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The present invention relates to thermionie
valve circuits ang is particularly concerned with
means for eliminating-or reducing the effects of
variations in the voltage of the ancde supply
source.

It is well known that the berformance of elec-
trical circuits such as amplifiers, detectors, oscil-
lators, and the like, which employ thermionic
vaives, isliable to be appreciably affected by varia..
tions in the voltage of the anode supply source.
Such variations may be divided into three classes,
namely, those of an irregular and discontinuous
nature such as occur when the anode supply
source has a constantly varying load; those in
which: the ancde voltage varies more or less con-
tinuously and slowly, such as when 3 battery runs
down or is:charged up; and those due to a super-
bosed alternating voltage, for example; g hum due
to some periodic device operated from the anode
subply source.

Various arrangements have been hitherto used
for stabilizing the voltage derived from such a
variable anode supply source, but these arrange-
ments are often bulky and expensive, and more-
over frequently consume a considerable amount of
power. JIf.is therefore the princival object of the
present invention to. previde a. very simple. ar-
rangement for stabilizing the performance of
thermionic. valve cireuits of any kind in which the
anode current supply source is subject tor voltage
variations of any or all of the types described. It
also enables the decoupling arrangements of such
circuits to be simplified,

According to the invention; there is provided an.
electrical circuit arrangement comprising a
thermionic valve having its anode-cathode cir-
cuit connected te a.source. of variakle veltage, and
having between: one terminsl of the said source
and the cathede means. for applying to the cath-
ode such & fraction of:the varighle component of
the said voltage that the performance of the valve

cireuit. is unaffected by the variation of the said

voltage.
According to:another aspeet, the invention pro-
vides an electrical cireuit arrangement compris-

ing a. thermionic valve having its- ancde-cathode

cireuit connected to g source of variable voltage,
two impedances connected in series to the ter-
minals. of the source snd means for connecting
the cathode of the valve to the. junction point of
the said impedances, the ratio of the impedances
being so chosen that the performance of the valve
circuit is independent. of the variation of the said
voltage.
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The invention will be explained with reference
to the accompanying drawings in which—

Fig. 1 shows a schematic circuit diagram of a
thermionic valve and associated elements to ex-
plain the principles of the invention:

Fig. 2 shows in general form the preferred
method of applying the principles of the inven-
tion;

Fig. 3 shows a schematic circuit diagram of a
valve stage according to the invention including
auxiliary biassing means for the control grid of
the valve;

Fig. 4 shows valve characteristic curves;

Pig. 5 shows details of the circuits of Figs, 2
and 3; and

Fig. 6 shows a multi-stage amplifier, Fig. 7 an
oscillator, and Fig. 8 a valve voltmeter all equipped
according to the invention.

In Fig. L is shown in its simplést form 2 single
vaive stage of some electrical circuit device such
as an amplifier. The anode of the valve V (which
may be of any type) is supplied from the positive
terminal HT+ of the anode supply source through
an impedance Z. which may, for example, be a
parallel tuned circuit, The cathode is connected
to the negative terminal HT-— of the source
(which is usually earthed as shown) through an
impedance Z¢, which may, for example, be g simple
resistance used for biasing the cathode and/or
providing negative feedback. 'The control grid
is. connected to earth through a grid impedance
Zg (very commonly a high resistance), signals are
applied to the control grid at terminal I, and the
amplified or otherwise treated signals are ob-
tained from the anode at terminal 2,

The voltage of the ancde supply source. is sup-
posed tobe variable and this is indicated in Fig. 1
by the electromotive force Ea shown as a battery
in series with the HT-- terminal, and intended to
represent a. voltage variation. If g is the am-
plification factor of the valve, then it is well
known that the electromotive force Ea in the
anode circuit. is equivalent to an electromotive
force Es/u applied in the control grid circuit. If
therefore an electromotive force —Ea/u is effec-
tively applied to the control grid for all values of
Ea, the change in anode current. produced by the
variation E, will be exactly counterbalanced by
the change caused by the voltage applied to the
grid, so that the anode current will be rendered
independent of the variations of the anode supply
source, and the performance of the valve will be
substantially unaffected.,

Fig. 2 shows how this requirement may be car-
ried out according to the inventien. An imped-
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ance Yo is connected in series with the cathode
impedance Zc¢ as shown, and the junction point
of Ye and Zc is connected through another im-
pedance Ya to the terminal HT--. The imped-
ances Ya and Ye are then chosen so that

Yo+ Y.
Y.
or Ya/Ye=p—1. Under these conditions a vary-

ing electromotive force of 4-Ea/n will be effec-
tively applied to the cathode, and this is equiva-

10

lent to applying —E=/u to the control grid; which -

is the condition desired to neutralize the effect
of Es in the anode circuit.

Although in Figs. 1 and 2 Ea has been repre-
sented as a battery, it is evident that it can have
any value and either sign,

The impedances Ya and Yc can take any desired
form, depending on the conditions which have
to be met. In the simplest case they will both
be pure resistances.

Tt will be understood that the total voltage
applied to the cathode by the impedance Ye will
be -+E/g, where E is the voltage of the anode
supply source.” This will in many cases effectively
apply a negative bias to the control grid which
is much too great; accordingly any suitable means
may be provided to apply an independent coun-
teracting positive bias of appropriate constant
value to the control grid. One preferred way in
which this may be done will be explained in con~
nection with Fig. 3.

The method of suppressing the effect of the
variations of the anode supply voltage which has
been described requires that the amplification
factor p should remain substantially constant.
This is generally the case over a considerable
range for thermionic valves operated on the
straight part of the characteristic curve. Fig. 4
shows, for example, characteristic curves for a
typical valve, giving the relation between the
anode voltage and anode current for several
equally spaced values of the grid voltage. If such
a valve is operated with an anode current of 0.9
milliamp, for example, all the chardcteristic
curves are nearly straight at this level and the
tangents are all parallel. The curves are also
substantially equally spaced and it will be seen
therefore that anywhere in the range, for exam-
ple. of 200 to 300 volts a reduction of anode cur-
rent produced by a given change in anode volt-
aze can be made up by a proportional change in
the grid voltage.

Fig. 3 shows a practical example of an ampli-
fying stage neutralized for variations of the anode
voltage according to the invention. The valve
V is shown as a pentode, the screen grid of which
is polarized from the anode source through a
resistance Rz An arrangement for supplying
positive bias for the control grid is provided by
a neon tube N (or other type of gas discharge
tube) connected in series with a resistance Ra
across the anode supply source. A potential di-
vider comprising resistances R1 and Rz is shunted
across the neon tube N and the grid resistance
Z. is connected to the junction point of R1 and
R2. A blocking condenser Ci is included between
the input terminal { and the control grid. The
remaining elements are as shown in Fig. 2. . The
neon tube N provides a substantially constant
voltage across the potential divider, which voli-
age is practically independent of the variations
of the voltage of the source. The resistances
R; and Rz are chosen so that the grid is biassed
appropriately with respect to the cathode of the
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4
valve. Since neon tubes are sometimes subject
to slight fluctuations, which are superposed on
the previously mentioned constant voltage, it is
preferable to shunt the resistance Ra with a large
condenser Ce for suppressing these fluctuations.
In Fig. 8 the impedance Zc has been omitted
as its function of biassing the cathode is carried
out by Y. As already stated Yo and Ya can be

‘pure resistances; but in that case considerable

negative feedback may be produced by Ye. If
this feedback is not required, Yc may consist of
a resistance Rc shunted by a by-pass condenser
Ce, in which case, Y. will consist of a resistance
Ra=(u—1) Rc shunted by a condenser

Ca=Cc/ (/L—‘l)

as indicated in Fig. 5. This arangement will com-
pletely neutralize the HT voltage variations. If,
however, the supply voltage is sufficiently con-
stant, but has an alternating hum voltage super-
posed, the resistance Ra may he omitted. By
choosing the condenser Ce sufficiently large, the
impedance Y. at the hum frequency may be made
substantially that of the condenser, so that the
resistance Re can be neglected. This enables Re
to be chosen to provide an appropriate bias for
the cathode (making unnecessary any additional
counteracting bias for the grid) and the hum
is suppressed by the action of the condensers
Ce and Ca.

Furthermore, if the anode supply source has
no hum but if its variations are rather slow, then
the condenser Ca in Fig. 5 can be omitted. The
resistances Ra and Re will neutralize the varia-
tions, and the condenser Cc can be used as & by-
pass condenser to prevent the introduction of
feedback and provided its capacity is not too
large, it will not affect appreciably the action of
Ra and Re in suppressing the slow variations.

When the valve V is a pentode operated in the
usual way, the anode current will be practically
independent of the anode voltage variations, but
will depend instead chiefly on the variations of
the screen voltage which is commonly derived
from the anode current source. The invention
is still applicable, however, provided that the
value of x employed is that which applies to the
cathode, control grid and screen grid considered
as a triode.

In 3 particular example of Fig. 3, the elements
employed were as follows:

Valve V.—Pentode p=about 68, total cathode cur-
rent about 13 milliamps with anode voltage=250
volts.

Neon tube N—Small tube stabilizing at 70 volts
and taking a current of about % milliamp.

R1=90,000 ohms R4=250,000 ohms
R2=50.000 ohms R:=2,000 ohms
R3=5,000 ohms Ra=135,000 ohms
Ce=2 microfarads Cs=0.03 microfarad

The normal anode voltage is 250 volts. The
current drawn by the resistance Ra is about 1.8
m. a., or about 14% of the load taken by the valve,
and the current drawn by the resistance Rs is
about 0.7 m. a. or about 5% of the load. Thus
the total load current drawn by the stabilizing
arrangement is less than 20% of the normal load
current.

In circuits involving several valve stages sup-
plied from the same anode current source, it is
usually necessary to provide decoupling arrange-
ments for preventing interaction between the
various stages resulting from the impedance of
the source. The reason for the interaction is
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that the anode current variations produced by

the signals passing through any stage cause cor-
responding potential variations in the impedance
of the source, which potential variations are
applied to the-other stages. The decoupling ar-
rangements are in effect. filtering or smoothing
arrangements for preventing the communication
of these variations between the source and the
stages. :

It will be evident that these potential variations
are of exactly the same nature as those repre-
sented by the battery Es in Figures 1 and 2. Thus
the use of the impedances Y. and Ye, propor-

10

tioned in the manner explained, can take the place -

of the usual decoupling arrangements (or can
at least supplement them so that they can be
simplified), while at the same time suppressing
the anode voltage variations due to other causes.

In a multi-stage amplifier, each stage may be
provided with neutralizing arrangements in the
manner shown in Fig. 3, but a single neon tube
circult may be used to provide the counteracting
positive grid bias for all the stages. An exam-
ple of an arrangement of this kind is shown in
Fig. 6. ’

This is a selective amplifier having three stages
similar to Fig. 3 and corresponding  elements are
similarly designated. The neon tube N supplies
the counteracting bias for gll the control grids.
The anode circuit impedances Za are shown as
parallel tuned circuits. As all the -valves are
supposed to be similar, the control grids can all
be connected to the same point of the potential
divider, shunted across the neon tube N. How-
ever, the valves could be of different types, in
which case the grid resistances could be connected
to different points on the same potential divider;
and the impedances Ya and Ye used for the vari-
ous stages would not necessarily be the same for
all.

In this amplifier the impedances Yas and Y.
may, for example, take the form shown in Fig. 5,
or any other form appropriate to the conditions.

Fig. 7 shows a simple oscillator circuit stabilized
according to the invention. The anode of the
valve V is connected to the current supply source
through the tuned primary winding of & trans-
former T, the secondary winding of which is con-
nected to the control grid. The stabilizing im-
pedances Ya and Yo may consist of parallel re-
sistance and condenser combinations as previous-
1y shown, or may take any other suitable forms.

The effect of a variable anode supply source
on the performance of an oscillator may be rather
less simple than in the case of an amplifier. If,
for example, the supply source has only a super-
- posed hum, then for the purpose of eliminating
the hum the valve can be practically considered
as acting like a simple amplifier and the imped-
ances Ya and Ye can be proportional according
to the value of p as already explained. BRut if the
voltage of the supply source varies irregularly,
the effect on the frequency and output of the os-
cillator may be determined by other factors be-
- sides p; and in such a case the proper values of
Y. and Ye cannot easily be determined before-
hand, and they will therefore be best found- by
trial in this case. In this circuit, the grid may
be automatically biassed by the grid leak Zg and

condenser Ci. No counteracting positive bias for:

the grid in the manner shown in Fig. 3 may then
be necessary so long as the bias introduced by

the cathode resistance Re is not so great as to

prevent the oscillations from starting.
Fig. 8 shows a valve voltmeter circuit to which
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the principles of the invention are applied. The
measuring eircuit comprises a Wheatstone bridge:
of which the upper arms include respectively a
resistance Rs and a neon tube Ni (or other like

. device), and the lower arms comprise respectively

the anode-cathode impedance of the valve V and
another resistance Rs. The anode voltage supply
is connected at the terminals HT and HT—, to
one pair of diagonal points of the bridge, and a
direct current indicating instrument M connects
the remaining diagonal points of the bridge.

An alternating voltage to be measured is con-
nected to terminal { and is applied through the
blocking condenser Cr to & rectifying diode D to
produce a unidirectional voltage across the load
resistance Rv, which voltage is smoothed by the
resistance Rs and condenser C: and applied
to the control grid of the valve V. A second neon
or similar gas discharge tube N2 is connected
across the anode voltage supply source in series
with a resistance Re and provides, by means of
the potential divider R1 and Rz shunied across it,
an adjustable positive bias for the control grid.
The condenser Cz is & bypass condenser. It also
serves the purpose of the condenser Cg shown in
Figs. 3and 6.

A resistance Rz is introduced according to com-
mon.  practice for providing an appropriate
voltage for the sereen grid of the valve V. If a
triode valve were used, Rz would, of course, not
be necessary.

The neon tube N1 provides a substantially con-
stant voltage, and the resistance Rs will be ad-
Jjusted so that when no alternating voltage is ap-
plied the bridge is balanced so that the meter M
reads zero. This will ocecur when the anode cur-
rent potential drop in the resistance Rs is equal
to the constant voltage produced by the neon
tube N1 If, however, the anode supply voltage
varies, the current flowing through the resistance
Rs will in general be changed so that the bridge
is no longer balanced. 'The balance may, how-
ever, be maintained according to the invention in
the manner already explained, by connecting a
resistance Re in. series with the cathode and a
resistance Re=(u—1) Rc between the cathode and
the terminal HT4. Since the bridge circuit is
substantially a direct current arrangement, noth-
ing would be gained by shunting the resistances
Ra and Re by cohdensers.

As explained In connection with previous
figures, the cathode resistance Re over-hiasses
negatively the control grid, and the adjustable
positive bias provided by the neon tube N: is
therefore required. It is to be noted also that the
diode D produces an additional negative grid bias
owing to the current which flows through Ry even
when no alternating voltage is applied to termi-
nal l.

The cathode resistance Re alsg provides nega-
tive feedback which stabilizes the calibration of
the arrangement.

In a practical case of the circuit of Fig. 8, the
elements used were as follows:

Valve
Meon-tubes N1 and Nz $as before specified
Meter M.

Ri1+Re=0.7 megohm
R3=20,0600 ohms
Re¢=300,000 ohms
R5=26,000 ohms
R6=250,000 chms

R7=10 megohms
Rs=2 megohms
Re=1,000 ohms
Ra=867,000 ohms

- With this arrangement, s full scale deflection
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(200 mieroamperes) of the meter M was pro-
duced when 0.45 volt alternating voltage was ap~
plied to terminal 1. It was found that the anode
supply voltage could be changed from 220 to 300
volts without any detectable change in the zero
setting or in the calibration of the valve volt-
meter.

The various different examples of valve circuits
which have been given show that the invention
is applicable over a wide range of arrangements
employing valves, and do not exhaust all the
possibilities. It will be appreciated that the in-
vention requires only the addition of resistances
and/or condensers which are cheap components
not requiring any source of power. Where a neon
tube is required for providing the counteracting
bias, a very small and cheap tube of the kind
commonly used in television apparatus is satis-
factory and this does not require any additional
source of power for ils operation, and only in-
creases the load on the existing operating source
by a negligible amount. '

What is claimed is:

1. An electrical circuit including a thermionic

valve, said valve including an anode, a cathode,
and a grid, a source of variable voltage, two im-
pedances connected in series with one another
o the terminals of said source, and means con-
necting the cathode of said valve to the com-
mon junction point of said impedances, and
connections from said anode and said grid, re-
spectively, to opposite ends of said impedances,
the ratio of the electrical values of said im-
pedances being so chosen that the verformance
of the valve eircuit is independent of the varia-
tion of said voltage, a gas discharge tube con-
nected across said source, and a potentiometer
shunted across said tube with a tap connected
to said grid to supply a steady bias to the grid
from said source of variable voltage. -

2. A circuit according to claim 1, in which said
ratio is chosen to be substantially equal to
1/(u-1), where x is the amplification factor of
the valve.

3. A circuit according to claim 1, in which
each of said impedances is substantially wholly
resistive in character.

4. Circuit according to claim 1 in which each
of said impedances comprises a resistance and
capacity connected in shunt with one another.

5. An electrical circuit including a thermionic
valve, with an anode, a cathode, and a grid,
means for connecting the anode-cathode circuit
of said valve to a source of variable voltage,
two impedances connected in series with one
another to the terminals of said source, and
means connecting the cathode of said valve to
the common junction point of said impedances,
and connections from the opposite ends of the
impedances to the grid and anode the first im-~
vedance comprising a parallel connected resist-
ance and a first condenser having, at the fre-
quency of variation of said voltage, an imped-
ance small compared with that of said resistance
and the second impedance comprising only a
second condenser, and in which the capacity of
said first condenser is substantially equal to
(x—1) times that of said second condenser,
where p is the amplification factor of the valve
and means for applying to said grid adjustable
positive bias derived from the said source, said
bias being made substantially independent of
the variations of said source.

6. Electrical circuit according to claim 5, also
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including a gas-filled discharge tube supplied
with current from said source of variable voltage,
a voltage divider connected across said discharge
tube, and means for deriving from said divider
a positive bias for said valve, whereby the volt-
age of said positive bias remains substantially
unaffected by the voltage variations of said
source.

7. An electrical signal amplifier including at
least two thermionic valve stages, each stage
comprising a circuit according to claim 1, and
ineluding 2 common anode eurrent source of
variable voliage, whereby interstage feedback is
substantially eliminated by the action of said
means connected between said source and said
cathode of each valve.

8. An electrical signal amplifier including at
least two thermionic valve stages, each stage
comprising a circuit according to claim 1, and
including a common anode current source of
variable voltage, whereby interstage feedback is
substantially eliminated, and also including ad-
justable positive grid biassing means common
to all the stages, said biassing means compris-
ing a gas-filled discharge tube supplied. with
current from said source, said current remain-
ing substantially constant due to gas discharge
characteristics, a voltage divider connected across
said gas discharge tube, and a tapped connection
from said voltage divider to the grids of said
valves. )

9. A thermionic valve circuit according fto
claim 1, also including a- bridge output circuit,
means for connecting said anode and cathode
of said valve in series with one arm of said
bridge, means for connecting one pair of diag-
onal points of said bridge to said source, an in-
dicator, and means for connecting the other
pair of diagonal points to said indicator.

10. Thermionic valve circuit including a
thermionic valve, means for connecting the
anode-cathode circuit thereof to a source of
variable voltage, and means connected between
one terminal of said source and said cathode
for applying to said cathode such a fraction of
the variable component of said voltage that the
performance of the valve circuit is unafifected
by the variation of said voltage, also including
a bridge output circuit, means for connecting
said anode and cathode of said valve in series
with one arm of said bridge, means for con-
necting one pair of diagonal points of said bridge
to said source, an indicator, and means for con-
necting the other pair of diagonal points to said
indicator, another arm of said bridge compris-
ing a gas discharge tube, whereby the potential
across said last-mentioned arm is kept substan-
tially constant and independent of said variable
component of said voltage source. )

11. A valve voltmeter according to claim 10
for measuring an alternating voltage, also in-
cluding means for deriving s rectified voltage
from said alternating voltage and means for
applying said rectified voltage to the control
grid of said valve.

19. Thermionic valve voltmeter including a
thermionic valve, means for connecting the
anode-cathode circuit thereof to a source of
variable voltage, and means connected between
one terminal of said source and said cathode for
applying to said cathode such a fraction of the
variable component of said voltage that the per-
formance of the valve circuit is unaffected by
the variation of said voltage, also including a
bridge output circuit, means for connecting said
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anode and cathode of said valve in series with one
arm of said bridge, means for connecting one
pair of diagonal points of said bridge to said
source, an indicator and means for connecting
the other pair of diagonal points to said indica-
tor, another arm of said bridge comprising a
gas discharge tube, and also including grid bias-
sing means including a gas-filled discharge tube
supplied with current from said anode current
source, whereby the grid bias is kept substan-
tially independent of said variable component
of said anode current source.

13. Electrical circuit according to claim 1, also
including feedback means whereby said circuit
functions as an oscillator.

MAURICE MOISE LEVY.

10

15

10

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
1,541,311 Anderson .._.._____. June 9, 1925
1,806,813 Miessner ......__. May 26, 1931
1,996,378 Hirseh oo _ Apr. 2, 1935
2,281,205 Schock wveee e Apr. 28, 1942
2,329,764 Ingram eecmee—___ Sept. 21, 1943
2,330,377 Phair . _.___ Sept. 28, 1943
2,120,884 Brown, Jr. o ____ June 14, 1938
2,318,644 TubbS e Dec. 28, 1943



