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This invention relates to coupled tuned cir-

cuits, and provides means for controlling the
effect of feed-back from one of the: tuned c1rcu1ts
to the other,

The present invention is particularly suita,ble

monics.

capacity-potentiometer,

2

tion the capacity-potentiometer may consist of
two capacity-potentiometers effectively in . paral-
lel, with the tuned input circuit connected from
a tapping point on one capacity-potentiometer
to a similarly placed tapping point on the other

for controlling the effect of feed-back of energy capacity-potentiometer, and with its mid-point
from a tuned output circuit to a tuned input cir- connected to one end (conveniently referred to
cuit, when these two circuits are coupled by as the lower end) of the parallel-connected ca-
means of one or more thermionic valves.. The pacity-potentiometers so that each of the two
tuned output circuit may be tuned to the same 19 electrical halves of the tuned input circuits is
frequency (fundamental frequency) as is the in- connected acrosspart of a different one capacity-
put circuit, or it may be tuned:to a frequency potentiometer, while the tuned output circuit is
which is, or to frequencies which are, in harmonic connected across the whole of the parallel-con-
relationship to that to which the input circuit nected capacity-potentiometers; the said imped-
is tuned. It may be that in tuned circuits thus 15 ance being connected from the electrical mid-
coupled there is a measure of feed-back from the point of the tuned input circuit to the lower end
output tuned circuit to the input circuit, and this of 'the parallel-connected capa,mty-potentlom-
feed-back may be regenerative or it may be de- eters. .
generative. Moreover, feed-back may or may hot According to a second modification of the in-
be desirable, depending upon its nature, for ex- 2o vention, one end (conveniently referred to as
ample whether it is regenerative or degenerative, the upper end) of the capacity-potentiometer
and also upon the purpose for Whlch the coupled may be connected to one end of a neutralization
circuits are to be employed. capacitor, and the tuned input circuit may be
The present invention is mainly, though not connected from a tapping point on the capacity-
exclusively, concerned with those cases in which g5 potentiometer to the other end of the neutraliza-
in the output circuit there are components which tion capacitor and have its mid-point connected
it is desirable should not be fed back to the input to the lower end of the capacity-potentiometer,
cirecuit. These components which are not desired while the tuned output circuit is connected across
to be fed back may be the fundamental, or odd the whole of the capacity-potentiometer, the said
harmonics, or even harmonics, - For the purposes 30 impedance being connected from the electrical
of explanation the fundamental frequency may mid-point of the tuned input circuit to the lower
be regarded as an odd harmonic since it behaves, end of the capacity-potentiometer.
generally, in the same manner as do the odd har- The circuits so far outlined are, insofar as they
Moreover, since the anode-grid space may involve two capacity-potentiometers, push-
and the- grid-cathode space of a valve may be g5 push circuits; that is, both capacity-potentiom-
regarded as capacitors in series, with a tapping eters look into the same end of the tuned out-
point at the grid, the invention will be stated, put: circuit. - There is- another group of circuits
in general, as being applied to tuned circuits cou- to which the invention can be applied, namely
pled by a capacity-potentiometer. push-pull circuits; that is circuits in which each
According to the invention in one aspect, a cir- 4y capacity-potentiometer looks into a different end
cuit arrangement including a tuned-input circuit of the tuned output éircuit.
and a tuned output circuit coupled together by According to a third modification of the in-
means of a capacity-potentiometer, wherein the vention, a circuit arrangement including a tuned
input circuit is connected across part of the ca- input circuit and a tuned output circuit coupled
pacity-potentiometer while the tuned output cir- 45 together by means of a pair of capacity-potenti-
cuit is connected across the whole of the capac- ometers wherein the tuned input circuit is con-
ity-potentiometer, is provided with an impedance nected from a tapping point on one capacity-
connected effectively across the said part of the potentiometer to a similarly placed tapping point
said impedance being on the other and has its mid-point connected
constituted as a series-Ii/C circuit element reso- 50 to the common lower end of the two capacity-
nant at a frequency near to the frequency of the potentiometers, while the tuned output circuit
component of frequency in the output circuit, the is connected at one of its two ends to the upper
effect of feed-back of which it is desired to con- end of. one ‘of the two capacity-potentiometers,
trol, for example reduce or eliminate. at the other of its two ends to the upper end of
55

According to a first modification of the inven-

the other of the two capacity-potentiometers, and
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at its mid-point to the common lower end
through a connection including an inductor, is
provided with an impedance connected effectively
from the mid-point of the tuned input circuit
to the corhmon lower end of the two-capacity
potentiometers, said variable impedance being
constituted as a series-LC circuit element reso-
nant at a frequency near to the frequency of the
component of frequency in the output circuit, the
effect of feed-back of which it is desired to con-
trol, for example, reduce or eliminate.

According to a fourth modification of the in-
vention, in a circuit arrangement organized as
set out in the immediately preceding paragraph
so far as the input and output circuits are con-
cerned, the said impedance is connected effec-
tively from the mid-point of the tuned output cir-
cuit to the common lower end of the two capacity-
potentiometers, instead of from the mid-point of
the tuned input circuit.

According teo a fifth modification of the inven-
tion, a circuit arrangement crganized as set out
in the last but one paragraph so far ag the input
and output circuits are concerned, and including
neutralizing condensers, one connected from the
upper end of either capacity-potentiometer to
the tapping point on the other, is provided with
two impedances, one connected across each neu-
tralizing condenser, said impedances being con-
stituted as series-L/C circuit elements resonant
at a frequency near to the frequency of the com-
ponent of frequency in the output circuit, feed-
back of which it is desired to control, for ex-
-ample, to reduce,

If, because the operating freguencies are high,
or because the capacities of the constituents of
the capacity-potentiometers are large (large
valves for example), the inductances in the vari-
ous leads, particularly in the leads connecting
the tuned input circuit to the said tapping points,
cannot be neglected but are neutralized by the
inclusion of condensers in series in these leads
connecting the input circuit to the tapping points,
the circuit according to the third modification of
the invention may itself be modified, by being
rrovided with impedances connected across the
saild condensers included in the said leads, the
said impedances being constituted as series-L/C
circuit elements resonant at a frequency near to
the frequency of the component of frequency in
the output circuit, the effect of feed-back of
which it is desired to reduce or eliminate. This
arrangement is known as the sixth modificaticn
of the invention.

In the circuit arrangements according to the
invention, and to the modifications thereof, the
capacity-potentiometer or capacity-potentiom-
eters, as the case may be, may include the anode-
grid and grid-cathode capacities ¢f a thermionic
valve or of thermionic valves, in series, and in
the circuit arrangement according to the inven-
tion-or its first and second modifications the said
bart of said capacity-potentiometer or of said
capacity-potentiometers, as the case may be, in-
cludes the grid-cathode capacity of the said ther-
mionic valve or thermionic valves. Similarly, in
the circuit arrangements in which reference is
made to tapping points on the capacity-potenti-
ometers and the lower end thereof, the part be-
tween this point and lower end may be the grid-
cathode capacity of the said thermionic valve, or
thermionic valves.

All the circuit arrangements above described
may be constituted as frequency multipliers, the
tuned output circuit in all such cases being res-

4

onant at a frequency higher than, but harmoni-
cally related fo, that at which the tuned input
circuit is resonant., In all the circuit arrange-
ments above described, the said impedance may
include series connected inductors and capaci-
tors, either or both of which may be pre-set or
variable, tuned about the harmonic frequency at
which the tuned output circuit is resonant, or

" about a harmonic frequency present in the said
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tuned output circuit.

In the circuit arrangements in which the im-
pedance is stated to be connected to a mid-point
of the tuned input circuit, and in the circuit
arrangements in which the impedance is stated
to be connected to a mid-point of the tuned out-
put circuit, this mid-point may ke found on the
inductive element of these tuned circuits, or it
may be found on the capacitative element thereof.
In the former cases, the impedance may be con-
stituted by the choke in the grid bias or anode
current leads as the case may be.

In all the circuit arrangements, there may be
provided more than one impedance in all of the
places where one only is indicated, the imped-
ances being connected in parallel with each other
and being constituted as series-L/C circuit ele-
ments resonant at a frequency near to the fre-
quencies of different components of frequency in
the output circuit, the effect of feed-back of
which different components it is desired to con-
trol, for example to reduce or eliminate.

In the drawings:

Fig. 1 shows one embodiment and Fig. 2 shows
the equivalent circuit thereof,

Fig. 3 shows a modification and Fig. 4 is the
equivalent circuit,

Figs. 5 and 6 show two further embodiments,

Fig. 7 shows another modification, while Figs.
8, 9 and 10 are equivalent circuits thereof,

Figs. 11, 12 and 13 show different modifica-
tions,

In the circuit illustrated in Fig. 1, which illus-
trates the aspect of the invention as first set out,
8 triode V has a tuned input circuit L{, Ci con-
nected across its grid-cathode space G--F, a
blocking condenser C5 being included in the con-
nection between the cathoede F and the end of the
tuned input circuit to which the cathode is con-
nected. The end of this tuned input circuit re-
mote from the grid of the triode is connected
‘to the cathode of the triode through a connection
which includes a source of grid bias (not shown,
but indicated at —GB), the connection being
‘made at the side of the hlocking condenser C5
remote from the cathode F. 'The tuned input
cireuit is resonant at an applied fundamental fre-
quency which it is desired to multiply. A tuned
output circuit L2, C2, is connected across the
anode-cathode space A—F of the triode V, a
blocking condenser C5 being included in the con-
hection between the cathode F and the end of
the tuned output circuit to which the cathode is
connected. The end of the tuned output circuit
remote from the anode A of the triode is con-
nected to the cathode of the triode through a
connection which includes a source (not shown,
but indicated at +HT) of anode current, the
connection being made at the side of the blocking
‘condenser C6 remote from the cathode F. The
cutput circuit is tuned to, or the oscillatory en-
ergy thereln includes, a harmonic frequency.

The equivalent circuit is iliustrated in Pig.
2, wherein like references are used to those
used in Fig. 1, together with a few additional
references, The source of the harmocnic fre-
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b
quency in the tuned output circuit is represented
by generator B.and resistor Rp. To the harmonic
frequency the triode will appear as two capacitors
C8 and C# in series, respectively constituted by
the capacity between the anode A and grid G
and that between the grid G and cathode F, with
the tuned input circuit .connected across the
latter of these two capacitors. The tuned input
circuit being tuned to the fundamental frequency,
the impedance between the grid and cathode will
be capacitative at the harmonic frequency. These
two apparent capacitors C3 and C#4 constitute a

| 6 -
allel) and the potential fed back to the grid is.in
the same phase as that on the anode and: is
therefore degenerative. For the purpose of the

" invention, a variable impedance ZT is connected

10

capacity-potentiometer, and the potential fed '

back to the point G (the grid of the triode) is'in
the same phaseas that on the point A (the anode)
and is therefore degenerative. For the purpose

of the invention variable impedance Z7 is con-:

nected across the capacitor C4 (that is the grid-
cathode capacity) by means of which the poten-
tial fed back can be reduced to zero, or adjusted
to any desired extent according to the nature and
value of the said impedance. Thus if it takes the
form of an acceptor circuit at the harmonic fre-
quency, as illustrated in Fig. 1, consisting of an
inductor L7 in. series with ‘a capacitor C1, no
potential will be fed back to the grid at that fre-
quency.

In the circuit illustrated in Fig: 3, which illus-

trates the first modification of the invention, two .

triodes V' and V'’ have their anodes A’ and A"’
connected together directly, and their cathodes
7 and P’ likewise are connected together di-
rectly. A tuned input circuit Li, Ci is'connected
in push-pull to the grids G’ and G’’ of the two
triodes. The mid-point of the inductor Ll in the
tuned input circuit is connected to the cathodes

, F’ through a connection which includes a
source of grid bias (not shown, but indicated
at —GB) and a resistor or (as shown) inductor
1.3. The tuned input circuit is resonant at an
applied fundamental frequency which it is de-
sired to multiply.. A tuned output circuit L2, C2
is connected across the parallel related anode-
cathode spaces A’'—F’ and A"—F'’ of the two
triodes, a blocking condenser C6 being  in-
cluded in the connection between the cath-
odes and that end of the tuned oufput: cir-
cuit to which they are connected. The end
of the tuned output circuit remote from the
anodes of the triodes is connected to the cath-
cdes of the triodes through a connection which
includes a source (not shown but indicated at
+HT) of anode current, the connection being
made ab the side of the blocking condenser C6 re-
mote from the cathodes F’, F’’. The output cir-
cuit is tuned to, or the oscillatory energy therein
includes, an even harmonic frequency.

The equivalent circuit is illustrated in Fig. 4
wherein the source of harmonic frequency is
represented by generator B and resistor Rp. To
the harmonic frequency the two triodes and in-
put circuit will appear as two capacitors C3 and
C4 in series, respectively constituted by the capac-
ities C3’ and C3’’ between gnodes A’ and A’' and
grids G’ and G’/ and that between the said grids
and cathodes F’ and F’’ together with the bulk
capacitance of the tuned input circuit all in par-
allel, with the two halves of the inductor Ll of the
input circuit in parallel with each other and in
series with the resistor or inductor L3 connected
across the latter of these two capacitors. CA.
Again, the impedance between the grids and cath-
odes will be capacitative at the harmonic fre-
quency. The two apparent capacitors constitute
a capacity-potentiometer (or two such in. par-
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effectively across the apparent capacitor C4 con-
stituted by the grid-cathede capacitances, Physi-
cally. this variable impedance is connected from
thé mid-point of the.tuned input circuit to the
cathodes of the triodes. ' The connection may be
effected to the mid-point of the inductor Li of
the tuned input circuit, or as shown-in Fig. 3, to
the point of junction of two series-connected
tuning capacitors Cf.. By means of ‘this imped-
ance Z1, the potential fed back can be reduced to
zero or controlled to any desired extent according
to the nature and value of the said impedance.
Thus, if it take the form of an acceptor circuit
at the harmonic frequency, as illustrated in Fig.
3, consisting of an inductor LT in series with a
capacitor C7; no -potential will be fed bhack to
the grid at that frequency,

In the circuit illustrated in Fig. 5, which illus-
trates the second modification. of the invention;
a triode V has one end of a tuned input circuit
Li, Cl connected to its grid G, the other end of
the tuned input circuit being connected to one
side of a neutralizing capacitor C8, the other side
of which is connected to the anode A of the triode.
The mid-point of the inductor L{ in the tuned
input circuit is connected to the cathode through
2, connection which includes a source of grid
bias (not shown, but indicated at —GB) and a
resistor or (as shown) inductor L3. The tuned
input circuit is' resonant at an applied funda-
mental frequency which it is desired to multiply.
A tuned output circuit 1.2, C2 is connected across
the anode-cathode space A—F of the triode, a
blocking condenser C8 being included in the con-
nection between the cathode F and that end of the
tuned output circuit to which it is. connected.
The end of the tuned output circuit remote from
the anode of the triode is connected to the cath-
cde of -the tricde through a connection which
includes a source (not shown, but indicated at
+HT) of anode current,. the’'connection being
made at the side of the blocking condenser C§
remote from the cathode F. . The outpub circuit
is tuned to, or the oscillatory energy therein in-
cludes, a harmonic frequency. Such a circuit
can be used for either odd harmeonics, including
the fundamental frequency, or even harmonics,
and it resembles that of the first modification
illustrated in Fig. 3, with one of the triodes of
that circuit replaced by the capacitor C8, The
degree of feed-back can be controlled in a similar
way, by connecting a variable impedance, which
may take, and as illustrated takes, the form of a
series=1/C circuit LT, CT, between the mid-point
of the tuned input mrcult and the cathode F of
the triode V. ’

The arrangement illustrated in Fig. 1 may be
differently modified, as illustrated in Fig. 6. The
fundamental circuit is exactly the same as the
fundamental circuit of Fig. 1, that is as Fig."1
without the series-L/C -circuit L1, C1. It has;
however, a series-L/C circuit 19, C9 connected
across the capacitor C3 between the anode A and
grid G. This series-L.C circuit .is tuned to pro-
vide neutralization of feed-back at the funda-
mental frequency, and is a known device. In ad-
dition, a . further series-L C circuit LT C1, is
connected across capacitor C3 to control the de-
gree of feed-back at the harmonic frequency. In
this arrangement, the feed-back will be a mini-
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mum when the resultant impedance is ‘a maxi=
mum,

- In the circuit illustrated in Fig. 7, which illus-
trates the third modification of the invention,
two triodes V' and V'’ have their cathodes B
and P’ connected together directly, a tuned in-
put circuit L, Cl being connected on one of its
sides to the grid G’ of triode V' and on the other
of its sides to the grid G’’ of the other triode V’’.
The mid-point of the inductor LI in the tuned
input circuit is connected to the cathodes F’, F"’
through a connection which includes a source (not
shown, but indicated at —GB) of grid bias and a
resistor or (as shown) inductor L3. The tuned
input circuit is resonant at an applied funda-
mental frequency which it is desired to amplify
or to multiply to an odd harmonic frequency. A
tuned output circuit L2, C2 is connected at its one
side to the anode A’ of triode V’ and at its other
side to the anode A’’ of the other triode V'’. The
mid-point of the tuned output circuit is con-
nected to the cathodes F’, F’’ of the triodes
through a connection which includes a source
(not shown, but indicated at +HT) of anode cur-
rent and an inductor I.4. The tuned output cir-
cuit is in the push-pull mode, resonant to odd (in-
cluding the fundamental) frequencies, which
are those desired. The anode A’ of triode V' is
coupled through a neutralizing capacitor CI0’ to
a uc'nt where the tuned input circuit is connected
to the grid G’* of triode V’’, and the anode A’’ of
this triode V'’ is connected to a point where the
tuned input circuit is coupled through a neu-
tralizing capacitor CI8’’ to the grid G’ of tri-
ode V',

The capacitors CI0’ and CI6’’ neutralize the
push-pull oscillations fed back from the anodes
to the grids through the capacities C3’’ and C3’
respectively. However, the push-pull excitation
of the grids tends to excite the output circuit, in
push-push, at the undesired even harmonic fre-
quencies. An equivalent circuit for Pig. 7 is il-
lustrated in Fig. 8, like references are used to
those used in Fig. 7, together with a few added
references. Thus, capacitors Cll and C12 repre-
sent the general capacitances from the anode and
grid, respectively to ground. For the even har-
monic mode of oscillation, capacitors C3’, C3’’,
CI0’, and Ci9’’ (the latter two being represented
in Fig. 8 as C10) are effectively in parallel, equi-
potential points for even harmonics being shown
connected together. The response of the output
circuit to even harmonic oscillations depends
upon the impedance which this circuit offers to
such oscillations, but it is clear that the neu-
tralizing condensers (Cid in Fig. 8) will not neu~
tralize even harmonics fed back to the grids.

The circuit of Fig. 8, that is ultimately of Fig. 7,
can be further simplified to the equivalent circuit
Nustrated in Fig. 9, wherein again, so far as may
be, like references are used to those used in Figs.
7 and 8. It will be seen to have resolved itself
substantially to the circuit of Fig. 2. The source
of even harmonic frequencies in the tuned output
circuit is represented by generator B and resistor
Rp. To the even harmonic the triodes will ap-
pear as the two capacitors C31{0 and C412 in se-
ries, respectively constituted by the parallel ca-
pacitors C3’, C3"’, C10’ and Ci8'’ (Cig of Fig. 8),
and the parailel capacitors C& C§&’’, and Cl2,
with the two halves of inductor L{ of the input
circuit in parallel with each other and in series
with inductor L2 connected across capacitor
C412, and with the two halves of inductor L2 in
parallel with each other and in series with in-
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ductor L4 connected across the capacity potenti-
ometer constituted by capacitors C310 and C412.
Inductors L3 and L4 offer a high impedance so
that generator B produces an even harmonic po-
tential across the capacity potentiometer and a
fraction ;

C310

G310+ C412

of the anode potential will be fed back to the
point G, essentially the grids of triodes V’ and
V’’. " The potential fed back to point G will be
degenerative.

For the purpose of the invention, a variable
impedance Z7T is connected effectively across the
apparent capacitor C412 constituted by the grid-
cathode capacities, including the capacity he-
tween the grids and earth, in Fig. 8 designated
Ci2. The connection may be effected to the mid-
point of the inductor L! of the tuned input cir-
cuit, or as shown in Fig. 7 to the point of junc-
tion of two series-connected tuning capacitors
Cl. In Fig. 7 the variable impedance Z7 is repre-
sented by the two halves of capacitor Cl in paral-
lel, with the variable capacitor C7 and inductor L7
connected in series to ground. If the connection
is made to the mid-point of inductor LI it con-
sists of the two halves of I.{ in parallel, and these
parallel halves in series with L7 and C7 to ground,
It will be noted that these additions are made at
neutral points of the circuit as regards push-puil
operation, and so will not interfere with normal
working on the fundamental or old harmonics.
If it is necessary o provide control on more than
one even harmonic, say 2nd, 4th and 6th, then
other variable impedances may be connected in
parallel. It is not thought to be necessary to re-
produce these arrangements in drawings.

When large valves, or high frequencies are in-
volved, the inductances in the connections within
the valves, and those outside the valves by which
the various components are connected together
and the bulk capacitances to various parts of the
framework, cannot be ignored. To the even
harmonies, in this case, the circuit of Fig. 9, omit-
ting the impedance Z7, appears as indicated in
Fig, 10, in which the various symbols have the
following significations: C9 is the bulk capacity
between the top A of the potentiometer (the
anode of the valves) ; L9 is the inductance of the
connection, including that of the frame, between
A and the point on the frame which for high-
frequencies is a ground potential; CI10 is the bulk
capacity between point G (grid of the valves) and
frame; LI0 is the inductance of the connection,
including that of the frame, between G and the
point on the frame which for high frequency is
at ground potential; CI{ and LIl are, respec-
tively, the effective capacity and effective in-
ductance between points A and G (anodes and
grids of the valves including anode-cathode ca-
pacities) and neutralizing capacitors; CI2 is the
effective capacity between points G and F (grids
and filaments of the valves); and LI2 and LI3,
which apply only in the case of valves, are the
effective inductance between the filament, and the
point on the frame which, for high frequency, is
at ground potential; Li2 being the effective in-
ductance of the filament leads, and Li3 the in-
ductance of the frame between the point at which

the filaments are connected thereto through

blocking condensers, and the said ground point.
For simplicity, the grid-feed chokes, and anode-
feed chokes have been disregarded, and are not
represented. In such cases, the harmonics fed
back to the grid from the anode may have any
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phasé.” However, by connection of a suitable im-
pedance (ZT not shown) from point G-or G’ to
point.E, or from point A or A’ to point E, control
of the feed back may be effected.

In the circuit illustrated in Fig. 11, whmh re-
lates to the above case and 111ustrates the fourth
modification of the invention, the input and out-
put tuned circuits, respectively LI, C1 and 1.2,:C2
and triodes V’ and V"’ are connected as just de-
scribed, but instead of the variable impedance Z1,
or variable impedances if more than one are em-
ployed, being connected from the mid-point of
the input circuit to. the common cathode connec-
tion, it is connected from the mid-point: of the
tuned output circuit to the said common cathode
connection, so that voltage fed back to the grids
‘of the triodes at even harmonic frequencies can
be controlled. - In Fig. 11,.the variable impedance
Z1 is shown as consisting of series-connected in-
ductor LT and capacitor C1, connected from the
mid-point of capacitor C2 to the common cath-
ode connection, that is to ground. It could, of
course, be connected from the mid-point of in-
ductor 2.

In a circuit arrangement according to the fifth
modification of the invention, the input and out-
put circuits and the triodes are connected as in
PFig. 7, omitting the variable impedance L1, CT.
These circuits, so far as odd harmonics and the
_ fundamental are concerned, resolve themselves
into a four-armed bridge, as illustrated in Fig. 12
(omiting variable impedances Z1’ and Z1°’) with
the anode-grid capacities C3’ and C3’’ in two
opposite arms, and with the neutralizing capaci-
tors CI10’ and Ci0” in the other two opposife
arms. The tuned input circuit Li; Cl are con-
nected to the corners g’ and g’’ of the bridge to
which the grids G’ and G’ are connected. The
tuned output circuit 1.2, C2 are connected to the
corners ¢’ and a’’ of the bridge to which the
anodes A’ and A’’ are connected. )

Both the fundamental and odd harmonic elec-
tromotive forces operate across the diagonal to
which the output circuit is connected. Neglect-
ing the inductance in the arms of the bridge,
balance will be maintained across the diagonal to
which the input circuit is connected, both for the
fundamental and the odd harmonics. Hence,
there is no feedback from the anode to grid on
the fundamental or odd harmonics. Control of
feedback on any particular odd harmonic can be
provided by connecting variable impedances Z1’
and Z1’’ across the capacitors. CI10’ and CI0”’
respectively. An alternative to this would be to
connect variable impedances between grid and
anode of each valve, that is across capacitances
C3’ and C3’’. When large valves,.or high fre-
quencies are involved, the inductances in the
connections within the valves, and those ‘outside
the valves by which the various components are
connected together and the bulk capacitances to
various parts of the framework, cannot be ig-
nored.

In the circuit illustrated in Fig. 13, which takes
care,of these considerations and is in accordance
with the sixth modification of the invention, two
triodes V’ and V'’ have their cathodes F’ and F'’
connected together directly, a tuned input circuit
LI, Cl being coupled on one of its sides by a first
grid-coupling capacitor C25’ to the grid G’ of the
triode V' and on the other of its sides by a second
grid-coupling capacitor C25’’ to the grid of tri-
ode V!’. Grid bias potential is provided through
a connectlon which includes a source of grid bias
(not shown, but indicated at —GB) and resistors
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valve.  The'tuned input circuit L, Cl is resonant
at an applied fundamental frequency which it is
desired to multiply. A tuned output circuit L2,

; C2-is connected at its one side to the anode A" of

triode V' and &t its other side to the anode A’’ of
triode V’’. The mid-point of the tuned output
circuit is connected to the cathodes of the triodes
through 4 connection which includes a source of
anode current and inductor.I4. The tuned out-
put circuit is.resonant to, or has a component of
its oscillations, an odd harmonic frequency. The
anode A” of triode V’ is coupled through a capaci-
tor Cib’ to a point g”’ where the tuned input cir-
cuit is capacitatively coupled to the grid of triode
V'’, and the anode A’’ of triode V’’ is coupled
through ‘capacitor Ci0’’, to point ¢’/ where the
tuned input circuit is capacitatively coupled to the
grid:of triode V’.

Ag is apparent, this circuit also resolves itself
into a balanced bridge. The tuned input circuit
is ‘connected across one diagonal from points ¢’
and g’ '~and the tuned output circuit is connected
from the poirnts a’ and ¢’” across the other di-
agonal.” Provided the arms of the bridge all con-
tain equal effective values of inductance and ca-
pacitance the bridge will remain balanced as re-
gards the points at which the tuned input and
output circuits are connected, both for the fun-
damental and for the odd harmonic frequencies
for which the circuit would be used. As indicated
above, at high frequencies and with large valves

“the inductive reactance of the grid leads are ap-

preciable, and it is the function of the grid-cou-
pling capacitors to neutralize this inductive re-
actance at the fundamental frequency. At the
harmonic frequencies a regenerative voltage will
be fed back to the grids. This can be controlled
at any desired odd harmonic by variable series-
1./C -impedances ZT1" and Z1’’ connected across
the grid-coupling capacitors.

It has not been thought necessary to redraw
Figs. 12 'and 13 since, unlike the equivalent cir-
cuits of other arrangements, the various elements
have retained their identities, whereas in the
equivalent circuits of the other arrangements
some of the elements, as, for example, the two
halves of capacitor Cl in Fig. 13 which has lost
its identity in capacitance C4 of Fig. 4, have ap-
parently ceased to exist as separate entities.

What is claimed is:

1. A circuit arrangement including a tuned in-
put circuit, a tuned output circuit, a pair of ca-
pacity-potentiometers coupling said circuits, the
tuned input circuit being connected from. a tap-
ping point on one capacity-potentiometer to a
similarly placed tapping point on the other and
having its mid-point connected to the common
lower end of the two capacity-potentiometers, the
tfuned output circuit being connected at one of
its two ends to the upper end of one of the two
capacity-potentiometers, at the other of its two
ends to the upper end of the other of the two
capacity-potentiometers, and at its mid-point. to
the common lower end through a connection in-
cluding an inductor, wherein neutralizing capaci-
tors are connected from the upper end of either
capacity-potentiometer to the tapping point on
the other and two impedances are provided, one
connected across each - neutralizing condenser,
said impedances being constituted as series-L/C
circuit elements resonant at a frequency near to
the frequency of the component of frequency in
the output mrcult feed-back of which if is desired

75 to control,
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2. A circuit arrangement including a tuned in-
put circuit coupled to a tuned output circuit by
means of a pair of thermionic valves having their
cathodes connected together, and from the grid
of one of which to the grid of the other of which
said input circuit is connected, and from the an-
ode of one of which to the anode of the other
of which said cutput circuit is conneected, where-
in for the control of feed-back from said output
circuit to said input circuit, at least one series
L/C impedance network is connected from the
mid-point of said input circuit to said cathodes,
said impedance network being resonant at a fre-
quency near to the frequency of a component fre-
quency which it is desired to control,

3. A circuit arrangement including s tuned in-
put circuit coupled to a tuned output circuit by
means of a pair of thermionic valves having their
cathodes connected together, the anode of either
being coupled through a capacitor to the grid of
the other, and from the grid of one of which to
the grid of the other of which said input circuit
is connected, and from the anode of one of which
to the anode of the other of which said output
circuit is connected, wherein for the control of
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feed-back from said output circuit to said input
circuit, at least one series L/C impedance network
is connected acress each of said capacitors, said
impedance network being resonant at a frequency
near to the frequency of g component frequency
which it is desired to control.

4. A circuit arrangement including a tuned in-
put circuit coupled to a tuned output circuit by
means of a pair of thermionic valves having their
cathodes connected together, and from the grid
of one of which to the grid of the other of which
said input circuit is connected, and from the an-
ode of cne of which to the anode of the other
of which said output circuit is connected, where-
in, in the connection between said input circuit
and either of said grids a capacitor is included,
and wherein for the control of feed-back from
said output circuit to said input circuit, at least
one series L/C impedance network is connected
across each of said capacitors, said impedance
network being resonant at a frequency near to
the frequency of a component frequency which it
is desired to control. . o
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