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tion of Delaware 

Application January 18, 1944, Serial No. 518,700 

This application concerns an improved modul 
lation system wherein carrier wave energy is lin 
early controlled as to amplitude in accordance 
With control potentials, such as potentials repre 
Senting voice programs or potentials covering a 
Wider band of frequencies such as, for example, 
video signals resulting from the scanning in some 
manner of a subject. 
A general object of my invention is an improved 

and simplified modulation system. 
Another object of my invention in an improved 

grid modulation system wherein the amplitude of 
carrier Wave energy may be controlled linearly 
in accordance With control potentials which cover 
a Wide range of frequencies such as, for example, 
video signals. 
A further object of my invention is an efficient 

and linear modulation system for use in tele 
vision and similar systems wherein the so-called 
direct current component of the modulation signal 
may be maintained in its original strength or 
built up, or the direct current component may be 
partially removed or entirely removed. 
Thus in my system means is provided for setting 

the carrier or average level desired so that when 
the modulation represents scanned subject matter 
the average brightness of the picture may be set 
as desired to correspond to the original subject 
or to vary therefrom in density in either direction. 
An additional object of my invention is an im 

proved efficient modulator of simple nature 
wherein the modulation range is considerably 
greater than can be obtained in Systems of this 
general nature known heretofore. 

It will be obvious that my improved modulation 
method and means is applicable to any radio fre 
quency System which is capable of being grid 
modulated. 
The manner in which the above objects and 

others are attained will appear from the following 
description and therefrom when read in connec 
tion with the drawings, wherein Figs. 1 and 2 
illustrate tWO embodiments of my improved modul 
lation system, and Figs. 3 and 4 are curves illus 
trating the relation of various voltages and cur 
rents in the system under different operating 
conditions. 
In Fig. 1, a single stage radio frequency ampli 

fier and grid modulation arrangement is shown. 
The circuit of Fig. 2 is essentially as in Fig. 1, 
except that in Fig. 2 a pushpull stage radio fre 
quency amplifier is controlled by the modulation. 
In Fig. 1, 0 indicates a source of carrier wave 

energy of the desired Carrier Wave frequency 
which is to be modulated. This source of radio 
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frequency current or potential is coupled to a 
circuit including an inductance L and condenser 
C2 connecting the cathode of a radio frequency 
amplifier stage W.2 to ground. The amplifier tube 
W2, in other words, is a cathode driven radio fre 
quency amplifier. The anode of the tube V2 is 
connected to an output circuit including con 
denser C4 and inductance L3 from which may 
be derived the modulated carrier. The control 
grid G. of tube W2 is connected substantially 
directly to the cathode of tube Wil, while the anode 
of tube W is connected to ground by two paths, 
One of which includes the adjustable resistance 
R2 and the source of direct current potential, and 
the other of which includes the condenser C. 
Note that this completes a direct current path 
from the cathode of tube V through the output 
impedance of tube W, resistor R2, the direct 
current source, inductance L, and from the 
cathode to the control grid of tube V2 which is 
connected to the cathode of tube W, and an 
alternating current path through the output im 
pedance of tube W, condenser C, inductances L. 
and condenser C2 in parallel, and from the 
Cathode to the control grid of tube V2 which is 
connected to the Cathode of tube W. The anode 
of tube W is also connected to the grid G by 
resistance R. 
A source of modulating potentials in the rec 

tangle 6 is coupled by condenser C6 between the 
control grid G of tube W and ground. The modul 
lator tube W is essentially a cathode follower 
stage using the grid circuit of the radio frequency 
amplifier Stage W.2 as its load. 
In operation assume that the carrier wave 

energy to be modulated is applied from the source 
to the circuit including inductance I, , and con 

denser C2, and the said circuit and the anode 
circuit including condenser C4 and inductance L3 
are broadly tuned to the said carrier wave energy. 
The tube W.2 may then be considered a grounded 
grid radio frequency amplifier, since the radio 
frequency impedance between the grid and ground 
is very low due to capacitive effects represented 
by CG between the grid and ground and because 
of the bias circuit connections and its coupling 
to ground. Now assume that the tube V2 is being 
modulated in a normal manner, that is, has modu 
lation applied to the grid thereof. Then the stage 
V2 radio frequency excitation and loading is ad 
justed in a normal manner to produce linear 
modulation of the carrier through a given range 
in accordance with the signals. From the results 
thus obtained the bias on the grid G of the power 
amplifier V2 at which carrier or average output, 
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say A of maximum power output is obtained, is 
ascertained and knoWn. 
Now assume that my improved modulator in 

cluding tube W is connected as described above 
so that the grid modulation circuit of tube W2 
now includes as a variable impedance the output 
impedance of tube W, and as additional impe 
dance the resistance R2 and as a series alternating 
current of modulation frequency supply path the 
condenser Cf. By adjustment of R2 or the 
amount of direct current potential applied to the 
anode of Wf the negative potential on the grid of 
W2 (no modulation on the grid of W) is set at its 
normal value, as described above, that is, at the 
point at which carrier output from tube V2 is 
obtained. Since the D.C. potential on the grid 
of V2 depends on the potential drop acroSS the 
output impedance of W and/or the value of R2, 
and/or the value of the direct current potential 
at --B by adjustment of R2, and/or the radio 
frequency excitation voltage e from the carrier 
wave source (), a negative bias potential at which 
carrier output is obtained from V2 may again be 
set up on G in the absence of modulation from 
the source in 6. About the same results may be 
obtained by adjustment of the value of the direct 
current potential at --B. 
The modulator W, as stated above, is essen 

tially a cathode follower stage using the grid 
circuit of the radio amplifier tube W.2 as its load. 
The grid bias of the radio frequency stage V2 is 
a function of the plate resistance of the nodul 
lator tube Wii as well as the radio frequency ex 
citation. Since the grid G of modulator tube 
W is at zero bias with no signal because of Rt, 
R2 can be used to set the plate resistance of the 
modulator tube to a value which gives the modul 
lated radio frequency amplifier W2 its normal 
bias for zero modulation. The purpose of R is, 
first, to bring the grid potential of V to essen 
tially zero in the absence of the modulating Sig 
nal from source 6, and, Secondly, to permit a 
negative potential to be developed at the grid of 
W in the presence of a modulating signal, the 
value of this negative potential being propor 
tional to the average of the modulating signal. 
Thus the time constant (rate of discharge) of 
the RC6 network is made sufficiently long so 
that the negative bias on the grid of tube W is 
held essentially constant over at least one cycle 
of the lowest modulation frequency it is desired 
to pass through the tube W to grid modulate the 
grid of tube W2. 
When modulation is applied to the grid G of 

tube W and say, for example, the instantaneous 
modulating potential SWings positive the tube 
W tends to draw more current, but this current 
through the tube causes the average direct cur 
rent bias On the grid G to become more nega 
tive because of rectified grid current in Rf and 
the alternating current leakage through C6. On 
the application of this positive Swing the in 
stantaneous drop in potential through. W be 
comes greater and the bias potential on the grid 
G of tube V2 becomes more negative and the 
alternating current output (R. F.) of the tube 
W2 decreases, since in this tube the alternating 
current (R. F.) output changes in direct propor 
tion to changes in the negative bias on the grid 
thereof. The modulation potential then SWings 
around this average negative bias, with the radio 
frequency output intensity following the modula 
tion potential on the grid of tube W. 
The resistance R2 is made Such that the tube 

W output resistance is of the desired value for 
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no signal or carrier condition in the radio fre 
quency amplifier tube W2. The output resist 
ance discussed here is the plate to cathode re 
sistance of this tube W included in the grid 
direct current circuit in the amplifier circuit 
tube W2. 
R2 controls the amount of change in direct 

current through the tube W that I can get, while 
the potential at --B controls or sets the minimum 
resistance to which W can be modulated by 
signals. 
As R2 is made Smaller the grid G of W2 be 

comes less negative and the no signal output of 
the amplifier tube W2 is shifted towards maxi 
mum value, i. e., maximum modulation capa 
bility under linear operation. The System may 
be made a direct current system by omitting R2, 
in which case the bias of the grid of the modul 
lator tube Wii sets the Zero signal radio frequency 
output and the radio frequency amplifier is 
modulated from this level as a maximum down 
Ward. The operating conditions for different 
values of R2 are shown in FigS. 3 and 4. 
In Fig. 3, R2 is Zero and the values of plate 

direct current Ip in the tube W2, and the average 
bias EG on the grid G of tube W correspond to 
various percent modulation. EB is the plate 
potential on the tube W2. In Fig. 4 all of the 
curves indicate 100% modulation for different 
values of R2, including R2 equal Zero. 
The curves of Figs. 3 and 4 show the com 

bined modulator and radio frequency amplifier 
performance. These Curves are the result of 
experimental data, but are presented to describe 
a purely hypothetical case. 
Of the curves in Fig. 3, the curve EG-O is 

obtained by setting up the radio frequency ampli 
fier W.2 with normal radio frequency loading and 
excitation for the desired grid modulation con 

40 dition. Thus any point on the curve EG-O 
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shows the value of radio frequency tube W2 direct 
Current plate current for any value of grid bias 
on the radio frequency tube W2 and if the system 
is to be capable of linear modulation the curve 
Will be a straight line. Then EG is the cutoff 
bias and EG5 is the necessary bias for maximum 
output, so the modulation voltage will have these 
limits. In my System it is not possible to quite 
reach the value EG but the maximum negative 
bias which can be developed is EG2 (the bias 
developed with the direct current grid circuit of 
the radio frequency amplifier open). There 
fore, the maximum modulation percentage m 
Will be 

EG-2-EG5 
EG1-EG5 

and the peak-to-peak volts for this modulation 
percentage is EC2-EG5. 
Since all conditions shown are for conditions 

of linear modulation, the curves a 2-O and b2-O 
are the loci of the minimum and maximum modu 
lation voltages, respectively, the average values 
of which are on the curve EG-O. Thus, at 
maximum modulation, the peak-to-peak grid 
SWing on W2 is a 2-b2, the corresponding average 
grid bias and plate current for W2 being EG3 
and Ip3 respectively (for sine wave modulation). 
For some lower percentage of modulation the 
grid Swing a 1-b1 will result in an average grid 
bias on Gf of EG4 and a corresponding plate 
current in tube W2 of Ip4. With no modulating 
voltage the grid Swing will be 0, the grid G bias 
EG-5 and plate tube V2 current Ip5. Note that 
the maximum positive grid Swing for any modu 
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lation level is EG-5, i. e., the peak power from 
the radio frequency amplifier is constant. 

Fig. 4 shows the effect of varying R2. In Fig. 3, 
as stated above, R2 is Zero and conditions for 
changes in percentage modulation are shown, 
While in Fig. 4 percentage modulation is con 
stant at 100% and conditions for different values 
of R2 are shown. The curves of Fig. 4 are simi 
lar to those of Fig. 3, in many respects. For 
example, points EG5, O and Ip5 (maximum) 
corresponding to the Zero Signal conditions of 
Fig. 3. The difference is mainly in the fact that 
the locus of the maximums of the positive grid 
G Swings is no longer a straight line but the 
curve EG2, bf, O instead, since R2 now limits 
the maximum modulator tube W plate current. 
I have shown curves for four values of R2; 
R2=0 also R2=R2KR3<R4<R5. 

For any curve, say a4O1b2, the no signal plate 
current, Ip can be found by projecting the point 
O to the Ip axis and in the same manner project 
ing O to the EG axis gives the corresponding 
value of EG. The maximum modulation SWing, 
i. e., grid Swing, is as-b1. The average values of 
Ip and EG are found by projecting C2 as before. 
Thus R2 does effectively change the modula 

tion range, the maximum range being obtained 
for R2-0 for any condition of R. F. amplifier 
loading and excitation. 
Thus with R2 omitted maximum radio fre 

quency output is always obtained for Zero or no 
modulation. Now modulation of the transmitter 
can Only be down from this value, and maximum 
direct current insertion is obtained, that is, full 
direct current is amplified through the entire 
circuit. 
When modulation is applied to the grid G of 

tube VI this varies the plate resistance of the 
tube WI between infinity and a low value to 
change the distribution of voltage across the tube 
WI and R2 to lower the average bias on the grid 
of W2 and modulation takes place around this 
average bias. 
The arrangement is Such that modulation Or 

control of V2 in accordance With the modulation 
from source 6 is linear over a very Wide range. 
With R2 in the circuit the maximum current in 
W and hence the voltage on the grid of W2 is 
limited by R2. That is, for positive modulation 
swings the bias on the grid G2 which then Swings 
in the positive direction is limited by the value 
of R2. As to the negative swings of the modula 
tion the bias on the grid of W2 then SWings nega 
tive (impedance of V increases) and the nega 
tive swings of the grid of W2 are limited by the 
impedance to which W can be raised as well as 
the maximum bias (-) on W2 in the absence of 
W. This is EG2 and is a function of the radio 
frequency excitation on W2. 
The function of C is the same irrespective of 

whether the initial bias on the grid of G is set 
by varying R2 or by use of the proper direct cur 
rent potential on the anode of W. C. may have 
any value, keeping in mind that C is for the 
purpose of adjusting the alternating component 
of the current in the grid G circuit of W2 and 
as a consequence, the potential on the grid G. 
C? controls the gain of the modulation amplifier 
V? with respect to the alternating current com 
ponent of the modulation, and is in series with 
the alternating current output of the modulator 
tube W. As the value of C is decreased the 
gain of the modulator decreases at the low fre 
quencies. The low modulation potential frequen 
cies are then suppressed or attenuated relative to 
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6 
the higher modulation frequencies. By making 
C. larger the modulator characteristic may be 
made fiat. If a very low value of C is used, say 
10 to 20 mm.fd, high frequency peaking is ob 
tained in a video System. 
In the embodiment of Fig. 2, I use a pushpull 

amplifier stage comprising tubes V2 and V2' and 
the modulator stage W. In this modification 
the arrangement and operation is Substantially 
as described above in connection with Fig. 1. In 
Fig. 2, reference characters as used in Fig. 1 or 
the same primed are used to designate the vari 
ous circuit elements and it is believed that a 
detailed description of the arrangement of Fig. 
2 is unnecessary. It will be noted that the de 
scription of Fig. 1 given above applies fully to 
Fig. 2, when the pushpull stage V2W2' is con 
sidered as a single stage. 
In both modifications I have shown the radio 

frequency stage input and Output circuits as 
comprising windings. In practice these circuits 
may comprise Windings as shown or lines or con 
ductors disposed and coupled as desired. 

Fig. 2 illustrates schematically an embodi 
ment, which gave good results. The tubes V2 
and V2' were of the type 8025, and had their 
Cathodes coupled by linear conductors (repre 
sented at L., Fig. 2) associated with linear con 
ductors (represented at L6, Fig. 2) connected to 
the anodes of a two-tube buffer stage, in turn 
Somewhat similarly coupled to the anodes of 
generator tubes all of which may be included in 
unit 0. The radio frequency input is to the 
Cathode circuit which in the embodiment using 
lines is a more or less aperiodic coupling System. 
The linear lines represented at L6, between the 
anodes of the tubes in the buffer stage, which it 
may be assumed is included in the rectangle , 
are tuned by a short circuiting strap to the 
desired operating frequency. In the embodi 
ment tested the buffer stage tubes are of the 
8025 type. The cathode line represented by L. 
in the input to the power amplifier stage includ 
ing tubes W.2 and W2' is set for the desired excita 
tion condition by means of a slider on the line, 
and is not thereafter tuned and in this respect 
the coupling of the power amplifier to the pre 
ceding stages may be considered aperiodic. The 
circuit including L6 and the circuit L3C4 covers 
a range from 264 m.c. to 372 megacycles, the ex 
perimental data, being taken at 312 mc. 
The radio frequency impedance from grid G. 

to grid G' is very small and the stage is of the 
grounded grid type. The couplings at L3 and 

are also lines. The coupling arrangement 
is as described more in detail in my U. S. appli 
cation #525,542, filed March 8, 1944, now Patent 
Number 2,419,793. 
The tube W is of the type 6W6 with its anode 

and screen grid tied together and connected to 
the resistance R2 of 15,000 ohms and to R, of 
4.7 megohms. C6 is 1500 mm.fd. and Ci is 20 mfd. 
The normal operation, as described above, for 

carrier output and no modulation resulted in the 
application of -60 volts to the grids Gi and Gl', 
With 750 volts direct current on the anodes of 
tube V2 and V2, and with a power output of 25 
Watts. Under the same conditions the cutoff bias 
for grids G and G' was found to be -90 volts. 
With the grid circuit of W2, W2' adjusted as de 
Scribed in the preceding sentences open, the grid 
bias would not go down to -90 volts but goes 
to approximately -85 volts, thus giving an out 
put for this stage of 4 or 5 watts. This means 
modulation will never reach 100%, 
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My improved modulator arrangement includ 

ing tube W was then added and adjustments 
made, as described above, by means of R2 and/or 
the direct current plate source for Vf, so that 
the voltage on G and G' was again -60 volts. 
R2 then had a value of 15,000 ohms. C was equal 
to 20 mifd. This gave a flat gain characteristic 
for tube W over the video range. The modula 
tion input on the grid of Vf Was video signals, 
obtained by scanning a Subject, combined with 
Synchronizing voltages. A full modulation radio 
frequency output of 30 Watts was obtained and 
a minimum or negative peak modulation radio 
frequency power output of 4 watts was obtained. 
A 4 to 1 improvement results from the use of 

my improved modulation System. Compared to 
the power needed to be supplied, the modulator 
tube in a conventional alternating current cou 
pled circuit, this system requires only about A 
as much input, i. e., the modulator efficiency can 
be about 4 times as great as the conventional sys 
tem. 

In the embodiments illustrated a grounded 
grid radio frequency amplifier stage is shown, but 
any other type radio frequency amplifier stage 
may be used. That is, instead of grounding the 
grid for radio frequency potentials at condenser 
Cg and running the cathode at high radio fre 
quency potential any conventional grid excitation 
arrangement may be used, such as, for example, 
one wherein the radio frequency input is between 
the grid and ground, with the cathode grounded 
for radio frequency. 
I claim: 
1. In a modulation System, an electror dis 

charge radio frequency amplifier tube having a 
control grid, and means for modulating the po 
tential on said control grid including, a source 
of modulating potentials, a modulator tube hav 
ing a control grid and output electrodes includ 
ing an anode and a cathode between which an 
electron discharge takes place, a coupling between 
Said source of modulation potentials and the coin 
trol grid of the modulator tube, a circuit include 
ing a Source of direct current potential connecting 
the output electrodes of said modulator tube be 
tween which said discharge takes place, to the 
control grid and cathode of the amplifier tube to 
apply to the control grid of said amplifier a con 
trollable negative bias, a resistance in a direct 
current circuit between the anode of the nodul 
lator tube and the control grid of said modulator 
tube to Set up on the control grid zero bias in the 
presence of Zero modulating potentials, and an 
impedance in series in said circuit including said 
direct current Source for relating the bias on said 
grid of said amplifier tube to zero bias on said 
modulator tube grid. 

2. In a modulation System, a radio frequency 
amplifier tube stage having a grid electrode and 
a cathode, and being arranged to amplify radio 
frequency energy, a modulator tube having an 
output electrode, a cathode and a control grid, 
a Series circuit including a resistance, a source 
of direct current potential, the output impedance 
of the modulator tube and the grid to cathode 
impedance of Said amplifier tube stage, said re 
sistance and Source of direct current potential 
being dimensioned to set up a negative potential 
On the grid of said amplifier tube such that car 
rier output is derived from said amplifier tube 
When Zero potential is applied to the control grid 
of Said modulator tube, connections for applying 
modulating potentials to the control grid of said 
modulator tube to control the impedance thereof 
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8 
and thereby control the bias on the grid of said 
amplifier tube stage, and an alternating current 
path in shunt to said resistance for relatively at 
tenuating modulation potentials of a selected fre 
quency range. 

3. In a modulation system, a radio frequency 
annplifier tube stage having a grid electrode and 
a Cathode, and being arranged to amplify radio 
frequency energy, a modulator tube having a con 
trol grid, a cathode and an anode, a direct cur 
rent circuit including in series a resistance, the 
anode to cathode impedance of said modulator 
tube, a Source of direct current potential and the 
grid to cathode impedance of said amplifier tube 
Stage, the source of direct current potential and 
resistance being of such dimensions that a nega 
tive potential is applied to the control grid of said 
amplifier tube, connections for applying modu 
lating potentials to the control grid of said modu 
lator tube to control the impedance thereof and 
thereby control the bias on the grid of said ampli 
fier tube stage, and a biasing resistance connect 
ing the anode of the modulator tube to the con 
trol grid of the modulator tube to relate negative 
bias on the grid of the amplifier tube at which 
carrier output is obtained from the amplifier tube 
to Substantially Zero modulation on the control 
grid of the modulator tube. 

4. In a modulation system, an electron dis 
charge amplifier tube having a control grid, and 
output electrodes including a cathode, an output 
circuit coupled to said output electrodes, a con 
nection to the cathode electrode of the amplifier 
tube for exciting said cathode electrode by volt 
ages of carrier wave frequency to be modulated, 
a modulator tube having electrodes between which 
an electron discharge takes place, a source of 
modulating potentials coupled to said modulator 
tube to control the discharge therein between 
Said electrodes, a direct connection between the 
cathode of the modulator tube and the control 
grid of the amplifier tube, a source of direct cur 
rent potential connecting the anode of the modul 
lator tube to the cathode of the amplifier tube, 
Said Source of direct current potential being of 
a value Such that the potential on said grid of 
Said amplifier tube provides normal carrier out 
put therefrom in the presence of zero modulation. 

5. In a modulation system, an electron dis 
charge amplifier tube having a control grid, and 
output electrodes including a cathode, an output 
circuit coupled to said output electrodes, connec 
tions to electrodes of the amplifier tube for ex 
citing the said electrodes by voltages of carrier 

5 Wave frequency to be modulated, a modulator 
tube having electrodes between which an electron 
discharge takes place, a source of modulating po 
tentials coupled to electrodes of said modulator 
tube to control the discharge therein between said 
electrodes, a direct connection between the cath 
Ode of the modulator tube and the grid of the 
amplifier tube, a source of direct current potential 
connecting the anode of said modulator tube to 
the cathode of said amplifier tube, the arrange 
ment being Such as to apply a biasing potential 
to said control grid, a resistance in said direct cur 
rent circuit of such a value that the biasing po 
tential on said grid of said amplifier tube pro 
vides a selected power output from said amplifier 
tube in the carrier output condition, and a con 
denser in shunt to said resistance. 

6. In appalatus for modulating radio frequency 
current in accordance with control potentials, an 
electron discharge amplifier tube having a control 
grid, and output electrodes including a Cathode, an 
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output circuit coupled to said output electrodes, a 
Source of radio frequency current coupled to the 
cathode electrode of said amplifier tube to excite 
the same by radio frequency currents to be modul 
lated, a nodulator tube having electrodes between 
which an electron discharge takes place, a source 
of control potentials coupled to electrodes of said 
modulator tube to control said discharge, a direct 
current circuit including a resistance and a source 
of direct current potential connecting the elec 
frodes of Said nodulator tube between which said 
discharge takes place in series with the control 
grid to cathode impedance of the amplifier tube to 
appiy operating bias to said control electrode, and 
a resistance between the anode and control grid of 
the modulator tube for adjusting the discharge 
through the said modulator tube to establish a se 
lected bias on the control grid of the amplifier for 
Zero modulation, the resistance and source of po 
tential being such that the control grid of said 
amplifier tube is biased to provide the carrier 
Output from the amplifier tube at Zero modula 
tion. 

7. In apparatus for modulating radio frequency 
Current in accordance With potentials covering a 
wide band of frequencies and using during said 
modulation the desired amount of the direct cur 
rent component of the said potentials, a discharge 
amplifier tube having a control grid, and output 
electrodes including a cathode, an output circuit 
coupled to said output electrodes, a source of 
radio frequency current coupled to electrodes of 
Said tube to excite the same by radio frequency 
Currents to be modulated, a modulator tube hav 
ing a cathode and an additional electrode between 
which an electron discharge takes place, a source 
of modulation potentials coupled to electrodes of 
Said modulator tube to control said discharge, a 
direct connection between the cathode of said 
nodulator tube and the control electrode of said 
amplifier tube, and a variable resistance and a 
Source of direct potential connecting the addi 
tional electrode of said modulator tube to the 
cathode of the amplifier tube. 

8. In apparatus for modulating radio frequency 
Current in accordance With potentials covering a 
Wide band of frequencies and using during said 
modulation the desired amount of the direct cur 
rent component of the said potentials, a discharge 
amplifier tube having a control grid, a cathode, 
and an anode, an output circuit coupled to said 
anode, a source of radio frequency current coupled 
to electrodes of said tube to excite the same by ra 
dio frequency currents to be modulated, a modula 
tor tube having input electrodes including a con 

10 
trol grid and output electrodes, including an anode 
and cathode, a source of control potentials cover 
ing a wide band of frequencies coupled to the 
input electrodes of said modulator tube, a direct 

5 connection between the cathode of the modulator 
tube and the control grid of the amplifier tube, a 

-variable resistance and a source of direct current 
potential in series connecting the anode of the 
modulator tube to the cathode of the amplifier 

10 tube, a condenser in shunt to said resistance, and 
a Second resistance connecting the anode of the 
modulator tube substantially directly to the grid 
of the modulator tube. 

9. An arrangement as recited in claim 1, where 
5 in said impedance is shunted by a condenser 
Which relatively attenuates modulation potentials 
in a selected frequency range. 

i0. In a modulation System, an electron dis 
charge amplifier tube having a control grid, and 

20 output electrodes including a cathode, an output 
circuit coupled to said output electrodes, connec 
tions to electrodes of the amplifier tube for ex 
citing the said electrodes by voltages of carrier 
Wave frequency to be modulated, a nodulator tube 

25 having electrodes between which an electron dis 
charge takes place, a source of modulating po 
tentials coupled to electrodes of said modulator 
tube to control the dischargetherein between said 
electrodes, a direct connection between the cath 

30 ode of the modulator tube and the grid of the 
amplifier tube, a source of direct current poten 
tial connecting the anode of said modulator tube 
to the cathode of said amplifier tube, the arrange 
ment being such as to apply a biasing potential 

35 to said control grid, and a resistance in said di 
rect current circuit of such a value that the bias 
ing potential on said grid of Said amplifier tube 
provides a selected power output from said ampli 
fier tube in the carrier output condition. 

CHARES A. ROSENCRANS. 
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