier, 
Said 2.32plitude control circuit comprising means 
responsive to the agaplitude of Said oscillations to 
be controlled in anapiitude for supplying fluctuat 
ing Voitage pulses in opposition to said oscilla 
tions for stabilizing the amplitude level of said 
OScillations to be controlled, said amplitude con 
trol 3ircuit connprising an auxiliary feedback cir 
cuit having its input connected with said source 
of oscillations and having its output connected 
in said frequency sensitive parallel-connected 
networks at a point therein where said pulses are 
in Said opposition to said oscillations, said am 
plitude control circuit including a pair of direct 
Current blocking condensers connected in series 
circuit relation in said control circuit and a vac 
Lu Yin tube connected in said control circuit be 
tween Said pair of blocking condensers, said tube 
having a control grid connected with said source 
of oscillations to be controlled, and means in 
Ciuding a resistance for applying a substantially 
COrStant positive bias potential of predetermined 
Value to Said control grid, the Value of said posi 
tive bias potential corresponding to a gain for 
Said tube of Zero value below a predetermined 
Value of the amplitude level of oscillations ap 
pied thereto and to a gain for said tube increas 
ing in magnitude in accordance with the excess 
in ainplitude of Said oscillations over said pre 
determined value. 

5. An oscillating system in accordance with 
clain 4 wherein said vacuum tube has said posi 
tively biased control grid, and has a screen grid 
electrode and a plate or anode electrode, and 
means including resistances of selected values 
for providing the output circuit of said plate 
electrode With a relatively high impedance and 
Said plate electrode with a high positive plate 
bias potential, and means including a resistance 
for providing said screen grid electrode with a 

5 low potential relative to said plate bias potential. 
ALEXIS A. LUNDSTROM. 

REFERENCES (CTED 
The following references are of record in the 

iiie of this patent: 
UNITED STATES PATENTS 

Niber Naine Date 
1966,046 Roberts ----------- July 10, 1934 
2,115,881 ROOSenstein -------- May 3, 1938 
2,319,965 Wise -------------- May 25, 1943 

FOREIGN PATENTS 
Number Country Date 

118,897 Australia ---------- Sept. 21, 1944 
OTHER REFERENCES 

Ginzton: "Phase-Shift Oscillators,' Proceed 
ings TRE, February 1941, pages 43-49. 250-36-22. 


