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This invention relates to therinionic valve mod 
ulating systems and has for its object to provide 

: an improved form of modulator which is stable 
in operation and is less dependent upon Varia, 
tions of the supply potentials and ageing of the 
valves than has hitherto been possible. The in 
vention also has for an object the provision of a 
System for modulating one signal Voltage by a 
(second, in which the results of modulation, other 
*than the sum and difference frequencies, may be 
largely or completely eliminated from the output 
of the modulator. 
The present invention makes use of a multi 

: electrode valve of a type in which (a) the cathode 
: current is dependent upon the potentials of two 
grids with respect to the cathode and Substan 

$tially independent of the potential of any other 
; electiodes and which varies, approximately lin 
early over at least a portion of the permissible 
range of variation of voltage of the first grid and 

; (b) the fraction of the cathode current Which 
reaches the anode is dependent on the potential 

{ of a third electrode (usually considered as a sec 
Ond control grid) and is approximately linear 
cover at least a portion of the permissible range 
: of variation of this electrode. Most modern 
multi-electrode Valves, with Suitable operating 
potentials, Satisfy these two requirements. 
With the present invention there is provided 

a thermionic valve System for modulating to 
gether two signal voltages, comprising a thermir. 
ionic valve of the type described, means for apply. 
ing said signal voltages to the said control grids, 
and means for applying a negative feedback Volt 
:age of value, whereby the component of the out. 
put current of the valve of a frequency the Sarine 
as that of one of the signal Voltages is eliminated. 
The invention also comprises a, thermionic 

Valve System for modulating together two signal 
Voltages, comprising two thermionic Valves of the 
type described, means for applying one of the 
Signal voltages in phase opposition to the corre 
Sponding control grids of Said valves, means for 
applying the other of said signal voltages in the 
Same phase to the other of Said control grids of 
Said valves, and means for applying negative 
feedback to said control grids whereby the Opera 
tion of said modulator is stabilised. 

It is to be understood that modulation com 
prises broadly the combination of two signal volt 
tages in a manner to produce at least Some com 
ponents of frequencies which are related to the 
frequencies of both the signal voltages. Thus 
the term modulation includes, for example, the 
demodulation of a suppressed-carrier wave signal. 

In the accompanying drawing are illustrated 
scertain features of the invention including one 
practical embodiment thereof. In this drawing, 
Figure 1 is a simplified circuit arrangement, en 
ploying a single valve, from which circuit con 

4. 

60 

through a condenser C. 

2 
siderations may be deduced; Figure 2 is a pre 
ferred practical arrangement embodying two 
Valves, and Figure 3 shows a circuit modification. 
In the arrangement shown in Figure 1, the 

Valve W comprises a catiode K, an anode A, and 
three interposed grids Gl, G-2 and G-3, although 
further grids may be included, subject to the 
Conditions set out above that the cathode current 
is controlled by the potential of grids GE and G2 
With respect to the cathode and is substantially 
independent of the potential of the grid G3, while 
the fraction of the Space current which reaches 
the anode is determined by the potential of grid 
G3, both grids G and G3 having a linear rate of 

is control over at least a portion of the permissible 
range of Variations. 
The valve Wii may be of the pentode type in 

Which case G is the normal control grid, G2 the 
Screening grid and G3 the suppressor grid, but 
for convenience the suppressor grid may be re 
ferred to as the Second control grid. If the valve 
is a hexode or octode valve, the grids G? and G3 
are the two control grids and grid G2 is the 
Screening grid. 
The Valve W is adapted to have a suitable voit 

age impressed upon the grid G2 from a source. 
B, upon the grid G3 from a source B2 and upon 
the anode from a source B3. Signal voltage may 
be applied from terminals 0 to the grid G. 

The Cathode current 
of the valve is passed through two serially con 
nected resistances Rik and RN, and a grid resist 
ance R is returned to the junction of these re 
sistances. It is to be noted that the resistances 
RK and RN are not by-passed by condensers and 
that the input circuit includes both resistances. 
The Valve operates as a negative feedback ampli 
fier for Signal voltage E1 impressed across termi 
nals in view of the potential drop established 
across the resistances by the cathode current 
component of the signal frequency. A signal 
voltage may also be applied from terminals , 
in Series with the source B2, to grid G3 and the 
output of the valve may be derived from termi 
nals 2. 
Within the linear range of variation of the 

control grid G, and with a constant potential 
Wo2 in pressed on the grid G2 by the source B, 
the cathode current IK is given by: 

Ir=Io--g(Val-V1) (1) 
where Wai is the potential of grid Gi. With respect 
to the Cathode, Io is the cathode current at a 
certain reference value VI of the potential of 
grid Gl, and g is the mutual conductance of the 
Valve as measured by 

dIK 
dVg1 

It follows that 
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For simplification we may put V1=-RKIo, and 
then In=lk. . . . . . . . . . . 

If now an alternating voltage EcoS.pt is ap 
plied to terminals 0 in Figure 1, and the fre 
quency p/2t is sufficiently high for the impedance - 
of the condenser C to be negligble 

Ix=Io--g(E1cos.pt- (RK--RN) (IK-Io) (3) 
Putting RK-RN=R 

Ix=Io-g(Eicos.pt-R(Ix-Io) (4) 
Whence 

IR -1,+9E90s, Pt (5) 
The anode current IA is related to the cathode 

current, for given voltages. VA and VG2 of the an 
ode and grid G2 respectively by an expression of 
the form 

L=Is(k + (6) 
where Vca is the instantaneous potential of the 
second control grid with respect to the cathode, 
k is the fraction of the cathode current Ik going 
to the anode when Weige V3, W3 being a constant, 
and V is a property of the valve. In the case 
of Figure 

V r) .V 

Vaz (-RIo-FVa) (7) 
where. Wis the voltage due to the source B2. 

If E1=0, and a voltage E2COS;qt is applied to 
terminals f of Figure 1 it will be seen that 

Vg3-... (-RI6+V--E2cos.gt) (8) 
and from Equations 6, 7 and 8, it follows that 

1,-i,(+Pegg) 
If E1 has a finite value, however 

1.-1.-12 epist-drylor; y 

'substituting from (5) above: 

IA ={i+ al E}{E. cos. at RgE cos. p: 
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ence of the expressions for IA in Equations 10 
and is 

gEE 

In this way all products of modulation except 
the sum and difference frequencies can be elimi 
nated. 

If the two valves are not identical With re 
Spect to 

kV 
Io 

complete suppression of the components of the 
output corresponding to the terms containing 
cos.pt can be effected by making the Value of R for 
each valve equal to the respective value of 

kW 
Io 

If the two valves are not identical with re 
Spect to 

lo 

complete suppression of the component of the 
output scoresponding to the terms containing 
cos.qt can be effected by changing the relative 
values of the signal voltage - corresponding to 
cos.ct applied to the two valves. 

If the two-valves are not identical with 're 
spect to 

-de V(1--gir)? 
the component of the output corresponding to 
the term containing cos2pt can still be eliminat 
ed by altering the relative values; of the signal 
voltages corresponding to cos.pt - applied to the 
two valves. 
By differentiating the coefficient of the terms 

in (p+q) t and (p-q)'t with respect to g; it will 
be seen that the dependence of the level of the 
wanted components of the output on changes of 

V V (1-R) 

ri?. Riley, Eicos. pt. EE as , . . . . . . . . . . . . . . ... a -I-(i. V. Jg (1+f) +2(iii) V7{cos (p +)-cos (p-g)t 
- E. cos. at-g-RE2(cos 2 pt-El) 1. 
*FIris, 32V (1--giF)? (10) 

If R is made equal to g, due to changes of cathode heater voltage or 
kV 5. ageing of the valve is reduced in the ratio of 

the term containing pt vanishes, so that the out- -(1-gR) 
put contains no component of frequency p/2t. 

In a similar way, it can be shown that if the 
valve Vi is given inputs to its first and second 
grids respectively of Eicos.pt and Ezcos.qt, the 
and de current is given by 

- E. cos:gt. RE, so 
Io * V - - - - - 2VfR) (cos 2pt--1) ; (11) 

the term in cos.pt also being reduced to zero if 
... kV 
R= 

If two valves are employed, having anode cur 
rents given by (10) and (11) above, and the an 
ode currents are combined in oppositionito each 
other, the resultant current, given by the differ 

6. 
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'75 resistances R2 and R3 respectively: 

and considerable-improvement, in the stability of 
the circuit is thus possible. 
3A circuit arrangement by which the desired re 

suit may be achieved is shown inf:Figure. 2. In 
this arrarigement: use is made of two valves, W2, 
W3 of the hexode, type, thes-Said hexode: sections 
each comprising a cathode:K, first: control grid 
Gl; a double Screening grid. G2a:second-control 
grid G3 and analode.A. 

: One of the two signal-voltages, say that of 
frequency. p72nt'is applied to the primary: winding 
of an input transformer. If the:secondary wind 
ings; of which feed the first control grids G of 
the two valves. A. Suitable potential is applied to 
the screening grids G2: by means of the source 
B5 and may be of the order of 100 volts. 
The cathode:circuits of the valves include two 

f each of 
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which an adjustable portion may be shunted by 
condensers C2, C3 respectively; these condensers 
must have sufficiently low impedance at the Work 
ing frequencies to ensure that the effective values 
of the resistances are those of the unshunted 
portions thereof. The junction of resistances R2 
and R3 is connected to the negative terminal of 
a voltage source B4, of which the positive ter 
minal is earthed. This source may be of the 
order of 24 volts. 
The second signal voltage is applied in parallel, 

that is, in the same phase, to the two control 
grids G3 from input terminals 3, the input cir 
cuits including isolating condensers C4, C5, and 
a tapped resistance R4 connected in the manner 
shown for the purpose of varying slightly the 
relative inputs to the two valves. The steady 
potentials upon the second control grids are also 
made adjustable, in this case by the inclusion 
of tapped resistances R5, R6 to the taps of which 
the grids are connected through high resistances 
RT, R8, the resistances R5 and R6 being connected 
across the terminals of the source B4. 
The anode circuits of the valves are completed 

through the primary windings of the output trans 
former T2 of which the secondary winding sup 
plies the load circuit. 

It will be understood that the circuit described 
With reference to Figure 2 is illustrative only, 
and that it may be modified in details in known 
manner. In practice, for example, the voltage 
sources B5 and B6 may be combined into a single 
SOULC6. 
In operation, where it is desired to modulate 

a carrier wave with another signal voltage, for 
example in a carrier wave telephone system, the 
carrier wave may be applied either to the trans 
former Tf or to the terminals 3, the latter be 
ing preferred. 
The output transformer T2 must be so wound 

that the two primary windings are as similar 
as possible and should have the same number 
of turns in order that the voltages induced in the 
secondary winding due to the input signal at 
the second control grids of the valves shall have 
relative amplitudes and phases which enable 
sufficiently good balancing of the output signals 
of the same frequency as that signal (q/27t) to 
be achieved. 

If this condition is not exactly fulfilled, im 
provement can be effected by connecting a con 
denser of suitable value across one or other of 
the windings. 
The primary-secondary turns ratio will be de 

termined by the load requirements. 
The ratio of the input transformer T will also 

be determined by the impedance of the primary 
and secondary circuits. It will be understood that 
where antiphase signals are available or are de 
rived by other means, the input transformer may 
be dispensed with. A device other than a trans 
former may be used to combine the anode cur 
rents of the two valves, thereby dispensing with 
the output transformer T2. 

In one arrangement as shown in Figure 2, and 
using pentode valves, the voltage applied to the 
input transformer T produced at each of the 
first control grids a voltage of the Order of 1.2 
volts R. M. S., and the other signal voltage was 
about 3; the bias on the grids G3 with respect 
to the cathodes was about 12 volts negative, the 
potential of grids G2 being 100 volts, as previously 
described, and that of the anodes 200 volts. 
With this particular arrangement, it was possi 

ble to obtain an output of the side band com 
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6 
+20% of the cathode heater voltage of the valves. 
The unwanted components, of frequency p/2n 
and q/2n, were each 40 db. below the value of 
either side band at the optimum settings. 

ihe mathematical treatment given with re 
spect to Figure 1 is subject to the limitation that 
the applied voltage variations are confined to 
the limits of linearity of the two control grids." 
In practice, this is a condition which by suitable 
choice of valves can be approximated sufficiently 
closely, particularly as regards the first control 
grid, for a large number of applications, but if 
for any reason the magnitude of the signal ap 
plied to the second control grid involves opera 
tion beyond the linear portion of the curve, the 
stability of the side-band components, and the 
balancing out of the Component of frequency 
p/2ar is unaffected. 
The operation of the modulator in the non 

linear area will give rise, as is well known, to: 
the production of various components of fre 
quencies 

npmg 
27 

Where m and it have a wide range of integral 
values. If operation is non-linear for the Second 
control grid only, to which is applied the signal 
of frequency q/2ar, n is largely restricted to the : 
values it has in the analysis given previously. 
The production of these other components may. 
or may not be useful, and the circuit operated 
accordingly. 

if the signal applied to the second control grid 
is so arge as to drive the grid up to or beyond 
the point of anode current cut-off or into grid. 
current 8.rea, the output level of the side band 
component is substantially independent of the 
magnitude of the applied voltage, and despite the 
additional cornponents produced, this may be of 
benefit in certain applications. When operating 
in this manner, the circuit is still very stable, and 
the component of frequency p/2t can still be 
Successfully eliminated from the output, but the 
component of frequency q/2n can be eliminated 
only by altering the relative value of the com 
ponents of this frequency in the output for ex 
ample, by changing the turns ratio of the primary 
winding of the output transformer. 
AS described above, the improvement in sta 

bility of the desired components of the output 
obtained by decreasing the dependence upon the 
mutual conductance of the valve is in the ratio of 

1; (iii) 
but this improvement may be increased by making 
R. Of Value greater than 

kV 
Io 

as required for the elimination of the output 
component corresponding to COS.pt. Normally 
this will result in the reintroduction of this come 
ponent in the output, but this may be again 
eliminated by introducing a balancing signal into 
the Second control grid. 
Such a modification is shown in Figure 3, which 

corresponds to Figure 1 except for the incorpora 
tion of a transformer T3 having its primary Wind 
ing supplied from terminals O, and of which 
the Secondary winding is included in series with 
the input to the second control grid, in the cor 
rect phase to Cancel the unwanted component in 

ponents stable to -0.1 db. with changes of 76 the output. 
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In this arrangement R may be:Substantially: 
larger than 

kV 
Io 

improving stability but producing in the output 
a component of frequency p/2t. By Suitable ad 
justment of the voltage injected into the circuit 
of the grid G3 however, this component can again. 
be balanced out. If, for any reason, R is required 
to be less than 

kV 
Io 

the transformer T3 may also be used, With the ap 
propriate phase of its secondary winding to effect 
the desired balancing out of the unwanted Signal. 

claim: 
1. A thermionic valve system for:nodulating to 

gether two signal Voltages, comprising a thermi 
onic valve including a pair of control grids and 
a third grid cooperating With a .cathode and an 
anode, means for applying Said signal voltages to 
the said control grids, and means to eliminate 
from the waive output current components of the 
frequency of one of the Signal voltages; Said coni 
ponent-eliminating means including Inea as for 
impressing upon a control grid a negative feed 
back voltage of the frequency of the Signal volt 
age applied to that grid. 

2. A thermionic valve system for nodulating 
together two signal voltages, comprising tWO. 
thermionic valves: each including a pair of Con 
trol grids and a third grid cooperating. With a . 
cathode and an anode, means for applying One. Of 
the signal voltages in phase opposition to the: 
corresponding control grids of Said valves, means. 
for applying the other of Said. Signal: Voltages in 
the same phase to the other of said control grids. 
of said valves, and means for applying negative: 
feedback to said control grids whereby the opera: 
tion of said modulator is stabilized. 

thermionic waives each including a pair of Con 
trol grids and a third grid cooperating with a . 
cathode and an anode, means for applying One of 
the signal voltages in phase opposition to the 
corresponding control grids of said Valves, means: 
for applying the other of said signal Voltages in: 
the same phase: to the other of Said control grids 
of said valves, and: means...for applying individ 
ually adjustable negative feedback to the respec 

5. 
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3. A thermionic valve System for modulating: 
together two signal. Voltages, comprising tWo: 

45. 

50 

8 
tive valves whereby the operation of said:modus 
lator is stabilized. 

4. A thermionic Valve System according to 
claim 2, wherein said negative feedback means in 
ciudes circuit, elements of such value as to elimi 
nate:from the output of said valves:a component 
offrequency equal to that of the voltage applied: 
in phase opposition to Said Valves. 

5. Athermionic valve. System according to claim: 
2, wherein means are provided to eliminate, ina: 
common output from said. Valves, a component of 
frequency equal to that of the voltage applied to 
said valves in the Same phaSe. 

6. Athermionic Valve System according to claim 
2, wherein said valves are operated within the 
limits of linear variation of the anode current by 
said control grids, and Wherein means are pr0s. 
vided to Substantially eliminate from a Cornion. 
output from said waives all components except, 
those of the Sun and difference frequencies of said, 
signal Voltages. 

7. A thermionic valve system, according to 
claim 1; wherein an output circuit is, connected 
between said cathode and said anode, and said 
negative feed back voltage means: comprises an 
impedance in said output circuit and connected 
between said cathode and the control grid upon 
which is impressed said signal voltage which is 
eliminated in the output circuit. 

8. A thermionic valve system according to 
clair. 2, and coxaprising. In eas for adjusting 
relatively the degree of negative feedback apa 
plied to said valves, and the amplitude of the 
signal voltage applied in the same phase to Said 
Waves. 

9. A thermionic valve system according to 
claim 8 and comprising raeans for varying rela 
tively, the amplitude of the signal voltage applied 
in phase opposition to said Valves. 

JOHN RICEARD WAN. 
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