
Jan. 18, 1949. c. E. HALLMARK 2,459,698 
MODULATION SYSTEM 

Filed Nov. 20, 1944 

S. - 

st E-g NVENTOR 
e - 

ii. CLYDE E. HALLMARK 

2 9 
BY 

ATTORNEY 

  

  

  

  

  

  

  



Patented Jan. 18, 1949 2,459,698 

UNITED STATES PATENT of FICE 
2,459,698 

MoDULATION systEM 
Clyde. E. Hallmark, Fort Wayne, Ind., assignor, 

- by triesne assigtiments, to Farnsworth. Research. 
Corporation, a corporation of Indiana 

Application November 20, 1944, serial No. 564,330, 

1 
4. Claims. (CI. 179-1715). 

This invention relates to signalling systems and 
particularly to aparatus adapted to effect signal 
nodulation of an ultra-high frequency carrier 
WaVe: 

In order to develop signal-modulated energy 
suitable for radiation, it is customary either to 
signal modulate the output circuit of a carrier 
frequency generator or to signal modulate a power 
amplifier which is, excited at the carrier wave 
frequency. In either case, energy is derived con 
ventionally from a direct current power source 
and is converted into alternating, current energy 
at the desired carrier wave frequency by means 
of the generator or the power amplifier. The 
magnitude of the energy Supplied from the direct, 
Current source. is in accordance with the ampli 
tude of the modulating signal. According to con 
ventional practice, the carrier wave generator or 
the power amplifier employs one or more vacuum 
tubes which of necessity have certain definite 
limitations with regard to their current carrying 
capacities. The current capacity of these tubes 
determines, the maximum current which may be 
drawn from the direct current power source for 
the purpose of developing power for radiation at 
the carrier wave frequency. Consequently, for 
a given tube complement, it is possible to increase 
the magnitude of the radiated energy only by in 
creasing the voltage developed in the power con 
version circuit. 
increase of the voltage of the direct current power 
Supply. 

It generally is undesirable to increase the volt 
age of the direct current power source beyond 
certain limits. 
sary to employ power sources of inconveniently 
high voltages in order to radiate the desired 
power. Inasmuch as in conventional systems it 
is customary to obtain the direct current energy 
by rectifying alternating current energy of the 
proper voltage, there are introduced various losses 
which limit the overall efficiency of the system. 
Some of these losses occur in the form of heat dis. 
sipated by the rectifying and filtering apparatus. 
When the voltage of the direct current energy 
necessarily is high in order to develop the re 
quired power, there are encountered other proba 
lems such as those of insulating the rectifier com 
ponents and the filter elements. . - 

It is: an object. of the present invention, there 
fore; to provides apparatus in a signalling systeria 
so arranged as to supply energy to a relatively 
high, frequency power conversion circuit directly 
from a relatively low frequency source of alter 
nating current energy and thereby obviate the 

This, of course, necessitates an : 

For many purposes, it is neces 
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use of a high voltage direct current power supply. 
Another object of the invention is to impress 

signal-modulated; intermediate-frequency energy 
upon a power conversion circuit. of a radio fre 
quency generator as the primary energy supply 
for the conversion circuit. 

In accordance with this invention there is pro 
vided a Source of alternating, current energy hav 
ing a relatively low frequency and relatively high 
power capacity. In addition, there is provided 
relatively high frequency means which is sup 
plied With power in substantial quantities from 
the relatively low frequency alternating current 
source of energy. By this means there is de 
veloped alternating current energy of relatively 
high-power at a relatively high frequency. 
More Specifically, there is provided, in one form 

of the invention, an ultra-high frequency oscil 
lator having an output circuit which includes a 
frequency determining component. The appa 
latus... also includes a power amplifier which is 
excited at an intermediate frequency and is modul 
lated by a signal for the production of interme 
diate frequency energy modulated in amplitude 
frequency energy is coupled into the output cir 
cuit of the oscillator so as to supply energy there. 
to at a relatively high voltage. A utilization cir 
cuit is also coupled into the output circuit of the 
Oscillator for the development of ultra-high fre 
quency energy modulated in amplitude in accord 
ance with the signal and of a power magnitude 
Sufficient to. modulate a transmitter or to be 'em 
ployed otherwise, as desired. 
For a better understanding of the invention, to 

gether with other and further objects thereof, 
reference: is had to the following description, 
takenin connection with the accompanying draw 
ing, and its Scope will be pointed out in the ap 
pended claims. ... . 
The single figure of the accompanying draw 

ing is a circuit diagram of a modulating system 
in accordance with the present invention. 

Referring now to the drawing, there is shown 
a high frequency generator which may be en 
tirely conventional, consisting for example, of 
a tuned-grid tuned-plate oscillator. The oscil 
lator includes a pair of vacuum tubes... and 2. 
both of which preferably are high frequency 
triodes, and may be RCA type 8025. The control 
grids of these tubes are interconnected by a 
resonant network 3, comprising the parallel con 
nection of a coil 4, and a condenser 5. This net 
work is tuned for resonance at a relatively high 
radio: frequency. The cathodes. Gf the tubes. 

The intermediate. 
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and 2 and the center point of the coil 4 are con 
nected to ground. The anodes Of the tubes are 
interconnected by a resonant network 6 compris 
ing the parallel connection of a coil 7 and a con 
denser 8. This network also is tuned for reso 
nance at the same relatively high radio frequency 
at which the network 3 is tuned. The center 
point of the coil 6 is connected to one terminal 
of a coil 9 which may be entirely untuned and of 
which the function will be described in greater 
detail in a subsequent portion of the specifica 
tion. The other terminal of the coil 9 is connect 
ed to ground through a relatively low voltage 
source of direct current such as a battery O which 
is shunted by a condenser for by-passing the 
alternating current present in the circuit. This 
battery has been found to produce somewhat bet 
ter operation of the device under some circum 
stances, particularly at the higher intermediate 
frequencies, the development and function of 
which are to be described subsequently. It, how 
ever, is contemplated to be within the scope of 
the instant invention to eliminate this battery 
entirely, if desired, which may be done when 
operating at somewhat lower intermediate fre 
quencies. 
A utilization circuit 2, such as a transmitter 

for example, is supplied with energy from the 
high frequency generator by means of a coil 3 
connected to the utilization circuit and coupled 
inductively to the coil 7 of the resonant network 
6 which comprises one of the frequency deter 
mining circuits of the high frequency generator. 
There also is provided a generator. 4 of inter 

mediate frequency energy which is developed in 
an output circuit, including a resonant network 
5 comprising the parallel connection of a coil 

- 6 and a condenser . . One terminal of the net 
work is connected to one of the output circuit 
terminals of the "intermediate frequency gen 
erator and the other network terminal is con 
nected to an intermediate point of a source of 
direct current energy such as a battery 3. The 
negative terminal of this energy source and the 
other terminal of the generator 4 are connected 
to ground. The portion of the battery 8 con 
nected to Supply energy to the intermediate 
frequency generator 4 is shunted by a condenser 
9 for the purpose of by-passing the intermediate 
frequency energy around the battery. 

. The System also includes a power amplifier 
illustrated herein as one of the push-pull type 
consisting of a pair of vacuum tubes 20 and 2. 
These tubes may be tetrodes, as shown, capable 
of relatively high power output. However, other 
tubes Will. Serve equally Well, one satisfactory 
type being an RCA 807. The control grids 22 
and 23 respectively of these power amplifier tubes 
are connected to the terminals of a resonant net 
Work 24 which includes a coil 25 and a condensel 
26 connected in shunt therewith. This circuit is 
tuned for resonance at the intermediate fre 
quency and the coil 25 is inductively coupled to 
the coil 6 of the network 5, whereby to effect 
excitation of the power amplifier tubes at the 
intermediate frequency. The screen grids 2T 
and 28 of the tubes are connected to the inter 
mediate point on the battery, 8 and the cathodes 
are connected to ground. A source of modul 
laing Signal 29 is connected between the cathodes 
of the power amplifier tubes and a center tap on 
the coil 25. . . . . . . 
The anodes of the power amplifier tubes. 20 

and 2 are connected to the respective terminals 
of another resonant network 30 comprising a 
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4 
coil 3 and a condenser 32 connected in shunt 
thereWith. This resonant circuit also is tuned 
to the intermediate frequency. Coil 3 is pro 
vided with a center tap which is connected to 
the positive terminal of the battery 18, whereby 
to Supply Space current to the amplifier tubes. 
The coil 3 is inductively coupled to the coil 9 in 
the output circuit of the high frequency gener 
lator and, preferably, the turns-ratio between 
these coils is such as to produce a substantial 
voltage step-up between the output circuit of the 
power amplifier and the output circuit of the 
high frequency generator. 

Referring now to the operation of the described 
modulating System, assume that it is desired to 
radiate energy at a frequency of the order of 
300 megacycles. In this case the high frequency 
generator including the tubes and 2 will develop 
Such a frequency and the tuned output circuit 6 
Will be resonant at this frequency. If the intelli 
gence signal which is to be modulated on the 
high frequency carrier wave is the video informa 
tion of a television system, the frequency of the 
Signal derived from the source 29 may be of the 
order of 4 megacycles. In such a case it is con 
venient to excite the power amplifier, including 
the tubes 20 and 2i at a frequency of the order 
of .20 mega CycleS. Therefore, the generator 4 
will be one capable of developing energy at an 
intermediate frequency of the order of 20 mega 
cycles. In the assumed case, it is necessary for 
the modulating equipment to pass approximately 
an 8-megacycle band of frequencies. Therefore, 
the amplifier circuits are designed to pass such 
a frequency band. 
The voltage impressed upon the control grids 

22 and 23 of the power amplifier tubes 20 and 
2, respectively, is varied in accordance with the 
modulating signal derived from the source 29. 
In this manner there is developed in the ampli 
fier output circuit 30 energy at the intermediate 
frequency which is modulated in amplitude, in 
accordance with the signal. By means of the 
step-up transformer action between the coils 3 
and 9 there is developed in the coil 9 a voltage 
of a relatively high order of magnitude, the 
amplitude of which varies in accordance with the 
modulating signal...This voltage serves as the 
primary Source of plate voltage for the high fre 
quency generator tubes and 2. Inasmuch as it 
is preferable to employ tubes of relatively high 
Current ratings for the high frequency generator, 
there is effected a current flow through the coil 

of the frequency determining circuit 6 of sub 
stantial magnitude. Then, by reason of the de 
velopment of the relatively high plate voltage for 
the high frequency generator tubes by the coil 
9, it is possible to develop substantial quantities 
of power in the coil 7. The power thus developed 
also is modulated in accordance with the modu 
lating signal as a consequence of the voltage 
variation in the coil 9 being in accordance with 
the modulating signal. As a result, there is ef 
fected a power transfer from the coil 7 to the coil 3 at the relatively high frequency and of a 
magnitude varying in accordance with the modu 
lating signal. . . . . 

It will be obvious to those skilled in the art that 
a modulating signal such as that chosen for illus 
tration herein, which fundamentally is of an 
alternating current character, may be used di 
rectly after suitable amplification, to supply the 
required high voltage to the output circuit of the 
relatively high frequency generator. In such a 
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case a generator such as the intermediate fre 
quency generator 4 may be eliminated. 
Inasmuch as the high frequency generator, in 

cluding the tubes and 2, functions only during 
alternate half cycles of the intermediate fre 
quency, it is necessary that this generator be ca 
pable of developing power which varies through a 
range from Substantially Zero to a maximum 
value in the time interval of a quarter cycle of 
the intermediate frequency. It thus will be ap 
preciated that, when operation is at a relatively 
high intermediate frequency, the build-up time 
from minimum to maximum power by the high 
frequency generator is extremely short. In such 
a case it has been found advantageous to include 
a relatively low voltage source of direct current 
energy such as the battery O in the plate circuit 
of the generator tubes and 2. By this means 
the operation of the generator may be effected in 
Such a manner that the tubes and 2 are non 
conducting during a smaller portion of the alter 
nate inoperative half cycles of the intermediate 
frequency Voltage developed in the coil 9. In 
other Words, the build-up time for the high fre 
quency generator is lengthened to considerably 
more than the time interval of a quarter of a 
cycle of the intermediate frequency voltage. If 
desired, of course, the voltage of the battery 0 
may be selected as substantially one-half of the 
peak-to-peak voltage of the intermediate fre 
quency energy. In such a case, the high-fre 
quency generator will be operative substantially 
One hundred per cent of the time. Such a con 
dition, however, is not essential for the successful 
Operation of apparatus embodying this invention. 
Satisfactory results have been obtained by using 
a battery 0 of approximately 120 volts when the 
Voltage developed in the coil 9 is several thousand 
VoltS. As previously indicated, when the fre 
quency of the voltage developed in the coil 9 is 
Somewhat lower than the 20 megacycle frequency 
Specified herein for illustrative purposes, the bat 
tery to may be eliminated entirely so that the sole 
Source of plate voltage for the high frequency 
generator tubes and 2 is derived from the coil 
9. One such instance would be the case where 
the modulating signal itself is used to develop the 
alternating current voltage in the coil 9. 

It, therefore, is seen that, by the use of a modu 
lating System according to this invention, it is 
not necessary to provide apparatus for furnish 
ing direct current energy at prohibitively high 
Voltages. Also, a system of this character is 
capable of Operating so as to effect wide band 
modulation of ultra-high frequency energy such 
aS required, for example, in a television system. 
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 modifications 
may be made therein without departing from the 
invention, 
What is claimed is: 
1. In a signalling System, means for developing 

intermediate frequency energy modulated inac 
Cordance with a signal, power converting means 
having an output circuit including a resonant 
network tuned to a radio frequency, means for 
exciting said network at said radio frequency, 
neans for amplifying the voltage of said inter 
mediate frequency energy, means for supplying 
Said voltage-amplified intermediate frequency 
energy to Said network as the primary source of 
power for Said network, and means for deriving 
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from said network radio frequency energy modul 
lated in amplitude in accordance with said signal 
modulated intermediate frequency. 

2. In a modulation System, an amplifier hav 
ing an output circuit, means for exciting Said 
amplifier at an intermediate frequency, means 
for modulating said amplifier in accordance with 
an intelligence signal, a radio frequency gen 
erator having an output circuit, means including 
a voltage step-up transformer for coupling said 
radio frequency generator output circuit to the 
output circuit of said amplifier, the primary wind 
ing of Said transformer being connected in the 
output circuit of Said amplifier and the secondary 
Winding of said transformer being connected in 
Said radio frequency generator output circuit, and 
a utilization circuit coupled to said radio fre 
quency generator output circuit. 

3. In a modulation System, a power amplifier 
having an input circuit and an output circuit, 
means including an intermediate frequency gen 
erator coupled to said input circuit for exciting 
said amplifier, means including a source of modu 
lating signal coupled to said amplifier to effect 

is the development in said output circiut of inter 
mediate frequency energy modulated in ampli 
tude in accordance with said signal, a radio fre 
quency generator having an output circuit tuned 
to Said radio frequency, means including a coil 
for coupling said radio frequency generator out 
put circuit to the output circuit of said amplifier, 
said coil being connected in said radio frequency 
generator output circuit and forming the second 
ary Winding of a Voltage step-up transformer of 
Which the primary winding is included in the 
output circuit of said power amplifier, and a utili 
zation circuit coupled to said radio frequency 
generator output circuit. 

4. In a modulation system, a push-pull pOWer 
amplifier comprising two vacuum tubes each hav. 
ing an input circuit and an output circuit, means 
including an intermediate frequency oscillator 
coupled to Said input circuits for exciting said 
amplifier, means including a source of modulating 
signal coupled to said amplifier to effect the 
development in said output circuits of interme 
diate frequency energy modulated in amplitude 
in accordance with said signal, a radio frequency 
oscillator having an output circuit tuned to said 
radio frequency, a source of constant magnitude 
direct current energy connected in said tuned 
output circuit, means including a voltage step-up 
transformer for coupling said radio frequency 
Oscillator output circuit to the output circuits of 
Said amplifier tubes, and a utilization circuit 
coupled to said tuned oscillator output circuit. 

CIYDEE. HALLMARK. . 
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