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in a radio telephone transmitter. 
... A Source of radio frequency wave , 
a crystal controlled oscillator and buffer ampli 
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10 Claims. (CI. 179-171) 
This invention relates to modulating systems 

particularly to modulating circuits for radio tele 
phOne transmitters, 
An object of the invention is to simplify the 

'control of the power output of a radio telephone 
transmitter. S 

In a Specific preferred embodiment of this in 
Vention in a radio telephone transmitter, the 
Voice or Signal wave, is amplified and supplied 
to the plate circuit of a radio frequency ampli 
fier or oscillator tube to modulate the radio fre 
quency Wave in the plate circuit of the tube, 
both the radio frequency and audio frequency 
tubes being Supplied with space current from the 
Same direct current source. In order to control 
the power Output of the transmitter without vary 
ing, the degree or percentage of modulation, a 
variable impedance element is included in the 
connon direct current and audio frequency cir 
cuit of the modulator tube. This permits - the 
simultaneous control of the direct current and 
audio frequency voltages supplied to the modul 
lator, and consequently the simultaneous control 
of the radio and audio frequency currents. With 
a proper design of the circuit elements, it is pos 
Sible by adjusting the variable impedance to so 
vary, the audio frequency voltage supplied to the 
radio frequency tube in proportion to the varia 
tion in the direct current plate voltage as to per 
mit the transmitter to be adjusted for different 
power outputs while maintaining the same per 
centage modulation. 
The invention can be more readily understood 

by reference to the following detailed description 
in connection with the drawing which shows dia 
grammatically one embodiment of the inventition 

Such as 

fier of the usual type, supplies radio frequency 
waves to the grid circuit of a tube 2 of the screen 
grid type which is operated as a modulating 
amplifier. The modulated radio frequency out 

45. 
put of the tube 2 is applied to the gridcircuit of 
a power amplifier tubes through a tuned circuit 
4 and the resultant amplified energy is supplied 
to the transmission line 5 connected to an antenna, 
(not shown) through a tuned output circuit 6. 
Modulation is accomplished in the modulating 

amplifier tube. 2 by superimposing the amplified 
audio frequency energy on the direct current volt 

tages supplied to the plate and screen grid elec 
trodes thereof. The modulating audio frequency 
voltage is obtained from the audio frequency 

55 samplifier 7. This amplifier comprises two. tubes . 

inductance of the tuned circuit 6 and bypasses 

are provided in the tuned circuit 4 for isolating the 

8 and 9 connected in push-pull relation and 
having a grid circuit supplied with the audio 
frequency Wave from a microphone to through 
the input transformer it. The plates of the 
tubes 8 and 9 are connected to the primary wind- 5 
ing of the output transformer 2. 
The cathodes of the tubes. 2, 3, 8 and 9 are 

heated by means of alternating current supplied 
from the source 3 through the transformer 4. 
Two condensers 5 and 6 connected in series 0 
across the cathode circuit and having their mid 
points connected to ground and to the midpoint 
of the secondary winding of transformer 4 pro 
vide direct and alternating current connections 
to the effective midpoint of the cathodes of the 5 
tubes. Space current for the audio frequency 
amplifier tubes 8 and 9 and the modulator tube 
2 is Supplied from the battery 7 through a cir 
cuit which will be described in detail later. Grid 
biasing potential for the modulator tube 2 is ob 
tained from the battery 8 through the choke 
coil 9. Grid biasing potential for the audio fre 
quency amplifier tubes 8 and 9 is obtained from 
the battery. 20. Space current for the power 
amplifier tube 3 is obtained from the battery 2. 
through the connection to the midpoint of the 
inductance coil of the tuned circuit 6. A bypass 
condenser 22 provides an effective alternating 
current ground connection to the midpoint of the 
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the alternating current around the battery 2. 
Grid biasing potential for the power amplifier 
tube 3 is obtained from the battery 23 through 
the right-hand inductance coil of the tuned cir 
cuit 4, the condenser 24 providing alternating 
current bypass around the battery 23, and an 
effective alternating current ground connection to 
an intermediate point of the inductances of the 
tuned circuit 4. Blocking condensers 25 and 26 
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plate of the tube 2 from the grid of the tube 3 
for direct current voltages. 
The power amplifier tube. 3 is neutralized to . 

prevent, the generation of undesired OScillations 
by means of condenser 27 connected between the 
plate of the tube 3 and the lower terminal. Of 
the tuned coupling circuit 4. A condenser 28 is 
provided to balance the plate to cathode capacity 
of the tube 2 to keep the coupling circuit 4 bal 
anced with respect to ground. In the Output cir 
cuit of the power tube 3 a condenser 29 is pro 
vided to similarly balance the anode to cathode 
capacity of the tube 3 to keep the outgoing line 
5 balanced with respect to ground. . 
The direct current space circuit of the audio 55 
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2 
frequency amplifier tubes 8 and 9 is completed 
from the grounded cathode terminal through bat 
tery 7 and the two halves of the primary wind 
ings of the transformer 2 in parallel to the an 
Ode of the tubes 8 and 9, the alternating current 
plate path being completed from the mid termi 
nal of the primary winding of transformer 2 
through resistance 30 and the bypass condenser 
3. 
The direct current is furnished to the plate and 

Screen grid circuits Of the modulator tube 2 from 
the grounded cathode terminal through battery 
7, resistance 30, variable resistance 32, left-hand 

induction of the tuned coupling circuit 4 to the 
plate of the tube and resistance 33 to the screen. 
of the tube 2. Radio frequency in the plate cir 
cuit of the modulating tube 2 is bypassed through 
the condenser 34 and in the screen circuit through 
the condenser 35. The audio frequency Voltage 
for modulating the carrier wave in the modulat 
ing tube 2 is supplied from the secondary winding 
of the transformer 2, the audio frequency cir 
cuit being completed from the lower terminal of 
the secondary winding of the transformer 2, 
variable resistance 32 and bypass condenser 3 to 
the grounded cathode terminal. Thus modula 
tion is attained by impressing the audio frequency 
voltage on both the plate and screen circuits of 
the modulating amplifier as disclosed and claimed 
in the copending application of W. L. Lawrence, 
Serial No. 584,099 filed December 31, 1931, Patent 
1923,543 of August 22, 1933. 

It will be observed that the variable resistance 
32 is included in both the direct current and audio 
frequency circuits of the modulator tube 2 so that 
an adjustment of the resistance 32 will vary the 
direct current and audio frequency components 
of the plate and screen voltages for the modulat 
ing amplifier tube simultaneously, thus permit 
ting the power output of the transmitter to be 
varied while maintaining constant the percentage 
modulation. 
Since the efficiency of the modulating ampli 

fier 2 varies with the direct current plate voltage, 
the radio frequency voltage available in the plate 
circuit of the modulating amplifier tube will not 
be a linear function of the direct current volt 
age. As a result, it is necessary, in order to main 
tain the percentage modulation constant for vary 
ing power outputs, to vary the direct current and 
audio frequency components of the plate voltage 
at different rates. This is accomplished by the 
use of the resistance element 30 which is in 
cluded in the direct current path of the plate cir 
cuit of the modulating amplifier tube 2 but not 
in the audio frequency path since it is shunted 
by the audio frequency bypassing condenser 3i. 
An adjustment of the variable resistance element 
32 will vary the audio frequency component of 
the Voltage at a greater rate than the direct cur 
rent component. Thus by a proper choice of val 
ues for the circuit elements, the ratio of the audio 
and radio frequency components of the plate and 
screen currents and consequently the percentage 
modulation can be maintained constant as the 
power, output is varied. 
The design of the system to maintain constant 

the percentage modulation is further facilitated 
by the fact that the audio frequency amplifier 
7 can be designed to have an output which is in 
versely proportional to its load impedance. When 
so operated, an increase in the resistance of the 
variable resistance element 32 will decrease the 
audio frequency voltage applied to the modulat 
ing amplifier 2 not only by reason of its voltage 
dividing action but also because of the decrease 

2,002,209 
in the output of the audio frequency amplifier 
resulting from the increase in the load impedance. 
By taking advantage of either or both of these 

factors; namely, the effect of resistance element 
3C and design of the audio frequency amplifier 
7, great flexibility in design may ba attained. 
What is claimed is: 
1. A modulating System comprising an electric 

discharge device, means for impressing a carrier 
Wave upon said device, a transformer, means for 
impressing a Signal Wave upOn the primary Wind 
ing of said transformer, a source of direct cur 
rent, a Series circuit including Said Source of di 
rect current and the secondary winding of said 
transformer connected between the anode and 
Cathode of Said device, and means included in 
said series circuit for simultaneously varying at 
different rates the direct current voltage from 
Said Source and the Signal frequency Voltage from 
said transformer impressed upon said device. 

2. A modulating system comprising an electric 
discharge device, means for impressing a carrier 
wave upon said device, a series circuit connected 
between the anode and cathode of said device, 
Said. Series circuit including a Source of Signal 
WaVeS for nodulating Said carrier wave and a 
Source of direct current for supplying space cur 
rent to Said device, and means including a Vari 
able resistance element for simultaneously vary 
ing at different rates the signal current voltage 
and the direct current voltage impressed upon 
Said device. 

3. A modulating System comprising an electric 
discharge device, means for impressing a carrier 
wave upon said device, a series circuit connected 
between the anode and cathode of said device, 
Said Series circuit including a Source of direct cur 
rent for furnishing space current to said device 
and a source of signal waves for modulating the 
carrier wave, and means including a variable re 
sistance element common to the direct current 
and signal frequency path for simultaneously 
varying at different rates the direct current and 
signal frequency Voltages impressed upon said 
device. 

4. In a modulating system, an electric dis 
charge device having a cathode, an anode, an in 
put electrode and a shielding electrode located 
between said input electrode and said anode, a 
source of direct current for supplying space cur 
rent and shielding electrode biasing potential to 
Said device, means for Supplying carrier Waves 
to the input electrode of said device, a source 
of signal frequency voltage for modulating said 
carrier waves, a circuit including said source of 
direct current and Said Source of Signal frequency 
voltage for Supplying direct current and signal 
frequency voltages between the cathode and an 
ode and between the cathode and shielding elec 
trode of said device, and a variable impedance 
element connected in said circuit to simultane 
ously vary the direct current and signal frequency 
components of the voltages supplied between 
said cathode and anode and between said cathode 
and shielding electrode. 

5. A modulating system comprising an electric 
discharge device having a cathode, an anode and 
an input circuit, means for impressing carrier 
waves on said input circuit, a circuit including a 
Source of direct current and a source of signal 
frequency waves for impressing a voltage having 
a direct Current component and a signal fre 
quency component between said cathode and an 
Ode to modulate the carrier waves, and means 
for Simultaneously varying the direct and signal 
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2,002,209. 
current components of said voltage in such pro 
portions as to vary the power output of said de 
Vice while maintaining substantially constant 
the percentage modulation of the resultant wave. 

6. A modulating system comprising an electric 
discharge device having a cathode, an anode, a 
control electrode and a shielding electrode lo 
cated between the control electrode and anode, 
means for Supplying carrier waves between said 
Cathode and control electrode, a source of direct 
current, a source of signal frequency waves for 
modulating said carrier waves, a circuit includ 
ing said source. of direct current and said source 
of signal frequency waves and having terminals 
Connected to said anode, shielding electrode and 
cathode, respectively, for supplying between the 
Cathode and anode and between the cathode and 
shielding electrode voltages each having a direct 
Current component and a signal frequency. Com 
ponent, and means including a variable imped 
ance element Connected in Said circuit for Simull 
taneously varying said direct current and signal 
frequency components in such proportions as to 
maintain Substantially constant the percentage 
modulation while varying the power output of 
Said electric discharge device. 

7. A radio telephone transmitter comprising a 
Source of audio Waves, an electric discharge de 
Vice for amplifying audio Waves from Said Source, 
a Second electric discharge device having an an 
ode, a cathode and control electrode, means for 
impressing carrier waves between the cathode 
and control electrode of Said Second device, a 
source of direct current, connections from said 
Source of direct current to the first electric dis 
charge device for supplying space current there 
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to, other connections from said source of direct 
current to the cathode and anode of said second 
electric discharge device for supplying space Cur 
rent thereto and including means for impressing 
between the anode and cathode the amplified 
audio frequency output of Said first electric dis 
charge device, and means included in said other 
connections for simultaneously varying the audio 
frequency and direct current voltages impressed 
upon said second electric discharge device in Such 
proportion as to maintain substantially the per 
centage modulation while varying the power out 
put of said second electric discharge device. 

8. A radio telephone transmitter comprising a 
source of audio waves, an electric discharge de 
vice connected to said source for amplifying the 
audio frequency waves, a Second electric discharge 
device having a cathode, an anode, a control elec 
trode and a shielding electrode mounted between 
said control electrode and said anode, means for 
supplying carrier waves between the cathode and 
control electrode of said Second electric discharge 
device, a source of direct current, connections 

3 
from said Source of direct current to the first elec 
tric discharge device for Supplying Space Cur 
rent thereto, other connections from said Source 
of direct current to said Second discharge device 
for Supplying direct current voltages between the 
cathode and anode and between the cathode and 
shielding electrode thereof, said other connections 
including means for impressing between the 
cathode and anode and between the cathode and 
shielding electrode of said second electric dis 
charge device, the amplified audio frequency out 
put of the first discharge device, and having a cir 
cuit portion common to both the direct current 
and audio frequency components of the voltages 
Supplied between the anode and cathode and be 
tween the shielding electrode and Cathode of Said 
Second electric discharge device, and a variable 
resistance element connected in Said circuit por 
tion for simultaneously varying the direct current 
and audio frequency components of said voltages 
in such proportions as to maintain substantially 
Constant the percentage modulation. While. Vary 
ing the power output of said second electric dis 
charge device. 

9. Amodulating System comprising an electric 
discharge device having a cathode, an anode and 
a control electrode, a cathode-control electrode 
circuit therefor including a source of carrier 
Waves, and a cathode-anode circuit therefor in 
cluding: a Source of direct current, a source of 
signal frequency current, a path individual to the 
direct current, a second path individual to the 
Signal frequency current, a variable resistance 
element ... common to the direct current and 
Signal frequency paths, and an impedance ele 
ment in the path individual to the direct cur 
rent and having such a value of impedance that 
the ratio of the resistance value of said variable 
resistance element to the total signal frequency 
impedance of said anode-cathode circuit is great 
er than the ratio of Said resistance value to the 
total direct current impedance of said circuit So 
that the power output of Said electric discharge 
device may be varied while maintaining Substan 
tially constant the percentage modulation. 

10. A modulating system comprising an electric 
discharge device, means for impressing a carrier 
Wave upon said device, a Series circuit connected 
between the anode and cathode of Said device, 
Said series circuit including a Source of signal 
waves for modulating said carrier wave and a 
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Source of direct current for Supplying space cur 
rent to said device, and means for simultaneous 
ly varying at different rates the signal current 
voltage and the direct current voltage impressed 
upon said device, said signal current voltage be 
ing varied at a greater rate than said direct cur 
rent voltage. 

JOHN G. NORDAHL, 
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