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This invention relates to thermionic 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 ugon 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
csystem for modulating one signal voltage by a
ssecond, 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 mulbi-
selectrode valve of a.type in which (2) the cathode
«current is dependent upon the potentials cf two
rgrids with respect to the cathode and substan-
+tially independent of the potential of any other
: electrodes 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)Y the fraction of the cathode current which
ireaches the anode is depsndent on the potential
«of & third electrode (usually considered as a sec-
rond control grid) and is approximately linear
wover at least a portion of the permissible range
«0f 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 thermi-
onie valve of the type described, means for apply-
ing said signal voltages to the said control grids,
and means for applying a negative feedback voli-
:age of value, whereby the component of the out-
putl current of the valve of a frequency the same
-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-
:ages in a manner to produce at least some com-
Pponents of frequencies which are related to the
frequencies. of both the signal voltages, Thus
the term modulation includes, for example, the
«lemodulation of a suppressed-carrier wave signal.

In the accompanying drawing are illustrated
«certain features of the invention including oné
practical embodiment therecf. In this drawing,
Figure 1 is a simplified circuit arrangement, em-
ploying a single valve, from which circuit con-
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~ through a condenser CI.
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siderations may he deduced; Figure 2 is g pre-
ferred practical arrangement embodying two
valves, and Figure 8 shows a circuit modification.

In the arrangement shown in Figure 1, the
valve Vi comprises a cathode K, an anode A, and
three interposed grids G, G2 and G3, although
further grids may be included, subject to the
conditions set out above that the cathode current
is controlled by the potential of grids Gf 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
G, both grids Gi and G3 having a linear rate of

5 control over at least a portion of the permissible

range of variations.

The valve Vi may be of the pentode type in
which case Gi 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 controi grid. If the valve
is a hexode or octode valve, the grids GI and G2
are the two confrol grids and grid G2 is the
screening grid,

The valve Vi is adapted to have g suitable voit-
age impressed upon the grid G2 from a source-
B, upon the grid G3 from a source B2 and upon
the ancde from a source B3. Signal voltage may
be applied from terminals 18 to the grid G!
The cathode current
of the valve is passed through two serially con-
nected resistances Rx and Ry, and a grid resist-
ance Ri is returned to the junction of these re-
sistances. It is to be noted that the resistances
Rx and Rx 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 Ei impressed across termi-
nals {0 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 1f,
in series with the source B2, to grid G3 and the
output of the valve may be derived from termi-

5 hals 2.

Within the linear range of variation of the
control grid Gfi, and with a constant potential
Veaz impressed on the grid G2 by the source Bi,
the cathode current Ix is given by:

Ig=Iy4g(Vc1—V1) a)

where Var is the potential of grid G with respect
to the cathode, I is the cathode current at a
certain reference value Vi of the potential of
grid Gl, and ¢ is the mutual conductance of the
valve as measured by

dlx

dVGl

It follows that

Irg=Iy4-g(—RxIx—V1) )




2,504,469

&2
S
For simplification we may put Vi=-Rxklo, and
then lo=Ix. .
If now an’ alternating voltage Eicospt is ap-
plied to terminals {0 in Figure 1, and the fre-

quency p/2r is sufficiently high for the impedance -4

of the condenser Ci to be negligble
Izg=Io+g{Eicos.pt— (Rx--Rn) Ux~I0)} (3}
Putting Rx+RBy=R

Ig=Iv}g{E1cos.pt—RUIx—I0)} @)
whence
. gE,; cos-pt e

The anode. current Iais: related to. the cathode
current for g1ven voltages VA and Vc;z of the an-
ode and grld G2 respectively by an expression of

the form
A 1;.‘=“IK(‘k + Va7 ®

where Vas is the 1nstantaneous potential of ‘the
second ‘conftrol’ ‘grid ‘'with respect to ‘tHe cathode,
k is the flactlon of the cathode ¢urrent Ix going
to the anode ‘when'Vgi=Vs, V3 Peirig a constant,
and. Vis a “propérty of the yalve.  In the case
of Figute 1 . .
Vi (S RIGEVD )
where Viis the’ voltage-due-to:theé source B2.
If E1=0, and a voltage Eacos.qt:is applied to
termmals II of ‘Figure 1 it'will’be'seen  that

VG3~C—RIo+V4+Ezcos qt) “(8)
and’ from Equatlons 6, ¢ and 8,:it follows -that
“Li=Ix( T gt 02:4) ()

If E1 has a finite value, however -
By cos qtb (IK—IO) }
'

IA-—IK{k-l-

~Substituting from (5) above:

D1 ¢0s. pt}{ Ez coe ‘gt RgEl COS: ,pt}
{’°+ TR 1T VTR
- RI ki, E1 -€0S! pt g By
~zae (5~ ) 5
+I B cos. gt »g?RE2(cos2ptt:1)
- 7 "2V (1+gR)?
‘IR s made eqiial'to
L4
Ty

the terid contaimng pt’ vahishes, S0 that the otut-
put contains” no component of frequency” 27/27r

“Ini g similar®way; it ‘can~be  shown that if the
valve Vi is given inputs to its first and’second
grlds respectwely of —EICOS ptand Eicos at; the
snode curtent is given by

. gEIB
Iy=1Iok— 2(1+gR) V{OOS (p+Q)i+00b (=it +
Ej cos.- qt gﬂRE
‘ =g a7 2V(1+gR)2 s(eos 2pt4-1) - (11)
the term-in cos.pt also being reduced to zero.if
o TRV
R=7

If two valves are emplgyed, having anode cur-
rents given by (10) and ‘(11) above, and the an-
ode currents are combined in op‘posmon ‘to-edch

other, the resultant- cutrent;igiven-by the differ--
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é
ence of the expressions for Ia in Equatiors 10
and 111is

(1+ R)V{COS (p+q)t-tcos (p—g)t}  (12)

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

“If the two wvalves are not identical with re-

‘speet to

124

Iy
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 ediial 1o.the respective value of

4
To
“If ‘the two. valves “are ‘not.identical ‘with-re-
spéct to
o
complete “stippression of “the-‘component of “the
output “coresponding -to-the ~térms ‘containing
cos.qb can be effected by changing: the relative
values of ‘the sigrdl ‘voltage - ¢orresponding : to
cos.qt ‘applied to the twovalves. )

If the*two-valvés are “notsidentical “with “re-

spect-to
R
V(l-HJR)2
the- component -of “the “output -correspending: to
the térm coritaining ‘¢0s2pt- can §till'be eliminat-
ed by altering ‘the ‘Telative values-of- the signal
voltages: corresponding “to-cos:.pt-applied to ‘the
two valves.

-By differeéntiating the’ éoéfficient of ‘the terms
in- (p+q)t and (p=@)t with-respect to- g; it will
be-seentthat the' dependence’of the level of-the
wanted components of the outpiut-on changes of

ST RV 008 (P FOtHEs (p—a)t)

(10)

9, “diie“to changés of “cathode heater voltage: or
ageing of thévalve i reducéed:in the ratio:of
‘»:‘1. 1 .
W{l+gR)
and-considerable: ithiproverent: in: the:stability:of
the ¢ireuit is thus: possible.

- Afcifeuit &ffangement byiwhich thexdesired re-
sult:may beiachievediis: shown rin~Figure: 2. »In
thisdrrargement-useis: made of-two:valves V2,
V3 of the hexode. type, theisaid:hexode: sections
each comptising a':cathode: K, first- control grid
G o’ double séreening: grid«G2: gisetond control
erid:G3-and-an anode-A.

-:One ‘of:-the 4wo sighal-yoltages, say that:.of
frequencyfp/zw is applied:to the-primary:winding
of ‘aninput:-transformer: Tl ,the:secondary: wind-
ings-of-whichfeed -the - first-control .grids Gl..of
the-two:valves. - A suitable-potential.is:applied to
the scréening grids :&2: by:means..of the -source
B5and-may be:of the,order-of 100 volts.

The cathode circuits of rthe valves-include-two

78 resistances- R2:and-R3 respectively:.of- each..of
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which ‘an adjustable portion may be shunted by
condensers C2, C8 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 connecled to the negative terminal of
8 voltage source Bd, of which the positive ter-
minal is earthed.. This source may be of the
order of 24 voits.

" The second signal voltage is applied in parallel,
that is, in the same phase, to the two control
grids G3 from input terminals 13, the input cir-
cuits including isolating condensers C§, 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 RS, R§ to the taps of which
the grids are connected through high resistances
RT, R8, the resistances RS 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 cireuit deseribed

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 BS and B6 may be combined into a single
source.

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 Tl 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 ab
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/2#) 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 Tl produced at each of the
first control grids a voltage of the order of 1.2
volts R. M. 8., 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-
ponents stable to 0.1 db. with changes. of
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209 of the cathode heater voltage of the valves.
The unwanted components, of frequéncy p/2r
and g/2w, were each 40 db. below the value of
either side band at the optimum settings.

The 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
/2w 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

np £mg
27

where m and 7 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 g/2r, 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 ecircuit operated
accordingly. . :

If the signal applied to the second control grid
is so iarge as to drive the grid up to or beyond
the point of anode current cut-off or into grid-
current area, the output level of the side band
component is substantially independent of the
magnitude of the applied voltage, and despite the
additional components 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 n/2= can still be
successfully eliminated from the output, but the

-component of frequency ¢/2» 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 outpub
obtained by decreasing the dependence upon the
mutual conductance of the valve is in the ratio of

4 ()

but this improvement may be increased by making
R of value greater than

kV

Iy
as required for the elimination of the output
component corresponding to cos.pt. Normally
this will result in the reintroduction of this com-
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 Pigure 3, which
corresponds to Figure 1 except for the incorpora-
tion of a transformer T3 having its primary wind-
ing supplied from terminals 10, 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
the output.
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In -this ;arrangement iR::may: -he.substantially-
larger than :
xV
I
improving stability -but producing in-the output
a component-of frequency p/2r. ‘By suitable ad-
justment -of the voltage .injected into the-circuit

of the grid G5 however, this component can-again.

be balanced out. “If, for any reason, R is required
to be less than

X4

e

thetransformer T3-may-also.be used;:with the: ap-

propriate phase of its:secondary winding:to-effect
the desired balancing:out-of the:unwanted signal.
T claim:
1. A thermionic valve system for-modulating to-
gether two signal-voltages, :comprising a thermi-

onic valve including a pair of.control:grids and:.
a-third grid cocoperating with a:cathode and an.

anode, means for applying said signal voltages:to
the said control grids, and means to eliminate
from the valve output-curient:components of the
frequency of one of the signal voltages; said com-
ponent-eliminating -means including ‘means for
impressing upon a .control grid a negative feed-
back voltage.of the frequency of-the signal:volt-
age applied tothat-grid.

2. A thermionic valve:system :for modulating

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 valyes, 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 valves each including a.pair:of -con-
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3. A thermionic valve system for: modulating:
together two .signal.voltages, ~comprising two:

trol grids and a:third:grid cooperating with a. 45

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 contrel grids
of said valves, and-means:for:applying individ=

uaily ._'adjustable negative feedback:to: the respee-

60.

tive 'valves whereby- the-operation:of said:mpdus
lator:is-stabilized.

4. A -thermionic valve system :according::to-
claim 2, wherein.said negative feedback-means in-

- eludes eireuit-elements. of such value-as-to elimi-

nate:from the output.of said valves:a:component:
of . frequency:equal to that of the voltage applied:
in:phase:opposition to said-valves. :

2B Arthermionic valve.system according to claim:
2, wherein means are provided to eliminate, in-a:
common output:-from said:valves, a.component:of
frequency equal to that of the:voltage applied: to;
said valves in the:same phase.

6. A'thermionic 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 pro-:
vided to substantially eliminate from a common:
output -from said vaives all components:except.
those of the sum and:difference frequencies:afigdid.
signalvoltages. .

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:ecomprises an
impedancs in said output circuit-and conneeted
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’
claim -2, -and ' eomprising means: Tor - adjusting
rélatively the degree of -negative ‘feedback :ap-
plied to said valves, and the amplitude of ‘the:
signal voltage applied 'in-the-same phase:tc said

- valves.

‘9: A thermionic valve system -according to-
claim g and- comprising means for: varying -rela-
tively the-amplitude-of:the signal voltage applied”
in phase opposition to said valves.

JOHN RICHARD TILLIMAN.
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