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UNITED STATES PATENT OFFICE 
2,431,471 

MODULATING SYSTEM 
Joe C. Ferguson, Fort Wayne, Ind., assignor, by 
mesne assignments, to Farrasworth Research 
Corporation, a corporation of Indiana, 

Application October 11, 1943, Serial No. 505,723 

This invention relates to modulating Systems 
and particularly to Systems of this character 
wherein a power amplifier is employed to modu 
late a carrier signal level in accordance with a 
modulating signal. 
According to conventional practice, it is cus 

tomary to control an electronic power amplifier by 
means of a relatively low power level modulat 
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ing signal, whereby to vary the power output of 
the amplifier in accordance with the signal. The 
manner in which these Systems function is such 
that maximum power is developed for trans 
mission purposes to represent one limiting value of 
the modulating signal. Similarly, to represent a 
modulating signal of the other limiting value, 
minimum power is developed, 
AS is Well understood in the art, however, when 

utilizing the minimum power output for trans 
mission purposes, the utilizing power is but a rel 
atively Small proportion of the total power de 
veloped. The unutilized portion of the developed 
power constitutes a loss which reduces the effi 
ciency of the system. The power losses vary 
during the operation of the System. Substantially 
in proportion to the percentage of signal modul 
lation. In addition, it is necessary to dissipate 
the power losses in some manner. Generally, the 
dissipation occurs in the power amplifier tubes. 
The result of Such a condition is a still further 
decrease in the overall efficiency of the system, 

It is an object of the present invention, there 
fore, to provide a novel modulating System in 
which some of the energy which ordinarily would 
be lost is converted into a form Suitable for use 
to Supplement the modulating voltage. 
Another object of the invention is to provide 

a method of signal-modulating the output of a 
power amplifier, whereby the energy losses will 
be minimized. 
. In accordance with the present invention, there 
is provided a power amplifier of a type capable 
of producing in its output circuit signal-modul 
lated energy at two harmonically related radio 
frequencies, each of which bears a predetermined 
frequency relation to a radio frequency exciting 
source. The energy at one of the output circuit 
frequencies varies directly. With the modulating 
signal and the energy of the other output circuit 
frequency varies inversely as the modulating sig- . 
nal. The signal-modulated energy at one of the 
output circuit frequencies is coupled into a uti 
lization circuit. The signal-modulated energy at 
the other output circuit frequency is demodulated 
to develop a unidirectional voltage having an 
alternating current component corresponding to 

O 

2 
the modulating signal. The unidirectional volt 
age is applied to the power amplifier in a manner 
to produce additional modulation thereof. 
More specifically, the invention is embodied in 

a modulator employing a pair of electronic de 
vices arranged as a frequency doubling ampli 
fier. The input circuits of the devices are con 
nected in a push-pull arrangement to a radio 
frequency exciting source. One device is condi 
tioned for a predetermined invariable conduc 
tion of space current during successive half cycles 
of one polarity of the exciting voltage. The other 
device is conditioned for a variable conduction 
of space current under the control of a modulat 
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ing signal during successive half cycles of the Op 
posite polarity of the exciting voltage. As a re 
sult of this arrangement there is developed en 
ergy, at the second harmonic of the driving radio 
frequency, which is modulated directly in pro 
portion to the modulating signal. Also, there is 
developed energy at the fundamental radio fre 
quency which is modulated in inverse proportion 
to the modulating signal. The signal-modulated 
energy at the second harmonic of the radio fre 
quency is coupled to a utilization circuit. The 
signal-modulated energy at the fundamental ex 
citing frequency is rectified to develop a unidirec 
tional voltage varying in magnitude inversely as 
the modulating signal. 

In one illustrative embodiment of the inven 
tion this unidirectional voltage is coupled back 
to the plate circuit of the power amplifier in a 
manner to effect plate modulation thereof of a 
character to supplement the primary signal mod 
ulation of the amplifier grid circuit. In the other 
illustrative embodiment of the invention the uni 
directional voltage is coupled back to the grid 
circuit of the electronic device upon which is in 
pressed the primary modulating signal. The 
manner in which the energy which is coupled 
back to the amplifier grid circuit is such that 
the primary amplifier modulation is Supple 
mented by the rectified energy developed at the 
fundamental exciting frequency. 
For a better understanding of the invention, 

itogether with other and further objects thereof, 
i reference is had to the following description 
takenin connection with the accompanying dra W 
sings, and its scope will be pointed out in the ap 
pended claims. a 

in the accompanying drawingS 
Fig. 1 is a circuit diagram of a modulating 

system embodying the instant invention; 
Fig. 2 is a group of curves illustrating the mode 
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of operation of apparatus embodying the inven 
tion; 

Fig. 3 is a graph for use in connection. With the 
explanation of the operation of apparatus; and 

Fig. 4 is a circuit diagram of a further modifi 
cation of the invention. 

Having reference now to Fig. 1 of the drawings, 
there is disclosed a modulating System in which 
there is provided a power amplifier including a 
vacuum tube f . As illustrated, this tube com 
prises two independent Space discharge paths 
Within the same envelope. For the purpose of 

10 

this description and the claims appended thereto, 
this device will be referred to as a pair of vacuum 
tubes, electronic devices, space discharge paths, 
etc. Obviously, the tube ff may be replaced by 
a pair of similar vacuum tubes without departing 
from the invention. Also, the tube if is shown as 
a twin triode, but in accordance With practice well 
known in the art, such tubes require for satis 
factory performance, some form of neutraliza 
tion between the respective control grids and 
anodes thereof. Neutralization, if desired, may 
be effected in any conventional manner such as by 
suitably connecting condensers between the tube 
electrodes or by employing screen grid tubes. 
The control grids of the tube are connected to 
a parallel resonant circuit 2 which comprises, 
in one branch thereof, an inductor 3 and, in the 
other branch, a Series connection of two con 
densers f4 and 5. The cathode of the tube 
is connected to the grounded junction point be 
tween the condensers 4 and 5. An inductor 
f6, coupled to the inductor 3, in turn, is con 
nected to a source of radio frequency f. The 
frequency of this source may be anything desired 
and is represented herein as a frequency F. 
These described connections to the control grids 
of the tube are for the purpose of exciting 
the grids at the radio frequency F. 
There is connected between the cathode and 

One of the grids of the amplifier tube it, a source 
Of a modulating signal 8. The circuit details of 
this source have not been shown for the reason 
that it may be any conventional type of signal 
Source of which numerous examples are well 
known in the art. 
The anodes of the tube are connected to 

gether so that the device, with its associated 
circuits, constitutes a frequency doubler. The 
output circuit of the tube if is a parallel arrange 
ment of two branch circuits. In one of these 
branch circuits there is connected a parallel reso 
nant network 9 comprising an inductor 2 and, 
connected in multiple therewith, a series arrange 
ment of two condensers 22 and 23. The junction 
point between the condensei's is connected to 
ground. The network 9 is tuned to the second 
harmonic frequency of the radio frequency source 
f7 and is designated in the drawing by the legend 
2F. An inductor 24 is coupled to the inductor 2 
and its terminals are connected respectively to 
the output circuit terminals 25. The branch of 
the output circuit of the power amplifier includ 
ing the network 9 also includes a resistor 26 and 
a Source of Space current for the power amplifier 
tubes such as a battery 2 of which the positive 
terminal is connected to the resistor 26 and the 
negative terminal is connected to ground. 
The other branch of the output circuit of the 

power amplifier includes a parallel resonant net 
Work 28 comprising an inductor 29 and, in mul 
tiple therewith, the series connection of two con 
densers 3 and 32. The junction point between 
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4. 
The netWork 28 is tuned to the fundamental fre 
quency of the radio frequency source 7 as indi 
cated by the legend F. This second branch of 
the parallel output circuit of the power amplifier 
is completed by a connection from the netWolk 28 
to the positive terminal of the battely 2. 
A center-tapped inductor 33 is coupled to the 

inaductor 29 and the terminals thereof are con 
nected to the anodes of a tWin diode rectifier 34. 
The center tap of the inductor 33 is connected to 
the junction point between the network f9 and 
the resistor 26. The cathode of the rectifier tube 
34 is connected to the positive terminal of the 
battery 27. 
Referring now to the operation of the embodi 

ment of the invention shown in Fig. 1, additional 
reference Will be made to the gl'Oup of curves 
shown in Fig. 2. ASSume that the signal-modul 
lating Voltage derived from the Source 8 is at a 
minimum value corresponding to one limiting 
value of the modulating signal. Also, assume 
that under these conditions the glid circuit of 
the right hand portion of the amplifier tube 
is provided with a sufficiently negative biasing 
voltage, which together with the signal-modulat 
ing voltage, prevents the conduction of space 
current in this portion of the tube. At the same 
time it is assumed that the grid circuit of the 
left hand portion of the amplifier tube is provided 
with a bias suitable to permit the conduction of 
the Space current in this portion of the tube of 
a predetermined and invariable magnitude. As 
the two portions of the amplifier tube are alter 
nately conditioned for the conduction of space 
current under the control of the radio frequency 
exciting voltage derived from the source 7, Space 
current will flow periodically only in the left 
hand portion of the tube as a result of the de 
scribed biasing of the tube grids. Consequently, 
only the left hand portion of the tube is effective 
to control the development of power in the am 
plifier output circuit, including the resonant net 
works 9 and 28. 

In Fig. 2 the sinusoidal curve 35 represents the 
5 periodic variation of the exciting voltage for the 

amplifier. If it is assumed that during the posi 
tive half cycles of the exciting voltage the left 
hand portion of the tube f f is conditioned for the 
Conduction of space current, the areas under the 
curves 36, 37, 38, and 39 represent the power 
delivered to the output circuit under the control 
of the left hand portion of the tube. It is seen 
that this power is of invariable magnitude and 
is delivered at the fundamental frequency of the 
exciting voltage. 
Consequently, under the initial modulating 

condition assumed, all of the power delivered to 
the output circuit is absorbed by the resonant 
network 28. Accordingly, the voltage developed 
at the output terminals 25 is at a minimum value 
Since no power at the second harmonic frequency 
is available for absorption by the network 9. 
Upon rectification by the diode 34 of the output 
circuit energy developed at the fundamental fre 
quency, the unidirectional voltage corresponding 
thereto which is developed in the impedance 26 
is at a maximum value. This voltage is in opposi 
tion to the voltage of the battery 27 so that the 
voltage impressed upon the network 9 is at its 
minimum Walue. 
ASSume now that, during the second illustrated 

cycle of the exciting voltage, the modulating sig 
nal Voltage reduces the total negative grid bias 
of the right hand portion of the tube Sufi 

these condensers also is connected to ground. 75 ciently to permit the conduction therein of some 
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space current. As a result there is delivered to 
the output circuit of the amplifier during the 
second negative half cycle of the exciting voltage 
Some power in addition to that furnished during 
the positive half cycles. This additional energy 
is represented in Fig. 2 by the shaded area under 
the curve 4 . It is apparent that, under these 
conditions, a quantity of power is delivered to the 
output circuit of the amplifier at the Second har 
monic of the exciting voltage frequency. This 
second harmonic energy is absorbed by the reso 
nant network 9. Obviously, one-half of the sec 
Ond harmonic energy must be obtained from the 
energy delivered to the Output circuit under the 
control of the left hand portion of the tube . 
This portion of the second harmonic energy is 
illustrated by the shaded area, under the curve 42 
of Fig. 2. The portion of second harmonic energy 
which is derived from the total energy repre 
sented by the area under the curve 37 for absorp 
tion by the resonant network 9 results in a de 
crease in the energy available for absorption by 
the network 28. 

Consequently, the unidirectional voltage devel 
oped in the resistor 26 is decreased correspond 
ingly. This reduction in the magnitude of the 
voltage opposing the voltage of the battery 27 
effects an increase in the Voltage impressed upon 
the network 9. This increased voltage effects 
an additional plate modulation of the amplifier 
at the second harmonic frequency of a character 
to supplement the primary grid modulation 
thereof. As the modulating signal voltage changes to 
increase further the magnitude of the space cur 
rent conducted in the right hand portion of the 
tube , the energy delivered to the output circuit 
at the second harmonic frequency is increased 
correspondingly. At the same time the energy at 
the fundamental frequency available for absorp 
tion by the network 28 is decreased in like 
amount. Ultimately, when the modulating volt 
age reaches a value representing the other limit 
ing value of the modulating signal, the right hand 
portion of the tube is conditioned for the con 
duction of space currents of equal magnitudes to 
those conducted by the left hand portion of the 
tube. This condition is illustrated by the curves 
39 and 43. The shaded area under the curve 39 
represents the power delivered to the output cir 
cuit under the control of the left hand portion of 
the amplifier tube and the shaded area, under the 
curve 43 represents the power delivered to this 
circuit under the control of the right hand por 
tion of the tube. It is seen that the two are equal 
and since this power is delivered at the Second 
harmonic frequency there is no energy available 
for absorption by the resonant network 28. In 
this case all of the output circuit power is ab 
sorbed by the resonant network S. Conse 
quently, there is no voltage developed in the re 
sistor 26 for opposition to the voltage derived 
from the battery 27. As a result the voltage 
impressed upon the network 9 is at its maximum 
value, thereby effecting a maximum plate modul 
lation of the amplifier corresponding to the maxi 
mum grid modulation thereof. 

In Fig. 3 there is illustrated graphically the 
described variation in the output circuit power 
as the modulating voltage is varied. The curve 
44 represents the increase in the power developed 
at the Second harmonic frequency and the curve 
45 illustrates the decrease in the power at the 
fundamental frequency as the modulating voltage 
is increased. It is seen that when one is a maxi 
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6 
mum the other is a minimum and that, at an 
intermediate point 46 corresponding approxi 
mately to 50% modulation, equal amounts of 
power are absorbed by the respective networks 
9 and 28. The total power delivered to the am 

plifier output circuit is constant and its abSOrp 
tion shifts from one resonant netWork to the 
other with the modulating signal. 

Referring now to the modification of the inven 
tion depicted in Fig. 4 of the drawings, there is 
shown an arrangement similar in some respects 
to the arrangement of the previously described 
embodiment. Elements of Fig. 4 which are sim 
ilar to like elements shown in Fig. 1 are given 
identical characters of reference. In this in 
stance, the exciting voltage is impressed upon 
the input circuits of the power amplifier tube 

by a tuned circuit 48. This circuit comprises 
two parallel branches, in one of which there is 
arranged in Series two inductors 49 and 5 and 
a condenser 52. The inductors are coupled in 
ductively in the proper polarities to the output 
circuit inductor 6 of the radio frequency source 
f 7. The other parallel branch of the network 
48 comprises a series connection of two conden 
sers 53 and 54, the junction point of which is 
connected to ground. 
The output circuit of the amplifier tube in 

cludes a series connection of networks 55 and 
56 together with the battery 27. The network 55 
is tuned to the second harmonic frequency of 
the source 7 and comprises a parallel connec 
tion of an inductor 5 and a condenser 58. The 
inductor 57 is coupled to the inductor 24. The 
network 56 is tuned to the fundamental frequency 
of the source 7 and comprises a parallel con 
nection of an inductor 59 and a condenser 6 ?. 
The inductor 59 is coupled to the inductor 33. 
The right-hand portion of the amplifier tube 

ld is provided with a fixed negative grid bias 
derived from a battery 62 which is connected 
between the cathode of the tube and one ter 
minal of the inductor 5. The input circuit of 
the left-hand portion of the amplifier tube is 
connected through the inductor A9 to a resistor 
63 across the terminals of which there is con 
nected a source of modulating signal 64. This 
input circuit also includes the resistor 2S which 
is included in the output circuit of the rectifier 
tube 34. 

Referring now to the Operation of the modi 
fication of the invention shown in Fig. 4, assume 
that the maximum voltage is developed in resistor 
63 to represent one limiting value of the modu 
lating signal. The polarity of this voltage tends 
to prevent the conduction of space current in the 
left hand portion of the tube . The left hand 
amplifier grid is subjected to this voltage and 
also is subject to the voltage developed in the 
resistor 26. This latter Voltage also is of a polar 
ity tending to prevent the conduction of space 
current in this portion of the tube. Together 
the two voltages developed in resistors 26 and 
32 are sufficient, under the assumed conditions, 
to bias the left hand portion of the tube f be 
yond cutoff so that there is developed in the 
output, circuit of the tube no energy at the second 
harmonic frequency of the source 7. 
The grid biasing of the right hand portion of 

the tube f by the battery 62 is suitable to effect 
the conduction of a predetermined space current 
in the right hand portion of this tube. As a 
consequence, a maximum of energy at the funda 
mental frequency is delivered to the amplifier 
output circuit. This energy is absorbed by the 
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network 56 and converted by the rectifier 34 into 
the unidirectional voltage developed in the re 
sistor 26. Under the assumed limiting Condi 
tion this voltage is a maximum. 
As the modulating signal deviates from the 

assumed limiting value a corresponding decrease 
in the voltage developed in the resistor 63 is 
effected. Consequently, the Conduction of Space 
current in the left hand portion of the tube is 
initiated to deliver energy to the amplifier out 
put circuit at the second harmonic frequency. 
As in the previously described modulation of the 
invention, this second harmonic energy is ab 
sorbed by the network 55 with the consequent 
reduction in the energy at the fundamental fre 
quency available for absorption by the netWOrk 
56. Hence, the unidirectional voltage developed 
in the resistor 26 is decreased correspondingly. 
The decrease of this voltage has the effect of 
producing additional grid modulation of the left 
hand portion of the amplifier tube of a char 
acter to supplement the primary modulation 
effected directly by the modulating signal source 
64. 
When the voltage developed in the resistor 63 

is at a minimum to represent the other limiting 
value of the modulating signal, Substantially the 
entire output of the amplifier tube f is developed 
at the second harmonic frequency of the Source 
7. Therefore, the voltage developed in the re 

sistor 26 which is representative of the energy 
available for absorption at the fundamental fre 
quency in the amplifier output circuit also is at 
a minimum. 

In view of the foregoing detailed description 
of these illustrative embodiments of the invention, 
it is evident that there is provided a novel means, 
whereby it is possible to Secure additional ad 
vantages which are impossible of attainment in 
prior art systems. As a result, there is achieved 
a substantial increase in the operating efficiency 
of a signal-modulated power amplifier. 
These advantageous results are produced by the 

disclosed forms of the invention wherein there 
is effected a recovery of energy which otherwise 
would constitute a loss. By recovering this en 
ergy, there is obviated the necessity of dissipat 
ing it in the amplifier. Hence, there is prevented 
a lowering of the amplifier efficiency which is an 
inevitable consequence of the dissipation of Such 
energy by the amplifier tubes. 
By reason of the described energy variations 

in the two output circuit resonant networks, 
there is produced an effective power shift between 
the networks in accordance with the modulating 
signal. The result is that the total power de 
livered by the amplifier tubes is substantially Con 
stant. Thus, the small energy dissipation re 
quired of the amplifier also is constant. Hence, 
the efficiency of the device does not vary Sub 
stantially with the percentage of Signal modula 
tion. 

Also, the incorporation by this system of means 
for converting the recovered energy into a form 
which may be utilized as an aid for accomplish 
ing additional amplifier modulation obviates, or 
at least minimizes, the necessity of amplifying 
the modulating signal prior to the impression 
thereof upon the power amplifier. Such ampli 
fication is not always easy to accomplish. Hence, 
by means of the invention a more efficient use of 
the tube complement may be effected. These op 
erational advantages considerably facilitate the 
attainment of modulation of a character Suitable 
for television transmitters, 
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While there has been described What, at pres 

ent, is considered the preferred embodiment of 
the invention, it will be obvious to those skilled 
in the art that various changes and modifica 
tions may be made therein without departing 
from the invention, and it, therefore, is aimed 
in the appended claims to cover all such changes 
and modifications as fall within the true Spirit 
and scope of the invention. 
What is claimed is: 
1. In a modulating system, a power amplifier 

having an input and an output circuit and adapt 
ed to develop in said output circuit signal-modu 
lated energy at a fundamental radio frequency 
and signal-modulated energy at a harmonic of 
said radio frequency, a source of a radio fre 
quency wave, means for exciting said amplifier 
at a radio frequency derived from said Source, a 
source of modulating signal coupled to the input 
circuit of said amplifier to effect signal modula 
tion, means in the output circuit of said amplifier 
for developing said signal-modulated energy at 
said fundamental radio frequency, additional 
means connected in the output circuit of said 
amplifier for developing said signal-modulated 
energy at said harmonic of the radio frequency, 
means for developing from said fundamental sig 
nal-modulated radio frequency energy a unidi 
rectional voltage varying in accordance With said 
modulating signal, and means for applying said 
unidirectional voltage to said amplifier in a man 
ner to effect additional signal modulation. 

2. In a modulating system, a frequency doubler 
having an input and an output circuit, a source 
of a radio frequency wave, means for exciting 
said frequency doubler at a radio frequency de 
rived from said source, a source of modulating 
signal coupled to said input circuit to effect signal 
modulation, means connected in said output cir 
cuit for developing signal-modulated energy at 
double Said radio frequency, additional means 
connected in Said output circuit for developing 
Signal-modulated energy at said radio frequency, 
means for developing from said signal-modulated 
radio frequency energy a unidirectional voltage 
varying in accordance with said modulating sig 
nal, and means for applying said unidirectional 
voltage to said frequency doubler in a manner 
to effect additional signal modulation. 

3. In a modulating system, a frequency doubler 
comprising, a pair of space discharge paths each 
having an input and an output circuit and ar 
ranged in a push-push connection, a Source of a 
radio frequency wave, means for exciting said 
Space discharge paths at a radio frequency de 
rived from said Source, a source of modulating 
Signal coupled to the input Circuit of one of Said 
Space discharge paths to effect signal modula 
tion, means connected in the output circuits of 
said Space discharge paths for developing signal 
modulated energy at double said radio frequency, 
additional means connected in the output circuit of Said Space discharge paths for developing sig 
nal-modulated energy at said radio frequency, 
means including a rectifier for developing from 
said signal-modulated radio frequency energy a 
unidirectional voltage varying in accordance with 
Said modulating signal, and means for applying 
Said unidirectional Voltage to one of said space 
discharge paths in a manner to effect additional 
signal modulation. 

4. In a modulating system, an amplifier having 
an input and an output circuit and adapted to 
develop in said output circuit signal-modulated 
energy at two harmonically related radio frequen 
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cles, means for exciting said amplifier at a fre 
quency having a predetermined relation to said 
harmonically related frequencies, a plurality of 
networks connected to the Output circuit of said 
amplifier, one of said networks being adapted 
to develop energy at a first one of said harmon 
ically related frequencies and the other of said 
netWorks being adapted to develop energy at a, 
second one of said harmonically related frequen 
cies, a utilization circuit coupled to said first 
harmonically related frequency network, means 
coupled to said second harmonically related fre 
quency network for demodulating the energy de 
veloped therein, a source of modulating signal, 
means for coupling said modulating signal source. 
to the input circuit of said amplifier, and means 
for impressing said demodulated energy upon 
the input circuit of said amplifier in a manner 
to Supplement said modulating signal. 

5. In a modulating system, a power amplifier 
having an input circuit and an output circuit and 
adapted to develop in said output circuit signal 
modulated energy at a fundamental radio fre 
quency and at a harmonic of said radio frequency, 
means for exciting Said amplifier at said radio 
frequency, a plurality of resonant networks con 
nected to the output circuit of said amplifier, one 
of Said networks being tuned to said fundamental 
radio frequency and the other of said networks 
being tuned to said harmonic of the radio fre 
quency, a utilization circuit coupled to said har 
monic frequency network, a rectifier coupled to 
said fundamental frequency network, a source of 
modulating signal, means for coupling said mod 
ulating signal Source to the input circuit of said 
amplifier, and means for coupling the output cir 
cuit of said rectifier to the input circuit of said 
amplifier in a polarity to supplement said modu 
lating signal. 

6. In a modulating system, a power amplifier 
having an input circuit and an output circuit and 
adapted to develop in said output circuit signal 
modulated energy at a fundamental radio fre 
quency and at the Second harmonic of said radio 
frequency, a source of a radio frequency wave, 
means for exciting Said amplifier from said 
Source, a plurality of resonant networks con 
nected to the output circuit of said amplifier, one 
of Said networks being tuned to the fundamental 
frequency of Said source and the other of said 
networks being tuned to the second harmonic 
frequency of said source, a utilization circuit cou 
pled to Said second harmonic frequency network, 
a full Wave rectifier coupled to said fundamental 
frequency network, a source of modulating signal, 
means for coupling said modulating signal source 
to the input circuit of said amplifier, and means 
for coupling the output circuit of said rectifier 
to the input circuit of said amplifier in a polarity 
to Supplement said modulating signal. 

7. In a modulating system, a frequency 
doubler including a pair of space discharge paths, 
an output circuit for said frequency doubler com 
prising a pair of resonant networks, one of said 
netWorks being tuned to a fundamental radio fre 
quency and the other of said networks being 
turned to the Second harmonic of said funda 
mental frequency, a utilization circuit coupled to 
the network tuned to said second harmonic fre 
quency, a rectifier coupled to the network tuned 
to Said fundamental frequency, an output cir 
cuit for said rectifier comprising an impedance, 
a Source of a carrier wave having a radio fre 
quency equal to Said fundamental frequency, 
means for coupling said source to the input cir 
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10 
cuit of said frequency doubler for the excitation 
thereof, a source of a modulating signal, means 
for coupling said signal source to the input cir 
cuit of one of said space discharge paths, and 
means for coupling said impedance to the input 
circuit of said one Space discharge path in a po 
larity to supplement said modulating signal. 

8. In a modulating System, a frequency 
doubler comprising first and second space dis 
charge paths, each having input and output cir 
cuits, means for exciting the input circuits of 
said Space discharge paths at a fundamental ra 
dio frequency, a source of modulating Signal 
coupled to the input circuit of one of said space 
discharge paths to effect an input circuit modu 
lation of said frequency doubler, means coupled 
to the output circuits of said space discharge 
paths for developing signal-modulated energy at 
the second harmonic frequency of said radio 
frequency, additional means coupled to the Out 
put circuits of Said space discharge paths for 
developing signal-modulated energy at said ra 
dio frequency, means for rectifying said signal 
modulated radio frequency energy, and means 
utilizing said rectified energy for plate modulat 
ing said frequency doubler in a manner to sup 
plement the input circuit modulation thereof. 

9. In a modulating System, a frequency doubler 
including first and second space discharge paths, 
each having input and output circuits, means 
for exciting the input circuits of said space dis 
charge paths at a fundamental radio frequency, 
a fixed biasing voltage for said first space dis 
charge path to effect an invariable conduction 
of Space current therein, means including a 
Source of modulating signal for varying the bias 
ing Voltage of Said Second Space discharge path 
in accordance with a modulating signal, means 
coupled to the output circuits of said space dis 
charge paths for developing signal-modulated 
energy at the Second harmonic frequency of said 
radio frequency, additional means coupled to the 
Output circuits of Said Space discharge paths for 
developing signal-modulated energy at said ra 
dio frequency, means for rectifying said signal 
modulated radio frequency energy, and means 
utilizing said rectified energy for additionally 
varying the biasing voltage of second space dis 
charge path. 10. In a modulating system, a frequency 
doubler comprising first and second space dis 
Charge paths each having input and output cir 
cuits, means for exciting the input circuits of 
Said Space discharge paths at a fundamental ra 
dio frequency, a source of modulating signal 
coupled to the input circuit of one of said space 
discharge paths for grid-modulating said fre 
quency doubler, means coupled to the output cir 
cuits of Said Space discharge paths for develop 
ing Signal-modulated energy at the second har 
monic frequency of said radio frequency, addi 
tional means coupled to the output circuits of 
Said Space discharge paths for developing sig 
nal-modulated energy at said fundamental ra 
dio frequency, means for rectifying said signal 
modulated fundamental radio frequency energy, 
and means utilizing Said rectified energy for ef 
fecting additional grid modulation of said fre 
quency doubler. 11. In a modulating system, a power amplifier 
having input and output circuits and adapted to 
develop in said output circuit signal-modulated 
energy at two harmonically related radio fre 
quencies, each bearing a predetermined frequency 
relation to a fundamental radio frequency, means 
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for exciting said amplifier at Said fundamental 
radio frequency, a source of modulating signal 
coupled to the input circuit of said amplifier to 
effect signal modulation, respective means Con 
nected in said output circuit for developing Sig 
nal-modulated energy at said two harmonically 
related radio frequencies, means for deriving 
from one of said energy developing means a uni 
directional voltage varying in accordance With 
said modulating signal, and means for applying 
said unidirectional voltage to said amplifier in a 
manner to effect additional signal modulation. 

12. In a modulating System, a power amplifier 
having an input and an output circuit and adapt 
ed to develop in said output circuit signal-modu 
lated energy at a fundamental radio frequency 
and additional signal-modulated energy at a hair 
monic of said radio frequency, a Source of a radio 
frequency wave, means for exciting said amplifier 
at a radio frequency derived from Said Source, a 
source of modulating signal coupled to the input 
circuit of said amplifier to effect signal modula 
tion, means in the output circuit of Said amplifier 
for developing said signal-modulated energy at 
said fundamental radio frequency, additional 
means connected in the output circuit of said 
amplifier for developing said signal-modulated 
energy at said harmonic of the radio frequency, 
means for deriving from one of Said energy de 
veloping means a unidirectional voltage varying 
in accordance with said modulating signal, and 
means for applying said unidirectional voltage to 
said amplifier in a manner to effect additional 
signal modulation. 

13. In a modulating system, means including a 
signal-controlled power amplifier for developing 
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signal-modulated energy at a plurality of har 
monically related frequencies, means including a 
space discharge rectifier tube for demodulating 
the energy developed at one of said harmonically 
related frequencies, and means for impressing 
said demodulated energy upon said power ampli 
fier for the development of additional signal 
modulated energy at said harmonically related frequencies. 

14. In a modulating system, means including 
an electronic device for developing signal-modu 
lated energy at a plurality of different frequen 
cies, means for rectifying the energy developed 
at all but one of said frequencies, and means for 
impressing said rectified energy upon said elec 
tronic device for the development of additional 
signal-modulated energy at said one frequency. 

15. In a modulating system, means for devel 
oping signal-modulated energy at a plurality of 
different frequencies, means for rectifying the 
energy developed at one of said frequencies, and 
means for impressing said rectified energy upon 
said energy developing means to effect the devel 
opment of additional signal-modulated energy at 
one of said frequencies. 

JOE. C. FERGUSON. 
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