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This invention relates to vacuum tube circuits,
and more particularly to circuits' employing
feedback connections.

The principal object of the invention is to pro-
vide a novel feedback arrangement in a vacuum
tube circuit, which arrangement may be em-
ployed to adapt the circuit for use either as an
audio oscillator or as a selective audio amplifier.

A more specific object of the invention is to
provide a novel feedback arrangement employ-
ing a bridged T network.

One aspect of the invention, therefore, has to
do with the provision of a novel audio oscillator
circuit, Conventional . resistance-capacitance
tuned audio oscillators have generally required
at least two ganged, matched, variable resistors
or condensers in order to provide for continuous
variation of frequency over the: operating fre-
quency range. -In its application to an audio os-
cillator, the present invention has for s further
object’ the provision of a novel audio oscillator
circuit in which continuous variation of fre-
quency over a predetermined range may be ef-
effected by means of 3 single variable element.

As applied to the purpose of audio amplifica-
tion, the invention has for ‘a further object the
provision of a novel selective audio amplifier
having a sharp cut-off characteristic for fre-
quencies above and below the desired operating
frequency.

Other objects and features of the invention will
be apparent as the description proceeds. - In the
accompanying drawing, .

Fig. 1 is a diagrammatic illustration of g tuned
audio oscillator embodying the invention: and
" -Pig. 2 is a similar illustration of a selective
audio amplifier embodying the invention;

Referring to Fig. 1, the audio oscillator cir-
cuit illustrated comprises a conventional audio
amplifier represented generally by the broken line
rectangle 1, and a novel feedback arrangement
which will be described hereinafter. While the
.audio amplifier may be of any suitable form, it
is preferred to employ at least a two-stage am-
plifier, as illustrated, comprising vacuum tubes
Vi and Bz which may :be either pentodes, as
shown, or triodes with appropriate circuit modi-
fications, "The input tube Vi may be provided
with the usiial screen grid resistor 2 and asso-
ciated by-pass condenser 3, ‘and the usual plate
resistor 4." The output tube V2 may be provided
with the usual grid resistor 6 and may be coupled
to tube 1 through the usual coupling condenser
1. Suitable plate voltages for the tubes may be
supplied from a source designated B, and a

2 .
suitable grid biasing voltage for the tube Va2 may
be supplied from a source designated C—. The
output of the amplifier may be supplied to an

~audio transformeér 8, and the audio oscillations
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. generated by the circuit may be derived from the

secondary of ‘the said transforiner across ter- .
minals 9. :

In accordance with the present invention, there
is provided a novel feedback arrangement includ=
ing a bridged T network- designated generally
reference character 10, 'This network comprises
capacitance arms Ci.and Cz bridged by a resistor
Ri, and a variable resistance Rz forming the up-~
right of the T. One arm’of-the network 10 is
connected to the anode or plate’ circuit of tube
V2 by means of the conductor 11, so as to derive
a portion of the audio output of the-amplifier 1.
The' other-arm ‘of the network 10 is connected
through a conductor 12 to the ungrounded end
of a resistor R3 which is included in the cathode
circuit of tube V1. The upright element Rs of the
network {0 is connected through a conductor 13
to the ungrounded end of g variable resistor Ra
which is included in the grid’ cirenit of the tube
Vi, The latter circuit also includes a grid re-
sistor 14.

As may be seen from the illustration, the
bridged T network 10 and the associated re-
sistors Rs..and::Rs. provide degenerative - and
regenerative -paths .in the feedback arrange-
ment, - 'The degenerative or. negative feedback
bath extends through the bridged armg of
the network to the cathode resistor Rz, while the
regenerative or positive feedback path extends
through the upright element Rz of the network
to the variable grid resistor Rs.  The variable
resistor Ra constitutes the tuning element by
which' the frequency of oscillation may be con-

" tinuously varied over the operating - frequency
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range.. If the elements Ci, Cz and Rz and the
associated positive feedback path were removed,
negative feedback would take place throtgh the
resistors Ri-and Rs, and the magnitude of ‘such
feedback would be Substantially independent of
frequency. With the. aforementioned frequency
selective elements and the positive feedback path
present, however, there is less negative feedback
at the frequency to which the circuit is tuned.
The variable fesistor R4 serves to control the
magnitude of the positive or regenerative feed-
back, and by proper adjustment of this resistor
the circuit may be caused to oscillate at the fre-
quency to which it is tuned. In aceordance with
the usual procedure for operating oscillators of
this -general” type, the regeneration control ele-
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inent Re should be adjusted to the lowest setting
necessary to sustain oscillations in order to main-
tain the calibration of the usual frequency dial
and to insure an output of good wave form.

By means of the circuit illustrated, it is possible
to effect operation over frequency bands whose

maximum and minimum frequency values are

related by ratios as high as ten-to-one or greater.
The particular frequency band or range over
which the circuit is adapted to operate in any

10

instance will depend upon the values of the-ele-

ments of the bridged T network and the feed-
back resistors Rs and Rs. With a given set of
values, the frequency may .bg varied over .the
permissible range by varying the resistor Rz from
its minimum value to its maximum value, or vice
versa. If desired, provision may be made for
band switching by changing the values of the
condensers C: and Cz. As will be apparent to
those skilled in the art this could be accomplished
by substitution of various condensers by means
of a suitable sw1tch1ng arrangement

By employing a large. resxstor as the frequency
control element Re, the frequency range may be
substantxally increased but at the same fime the
use of a .linear resistor tends to crowd . the fre-
quencies at the end of the band where‘a_.large
change in frequency.is effected by a small change
in resistance. In such case, it may be necessary
to employ 1ogar1thm1c resmtanoe varlation to
spread the »frequenc;es Whlle 8 smaller lvnear
resistance aﬁords a lesser frequency range it
gives a better spread of frequenmes at the. h1gh
frequency end of the band.

It.is also characberistic of the circuit 1llustrated
that the frequency control element Ra. tends to
affect the amplitude of the genera.ted osculatlons
as the frequency is varied. .Such varlations in
amplitude as may be thus caused, ‘may be sub-
stantially eliminated by employlng a sulta,ble
A, V.C.arrangement.

While, .as previously stated, the parficular form

of the agudio amplifier 1 °is not a feature of the

present invertion, the two- stage Q. plIﬁer illus-
trated ‘mdy corhprise a. FWT input fube, a.nd a
6K$ output tube, and the ciréuit elements may
have the.following values:

Resistor 2 oo e megohms._.— 24
Condenser:3._...._ i mxcrofa.rads-- 4
Regsistor 4 R : . 470000
Resistor 6o e (] *470;000
Condenser T comcmccodan :micrdfarads.. 01
Resistor 8. o -omegohms... 1,2

By way of example, the. elements of the feed-
bhack c1rcu1ts may "be as follows )

Resistor Ri- oo oo SRS ohms-- 240;000
RESIStOr R — L deis feddadcmenciid 15500
Resistor Rz _1. . 680
Resistor Ra —ce o cme i nliolis 00
Concensers Cr: and Cz each microfarad__ ‘-300’2

A .circuit employlng values -as set forth above
has-an. operating:; f1 equency range extendlng from
2.2.kc. to more. tha,n 22.kc.

In Fig, 2 .there.is shown:a:similar. cncu1t avhich
ig adapted for use as.a- selectlve ~aud1o ampllﬁer
In this mstance, the rectangle i5. co ,esponds to
the broken line rectangle I.of Fig. 1, and 4s dn-

tended to represent a two- stage res1stance ~COU-

pled amplifier such .as . shown in Fig.. 1. The
other elements-of .Fig. 2 correspondmg -to those
of Fig. 1. a1edes1gnated correspondmgly In this
instance, however,-an - a,udlo s1gna1 to-be <ampl}-

fied is supplied. to.the. ampllﬁer by way. of the in~
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put terminal 16 and the coupling condenser 1.
In operation, the regeneration control element
Ra is adjusted to a point just below that at which
oscillation will take place. In this instance, the
control element Ra serves, together with the asso-
ciated elements, to control the frequency of max-
imum response. The - feedback’ arrangement
effects frequency-selective regenerative action
which improves the response or gain at the reso-

nant frequency and also produces a sharp cut-off
‘above and below the resonant frequency By ad-

justment of the resistor Rs, the band resonant
frequency may be varied over a substantial range,
In this embodlment of the invention, a suitable
A. V. C. system may be employed to maintain the
amplifier gain just below the point of oscillation.

It is alse possible by means of this circuit to
change the frequency range or band by changing
the values of the elements in the feedback cir-
cuits,

Although cerfain embodlmerts of the 1nven-
tion have been 1llustrated for the purpOSe ‘of dis-
closure, the invention is not limited thereto, but
is capable .of other embodlments and mochﬁca,—
t1ons

I cla1m

1. In a vacuum tube clrcult a vacuum tube
emphﬁer whose mput elements comprrse a con-
trol giid and a cathode a. feedback comnection
between the ampl1ﬁer output and said -cathode,
said connection including a resistor and & pair
of serially-connected ca,pac1tors in parallel. with
said resistor,. and.an auxmary feedback -connec-
tion. between 'the Junctlon of said ca,pa,mtors and
sa,xd gnd said aux1hary connectlon mcludmg a
varrable res1stor. '

2. In a yacuum. tube circuit, -2 vacuum tube
amphﬁer whose mput elements include a contrel
grid-.and a cathode, -2 variable res1stor connected
between said grid and ground 2, second resistor
connected between said cathode and ground -8
brldged T network including .an-adjustable -ele-
ment, means connectrng the arms of said T net~
work between the .output of- said amplifier and
the <cathode end of said second -resistor, and
means- connectmg the upright ‘of said T network

rto fhe grid end of saad first resistor.

-3. An osclllator c1rcu1t comprising -an amph-
fier mcludmg at least twe:vacuum tubes each
having a control grid and & cathode, a yariable
resistor connected between the grid -of the first
tube -and -ground, a-second resistor connected be-
tween the cathode of the first tube and ground,
a bridged T network including an adjustable-ele-
ment, means-connecting. the arms:of said T net-
work -between. the :putput: of -said: amplifier and
the cathede -end; of :said ‘second xesistor, -and
means- connectmg the uprlght of said:T network
to the grid -end -of- said first resistor;

-4, An osclllator circuit -as -defined in claim 3,
wherein said :network includes - -capacitance -arms
bridged by a-resister;-and the upnght of the T
isa var 1ab1e res1stor

5. In -combination, 1 vacuum fube ‘amplifier
having -grid .and -cathode input -elements, and ‘a
feedback- counling network-connected-betweensthe
output and -input-of said- amplifier; -said network
being .of - the bridged T type-and being arranged
to provxde negative and; -positive feedback paths,
the br1dged :arms -of the T metwork being. .in-
cluded in e feedback connectlon extending “to
said cathode element -and theupright of the'T
netwerk -being: 1ncluded in an auxiliary feedback
path rextendmg to said grid .element, -one: of :the
elements of :said- network Jeing adJustable to rel=
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atively vary the negative and positive feedback
actions.

6. An oscillator circuit, comprising a vacuum
tube amplifier having grid and cathode input
elements, and feedback coupling means between
the output and input of said amplifier, said cou-
pling means including a bridged T network ar-
ranged to provide negative' and positive feed-
back paths, said T network including capacitance
arms bridged by a resistor, said arms being con-
nected to the amplifier output and to said cath-
ode element, respectively, and the upright of said
T network being connected to sald grid element,
said upright including g variable resistor adapted
to relatively vary the negative and positive feed-
back actions and to effect oscillation of the cir-
cuit at a desired frequency. ‘

7. A frequency-selective audio amplifier circuit,
comprising a vacuum tube amplifier having grid
and cathode input elements, and feedback cou-
pling means between the output and input of
sald amplifier, said coupling means including a
bridged T network arranged to provide negative
and positive feedback paths, said T network in-
cluding capacitance arms bridged by a resistor,
said arms being connected to the amplifier out-
put and to said cathode element, respectively, and
the upright of said T network being connected
to said grid element, said upright including a
variable resistor adapted to relatively vary the
negative and positive feedback actions.

8. In combination, g vacuum tube amplifier
having at least an output electrode and a pair
of input electrodes, a bridged T network, means
including said network for coupling said output
electrode and one of said input electrodes in de-
generative phase relation, means including said
network for coupling said output electrode and
the other of said input electrodes in regenera-
tive phase relation, and means for varying a pa-
rameter of said network.

9. In combination, a vacuum tube amplifier
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having at least grid and cathode input electrodes
and an output anode, a bridged T network, means
including said network for coupling szid anode
and said cathode in degenerative phase relation,
means including said network for coupling said
anode and said grid in regenerative phase reia-
tion, and means for adjusting a circuit element
of said network.

10. An osciliator circuit, comprising a vacuum
tube amplifier having at least an ocutput electrode
and a pair of input electrodes, 2 bridged T net-
work, means including said network for cou-
pling said output electrode and one of said in~
put electrodes in degenerative phase relation,
means. including said network for coupling said
output electrode and the other of said input elee-
trodes in regenerative phase relation, and means
for varying a parameter of said network.

11. An oscillator circuit, comprising a vacuum -
tube amplifier having at least grid and cathode
input electrodes and an output snode, 5 bridged
T network; means including said network for cou-
pling said anode and said cathode in degenerative
phase relation, means including said network for
coupling said anode and said grid in regenerative
phase relation;-and means for adjusting a circuit
element of said network.

JAMES C. DUNN.
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