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This invention relates to electric Wave signal 
ling systems such as amplitude modulated car 
rier wave transmitters, audio or programme fre 
quency apparatus and the like. 
The object of the invention is to provide elec 

tric wave signalling arrangements in which, comi 
pared to arrangements commonly used, a Sub 
stantial saving of power is effected. Without af 
fecting detrimentally the quality and other chair 
acteristics of the signals. A further object is 
to provide arrangements of this type in which 
apparatus of reduced rating compared to that 
usually employed may be used Without reducing 
the effective range or utility of the system. A 
still further object of the invention is to pro 
vide apparatus whereby when no programme Or 
signal is being handled, the Supply voltages or 
any of them are other than the values neces 
sary for full output (for example, in an audio 
amplifier, plate Voltage and plate current are 
reduced) but whereby, When a programme Or 
signal is being handled, the said Supply Voltages 
or any of them are varied, the amount of such 
variation being substantially in dependence upon 
the strength or voltage of the signals. Further 
objects and advantages of the invention Will be 
disclosed in the appended description of its 
application. 
In apparatus arranged in accordance With the 

invention the signal handling ability of any stage 
is varied substantially in dependence upon the 
voltage or strength of the signals. In the best 
forms, the signal handling ability increases from 
substantially zero to just Sufficient extent to 
handle the signals momentarily present. 
One particular example of apparatus arranged 

according to the invention is the amplitude mod 
ulated carrier wave transmitter in which the sig 
nal handling ability is Varied by means of war 
iations of anode, carrier and other voltages, and 
which is hereinafter described in detail. From 
this particular example the methods and prin 
ciple of the invention can be understood; and SO 
other embodiments of the invention not given 
will readily be apparent. 

In the substantial absence of signals, the car 
rier output voltage is given an initial or "no 
signal' value; and therefrom the carrier output 
voltage is decreased in dependence upon increas 
ing strength of the signals until the signals reach 
an arbitrary strength within the volume-level. 
Thereafter, with further increase in the strength 
of the signals, the carrier output voltage is in 
creased in dependence upon increasing strength 
of the signals. 

(C. 250-1) 

In achieving the maximum reduction of un 
wanted signal handling ability a variable plate 
supply voltage in the final circuit is used in 
combination with a variable-carrier output Wolt 
age, preferably of the type just Specified. Of 
course, other supply voltages will generally re 
quire variation in order to achieve the required 
carrier output voltage and the required plate 
Supply Voltage simultaneously. 
In the preferred method for Supplying a War 

iable Woltage, a constant source is connected in 
Series. With a variable source, and in Some forms, 
the Wariable Source has the usual filtering Cir 
cuits removed or omitted. 
One particular novel variable voltage source 

comprises a bank of rectifiers fed from an A. C. 
mains through a regulating means comprising in 
tandem with each leg of a polyphase supply a 
transmission netWork some of whose elements 
are pairs of iron cored reactors. Each reactor 
has a reactive winding and also a saturating 
winding, these two windings having the greatest 
possible mutual coupling. The reactive Wind 
ings of each pair are connected in parallel; While 
controllable means With rectifying properties 
are connected to receive from the two saturat 
ing windings of each pair saturating currents 
with at least a D. C. component, the two sat 
urating windings of each pair being connected 
in such polarity that the asymetries of the two 
saturating currents are displaced by half a 
cycle. The voltage output from the rectifier 
bank is varied by the application to the con 
trollable means of energy (generally rectified) at 
potentials varying in dependence upon the 
strength of the signal and under control of the 
Signal WaWeS. 
The accompanying drawings show diagram 

matically the application of the invention to a 
radio transmitter of the amplitude modulated 
type. 

In these dra Wings: 
Fig. 1 is a schematic diagram of the trans 

nitter 
Fig. 2 is a curve showing the manner in which 

the carrier output is varied; 
Fig. 3 is a diagram showing the derivation of 

programme frequency Voltages for control pur 
pOSes, 

Fig. 4 is an alternative arrangement for regul 
lating the voltage supplies of the transmitter. 

Fig. 5 is a schematic diagram of an alternative 
arrangement for deriving controlling potentials, 
and . 
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Fig. 6 is a diagram of alternative arrangement 

for Saturating iron cored reactors. 
In the arrangement shown in Fig. 1 carrier 

oscillations of the required frequency are gen 
erated in the oscillator stage O and modulating 
energy is generated by the modulating valve WM, 
series modulation being adopted. MA is a class 
C modulated amplifier stage and PA is a class 
B linear power amplifier and AE is a radiator, 
The modulating valve WM has means GBM for 

applying a Constant but reduced value of nega 
tive grid bias in series With means RM for pro 
viding a negative bias proportional to the enve 

The means RM 
may be of any known type such as a rectifier 
lope value of the Signal voltage. 

fed with signal energy at a suitable level at X. 
The components of the means RM and their time 
Constants are SO chosen that the building up. Of 
the bias voltage is substantially complete Within 
One cycle of the highest modulating frequency at 
which appreciable rapid variation of programme 
or signal energy occurs and so that the time of 
decay of the bias voltage is longer than one cycle 
of the lowest modulating frequency to be han 
dled. Modulating potentials are supplied in any 
Convenient and known manner at M to the grid 
Of the modulating Valve. 
The modulating stage MA is supplied with 

high tension voltage through the line. J from a 
constant voltage source EC and a variable volt 
age source E.W. The constant voltage source is of 
usual low impedance and good regulation and 
comprises any known and suitable arrangement 
Of components designed to produce a steady 
Smooth D. C. output. Its output is fed to MA 
through the variable voltage Source EV which 
comprises a bank of rectifiers of suitable capacity 
arranged to deliver a uni-directional output of 
Voltage variable in value with its input voltage. 
The source EV has no smoothing means. The 
Source EW is fed With polyphase A. C. energy from 
the mains AC through voltage regulating means 
ER. In this regulator each leg of the mains has a 
transmission network of iron cored inductors Lif 
and L2 connected therein. Each inductor has a 
secondary winding (LSI and LS2) associated 
thereWith. The secondary windings LS and LS2 
as shown are connected to rectifiers W and V2 
in Series With which are the cathode-anode paths 
of the valves W3 and W4. The control grids of 
these valves are supplied with controlling volt 
ages from the driver stage DS which in turn is 
controlled by the phase reversing D. C. amplifier 
stage DCA. The biassed rectifier RVR is supplied 
at Y with programme energy at a suitable level. 
A voltage derived by known means such as the 
potentiometer R and proportional to the excess 
of plate supply Voltage over idling plate supply 
voltage is applied in series with and in opposi 
tion to the output voltage of RWR to DCA. The 
stages RVR, DCA and DS are of any suitable and 
known type. The time constants of RVR are 
chosen according to the same plan as those of 
R.M. When programme energy is supplied at Y 
the control grids of V3 and V4 are influenced in 
accordance with the envelope voltage thereof. 
By reason of the biassing of the stage RVR, 

the output of rectified programme energy from 
the stage remains Zero until a predetermined 
Volume level of programme depending upon the 
relative magnitudes of biassing voltage and of 
applied programme level has been reached. After 
this volume level of programme has been ex 
ceeded and the applied programme voltage has 
Overstepped the threshold value constituted by . 

from the windings LS and LS2. 
of unidirectional current Saturates more the in 
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the bias, then the voltage output of rectified pro 
gramme energy from the stage RWR increases in 
dependence upon the increase of the programme 
voltage. Consequently when the volume level is 
less than this predetermined Or arbitrary value, 
conditions in the regulating means ER are un 
changed. But when this arbitrary level is ex 
ceeded the increasing output from RVR makes 
the grids of W3 and V4 more positive in depend 
ence upon increase of programme Voltage, and 
the impedances of the valves W3 and V4 are 
Varied. 
They are made more conductive so that the rec 

tified currents in the circuits of W, W4 and V2, 
W3 are increased, said currents being derived 

This increase 

ductors I and L2 so that the voltage input to 
EW is increased. The increased A. C. compo 
nents in these Secondaries also have voltage in 
creasing effects by lowering the equivalent shunt 
ing impedances coupled acroSS Li and L2. Thus, 
in accordance with rise of programme voltage 
above the predetermined level, the voltage ap 
plied to EW and hence to the stage MA and WM 
in Series is increased. 
. The Voltage of the Source EC is less than that 
Which Would be normally required for operation 
of the stage M.A. and WM at full output. The 
ratio of the Voltage Supplied by the constant 
Source EC to the full capacity Voltage depends 
upon the degree of Suppression of the idling car 
rier below full output and also upon the charac 
teristics of the modulator Valve W.M. 
The high tension plate Supply for the stage PA 

is Supplied from two sources in series, a con 
stant Source EC2 and a variable source EV2, the 
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general characteristics of which are similar to 
those of EC and EW with appropriate differences 
in output Voltage and capacity to suit the greater 
requirements of the stage PA. The ratio of the 
Voltage Supplied by the source EC2 to the full 
capacity Voltage depends upon the degree of Sup 
pression of the idling carrier below full output. 
Grid bias for the stage PA is supplied from a 
Constant source EC3 and a variable source EV3. 
The two variable sources EV2 and EV3 have their 
input voltages regulated by means ER2 (includ 
ing means RVR2) and R2 which are similar to 
the regulating means ER, RWR and R. and which 
are Supplied With controlling programme volt 
ages at a Suitable level at Z. 

Splitting methods are well known in the prior 
art Whereby the controlling signal voltages fed 
to X, Y and Z. may be derived from the one 

40 
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55 
SOUrce of Signals whence comes the modulating 
signal voltage fed to M. A circuit which may 
be used is shown in Fig. 3. Signal voltages are 
supplied through the line PL to gain control 
means G and thence to splitting means S. Part 
of the output of S proceeds through line ML 
to modulating amplifier means MAM, thence to 
gain control means MG, and thence to the modul 
la?ting valve VM (shown in Fig. 1) via M. An 
other part of the Output of S proceeds through 
line CL to control-channel amplifier means CAM, 
and thence to splitting means S2. The three 
outputs of S2 proceed to three separate gain 
control means CGX, CGY and CGZ which feed 
Signal power to X, Y and Z respectively. 
When the transmitter is in operation, the grid 

bias of the modulating valve VMI increases with 
rising signal voltage (see page 2, column 1, lines 
10 to 14, inclusive). This reduces the carrier 
strength in accordance with the known operation 
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2,235,339 
of So-called "series modulation' circuits and con 
Sequently reduces the power input in the modula 
tor plate and to the linear power amplifier plate. 
The combined peak of carrier voltage and modu 
lation sideband voltages impressed on the carrier 
is kept Substantially constant until a predeter 
mined critical modulation signal voltage is 
reached. This is accomplished by suitably ad 
justed gains from the source of signals to RM and 
to M. When this arbitrary voltage, which is de 
termined by the setting of the bias of the recti 
fier RWR, is exceeded the plate supply voltage fed 
to the modulator stage MA increases with further 
increase of programme voltage, because of the 
Saturation and the effectively coupled shunting of 
the inductors I and L2 as previously explained. 
At Or about this point of programme Woltage the 
plate Supply voltage and also the grid bias of 
the linear power amplifier PA increase with fur 
ther rise of programme Voltage. 
While the programme voltage is below the 

critical value the rate of lowering of the car 
rier voltage with increase of programme volt 
age is adjusted by the gain control means regul 
lating the input at X so that plate signal Satura 
tion. On OutWards modulation peaks does not oc 
cur in the linear power amplifier. 
When the programme volume level exceeds the 

Critical value the gain control means regulating 
the input to Y is adjusted to vary the rate of 
increase of the modulator plate supply Voltage 
so that in Wards Over-modulation does not occur. 
Also when the programme Volume level exceeds 
the critical value the rate of increase of the 
linear power amplifier plate Supply Voltage comi 
paired. With programme Woltage is adjusted by 
gain control means regulating the input to Z, 
so that the outwards modulation peaks Will be 
free from plate signal Saturation. 
Without limiting the invention, the following 

are suggested as desirable values to which to ad 
just the transmitter performance for a pro 
gramme extending 40 db. and having an average 
volume level 14 db. below full capacity: 
Carrier at full output.------ Zero level 
Idling carrier-------------.Minus 1.9 db. 
Carrier at critical Volume 
level--------------------Minus 6 db. 

Critical audio volume level...Minus 10 db. 
Woltage of sources EC2 and 

EC3-------------------- 40 percent of the re 
spective full ca 
pacity Voltages. 

The manner in which the carrier Woltage may 
change in the apparatus described and adjusted 
in accordance with the above table, is shown by 
the line COV in Fig. 2. It is assumed that the 
modulating signal strength ranges from Zero level 
(written 0 db.) to minus 40 db. At full modul 
lation (zero level) it is assumed that the car 
rier output is 1.0 and that in the idling Con 
dition (no modulation) the carrier output is 0.8. 
As modulation is increased the carrier output 
falls, due to increased bias upon the modulating 
valve WM produced by RM under the influence 
of increasing programme Voltage. The decrease 
is preferably effected so that as the modulation 
increases towards a critical value, say minus 10 
db., the modulation peaks are approximately 
equal to the carrier level at no modulation. As 
modulation increases and the carrier level de 
creases, the stage of over-modulation is ap 
proached but before this stage is reached, due to 
the effect of increasing programme voltages up 

identical With DS. Of Fig. . 

3. 
On the Voltage regulating means ER and ER2, 
increased Voltages are applied to the stages MA 
and PA and the carrier is expanded from the 
minimum value (of say, 0.5) to its full value so 
that the higher modulation voltages may be han 
dled Without distortion. The change in carrier 
Voltage is shown by the full line COW. Consid 
erable power is therefore saved as, except at the 
highest modulation levels, the carrier is always 
at a relatively low value. A comparatively high 
idling Value of Carrier say 0.8, is chosen so that 
in receivers having A. W. C. - the noise level is 
kept down when the modulation is low or absent. 
At or about the arbitrary programme level 

chosen, say minus 10 db., the units ER, and ER2 
begin to increase the voltages applied to the 
Stages MA and PA so that they Way as shown 
in Fig. 2 by the dotted lines MA or MA2 for 
the stage MA, and by the dotted line PA for 
the stage PA. The sources EC and EC2 supply 
the approximately constant Voltages indicated by 
the horizontal portions of the lines and the units 
EV and EW2 produce the increase indicated by 
the sloped portions. The Voltage of EC3 plus 
EW3 is of the same pattern as the voltage of 
EC2 plus EV2 but of appropriate difference in 
magnitude. The two lines MA and MA2 are 
shown in Fig. 2 in order to represent the fact 
mentioned earlier that the ratio of the Voltage 
from EC to the Voltage at full modulation from 
EC plus E-W depends also on the characteristics of 
the valve WM, and so Will naturally vary from 
type to type. 
In Fig. 4 there is shown a modification of the 

method of controlling the input voltage to any 
of the variable sources EV, EV2 or EW3. Each 
lead of the polyphase circuit from the regulator 
ER to the source EV, for example, has included 
therein two windings which are respectively the 
Secondaries of transformers T and T2, the pri 
maries of which are connected to the mains. 
These secondaries deliver voltages respectively in 
quadrature and the magnitudes of the voltages 
in the secondaries of T and T2 aire adjusted 
so that the idling Voltages in the polyphases con 
nections J2 are any arbitrary value. Preferably, 
these voltages are Zero. In operation the output 
voltages from T. and T2 subtract vectorially from 
the output Voltage of ER, so that in the idling 
condition residual voltage from ER can be sub 
stantially cancelled. 

In the above descriptions the means R, and 
RWR, and the like, have been described as one 
means for controlling the operation of the means 
ER, and the like, 
An alternative arrangement, illustrated in Fig. 

5, consists in bringing the connection from the 
means RWR, or the like, to a bias Source B suit 
able for the means DCA, Or the like, instead of 
(as shown in Fig. 1) to the output of the means 
R, or the like. 
In Operation, Signal power applied at Y gen 

erates controlling potentials which are transmit 
ted through DCA and Which control the means 
ER as already described in reference to Fig. 1. 
In Fig. 6 there is shown an alternative air 

(rangement for producing Saturation in the re 
actors L and L2 of Fig. 1. Grid controlled gas 
discharge tubes (or thyratrons) Thi? and Th2 
have their grids connected to known grid con 
trolling devices GCD and GCD2 respectively, 
and these are in turn connected to DS which is 

The plate circuits 
of Thi and Th2 are connected in series respec 
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4 
tively with LSf and LS2 which are identical With 
LS and LS2 of Fig. 1. 
In operation, as described previously, when 

the strength of the signal rises, voltage propor 
tional to the strength of signal is transmitted 
through DS, and this influences the firing of 
Th and Th2 through the action of GCD and 
GCD2. The magnitude of the currents in LS 
and LS2 is thus influenced in Well known Way 
by Thi? and Th2, and so, as described previously, 
the saturation of the reactors L and T2 is con 
trolled. 
In the above description and in the claims ap 

pended hereto certain terms have been used. 
These terms as used have the meanings set out 
hereunder. 
"Supply voltage' means any Voltage excepting 

a signal Wave voltage or a modulation Sideband 
voltage which may be required to be incorporat 
ed in the circuit of an electric Wave signal han 
dling arrangement for the standard Operation 
thereof, and will include carrier Wave input volt 
age. 
“In dependence upon' used in reference to a 

varied Or controlled Woltage or the like means 
existence (as understood in physics) of a single 
valued function substantially defining the pattern 
of variation. Despite the fact that the function 
may define the time pattern of the dependent 
from the time pattern of the independent varia 
ble, strictly only in the case of indefinitely slow 
variation rates, except when time delays Or the 
like are specifically referred to, the Wariation is 
still described as “in dependence upon.' 

"Final circuit' of an electric wave signal han 
dling arrangement means that electrical loop in 
the said arrangement wherein power associated 
with one or more of the Operating Or Supply 
voltages is converted to the power flow which 
constitutes the output wave of the arrangement. 
“Signal handling ability' means the peak volt 

age of that sustained wave which can be gener 
ated without Substantial distortion being intro 
duced by voltage overload. Thus in a plate cir 
cuit, the signal handling ability may for example 
be different for an audio Wave and for a single 
side band. 

claim: 
1. In a variable-carrier signalling arrangement, 

apparatus generating carrier-frequency output 
voltage and amplitude-modulation Sideband waves 
originating from signal frequency Waves, in COm 
bination with a first means effective in the pres 
ence of and actuated by energy under the con 
trol of signal waves of less than an arbitrary 
strength within the Volume-range of the Said 
signals, said first means changing the said car 
rier output voltage to values substantially in 
dependence upon values of the strength of the 
said signal waves and less than the value of 
said carrier output voltage in the Substantial 
absence of signal, and with a second means ef 
fective in the presence of and actuated by en 
ergy under the control of signal waves of greater 
than said arbitrary strength, said Second means 
changing said carrier output voltage to values 

2,235,339 
Substantially in dependence upon values of the 
strength of the said signal waves and greater than 
the Value of the said carrier output voltage in 
the presence of signal waves of said arbitrary 
Strength. 

2. In a Variable-carrier signalling arrange 
ment, apparatus according to claim 1 and hav 
ing a final circuit and a supply voltage for said 
final circuit, in combination with a third means 
effective in the presence of and actuated by en 
ergy under the control of the said signal Waves, 
Said third means changing the Value of the Said 
supply Voltage to Values substantially in depend 
ence upon Values of the strength of the said 
Signals. 

3. In a variable-carrier electric Wave signal 
ling arrangement, a final circuit in Which may 
occur electric Waves comprising both carrier-fre 
quency Output voltage and also amplitude-modul 
lation Sideband Waves originating from signal 
frequency waves, a substantially un-modulated 
Supply Voltage source for said final circuit, and 
a modulation circuit distinct from Said final Cir 
cuit, in combination. With a first means effective 
in the presence of and actuated by energy under 
the control of said signal Waves, said first means 
changing the value of said Carrier Output Volt 
age to values Substantially in dependence upon 
values of the strength of the said signals, and 
With a second means effective in the presence 
of and actuated by energy under the control of 
the said signal waves, said second means chang 
ing the value of the said supply Voltage to Values 
substantially in dependence upon values of the 
strength of the said signals. 

4. In a variable-carrier signalling arrange 
ment, apparatus as claimed in claim 3, and in 
which during any substantially short moment, 
for the instantaneous peak envelope Voltage of 
signal waves which is occurring, the signal han 
dling ability afforded in the said final circuit 
by the said Supply voltage is substantially equal 
to the peak voltage of the electric wave which 
is occurring in the said final circuit. 

5. In an electric Wave signal handling arrange 
ment incorporating a Supply Voltage Source, an 
iron cored reactor circuit for varying said Sup 
ply voltage in response to saturation of said 
iron, and means for Saturating Said iron in re 
sponse to controlling potentials, means for gen 
erating controlling potentials which Vary Sub 
stantially in dependence upon Values of the 
strength of the signals, comprising, in combina 
tion, a first means for deriving voltage propor 
tional to the difference between said supply volt 
age in the absence of signals and said supply 
voltage whilst varied, a second means for deriv 
ing voltage which is uni-directional and is in 
Substantially linear dependence upon the enve 
lope voltage of the said signals, and a third inter 
connecting means for deriving the difference con 
stituting the said controlling potentials, between 
the voltages from said first and said second de 
riving means. 

JAMES CHARLES STEWAR.T. 
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