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13 Claims. (Cl. 250-17) 
My invention relates to radio modulation sys 

tems, and more particularly to method and means 
for providing a modulation system which has 
high Operating efficiency and at the same time 

5. is economical from the point of view of the num 

O. 

5, a Verage Value. 

ber of tubes and other parts which are required, 
It has been recognized for some time that 

modulated oscillators or power amplifiers can 
not be operated at a high average efficiency. This 
is partly due to the widely varying conditions 
under which they are operated. In order to pro 
vide ample reserve power for conditions of maxi 
mum modulation, transmitters must be designed 
to have an output greatly in excess of the 

This, of course, decreases the 
average transmitter efficiency, and increases its 
cost. 
It is highly desirable therefore to provide 

means for Operating a tube, on the average, more 
20 nearly at its optimum rating. The general 

method of accomplishing this is to divide the out 
put between several tubes, for example, by op 
erating one tube at optimum conditions at 50% 

25 
modulation and supplying the increased output 

- required for 100% modulation by another tube 
which is called into operation only at the high 

30 
output of a second power tube is also connected 

35 

40 

50 

modulation levels. 
It has been proposed to accomplish this by 

coupling the antenna to the power output stage 
through an impedance inverting network. The 

acroSS the antenna. The input to the second 
pOWer tube is then excited in such a manner that 
the tube delivers radio frequency current to the 
antenna, in phase with that delivered by the first 
power tube, for positive peaks of the audio sig 
nal, and out of phase for negative peaks of the 
audio signal. 
One Serious drawback to the prior methods 

which operate on this principle is overcome by 
the present invention. Since the plate of the 
second power tube is connected to the antenna, 
its direct current plate voltage will have super 
imposed on it a carrier frequency voltage from 
the first power output tube. As is well known 
the grid voltage-plate current operating char 
acteristic of a triode is dependent upon the plate 
Voltage applied. Consequently in a System such 
as that mentioned above the tube operating char 
acteristic will be. varied by the impressed radio 
frequency voltage, and it Will be impossible to 

55 

maintain a uniform Operating condition. 
It is well knoWn that in a pentode tube having 

a high internal plate impedance the grid voltage 
plate current characteristic is nearly independent 

of the plate voltage over the operating range. 
However, pentodes are not available in the high 
power ratings. Most power tubes, are triodes. 
Consequently, it is desirable to be able to use a 
triode efficiently in the manner mentioned above. 
Another difficulty which the present invention 

overcomes arises from the fact that the phase 
reversal due to overmodulation downward pre 
vents successful application of overall audio de 
generative feedback to transmitters of this type. 
In accordance with one modification of the in 
Vention this difficulty is overcome. . 

10 

It is an important object of this invention to 
provide means for efficiently operating a triode 
power tube which is subject to widely varying 
plate Voltages. 

15 

It is a further object of this invention to pro 
wide a variable bias which will maintain con 
stant Operating conditions for a triode operating 
under Conditions of Variable plate voltage. 
Another object is to provide a system for sat 

isfactorily applying overal audio feedback to a 
transmitter operating on this principle. 

It is a further object of this invention to pro 
vide a simplified and improved modulating means 
for a radio transmitter. r 

It is a still further object of this invention to 
provide a highly efficient modulation means which 
has a low first cost and low operating and main 
tenance costs. . . . . . 
This invention will be better understood from 

2. 

25. 

the following description considered in connec 
tion with the accompanying drawings, and its 
scope is indicated by the appended claims. Sim 
ilar reference numerals refer to 
throughout the several drawings. 

Referring to the drawings, 
Figure 1 is a schematic diagram of a modulator 

system according to a preferred embodiment of 
my invention in which variable bias is obtained 
by an unbalanced condition on the grids of the 
driver tubes; , 

Figure 2 is a schematic diagram of another 
embodiment in which a variable biasing voltage, 
obtained from the plate of the first output tube, 
is applied to the grid of the second tube; 

Figure 3 is another embodiment in which the 
biasing voltage is obtained from the grid of the 
first Output tube; and - 

Figure 4 is a diagrammatic representation of a 
complete transmitter in which overall audio de 
generative feedback is employed to reduce dis 
tortion. ..'. 

Referring to Fig. 1, the input electrodes of a 
power amplifier triode are connected to a pair 

similar parts 35 
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2. 

30 

2 
of input terminals 3, 5. A driving voltage of 
carrier frequency is connected to the input ter 
minals from a source which is not shown. The 
triode is a Class C amplifier which drives he 
load , which inay be an antenna, for example, 
through an impedance inverting netWork shown 
at S. his network consists of the tank circuit 
25 shown across the load 7 and the tank circuit 
2 in the plate of the triode f. Both are tuned 
So that they present an inductive reactance XL, 
at the carrier frequency, which is equal to the 
capacity reactance Xc of the series capacity it. 
It is well-known that a class C amplifier, when 
sufficiently excited, constitutes a nearly constant 
voltage generator for load impedances Sufficient 
to produce plate voltage saturation. Therefore. 
for purposes of explanation it. Will be a SSuined 
that the tube forces a constant radio frequency 
voltage Ec across the input to the impedance in 
verter at all points of the operating cycle. 

It can readily be shown that a constant cur 
rent is forced through the load regardless of 
its value, or its effective value when shunted 
by the second amplifier 3. The magnitude of 
this current is 

Ea 
2. 

where Zo is the characteristic impedance of the 
network 

WE 
. The load T has a value of 
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so that a two to one voltage transformation is 
obtained. The current through the load leads 
the voltage on the input by 90° for a high 
pass network as shown. Tube 
a class B, R. F. amplifier triode which is ex 
cited through a coupling transformer 23 by a 
balanced modulator 5 of a conventional type. , 
The R. F. excitation to the balanced modulator 
is obtained through the phase shifting network 

shown from the same carrier source as that 
Which drives the tube . This network in 
troduces 90° phase shift to compensate for the 
phase characteristic of the impedance inverter 9. 
The network 7 gives 90° lag but the only dif 
ference between lag or lead Would be a reversa. 
in the polarity of modulation. For no nodular 
tion, the triode 3 is biased very near to plate 
current cut-off and the modulator is in balance 
So... that the triode 3 draws negligible plate cur. 
rent. Thus, carrier is supplied to the load at 
the class C efficiency of the amplifier which 
efficiency is limited only by the tubes and volt 
ages used. 
The audio input to the balanced nodulator 
5 is applied to input terminals 9, 2 from a 

Source Which is not shown. The audio Voltage is 
applied out of phase to the modulator grids, 
but the carrier is supplied in phase to the grids. 
Consequently the balanced modulator delivers no 
carrier frequency energy to the amplifier 3, but 
only side-band energy. When the audio input, 
voltage is positive with respect to the grid of 
one of the balanced modulator tubes it is nega 
tive with respect to the grid of the other. Each 
tube is therefore alternately blocked by the audio 
voltage. The radio frequency voltage which is 
induced on the grid of the second amplifier 3 
Will be of one phase When delivered by current 

3 in Fig. 1 is . 

2,184,571. 
flowing through one of the balanced modulato' 
tubes, and will reverse 180 when delivered to 
the amplifier by the other modulator tube, due 
to the push-pull connection of the balanced 
modulator output transformer primary. 

For upward modulation the balanced modula 
tor drives the amplifier 3 so that it delivers 
current to the load of like phase to that flow 
ing in the load due to the amplifier . As the 
current in the load increases due to tube i3, 
amplifier if continues to supply the same current 
as before and So delivers more energy since the 
Same current is driven by it into a higher ef 
fective resistance. At 100% modulation upward, 
amplifier 3 has approached voltage saturation 
and is delivering a current to the load 7 equal 

O 

s 

to that from the amplifier , and each is de 
livering twice the power that the first amplifier. 

Supplied on no modulation. Both tubes are 
working at relatively high efficiencies since both 
are at, or near, plate voltage saturation. 
For downward modulation, the audio voltage 

drives the balanced modulator so that it delivers 
radio frequency current to the amplifier 3 of 
Such a phase that the tube 3 delivers current 
to the load 7 in phase opposition to that flow 
ing in the load due to first amplifier f. This 
causes the apparent load resistance to decrease 
and amplifier delivers less power since it main 
tains the same current through a lower resist 
ance. At 100% modulation downward the cur 
rent from the second amplifier 3 exactly bal 
ances that from the first amplifier , and the 
apparent load resistance becomes zero. In this 
case, the load presented to the output of ampli 
fier becomes extremely small, and the tube sup 
plies only its circuit losses. The second ampli 
fier 3, however, delivers a current of average 
carrier value into a short circuit, so it is subject to 
considerable instantaneous plate dissipation at 
this point in the modulating cycle. The average 
dissipation in this second amplifier over a 100% 
sine Wave modulation cycle is not excessive, how 
ever. In actual use, with typical program modu 
lation, the dissipation in the second amplifier 3 
is always much less than that in the first. 

It is to be noted that, as the second amplifier 
3 starts upward modulation, it must start to 
draw plate current at minimum plate voltage 
(approximately equal to A, the D. C. applied 
Voltage), and as it starts modulation in a down 
Ward dilection, it must draw current at maxi 
mum plate voltage (about equal to 1A times the 
applied D. C. voltage). If the second amplifier 
3 is a triode, and if the D. C. grid bias is to 

be adjusted so that the tube will draw negligible 
plate current at unmodulated carrier condition, 
as mentioned above, it will have to be biased 
to cut-off for maximum plate voltage, and there 
fore the tube will be far beyond cut-off for mini 
nunn plate Voltage. Thus the excitation volt 
age of the phase which produces upward modu 
lation must be very high for any plate current 
to be drawn by the tube at minimum plate volt 
age, and upward modulation started. Violent 
distortion results in such circumstances. This 
distortion can be overcome by reducing the bias 
of the amplifier 3 so that large currents are 
drawn at maximum plate voltage, and small but 
definite currents at minimum plate voltage. 
However, this causes the amplifier to absorb a 
great deal of power and thereby greatly reduce 
the efficiency at the unmodulated carrier con 
dition. 

It is therefore desirable that the amplifier 3 
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be biased of so that it draws the same plate 
current at both minimum and maximum plate 
voltage. The solution which I have discovered 
is to Supply a radio frequency bias to the tube 
Such that the grid Voltage is more negative 
When the plate Woltage is maximum, and less 
negative When the plate voltage is minimum. 
The procedure is first to apply a negative D. C. 
bias 29 which is sufficient to bias of the ampli 
fier tube to the desired extent for the exist 
ing applied D. C. Voltage with no radio frequency 
component present on the plate, and then to 
apply a radio frequency biasing voltage equal to 
-pic, Where Ec is the normal carrier voltage 
aCrOSS the load and p is the amplification con 
Stant of the amplifier tube f3. The effect of 
Such a radio frequency bias is obtained, accord 
ing to a preferred embodiment of my invention, 
by applying unbalanced D. C. biases 35 and 
4 to the grids of the two balanced modulator 
tubes 3 and 33. This effectively compensates 
for the changes in operating plate potential of 
the amplifier 3, for a high excitation voltage 
from the balanced modulator 5 is applied to 
the grid of the amplifier f3 during the phase 
Which produces upward modulation. As noted 
above, this is necessary due to the fact that at 
the start of the upward Swing the plate voltage 
of the amplifier 3 is a minimum. 

30 
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Consider the effect of a deviation of the car 
Tier bias from the value which provides complete 
compensation for the varying plate voltage. If 
the radio frequency bias is less than this amount, 
the compensation will not be complete, and the 
plate Current Will increase during the positive 
peaks of the radio frequency component of the 
plate Voltage. The amplifier will thus absorb 
power from the load. On the other hand, if the 
radio frequency bias is greater than that neces 
Sary to compensate for the variations in plate po 
tential, the plate current will tend to increase 
during negative peaks of the plate voltage. The 
amplifier therefore delivers some in-phase power 
to the load. v. 
By taking advantage of this fact, the efficiency 

of the transmitter can be still further increased. 
Efficiency of the order of 30%, or better, is pos 
Sible for the amplifier 3 if a. Small amount of 
over-bias is employed. I have found that where 
the efficiency of the first class C amplifier is 
75%, if the carrier bias. is adjusted to exactly 
compensate for the plate voltage variations, the 
Overall efficiency of the carrier circuits is approxi 

This decrease is due to the fact 
that the Second amplifier 3 is drawing a uniforn 
current through the radio frequency cycle. 

live any current to the antenna. 
If the carrier frequency bias of the amplifier 
3 is lowered slightly so that more current is 
drawn during positive peaks of plate voltage, the 
overal efficiency drops to about 63%, due to the 
absorption of power from the load. If, however, 
a small amount of over-bias is applied to the am 
plifier tube, I have found that an increased ef 
ficiency may be obtained. By increasing the car 
rier frequency bias until amplifier 3 is delivering 
about 5% of the total power to the load, with no 
modulation, the overal efficiency of the carrier 
Systein increases to 70%. Thus, the nost, efficient 
condition results when a small excess of radio 
frequency bias is applied to the second amplifier 
3. 
Figure 2 shows an alternative arrangement by 

tion cycle. 

This 
current represents a pure loss as it does not de 

3. 
which a carrier frequency bias may be obtained. 
The circuit of the amplifier , impedance network 
9, and balanced modulator 5 is identical to that 
shown in Fig. i. except that the D. C. biases On 
the two balanced modulator tubes 3 and 33 are 
now identical. In addition the D. C. bias 29 is 
applied to the grid of the second amplifier 3 
in series. With a resistor 39 which terminates a 
90° phase shifting inetwork 37. The input to 
this network is derived from the plate of the first 

The ampifier tube through a capacitor 43. 
network 3 shifts the phase of the radio frequency 
voltage in an opposite sense to that caused by 
the impedance inverting network 9. Consequent 
ly, the radio frequency bias which is applied to 
the grid of the annpifier tube 3 is out of phase 
with the radio frequency plate Voltage compo 
nent, and tends to maintain a uniform effective 
bias. 

Fig. 3 illustrates still another embodiment of 
Iny invention for obtaining the biasing Woltage. 
The same circuit is shown as that of Fig. 2 ex 
cept that the input of a phase inverter 45 is con 
nected to the grid of the first amplifier f. Since 
the grid voltage is 180° out of phase with the 
voltage on its plate, it becomes necessary to shift 
the bias 180° also. This is accomplished by 
utilizing a network. 45 which gives a 90 change. 
in the opposite direction to that given by the 
network 3 of Fig. 2. The resuit is a radio fre 
quency bias for the second amplifier tube 3 
which effectively maintains uniform operating 
conditions throughout the varying range of plate 
voltage. 
Since the impedance facing the amplifier tube 

i varies from a high impedance at 100% modu 
lation upward to zero for 100% downward, it is 
to be expected that the gain of the amplifier 
will be higher for downWard nodulation than 
for upward, and thereby tend to produce even 
harmonic distortion. This is particularly true 
When the annplifier tube is a triode. 
is off-set by the regulation of the amplifier . 
This stage, in practice, is not a constant Woltage 
generator as assumed in the previous discussion, 
So that the output voltage Will rise as the load 
impedance increases. From Zero modulation to 
100% modulation upward, the load varies two to 
one, while from zero modulation to 100% down, 
the load may vary 20/1, or more. Therefore, 
in most cases the output voltage will rise more 
on the downward modulation part of the cycle 
than it falls on the upward part of the modula 

This tends to compensate somewhat 
for the increased gain of the amplifier on the 
downward cycle. The actual compensation So 
obtained will, of course, depend on the tube, the 
load at no modulation, and the exciter charac 
teristics. This distortion can also be reduced by 
unbalancing the center tap of secondary of the 
audio input transformer to the balanced modu 
lator so that its output will be greater on the 
upward part of the modulation cycle. This is 
illustrated in Figs. 1 to 3 by the variable tap which 
connects the radio frequency 
anced modulator. 
When audio degenerative feedback is used, as 

is usually the case, this distortion is of little 
moment since it is of a smooth, low-order char 
acter and relatively easily removed by degenera 

input to the bal 

tion. In practice, the zero signal current of the 
second amplifier 3 is kept as low as possible to 
permit the highest possible efficiency, and the 
resultant odd harmonic distortion removed by 
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4. 
the use of feedback in a manner which is well 
known to those skilled in the art. 
The radio frequency bias which I have de 

scribed is not necessary When two tubes are used 
to replace the single annplifier tube 3. One tube 
may then be used for upward modulation and 
the other for downward nodulation. Separate 
plate voltages and D. C. biases Would be required 
for each tube. The down Ward modulating tube 
Would then be supplied with only enough D. C. 
plate Woltage to enable it to Supply radio fre 
quency current of average Carrier Value into a, 
short, circuit. The upWard modulating tube 
would requite the same D. C. plate voltage as 
in the present System. Each tube would be biased 
so as to draw equally Small Zero signal currents. 
This system has some merit in that the dissipa 
tion at 100% modulation down is greatly reduced. 
However, the extra power tube complement and 
the necessity for an extra power Supply, more 
thal off-set the higher efficiency at 100% nodu 
lation down since this condition exists a negligi 
ble part of the time. 

It is worthy of note that with all Systems which 
Ogci’&te upon the general principle here described, 
overnodulation in the down Ward directioi results 
in a different type of distortion than that Ordi 
narily produced. If the excitation on the ampli 
fier 3, of downward modulating phase, is in 
creased to such an extent that this tube delivers 
more current to the load than the first tube , 
then there results a reversal of phase of the load, 
that is, the load current is over-compensated, 
and begins to rise again beyond the 00% modul 
lation downward point. Since the amplifier 3 
is far from voltage, or emission Saturation at this 
point, it is capable of forcing considerable re 
versed current through the load. 
Thus, over-modulation in the down Waid direc 

tion does not result in distortion in the Sense 
usually understood since it i'epresents inerely an 
excessive ratio of sidebands to carrier and not 
distortion of the modulating wave form. No new 
sidebands are produced so no interchannel inter 
ference is caused, as is the case Wien Ordinary 
transmitters are over-modulated downward and 
the downward peaks are Sharply cut off. In the 
upward direction there is no sharp limitation at 
100% Inodulation. The only limitation is that of 
&mission or voltage saturation of the tubes, So the 
distortion for over 10.9% nodulation upward is 
decidedly less than that fol' over-modulation 
downward in the ordinally case. 100% modula 
tion upward is an arbitrary value &nd, by design, 
the imitation can be set at any figure, i25%, 
50%, etc. The new system permits similiar con 
to for downward modulation. It is possible to 
design it sc that it will over-inodulate to aimost 
any desired extent without production of har 
1 Onics of modulation frequencies and conse 
quent inter-channel interference. 
When an attempt is made to USe audio degen 

eration with a transmitter utilizing a modulation 
scherie of this type, the effect of Over-rinodulation 
must be considered. As pointed out above, over 
modulation causes a reversal of the phase of the 
output voltage in tine antenna, and that the 
antenna current starts to rise again. When the 
wave is modulated over 100% downward. This 
calises a reversal of the feedback phase and a Cer 
tail amount of instability. This is, of course, 
title in all modulation systeins which Operate Oil 
the general principle of which this invention is an 
improvement. 
A solution to this difficulty has beetl found to 

2,184,571 
lie in applying a fixed, unmodulated carrier to 
the feedback rectifier along with the transmitter 
output. Thus the percentage modulation at the 
feedback rectifier is reduced to the point where 
100% inoculation of the transmitter output still 
represents less than 100% modulation of the car 
lier utilized to drive the feedback rectifier. This 
is illustrated in Fig. 4. 

Referring to Fig. 4, a carrier frequency oscil 
lator is indicated by reference numeral 6. The 
output of the oscillatoi' is connected to a modu 
iator which is indicated by reference numeral 63. 
This modulator may be similiar to One of the SyS 
tens shown in the preceding figures of the draw 
ing, or any other system which operates on the 
same principle. The audio modulating. Voltage 
is derived from a suitable source, indicated by 
reference numeral 65. This voltage is applied to 
the audio input of the modulator 63 in series with 
a rectified audio voltage which is obtained from 
the carrier by a feedback detector 6. 
The feedback detector consists of a diode recti 

fier which is coupled to the transmitter an 
tenna, 9 by means of a transformer 73 and a 
coupling coil . The detector is also coupled to 
the cariier oscillator 6 through a transformer 
i. Thus, an unmodulated carrier is added to 
tii at derived from the antenna, and over-modul 
lation at the detector is prevented in the manner 
described above. 
When this is done, the System operates With 

feedback in the normal manner. Stability is de 
termined by the phase and gain characteristic 
around the feedback loop. Thus, with this sys 
teni, I have effectively reduced the extra Side 
hands, even when over 100% modulation down 
Ward is obtained. This has been impossible with 
Systeins known up to the present time. 
Thus I have described a modulation System 

which permits efficient operation with a minimum 
number of tubes, and which is particularly 
adapted to the use of power output triodes. 

I claim as nily invention: 
1. In a modulation system which includes a 

first vacuum tube for supplying main carrier cur 
rents to a load and an auxiliary tube supplying 
auxi Siary carrier currents to Said load Whose 
phase with respect to said main carrier currents 
is controlled by a modulating voltage, the plate 
of said auxiliary tube being Subject to Varying 
potentials due to the main carrier currents in 
Said load, the method of maintaining Substan 
tially uniform operating conditions for said aux 
iliary tube in the presence of Said varying plate 
potentials, which includes the step of controlling 
the plate current of said auxiliary tube by a 
radio frequency bias, said bias having a phase 
which tends to oppose a change in the plate cur 
rent of said auxiliary tube due to said variation. 

2. In a modulation System which includes a 
first vacuum tube for supplying main carrier cur 
rents to a load, and an auxiliary tube supplying 
auxiliary carrier currents to said load whose 
phase with respect to said main carrier currents 
is controlled by a modulating Voltage, the plate 
of said auxiliary tube being Subject to varying 
potentials due to the main carrier currents in 
Said load, the method of maintaining Substan 
tially uniform operating conditions for Said aux 
iliary tube which includes the steps of deriving a 
radio frequency bias whose frequency is equal to 
that of said main carrier, but in phase opposition 
thereto, adjusting the potential of Said bias to be 
at least equal to the peak potential of the radio 
fi'equency voltage on the plate of Said tube, due 
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2,184,571. 
to the main carrier current in Said load, divided 
by the amplification factor of said auxiliary tube, 
and controlling the plate current of said auxiliary 
tube by said derived bias. 

3. In combination, a source of main carrier fre 
quency currents, a first amplifier connecting said 
Source to a load, a Second vacuum tube amplifier 
Whose output is delivered to Said load, Said vacuuin 
tube having grid and plate electrodes, a Source of 
modulating voltages, means for energizing said 
grid by a radio frequency Voltage whose phase is 
determined by said modulating Voltages whereby 
the resultant current in Said load is determined 
by said modulating Woltages, and means for ap 
plying a radio frequency bias to Said grid to Con 
pensate for varying plate potentials applied to 
said second amplifier due to Woltages acroSS Said 
load. 

4. In combination, a Source of main carrier fre 
quency currents, a first amplifier conecting said 
Source to a load, a Second Vacuum tube amplifier 
whose output is delivered to Said load, Said Wac 
uum tube having grid and anode electrodes, a 
Source of modulating Voltages, a balanced modur 
lator comprising a pair of tubes Whose push-pull 
outputs are coupled to said grid, means for ap 
plying said modulating voltage to said balanced 
modulator, means for applying carrier frequency 
Currents to said balanced modulator, and means 
for adjusting Said balanced modulator SO that 
the radio frequency Voltage coupled into said Sec 
ond amplifier is greater during modulating volt 
ages of one polarity than during modulating volt 
ages of the opposite polarity, whereby the unde 
sired effect of the Varying plate potential of Said 
second amplifier, due to currents in said load, is 
minimized. 

5. The combination which includes a source of 
main carrier frequency currents, a first triode ann 
plifier connecting said source to a load, a second 
triode amplifier having a plate and grid electrodes 
Whose output is delivered to Said load and Whose 
plate is affected by the Voltage acroSS Said load 
due to currents from Said first amplifier, means 
including said second amplifier for impressing 
currents across said load whose phase With respect 
to currents in said load from said first amplifier 
is determined by a modulating signal, and means 
for maintaining constant anode current in Said 
Second amplifier in the absence of Said modulating 
signal. 

6. The combination which includes a SOurce of 
main unmodulated carrier frequency currents, an 
antenna, a first triode amplifier connecting said 
Source to said antenna, a Second triode amplifier 
having plate and grid electrodes whose output is 
delivered to said antenna, and whose plate poten 
tial is affected by the Voltage acroSS said an 
tenna, a Source of modulating Voltages, means 

5 
for energizing the grid of said second triode by 
a voltage which produces output currents in phase 
with currents in said antenna, due to said first 
amplifier when said modulating Voltage is of One 
polarity, and output currents out of phase with 5 
currents in said antenna, due to said first ampli 
fier when said modulating Woltage is of the other 
polarity, and means for maintaining constant 
plate current in said second amplifier in the ab 
sence of said modulating Voltages. 

7. A device of the character described in claim 6 
which is further characterized in that said means 
for maintaining constant plate current is a radio 
frequency bias. 

8. A device of the character described in claim 65 
which is further characterized in that Said means 
for maintaining constant plate current is a radio 
frequency bias obtained from Said Source of main 
carrier frequency current. 

9. A device of the character described in claim 6 20 
which is further characterized in that said means 
for maintaining constant plate current includes a 

O 

phase changing network which produces a 90° 
phase lag which derives its voltage from the out 
put of Said first triode amplifier. 

10. A device of the character described in claim 
6. Which is further characterized in that said 
means for maintaining constant plate current in 
cludes a phase changing netWork which pro 
duces a 90° phase lead and which derives its volt 
age from the input of said first triode amplifier. 
1. The combination. Which includes a source of 

main carrier frequency, an antenna, a first triode 
amplifier and an in pedance inverting netWork 
connecting said source to said antenna, a source of 
modulating Woltages, a second triode radio fre 
quency amplifier having grid and anode elec 
trodes, means for impressing the output of said 
second triode amplifier across said antenna, the 
phase of the radio frequency Output of said sec- 40 
Ond airinplifier being determined by Said modul 
atting Voltages, and means for causing Said second 
triode amplifier to deliver the same amount of 
radio frequency current to Said antena, independ 
ently of the potential appearing on said anode 
due to currents in said antenna, from said first 
amplifier. 

12. A device of the character described in claim 
5 which is further characterized by means for 
obtaining audio degenerative feedback, and means 
for stabilizing said feedback in the presence of 
OVermodulation. 

13. A device of the character described in claim 
3 which is further characterized by means oper 
ated by a signal Soupled from Said load for ob 
taining overall audio degenerative feedback, and 
means for reducing the percent modulation of said 
coupled signal to prevent OVermodulation thereof. 
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