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1 Claim. 

This invention relates to thermionic valve cir 
cuit arrangements suitable for use in radio re 
ceivers and in like apparatus. 
More particularly the invention relates to ther 

5 mionic valve circuit arrangements for carrier 
frequency operation and of the kind wherein am 
pli?cation and selectivity are increased by the use 
of reaction. 
The principal object of the invention is to pro 

10 vide an improved high frequency thermionic 
valve circuit arrangement of the reaction type 
whereby very high selectivity and stability is ob 
tained with the use of comparatively simple ap 
paratus. 

15 Another important object of the invention is to 
provide a stable simple high frequency ther 

_ mionic valve circuit arrangement of the reaction 
type wherein it is possible to obtain, either man 
ually or automatically, control of the selectivity 

20 and gain in such a manner that when the gain is 
at a maximum the selectivity is at a maximum and 
when the gain is at a minimum the selectivity is at 
a minimum. As is well known selectivity control 
of this nature is of considerable practical advan 

‘25 tage for radio receivers, for in general maximum 
selectivity is required when the receiver is operat 
ed to “pick up” signals from a remote or weak 
transmitting station-—that is to say, when the re 
ceiver gain is at a maximum. 

30 According to this invention, a carrier frequency 
thermionic valve circuit arrangement of the re 
action type comprises a plurality of tuned valve 
ampli?ers in cascade, and there is inserted in 
series with the anode-cathode space of one of said 
ampli?ers, an impedance, preferably a tuned im 
pedance from which feed back voltage is taken, 
said feed back voltage being superimposed upon 
voltage to a preceding valve. Preferably, means 
are provided for adjusting the steady bias of the 

4 preceding valve to which the feed back voltage is 
applied, and the inserted tuned impedance is on 
the cathode side of the valve with whose anode 
cathode space it is in series. 
Although not limited to its application there 

to the invention is particularly suitable for use 
with, and gives maximum advantage when ap 
plied to, the intermediate frequency ampli?ers of 
superheterodyne receivers. 

.50 The invention is illustrated in the accompany 
ing drawing which shows diagrammatically one 
embodiment thereof. 

Referring to the drawing the intermediate fre 
quency ampli?er of a conventional superhetero 

4 

$5 dyne receiver (the rest of the receiver is not 

(01. 179-—1'71) 
shown) comprises at least two ?xedly tuned am 
pli?er valves I, 2, in cascade. These valves are 
preferably radio frequency pentodes (and are 
shown as such) though other types of valve may 
be employed. In the description which follows 5 
it will be assumed that radio frequency pentodes 
are in question. , . 

Input signals from the frequency changer (not 
shown) of the superheterodyne receiver are ap 
plied, for example through a suitable coupling 10 
condenser E, to the innermost or control grid 4 
of the ?rst radio frequency pentode l, and to this 
grid is connected one end of a parallel tuned in 
put circuit L1 C1. The other end of this parallel 
tuned circuit is connected to an adjustable tap- 15 
ping point 5 upon a potentiometer resistance 6, 
one end of which is connected to the negative 
terminal ‘I of the common source (not shown) of 
the anode supply for the receiver, the other end 
of the resistance 6 being connected to the nega- 20 
tive terminal 8 of a source (not shown) of bias 
potential whose positive terminal is connected to 
the terminal 7 which is grounded. The screen 
grid 9 of the ?rst pentode l is positively biased, as 
in the usual way, through a lead it from a source, 25 
not shown, and the outermost or suppressor grid 
II is connected to the cathode l2 also as in the 
usual way. The anode I3 of the ?rst pentode is 
connected to the positive terminal ill of the 
source of anode potential through a parallel 3,0 
tuned circuit L2 C2 which is identical with the 
tuned circuit L1 C1, and the said anode i3 is also 
connected through a coupling condenser i 5 to 
the innermost or control grid [6 of the second. 
pentode 2. 35 

' This grid I6 is connected to the cathode of 
valve 2 through a resistance [8 in series with a 
negative bias potential source l9, and this con 
nection provides a partial anchoring of the said 
grid to the cathode as regards high frequency po 
tentials. Though theoretically it is better to 
anchor the grid Hi to the cathode ll it is often 
more convenient, in practice, to anchor the said 
grid to ground. Such anchoring of the grid I6 
to ground would introduce negative feed-back. 
from anode to grid in the valve 2, but this is of 
small importance since such negative feed-back 
would be overwhelmed by the over—all positive 
feedback from tube 2 to tube I. The screen grid 50 
20 of the pentode 2 receives positive potential 
as in the usual way. 
The suppressor grid 2| is connected to the 

cathode ll also in the usual way. The anode 
22 of the pentode 2 is connected to the positive 55 
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2 
terminal of the source of anode potential 
through a parallel tuned circuit L3 C3 which is 
identical with the two parallel tuned circuits al 
ready mentioned. The anode end of this paral 
lel tuned circuit is coupled to succeeding am 
pli?ers, not shown-for example, to further in 
termediate frequency stages or to a demodulat 
ing detector--for example, by a condenser 23. 
The cathode Il of the second pentode is con 
nected to the negative terminal ‘I of the anode 
source through a fourth parallel tuned circuit 
L4 C4 which is identical with the three parallel 
tuned circuits already referred to, the cathode 
end of this fourth parallel tuned circuit being 
connected also to the cathode I2 of the pentode 
l. A Icy-pass condenser 25 is connected between 
the terminal ‘5 and the movable point 5 on the 
potentiometer resistance 6. 

Since the two cathodes I2, H, are connected 
together and to one end of a feedback circuit 
constituted by the parallel tuned circuit L4 C4, 
feedback potentials will be applied to the oath 
ode l2, and accordingly such feedback poten 
tials will alter the grid-cathode potential of the 
pentode I in such manner as to assist input sig 
nals and provide “additive” reaction. If the 
control grid I6 of the pentode 2 is anchored 
relative to its associated cathode, and not rela 
tive to ground, the feedback potentials will not 
affect the second valve, though, as above stated, 
even if the grid it is anchored to ground, such 
negative feedback as is thereby produced will be 
“swamped”. All four parallel tuned circuits are 
identical, and for an intermediate frequency am 
pli?er designed to operate at a million cycles per 
second a value of 2 microhenries for the induct 
ance and .012 microfarads for the capacity in 
each of the four parallel tuned circuits have 
been found to give satisfactory results. 

L4 C4 functions as the impedance disposed in 
the space current paths of tubes l and 2. Across 
this impedance Li C; is developed the feedback 
voltage. The small alternating current compo 
nent of the space current of tube I develops 
across L4 C4 at resonance, a voltage which is im 
pressed on the input electrodes of tube I in 
degenerative phase. The alternating current 
component of the space current of tube 2 is 
larger due to ampli?cation, and by virtue of 
the phase reversal due to the resistance coupling, 
there is developed across L4 C4 at resonance a 
larger voltage which is impressed on the input 
electrodes of tube I in regenerative phase. It 
can be shown that increasing the product of the 
gains of tubes I and 2, or the impedance of L4 C4, 
will increase the regenerative feedback. Hence, 
by increasing the gain of tube I the regenerative 
feedback across L4 C4 increases, and accordingly 
increased selectivity results. Such gain in 
crease, by shifting tap 5 to decrease the nega 
tive bias of grid 4, is employed when receiving 
weak signals; during weak signal reception in 
creased selectivity being desired. 
For intermediate frequency ampli?ers de 

signed to operate at two million cycles per 
second, the following values have been found sat 
isfactory in each casez-inductance value £2.53 
microhenries and capacity value .0025 micro 
farads. 
With an arrangement as above described, it is 

possible to adjust the circuit constants in such 
manner that when the movable tapping point 5 
is at, or near, the relatively positive end ‘I of the 
potentiometer resistance 6, the self-oscillation 
point is just about reached, and in an arrange 

2,068,112 
ment so designed very high selectivity and gain 
will be obtained if the potentiometer tapping 
point be moved slightly in the “negative” direc 
tion from the self-oscillation point. By mov 
ing the tapping point still more negatively both 
gain and selectivity may be reduced. 
In place of using a potentiometer to give man 

ual control in this way, an equivalent result, 
namely alteration of the D. C. grid bias upon 
the control grid of the first pentode, may be 
obtained automatically in dependence upon re 
ceived signal strength by any known automatic 
volume control circuit connected and arranged 
to provide a D. C. bias potential depending upon 
received signal strength. Control can also be 
exercised by varying the bias potential on the 
second grid, or alternatively by leaving the grid 
bias potentials ?xed and varying the feedback 
impedance by means of a variable shunt resist 
ance 3!! across the circuit L4 C4. 
The following part theoretical analysis will 

assist in an appreciation as to the reasons for 
the satisfactory operation of a circuit as above 
describedz-It is known that if an ampli?er sys 
tem be so arranged that a fraction of the output 
voltage E be fed back to the input side, then, if e 
be the input voltage and p. the ampli?cation 
factor, and if the fraction of the output voltage 
fed back be B, 

that is to say, the effective ampli?cation 

There are known reaction type circuits where— 
in, in order to secure stable ampli?cation and 
relative freedom from distortion, the co-e?icient 
B is made negative; that is to say, the feedback 
voltage is made of such sense as to reduce mag 
ni?cation. It is to be noted that in a circuit 
according to the present invention, and as above 
described, B is made positive, but the adjust 
ments and design should be such that the product 
n3 is less than unity, for when this product be 
comes equal to unity the oscillation point is 
reached. So long, however, as [LB is below unity 
the circuit is stable. If MB is much less than 
unity, the effective ampli?cation is only slightly 
increased by reaction, and it will be noted that 
in the circuit described MB can be increased up 
to the limit set by the oscillation point; this 
increase being effected by moving the adjustable 
tapping point on the potentiometer towards the 
relatively positive end of the potentiometer re 
sistance, the factor a being thus altered and the 
factor B remaining constant. 
The four parallel tuned circuits in the here 

inbefore speci?cally described embodiment of the 
invention are all sharply tuned and since they 
are identical the factor B will be equal to one 
half. With the third and fourth mentioned par 
allel tuned circuits L3 C3 and L4 C4 identical— 
that is to say with B=.5 the oscillation point is 
reached when ll=2, for with these values of a 
and B the product ,uBzunity. Preferably in car 
rying out this invention the circuit constants (in 
cluding the bias upon the second pentode) are 
so adjusted that #:2 or thereabouts, and B is 
selected at .5 or thereabouts. 

A. practical advantage of this particular selec 
tion design lies in the fact that with these values 
of mu and B the ratio of inductance to capacity in 
the tuned circuits is very small as compared with 
the ratio normally used in radio receiving cir 
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cuits. For example, whereas in an ordinary re 
ceiver circuit for 1,000 kilocycles 160-200 micro 
henries is‘ considered a normal value of induc 
tance for a tuned circuit, the inductance in each 
of the tuned circuits in the speci?cally described 
embodiment of this invention may be, as stated, 
only 2 microhenries and the capacity .014 micro 
farads. This low inductance-capacity ratio con 
tributes largely to the smooth and satisfactory 
working of the arrangement and because the tun 
ing capacities are relatively large, effects due to 
stray capacity and residual “Miller effect” ca 
pacities are much reduced. It is also possible to 
design the circuits to have a high so-called “Q” 
value (resistance divided by inductive reactance), 
and as this “Q” value determines the rate at 
which the ampli?cation decreases for alteration 
of the frequency on either side of that frequency 
at which maximum ampli?cation occurs (reso 
nance), good selectivity is obtained. Even if 
there were no feedback, the initial conditions 
would be such as to result in good selectivity. 
Although in the speci?c embodiment of the 

invention above described and illustrated the 
circuits L1 C1, L2 C2, L3 C3, and L4 C4 are all 
identical this is not an essential feature. For 
example, a convenient and stable embodiment is 
one wherein the circuit L4 C4 is shunted by a 
suitable resistance and in some cases the said 
circuit L4 C4 may be replaced by a resistance. 
It is owing to the fact that best results are ob 
tained with the use of large condensers in the 
tuned circuits that the invention is most advan 
tageously applicable to intermediate frequency 
ampli?ers operating at frequencies of the order 
of 1,000 to 2,000 kilocycles. 

In this connection it may be noted that it is 
very difficult with known arrangements to design 
an intermediate ampli?er of the ordinary type 
and working at about 1,000-2,000 kilocycles which 
will have su?icient selectivity to give “two chan 

3 
nel separation” in a broadcast receiver with the 
present spacing of broadcast transmitters in ac 
cordance with international agreement. With a 
circuit as herein described, however, it has been 
found possible to obtain “two channel separa 
tion” quite easily and in fact in many cases “sin 
gle channel separation” can be obtained. These 
facts together with the large gain which is ob 
tained at maximum selectivity make the inven 
tion very advantageous for use in superhetero 
dyne receivers. The invention is, however, not 
exclusively limited to superheterodyne receivers 
nor indeed to ?xedly tuned ampli?ers, for the 
described circuit arrangement may be modi?ed to 
constitute a tunable ampli?er by making the 
tuned circuits adjustable as to their natural fre 
quency and gang-controlling them. 
What is claimed is: 
A carrier frequency thermionic valve circuit 

arrangement of the reaction type comprising a 
?rst valve having a carrier frequency tuned cir 
cuit in its control or input grid circuit and a 
carrier frequency tuned circuit in its anode cir 
cuit, a second valve having its control or input 
grid coupled to the anode of said ?rst valve and 
a carrier frequency tuned circuit connected be 
tween its anode and a source of anode potential 
therefor, said second valve having an inserted 
impedance connected in series between its cath 
ode and the negative terminal of the source of 
anode potential therefor, said negative terminal 
also constituting a point upon the grid circuit of 
the ?rst valve whereby voltage set up across said 
inserted impedance is‘ fed back to the control or 
input grid of the ?rst valve, means for adjust 
ing the control or input grid bias of said ?rst 
valve, said inserted impedance being a tuned cir 
cuit substantially identical with the other three 
tuned circuits. 
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