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5 Claims.

This invention relates to thermionic amplifiers
and more particularly to such smplifiers in which
a feedback circuit is provided for feeding back.
waves including those of the range of trans-
mitted frequencies from the output to the input
of the amplifier to reduce the gain of the am-
plifier below the value. it would have without
feedback, in order to.reduce unwanted modula-
tion and/or non-linear effects and to render the
gain stability greater than it would be without
feedback.

The invention consists more particularly in im-
provements in .or modifications of feedback ar-
plifiers in which the feedback voltage applied to
the input is obtained from a tapping on. a reac-
tive potentiometer which is shunted across the
feedback path and the impedance of which is
large compared with the impedance presented
to it by the feedback path. Such an arrange-
ment provides a simple means of adjusting both
the gain and egualization of the amplifier.

According to the present invention in an am-
plifier as described in the preceding paragraph,
one or more networks is or are also incorporated
_ in the feedback path, which network or networks
iz or are so designed. that the phase and gain
characteristics of the amplifier outside the-op-
erating range are modified in such manner that
instability is prevented whilst esaving the gain
substantially unafiected in the operating range.
preferably the network or networks is or are
shunted acress the feedback path in series with
an impedance which is low compared with the
jmpedance of the reactive potentiometer. In
an alternative arrangement in which the po-
tentiometer comprises a reactive portion and a
resistive portion the latter being included in the
grid circuit of a valve of the amplifier and in
which o low impedance is shunted across the po-
tentiometer, the network or networks is or are
inserted between the junction of the resistive
portion and the low impedance and the cathode
of the valve.

In the accompanying drawings, Figs. 1 and 2
show two embodiments of the invention and Fig.
2 is a curve used in the explanation of the in-
veniion in the following detailed description.

Referring to Fig. 1 this shows an amplifier of
the kind described in British Patent No. 472,256
but only sufficient of the circuit is shown for a
proper understanding of the present invention.

The cutput bridge consists of the resistance
R1{7 shunted by condenser C!8, the resistance
R16, the resistance Ri5 and condenser Ci2 in

series and the plate cathode impedance of the &
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valve V3, This is a balanced bridge-and the.con-
denser C18 is made variable for- adjustment: of
the output impedance at high frequencies: and:
the resistance RI5 is also made slightly. varia-
ble to give a measure of output impedance ad-
justment over the whole Irequency range, as
deseribed. in the above-mentioned patent.

The feedback voltage is taken across the. di-
agonals of the output bridge in the normal man-
ner. Thus a lead is taken from the junction of
RI§ and RIT and is connected through. the im-
pedance. R26, L8 and C2I to the feedback re-
sistance RZ2. Shunted directly across. the out-
put bridge feedback diagonals i, the circuit con-.
sisting of R23 in. series with R24 and 1.9:in par-
allel in series with R25 and C18:in parallel. The
elements C19 and R25 in parallel: are inserted
to give enhanced stability at the lower end of-
the frequency spectrum, &s described. in British
Patent 499,315 complete. accepted: January 23,
1939, and the elements R24 and L8 .in parallel’
serve to correct the upper end of the frequency
spectrum, as described in the.same. patent. The.
combination of these two correcting networks
forms a simple. band elimination filter and
enables a considerably greater amount of. feed-.
back to be employed. without fear of oscillation.
than would otherwise be. possible. The. resist-
ance R23.is.a low impedance shunt whose value.
is small compared with the impedance. of R22
and the equalising network (consisting. of R2S5,
1.8 and C2{ in parallel) in series.

The frequency range covered by a typical am-
plifier for use in an open wire carrier broadcast
channel is 34—42.5 kilocycles. The stability cor-
recting networks, comprising elements C18, R25,
R24 and L9, have no effect on the frequency
characteristic in this range. The equalising net-
work, consisting of the elements R28, L8 and C21
is inserted in order to correct the gain frequency
characteristic of the amplifier for the losses intro-
duced by the line separating filters which are used
to separate the 3-channel equipment from the
proadcastchannel. 'Thetype of correction obtain-
ed is shown in Fig. 3 in which the gain in db. of
the amplifier is plotted against frequency inke. It
will be seen that over the range 34 fo 42.5 ke. the
variation is approximately 3.3 db. with the highest
gain at 34 ke. In order to provide for the manu-
facturing variations in the line filters, the equal-
iser has heen made variable by providing a small
adjustment on the condenser C2{.

The feedback voltage is taken from a tapping
on a2 high impedance potentiometer shunted
across the feedback path.
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The high impedance potentionmeter shunted
across the feedback path comprises the feedback
resistance R22 in series with the equalising net-
work consisting of R26, L8 and C21 in parallel.
R23 is a low impedance shunt across the diagonals
of the output bridge.

In order to understand why it is necessary to
insert the stability correcting networks in series
with the low impedance shunt R23, it is necessary
to consider the operation outside the pass range
of the amplifier. At the frequencies at which the
stability correcting networks take effect, the im-
pedance of the equalising network R26, L8 and
C21 in parallel will be negligible, and we may
therefore consider R22 as connected directly
across the feedback path. It has already been
stated that the impedance of R22 is high com-
rared with that of R23, and the effect, therefore,
of shunting R22 across R23 will be almost negligi-
ble as regards the voltage generated across R23.
Any correcting networks inserted in series with
R2Z3 will cause a variation in voltage across the
resistance R23 at the required frequencies. On
the other hand, any networks or impedances in-
serted in series with R22 will have a negligible
effect on the feed back voltage because R22 is al-
ready high in impedance compared with R23.
This is borne out in practice and no increase in
stability is obtained by the insertion of correcting
networks in series with R22.

An alternative position for the correcting net-
works is shown in Fig. 2. In this case, the cor-
recting networks are placed between the junction
of R22 and R23 and the cathode lead as shown.
In this case, of course, the feedback voltage is
corrected by the insertion of the stabilising net-
works because these are in series with R23 as
well as R22. )

The values of the varicus components compris-
ing the stabilising and equalising networks to
give a curve such as that shown in Fig. 3, may be
as follows: ‘

R22 ohms_. 830
R23 do____ 29
R do__.. 1000
R do__.. 5000
R26.. do_... 1162
L8 millihenries__ 5388
L9 microhenries.... 11
CI8 m. f.__ 2
Ca microfarads.. .04318
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‘The design of the amplifier is such that if the
equalising element is shorted out, a Hat gain over
the range 34 to 42.5 kc. of 60 db. is obtained.

What is claimed is:

‘1, A negative feedback amplifier circuit for
amplifying a given range of frequencies, which
comprises an amplifier having an input and out-
put channel, a feedback channel energized from
said output channel, a reactive potentiometer of
substantially higher impedance than said feed-
back channel bridged across said energized feed-

" back channel so as to draw a current therefrom, a
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circuit branch of substantially lower impedance
than said potentiometer also bridged across said
energized feedback channel so as to draw a sub-
stantially larger current therefrom, connections
from one side of said feedback channel and from
an intermediate point of said potentiometer re-
spectively to said input channel, and a network
connected to be traversed by said substantially
larger current and proportioned to vary the gain
of the circuit only outside said given range and in
such sense as to increase stability.

2. A negative feedback amplifier circuit ac-
cording to claim 1, wherein said network is
serially connected in said lower impedance cir-
cuit branch so as to be traversed solely by said
substantially larger current.

3. A negative feedback amplifier as claimed in
claim 1, in which said potentiometer comprises a
reactive portion and a resistive portion said re-
sistive portion being included in the grid circuit
of a valve of the amplifier, and said network be-
ing inserted between the junction of said resistive
portion and said circuit branch and the cathode
of said valve.

4. A negative feedback amplifier as claimed in
claim 1, in which impedances are connected with
the output of said amplifier to form a bridge cir-
cuit and said feedback channel is energized from
the diagonals of said bridge.

5. A negative feedback amplifier circuit ac-
cording to claim 1, wherein said network is
serially connected in one side of said feedback
channel so as to be traversed both by said sub-
stantially larger current and also by said current
through said potentiometer.

ALLEMAN HOLLY ROCHE.




