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This invention relates to thermionic valve

amplifier circuit arrangements and more particu-~
larly to improvements in or modifications of the
circuit arrangements claimed in U. S. Patent No.

2,358,428, granted to E. L. C. White, Sept. 19, 1944,

In said patent there is claimed a circuit ar- "

rangement comprising a thermionic valve and a
load arranged in a cathode follewer -circuit,
means for applying signals to the control elec-
trode of said valve, a further valve having its
output circuit arranged to feed current to said
load in opposite sense to the current fed thereto
by said first-mentioned valve, said further valve
also being arranged to be controlled by said
_signals, the arrangement being such that if the
current flowing through said load under the
control of said first-mentioned valve is caused
to increase on the application of said signals, the
current flowing through said load under the con-
trol of said further valve is caused to decrease
and vice versa.

Arrangements of this kind have the practical
disadvantage that either separate sources of
- anode power have to be provided for the two

valves, or alternatively, a single source of power -
with a low impedance tapping has to be pro-

vided.

The object of the present invention is to pro-
vide an improvement in or modification of the
cathode follower circuit claimed in the patent
in which a single source of anode current power
without a low impedance tapping point can be
used.

~ According to the. invention there is- provided
a circuit arrangement comprising a first and
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8 second pair of similar valves, the anode to -

cathode paths of the valves of each pair being
arranged. in series in the same sense across a
single source of anode voltage, a load circuit ar-
ranged to receive current in opposite senses from
the valves of each of said pairs of valves and
means for applying signals to said valves so that
the valves of each pair are excited in opposite
phase and the contributions of all said valves to
the signal current through said load are addi-
tive.

In order that the invention may be more fully
understood it will now be described; by way of
example, with reference to the accompanying
drawing in which:

Figure 1 shows a cathode follower circuit ar-

rangement forming the subject matter of the
patent above referred to,

Figure 2 shows a circuit arrangement of one
form .of the present invention, and
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Figure 3 shows an alternative circuit arrange~
ment according to the present invention.

In each of these figures some elements, such
as blocking condensers and leak resistances,
which are not necessary to an understanding of
the invention have been omitted for simplicity.

Referring now to Figure 1, it will be seen that
the arrangement comprises valves | and 2, the
cathode 3 of valve [, the anode 4 of valve 2 and
one terminal of the load 5 being connected to

~a common point and the other terminal of said

Jload 5 is earthed. The anode 6 of valve | is
connected. through resistance 7 to the positive
pole of a source of anode potential 8, the nega-
tive pole of which is earthed. The cathode 9 of
valve 2 is connected to the negative pole of the
source of anode potential 18, the positive pocle of
which is earthed. The signals to be amplified,
provided by a source of signals shown diagram-
matically at {1, are fed to the grid {2 of valve {
and similar signals reversed in phase which ap-
pear at the anode 6 are fed by condenser {3’ and
the conductor 13 to the grid {4 of valve 42 so
that valves | and 2 are excited in opposite phase.
The grid 14 is returned to cathode 9 through grid
leak resistor 14’, as shown in the aforesaid pat-
ent. As explained in the patent referred to, this
circuit arrangement presents to the lcad 5§ a lower
impedance than would be presented by valve |{
or valve 2 in the usual cathode follower circuit.
It will be observed, however, that the circuit
arrangement shown in Figure 1 requires two sep-
arate sources of anode voltage § and 18, which
is inconvenient in practice. If a single source
of anode voltage having an intermediate tapping

- point were to be used, considerable currents would

flow in operation to and from the tapping point,
and the arrangement would have to be such as
to provide a low effective impedance at the tap- -
ping point as otherwise undesirable changes in
ancde voltage applied to valves t and 2 would

_occur.  Although such a single source of anode
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voltage with a low impedance intermediate tap-
ping point might he devised, it would be compli-
cated and expensive.

This difficulty of anode power supbly may, how--
ever, be overcome according to the present in=
vention by adopting the circuit arrangement
shown in Figure 2, in which elements correspond-
ing to elements of Figure 1 having been given sim-
It will be seen that this
circuit consists of two pairs of valves |, 2, ta, 2a
each pair similarly arranged substantially in ac-
cordance with the arrangement of Figure 1 ex-

-cept that the terminal of the load § which was
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formerly earthed is now connected to the com-
mon point of the cathode 3¢ and anode 4a of
valves laq, 2a respectively, and further, that a
resistance {5 is connected in the cathode leads
of valves 2, 2a between the cathodes 8, 9¢ and
the negative poles of the batteries I8, i8a. It
should also be observed that the negative pole of
the source of anode voltage 8 is no longer con-
nected fto the load, but is instead connected to
the end of resistance 15 remotfe from the cath-
odes 8, 9¢a, so that the anode to cathode paths
of each pair of valves are arranged in series in
the same sense across said source 8. Each of
grids 14 and l4a is connected to the negative end
of current source 8 through respective grid leak
resistors 14’ and (4’’. Condensers 13’ and 3"
are inserted in respective leads 13 and (3a.

With this arrangement, the signals applied to
the grid (2 of valve | by the source of signals i
excite the valve 2 in opposite phase as described
with reference to Figure 1. The resultant cur-
rents fed by valves { and 2 through the load 5
flow through the effective cathode impedance
of valve la with its associated valve 2a, and the
voltage drop of the signal currents across this
impedance causes changes of potential of the
cathode 32 with respect to the negative pole of
the voltage sources 8 and 18a. As the grid 12¢
of valve lg is connected via source {8a to source
8 so that its potential with respect to the source
8 is fixed, its potential does not vary with signals,
Thus, the potential variations of the cathode 3a
due to signals are effectively applied between said
cathode 8z and grid I2q, thereby causing changes
in the anode current of valve la and, due to the
coupling between anode 6¢ and grid (4a, changes
in the anode current of valve 2a¢ in the opposite
sense. It is easily seen that the contributions of
each of the valves i, 2, la, 2¢ to the signal cur-
rents through the load 5 are additive.

The cathode resistance 15 is provided to assist
in maintaining symmetrical operation. If will be
appreciated that if, for example, the signal cur-
rent variations of valve 2 tend to be greater than
those of valve 2a, a signal voltage will be de-
veloped across resistance {5 which will tend {o
equalise the current variations of these two
valves,

Due to the addition of the contributions of all
the valves, the impedance seen by the load 5 is
very low and can be shown to be approximately

equal to
1
E, .
a(gg-l-l)

where g is the conductance of the valves I, la,

2, 2g, which are all assumed to be equal and R-

is the value of the resistance of T and 74, which
are assumed to be equal.

It will be appreciated that although the cur-
rents in the valves |, la, 2, 2¢ vary with the ap-
plied signals, the current drawn from the source
of anode voltage 8 is substantially constant due
to the balanced circuit arrangement, and conse-
quently the source 8 may have relatively poor
regulation without adversely affecting the opera-
tion of the arrangement, .PFurther, the sources
18, 18a, are not required to provide any current
and may therefore take the form of low capacity
" batteries or a high resisfance potential divider
across the source of voltage 8. An arrangement
of this kind is shown in Figure 3 in which ele-
‘ments corresponding to those of Figure 2 have
- been given the same reference numerals. It will
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4
be seen that the sources of voltage 18, 18a have
been eliminated, and the potential of grid 12a
has been held fixed with respect to the source
of voltage 8 by connecting it fo a tapping poiné
{6 on a potential divider across said source. The
terminal of the source of signals {i which was
formerly connected to one pole of the source 18
is now connected to the common point of the
cathode 3¢, anode 4¢ and load 5, which brings
the grid {2 fo a suitable operating potential.
This arrangement has a further advantage that
an earth may be applied as shown at 11 to one
terminal of the source of signals and to one ter-
minal of the output load.

Although in the circuit arrangements above
referred to the contributions of each of the valves
to the signal current in the load have been as--
sumed to be substantially equal, the invention
is not limited to arrangements of this kind. Thus,
for example, it is sometimes desirable to feed
pulses of current with a very high rate of rise
and fall to a load circuit and in such cases the
two valves which give inereased current through

-the load may be excited to a greater extent than

the other two valves which give decreased cur-
rent through the load or vice versa. This may
be accomplished by omitting the cathode re-
sistance 15 or by connecting a sufficiently large
bypass capacity across it. If screen grid or
pentode valves are used it is desirable in such
cases to decouple the screen of each valve di-
rectly to its associated cathode.

‘It will be seen that in the arrangement shown
in Pigure 3, the source of anode voltage 8 is not
directly earthed. If, as will usually be the case,
the source 8 takes the form of a mains rectifier
and smoothing circuit, two equal condensers con-
nected in series should preferably be connected
across the D. C. voltage supply leads and the
common point of said condensers connected to
the line which is earthed at 11. If valves |, 2,
la, 2a¢ are screen grid valves, the voltage sup-
plies for their screen grids may be obtained from
the source of anode voltage in known manner
through dropping resistances, some of which
may, if desired, be common to the screen grids
of corresponding valves of each pair. Further,
the effective bias on the valve | may be adjusted
if desired by introducing a dropping- resxstance
between the cathode 3 and the anode 4.

In order to ensure that the signals derived from
the incoming signals and applied to-the input cir-
cuits of valves 2, fa and 2q shall be substantially
identical in waveform with the applied signals,
the couplings between the anode 6 and grid 4
and between anode 6c¢ and grid {4a should be ar-
ranged, for example, by the insertion of suxtable
networks between these electrodes in known man-
ner, so that as little amplitude and phase distor-
tion as possible will arise. The effective output
impedance of the arrangement is dependent upon
the values of the coupling resistance T and 7a¢ and
the output impedance may, for example, be re-
duced by increasing the values of resistance 7, 1a,
although such-increase will limit the frequency
band over which phase and amplitude distortion
can be avoided,

Although the invention has been described with

- reference to two pairs of valves, it will of course

70

be understood that each valve of each pair may,

" if desired, be replaced by a number of valves in

5

barallel.

I claim as my invention: '

1. A circuit arrangement comprising g first
and g second pair of similar valves, the anode to
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cathode paths of the valves of each pair being
arranged in series in the same sense across g single
source of anode voltage, a load impedance having
one end thereof connected to a point common to
the respective cathoede and anode of the first pair
of valves, the opposite end of said load impedance
being connected to a point common to the re-
spective cathode and anode of the second pair of
valves whereby the load impedance is adapted to
receive current in opposite senses from the valves
of each of said pairs of valves, means for applying
signals to said valves -so that the valves of each
pair are excited in opposite phase, additional con-
nections whereby corresponding valves of the two
pairs are also excited in opposite phase and the
contributions of all said valves to the signal cur-
rent through said load impedance being additive,

2. A circuit arrangement according to claim 1
in which said means for applying signals com-
prises an impedance which is arranged so that the
output current of a first valve of said first pair
flows therethrough and which is coupled to the
input circuit of the second valve of said first pair
so as to excite said second valve in opposite phase
to said first valve and a further impedance simi-
larly arranged and coupled to said second pair
of valves so as to excite a first valve of said sec-
ond pair in opposite phase to the second valve of
said second pair,

3. A circuit arrangement according to claim 1
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in which impedances are arranged between the
positive terminal of said source of anode voltage
and the anodes of said first valves of each of said
pairs respectively, and in which a coupling is pro-
vided between the control electrode of said first
valve of said second pair and said source of ahode
voltage for preventing change of potential be-
tween said last-mentioned control electrode and
said source of anode voltage so that if signals gre
applied to the control grid of said first valve of
said first pair, signals wili be developed between
the cathode and control electrode of said first
valve of said second pair.

4, A circuit arrangement according to claim 1
in which an impedance is included between the
cathode of the second valves of each of said pairs
and the negative terminal of said source of anode
voltage.
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