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Application May 27, 1931, serial No. 540,257 

7 Claims. (CL 250-36) w 
My invention relates to novel apparatus for 

and methods of signalling systems and more par 
ticularly relates to a novel method of and appa 
ratus for operating an electrical oscillator and 5 amplifier. 
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Electrical oscillators heretofore Sed in trans 
mitting stations have comprised either a single 
thermionic valve with an associated tuned cir 
cuit or a plurality of thermionic valves connected 
in parallel. w - in either case, the electrical characteristics of 
the osciliator circuit are such that the frequencies 
fluctuate over a very wide range and this serious 
fiuctuation of the frequencies is very undesirable 
as it tends to cause a transmitting station to ra 
diate frequencies which varies from its own as 
signed frequency to frequency within the fre 
quency range assigned to some other transmit 
ting station, resulting in interference. 

Because of this, strict regulations of the trans 
mitting stations have been issued compelling sta 
tions to operate close to the assigned frequency. 

Heretofore, the method of holding the oscil 
lating frequency within the assigned frequency 
range has been by means of crystals, tuning forks, 
and other complicated apparatus which need care 
ful attention to hold the frequencies over a small 
errange of fluctuations and are expensive in con 
struction and operation. . . . . 

Accordingly, an object of my invention is to 
provide a novel method of operating an oscil 
lator which will prevent frequency fluctuation. 

... Still a further object of my invention is to pro 
vide an oscillator which inherently oscillates only 
within a narrow frequency band. 

- Still a further object of my invention is to pro 
vide an oscillator, comprising a plurality of ther 
mionic valves connected in series. n 

in the present oscillators the arrangement is 
such that the oscillator is adapted to operate only 
one-frequency range. It is often desirable, how 

45 

ever, to utilize the same oscillator for a plurality 
of oscillating frequencies. - 

. . Accordingly, a further object of my invention 
is to provide an oscillating circuit which will 
simultaneously oscillate at a plurality of different 
frequency ranges. 

56 

Another object of my invention is to provide a 
series Oscillator for generating a plurality of os 
cillating frequencies simultaneously. 

In any oscillator the fundamental feature is the feedback arrangement whereby outputen 
- ergy is fed back into the input circuit to set up 

55 
and maintain the oscillator in oscillation. 

I have discovered a novel apparatus for and 

: usual oscillator heretofore used. 

method of producing oscillations. One object of 
in which feedback is obtained by applying a por 

to a portion of the series amplifier circuit. 

my invention, therefore, is to provide an oscillator 
tion of the output electrical oscillating quantities . . . 
A further object of my invention is to provide 

in a series oscillator means for feeding the out 
put of the last series tube to 
ceding series tube. - 

Still a further object of my invention is to 
provide means in a series oscillator for applying 

the grid of the pre 
0 

part of the output energy of the last tube of the 
Series amplifier to the cathode of a 
tube of the series amplifier. 

Still a further object of my invention is to 
provide means in a series oscillator for feeding 
back part of the output energy of one of the series 
tubes of the oscillator simultaneously to the cath 
ode and grid of a preceding tube. . . . . . 
A further object of my invention is to provide 

a push-pull series OScillator. 
Still a further object of my invention is to pro 

preceding 

vide an electro-magnetic feed back in a series 
Oscillator. - 

Another object of my invention is to provide an 
electroStatic feed back in a series oscillator. 
Another object of my invention is to provide a 

series oscillator in which a series tuned circuit 
is connected in series with a series amplifier. 
In series oscillators, the problem of modulation 

is somewhat different than that 

Accordingly, an object of my invention is to 
provide novel apparatus for and methods ofnodiu 
lating oscillations in a series oscillator. . . . 
A further object of my invention is to modulate 

by changing the impedance of the tuned circuits 
in a series oscillator. . 
A further object of my invention is to provide 

frequency modulation in a series oscillator... 
A further object of my invention is to modulate 

the output energy of a series oscillator by vary 
ing the impedance of one of the thermionic valves 
of said Oscillator. - 

Still a further object of my invention is to pro 
vide modulation in a series oscillator by a capacity 
varying means. . - 

. A further object of my invention is to provide a 
novel method of modulation which comprises vary 
ing the capacity in the feed baek circuit. 
Another object of my invention is to provide 

andvel method of modulation which comprises the 
step of varying the impedance of a series tuned 
circuit connected in series with the oscillator. 

present in the 

still another object of my invention is to provide f 
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2 
a variable voltage supply to a series oscillator in 
accordance with the desired modulations. 
A further object of my invention is to provide 

a method of modulation of series oscillator by 
connecting it in series with a series amplifier to 
which modulating signals are conveyed. 

Still a further object of my invention is to pro 
Wide a novel power amplifier. 
Another object of my invention is to provide a 

power amplifier in which tubes of different energy 
characteristics are used. 
A further object of my invention is to provide a 

novel method of cutting off undesired frequencies 
in a modulated carrier frequency system. 

Still a further object of my invention is to 
provide novel means, in a series oscillator circuit, 
for broadening the range of frequencies at which 
it is operated in accordance with requirements. 

Figure 1 is an elementary diagram of a Series 
OScillator. 

Figure 2 consists of curves illustrating the 
amplification characteristic of a series amplifier 
compared to other amplifiers. . 

Figure 2a is a curve showing the variation and 
impedance of a tuned circuit with a frequency. 

Figure 3 is a form of series oscillator adapted to 
operate simultaneously at a number of different 
frequencies. . 

Figure 3a illustrates the modulating means ap 
plicable to circuits of Figure 3. 

Figure 4 is a complete diagram of a series oscil 
lator in combination with a novel power amplifier 
and modulating raeans. m 

Figure 5 consists of diagrammatic charts illus 
trating the voltage relations in various parts of 
a series oscillator. 

Figure 6 is a diagram of a Series Oscillator show 
ing novel potential bridges and modulating means. 

Figure 7 is an alternative form of series oscilla 
tor and modulating" means therefor. 

Figure 8 is a further alternative form of series 
oscillator showing a double function of modulation 
and oscillation. - P 

Figure 9 shows an alternative form of oscillator 
with a series connected modulator. 
Figure 10 shows a push-pull series oscillator with 

series modulating means. 
Figure 11 shows an alternative form of push-pull 

series oscillator with push-pull modulating means. 
Referring to Figure 1 which illustrates the 

simplest form of oscillator; this comprises broad 
ly a plurality of thermionic valves , 2, and 3, con 
nected in series with each other in such a fashion 
that the anode of the first tube is connected to 
the cathode of the valve 2 and the anode of ther 
mionic valve 2 in turn is conductively and directly 
connected to the cathode of the valve 3. The con 
trol electrode or grids of thermionic valves f, 2, 
and 3 are maintained at predetermined fixed po 
tentials by means of connections taken therefrom 
to the taps of a potentiometer 4. 
In order to insure that the control electrodes 

are maintained at the predetermined fixed po 
tentials, the control electrodes are further 
grounded through condensers 5 and 6. Energy 
for the oscillator tubes and the potentiometer 4 
is supplied from the potential leads 8 and 9 con 
nected to the opposite terminals of the potenti 
ometer and through the tuned circuit to tubes 
3, 2, and f. 

5 

The oscillator circuit is completed from the 
output circuit of the tube 3 through the parallel 
tuned circuit comprising a variable condenser 

2,006,872 
12 and inductance 13 through the condenser 4 
to the input of the first tube . 
Such a circuit will operate as a series amplifier 

With regard to potentials applied to the grid of 
tube of a frequency to which circuit f is tuned. 
In this circuit a condition of oscillation is estab 
lished by...feeding back a predetermined percent 
age of the output potential in the last stage 3 of 
the oscillator through the variable condenser 6 
to the control electrode of the first thermionic 
valve . 

naSimuch as the output potential of the ther 
mionic valve 3 is in phase with the output po 
tential from valve , a phase reversal of the out 

- put potential which is to be fed back to the grid 
of tube is necessary. This is accomplished by 
tapping the inductance 3 at some intermediate 
point thereof for the Supply connection 9 So that 
the feed back potential applied to the control 
electrode of tube is reversed in phase with re 
spect to the output potential from tube 3. 
A biasing resistor for the first tube is by 

passed by a condenser 8 for the high frequency 
currents. A frequency controlling crystal 15 co 
operates with condenser 6 to give the correct 
feedback potential and helps to stabilize the fire 
quency although, as explained below, such stabili 
zation is in genera aot necessary as the circuit, 
is inherently stable. A choke coil 5' around the 
crystal admits the steady potential bias to the 
grid of tube 1. 
The oscillating energy from the series oscillator 

just described is applied through a condenser 19 
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to the input of a power amplifier 2 which is here 
diagrammatically illustrated as any well known 
form of amplifier and modulator may be used. 
The output energy of the oscillator is then 
radiated over the antenna 22 in any well known 
manner. 
The advantages of this form of oscillator; 

namely, a series connected oscillator, can best be 
explained by reference to Figures 2 and 2a. 

Figure 2 discloses the gain obtained in a series 
amplifier and explains the stability of such an 
amplifier with regard to frequencies when used 
as an oscillator. The curve shows the amplifica 
tion as a function of the ratio of tube impedance 
Rp to the impedance of the tuned circuit Z. 
The curves were obtained by mathematical 

calculations which show with the series amplifier 
the gain or amplification expressed as the ratio 
of output voltage to input voltage to be as 
follows:- 

V(K.R.R.)?--X 
in which u is the amplification constant of each 
tube. 
Z is the impedance of the tuned circuit at the 

Operating frequency. 
Rz is the energy component of Z at the oper 

ating frequency. 
Xz is the reactive component of Z at the 

ating frequency. 
Rp is the internal impedance of the tube at the 

operating frequency. 

As 

n is the number of stages of amplification, and 
Kn is a constant different for each number of 

stages, and . calculated to be for two stages 
K2=2-pi, and for three stages K3=3(1-)-2. 
The amplification as calculated from these 

formulae is illustrated by the curve 25 which cor 
responds to a three stage amplifier and certain 

Oper-. 

35 

A0 

45 

50 

60 

65 

70 

assumed values of the circuit constants. It can is 
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be seen that the amplification falls of very rapid 
ly with the increase of ratio: 

R 
2. 

On the other hand, with a parallel amplifier of 
a number of stages with a corresponding number 
of tuned circuits, the amplification falls off rela 
tively slowly, illustrated for three stages in the 
curve 26 and expressed by the formula: 

A-list?, Ex. "L(R,+R)+x. In 
As shown in Figure 2a, the impedance of the 

tuned circuit will vary with frequency, giving a 
maximum at the resonant frequency F. If the 
input energy from a feed back or back coupling 
is such that a reduction of oscillations to, say, 
80% of the amplification at the resonance point 

20 

25 

30 

maintains a stable oscillating condition, then, as. 
shown by the dotted line in Figure 2, the parallel 
amplifier would permit a very large variation of 
the above ratio corresponding, for instance, to 
the range of variation of Z from a to b of Figure 
2a. While with a series amplifier the corre 
sponding range of variation of ratio is much nar 
rower, as indicated by points c and d of Figure 2a. 
This latter is due to the fact that a further reduc 
tion of the impedance of the tuned circuit reduces 
the amplification below the 80% which was as 
sumed to be necessary for maintaining oscil 
lations. 

It is clear from Figure 2a, therefore, that the 
oscillations for a fixed condition of the tuned 
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tentials, one theory for explaining this stability 

circuit must take place at a frequency within the 
range determined by the points, c and d while 
with a parallel oscillator the corresponding range 
is much wider, as indicated by points a and b. 

I have found from practice, that the Series 
amplifier has extremely sharp tuning character 
istics, in accordance with the above explanation, 
and also that, if a feed back circuit is supplied, 
the oscillation will maintain its frequency at a 
very stable value while the oscillations cannot, 
at the same time, be easily suppressed or changed 
in frequency by changes in the various tube po 

is as follows: v o 
The changes of frequency that occur in an or 

dinary single tube oscillator or an oscillator com 
prising a number of tubes connected in parallel 
is caused to a large extent by variations of the 
tube impedance caused by such factors as varia 
tion in filament potential, in grid biasing poten 
tial, or in plate potentials at which the tube 
operates. 

However, in a series amplifier, where a number 
of tubes are connected in series, I have found that 
if the electronic current on one of these tubes has 
changed, for instance, due to the change of fla 
ment emission, there is an immediate readjust 
ment of the grid potentials as secured from a . 
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common potentiometer, and of the plate poten 
tials as secured from a common source of plate 
current, by, means of which the change in elec 
tronic emission caused by the change of filament 
potential is automatically compensated. For ex 
ample, if the filament potential has dropped, with 
a consequent decrease of emission, the plate po 
tential will increase until the system is stabilized 
and supplies this plate current, but at the value 
of tube impedance which is practically the same 
as the original tube impedance. 
Thus, although the direct current resistance 

of the tube, as measured by the ratio of stable 
voltage to current on the particular tube, may 

3 
have changed, the actual tube impedance which 
affects the oscillating characteristics and which 
is represented by the slope of voltage and current 
characteristic at the operating point, that is, the 
dynamic impedance of the tube may remain prac 
tically the same. Therefore, the operating fre 
quency-will also remain constant. 

Figure 3 shows a modification in which several . 
frequencies are generated simultaneously. Three 
electrode tubes 25, 26, and 2 are connected in 
series relation substantially in the manner as in 
Figure 1 so that the anode of tube 25 is connected 
to the cathode of the next succeeding tube 26, 
and so on. The anode of tube 27 is connected in 
series with a plurality of tuned circuits 28, 29, 
and 30, each of which comprise an inductance 

O 

15 

and variable capacity and is tuned to an individ 
ua frequency. - 
Three adjustable condensers 3, 32, and 33, 

each adapted to compensate for the effect of the 
tube capacities of the thermionic valves 27, 26, 
and 25, are connected from the plate circuit of 
tube 2 to the cathode lead of each of these re 
spective tubes. Condensers 35 and 36 are con 
nected respectively from the grids of tubes 2T 
and 26 to the negative lead 8. The function of 
condensers 3f, 32, 33, 35, and 36 is discussed in 
detail in reference to diagrammatic Figure 5. 
below. 
The remaining connections for the oscillator 

itself are similar to those shown in Figure 1, in 
cluding, the potentiometer 34, bias resistance 37, 
and a bypass condenser 38. Instead of a feed 
back condenser f6 as in Figure 1, an inductive 
feed back by means of a coil 39 coupled to the 
inductances of the tuned circuits 28, 29, and 30 
is used in this circuit. In practice, however, I 
have found that it may be possible to omit the 
coil 39, as the condensers 3, 32, 33, 35, and 36, 
serving to supply the capacity current between 
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the elements, can be so chosen as to supply an 
excess of current to the connections between the 
tubes, and thereby create oscillations in accord- . 
ance to the resonant frequencies of the circuits 
28, - 29, and 30. . 
In an ordinary type of oscillating circuit, it is 

conceivable that several oscillating systems are 
introduced and that oscillations would be created 
at several frequencies. However, in general, due 
to the ability of an ordinary oscillator to swing 
Over a fairly large range of frequencies for the 
same tuned circuit, if several circuits are included 
in the tuning path, it is likely to oscillate at a 
frequency corresponding to the summation of all 
inductance and all capacity elements instead of 
at three definite frequencies. On the other hand, 
with a series amplifier as has been explained in 
Connection with Figure 2, the circuit relations are 
such that the circuit oscillates at exactly the 
resonance frequency of the tuned circuit and the 
swinging of the frequency is prevented by the 
nature of the circuit connections. - 

It follows from this also, that the variation 
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of impedance of the tube elements caused by os 
cillations of the frequency of, say circuit 2, would . 
not interfere or affect the effectiveness of circuit 
2 in interposing a high impedance at its own 
resonant frequency and thus maintaining oscil 
lations at its frequency. On the other hand, the 
circuit 29 considered at the frequency of circuit 
28, will be equivalent to a relatively large capacity 
or relatively small inductance in series with the 
tuned circuit 28, and will in no way affect the 
in of the system at the frequency of cir 

cuit 2, 

70 

75 
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Similarly, circuit 30 will interpose a high in 
pedance at its own resonance frequency and, pro 
vided suitable feed back means, will oscillate at 
that frequency, while at the frequency of circuits 
28 and 29 it will merely interpose a low reactive 
or capacitative impedance. 
The oscillating circuit for the three frequen 

cies includes all of the three circuits, so that the 
same current flows therethrough. On the other. 
hand, the voltages generated in the tube circuit 
is impressed respectively on circuit 28 at its fre 
quency, on circuit 29 at its own frequency, and on 
circuit 39 at its own frequency. - 
This voltage, being the measure of the energy 

circulating in the corresponding tuned circuit, 
can be abstracted from this circuit by suitable 
coupling means, and I have shown three possible 
alternatives: The coil 40 coupled to coil 28, con 
densers 4 and 42 connected to the opposite ends 
of the circuit 29, and a condenser 43 connected 
to one end of the circuit 30 while the other end 
of the same circuit is grounded through the con 
denser 44 for the same purpose as the condenser 

of Figure . . 
Different means for modulating each one of 

the three independent frequencies is shown. 
Thus, included in circuit 28 is a radio frequency. 
bypass condenser 45 shunted by the equivalent 
of a Series modulating resistor which will change 
the effective resonance impedance of circuit 28 
and thereby the amplitude of the resulting mod 
ulationS. The nodulating resistOT may comprise 
a microphone, but in the preferred form, coul 
pling condensers 6 and 49. are used, the other 
side of which may be connected to the output 
circuit from an audio source such, for instance, as 
is illustrated in Figure 3a in which the termi 
nals 47 and 48 correspond to the terminals 47 
and 8 of Figure 3. . 
This circuit may consist of an amplifying tube 

50, the grid of which is supplied with audio fre 
quency Source, while the plate circuit is connected 
to terminal 47. The plate power to the tube 49 
is supplied through a choke coil. 5. According 
ly, the modulating resistance includes, at radio 
frequency, condensers 46 and 49 and the resist 
ance of tube 50. And since this resistance is 
modulated by the audio frequency applied to the 
grid of tube 50, a correspondingly varying re 
sistance effect is introduced into the tuned cir 
cuit 28. In practice, such a connection may be 
used to introduce frequency modulation by proper 
choice of the values of various condenser ele 
inents. 
Connected in circuit 30 are similar condensers 

46 and 49 connected to terminals 47 and 48, 
which may be again supplied with the modulat 
ing resistor in accordance to Figure 3a. In this 
case this modulating resistor is in parallel with 
circuit 30 and must have, therefore, a relatively 
high impedance value approximating the tuned 
impedance value of circuit 30. The variation of 
this shunting modulating resistor will then mod 
ulate the oscillations at the frequency of circuit 
30. This arrangement may again serve as a fre 
quency modulating meanS. - 
Connected to circuit 29, there is a keying ar 

rangement including a relay 52 operated from 
the battery 53 by means of key 54. In the nor 
mal non-operating position, the circuit of relay 
52 is closed and the relay is thereby energized, 
short-circuiting the contacts 55 and 56, and 
thereby short-circuiting the circuit 29. 
Thus, no oscillations of the frequency of the 

circuit 29 will be generated. However, when the 

with Figure 5. 
bridge circuit across the tuned circuit 64, may 

, also be utilized for establishing Oscillating con 
: ditions, as explained in Connection with Fig 
: ure 5 in which case the inductance 66 may be 

2,006,872 
key is depressed the relay 52 is deenergized, the 
short circuit across the contacts 55 and 56 is re 
moved, and the impedance of circuit 29 is inter 
posed in the series oscillator circuit, thereby gen 
erating oscillations of the frequency of circuit. 29. 
An alternative modulation scheme which will 

simultaneously modulate all of the three fre 
quencies and which includes control elements of 
tube 25 and the secondary of an audio frequency 
transformer 57 bypassed by condenser 58, is also 

5 

10 
shown. This audio frequency, transformer may 
be supplied from any suitable source of audio 
frequencies or other control currents, and Will 
inpress on the grid of -tube 25 a voltage corre 
sponding to the audio frequency oscillations. 
Thus, the impedance of tube 25 will be varied in 
accordance with this impressed voltage and 
thereby, as explained in connection with Figure 

15 

2, the OScillations at all of the frequencies Will 
be varied. If the modulation of all of the cir 
cuits is not desired, the transformer 5 is merely 

20 

omitted and the grid is connected directly to ground. 
These methods of modulation possess certain 

limitations in so far as they control directly the 
ratio of tube impedance to the impedance of the 
tuned circuit and as the degree of amplification 
through the series circuit is dependent on this 
ratio, a change in the above ratio above a cer 
tain limit Would entirely stop the oscillations. 
I have, however, shown the alternative ways 

30 

of nodulation without these limitations and it 
will be understood that these alternative systems 
can be also applied to the circuits of Figure. 1 and Figure 3. 

In Figure 4 there is shown a further modifica 
tion of series oscillator in a system more adapt 
able to power circuits where the energy to be 
transmitted will require large power tubes and 
relatively high voltages and currents. Under 
Such condition, it is desirable to confine the gen 
eration of oscillations to a so-called “master' 
oscillator of relatively low.energy and then am 
plify and modulate the oscillations generated as 
above in a power amplifier and modulator. 
This system comprises a series oscillator sim 

ilar to that of Figure 1 and consisting of three 
series tubes 6, 62, and 63 connected in series 
with a tuned circuit 64 and a bypass condenser 
65 across the power input terminals 8 and 9. 
Connected to the cathode of tube 6 is an induc 
tive element 66 and a biasing resistor 67 bypassed 
by condenser 68. The inductance 66 may serve 
in a manner similar to the inductance 39 of Fig 
ure 3 for supplying the feed back potential to 
the cathode of tube 6. The grid of this tube is 

... held at the ground potential and therefore the 
creation of oscillations in the series amplifier 
will be in accordance with the general theory, 
as explained in connection with Figure 1. 

Bypass condensers 69, 78, 7, 2, and 73 Sup 
ply the necessary capacity currents to the tube 
elements, as discussed in detail in connection 

These condensers forming a 
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omitted. The potentiometer 34 serves the same 
purpose as in the previous diagrams. The mas 
ter oscillator is, therefore, arranged to gen- . 
erate oscillations of a definite frequency and a 
constant amplitude. . 
The output of the series oscillator is conducted 

through a coupling condenser. 74 to the grid 75 75 
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of the first tube 16 of a power amplifier. The 
tube 6 is shown to be connected in series with 
another tube 77 and the power tube 18, the latter 
being of the type suitable for large energy os 
cillations and having relatively high voltage and 
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relatively high current carrying capacity. Of 
course, the tubes 6 and 77 may also have energy 
capacity in...excess of the tubes 61, 62, and S3, as 
they form an intermediary step between the 
master oscillator and the final tube 78 of the 
power OScillator. 
A resistor 79 is connected between the grid 75 

and the ground connection which, in cooperation 
with bypass condenser 79, will in general be suf 
ficient to supply the necessary grid bias to tube 
76, but additional grid bias may be introduced by 
a cathode resistor 8 with a bypass high fre 
quency condenser 8. The power supply for the 
series anplifier is obtained from terminals 82 
and 83 which is in series with a filter arrange 
ment comprising an audio frequency bypass con 
denser 84, an audio frequency choke coil 85, a 
radio frequency choke coil 86, and a radio fre 
quency bypass condenser 87. The function of 
this filter will be described below. A potentiom 
eter consisting, as shown, of two parts, 88 and 89, 
applies the proper bias potential to the grid of 
tube 8, and to the grid of tube, and serves also 
to supply the biasing potential to a tube 90 of 
the modulator and compensator circuit, to be 
described below. 
Since the power tube T8 will in general carry 

a current in excess of the current which may 
flow through tubes 76 and 77, a compensator cir 
cuit is provided comprising tubes 90 and 9 con 
nected in series, and a bridge arrangement con 
sisting of condensers 92, 93, and 94 by means of 
which the cathodes of tubes 90 and 9 are slip 
plied with a potential from the output lead 95 
of tube, 78 in phase with the currents flowing 
through the tubes 76 and 77. 
Thus, the resistance of the tubes 90 and 9 is 

varied to have, at any instant, a constant pro 
portion to the resistance of tubes 76 and 77, and 
insure a proportionate division of the current of 
tube 78 between the two circuits of the tubes 6 
and 77, and of the tubes 9 and 9. 
The circuit of tubes 90 and 9 may be utilized 

for modulation purposes in the following man 
ner: Connected to the grid 95 of tube 9 is the 
secondary 86 of a modulation transformer, the 
primary 97 of which has terminals 98 to which 
audio frequency or any other control modulation 
may be applied. To separate the radio frequency 
from the transformer secondary 96 there is pro 
vided a bypass condenser 99, and in series with 
the secondary 96 there is connected a radio 
frequency choke coil II. I have, furthermore, 
shown the connection of grid O. of tube 90 to a 
tap 02 on the resistor 89, and through a ground 
ing condenser. 03, to negative lead 83. 
In this way, audio frequency potentials ar 

applied to grid 95 and amplified by tubes 90 and 
9 in the usual Series amplifier connection so 
that the impedance of tubes 90 and 9 f is in 
creased or reduced in proportion to audio fre 
quency modulations taking larger or smaller pro 
portion of the total current flowing through tube 

B. 
It is, of course, evident that the audio fre 

quency modulations on tubes 90 and 9 are also 
impressed on the cathode of tube 78 and there 
fore the output of tube 78 is modulated in ac 
cordance with this impressed voltage. 
The function of choke coil 85 will now become 

S 
evident as a coupling inductance for the audio 
frequency changes in potential due to the series 
audio frequency amplifier consisting of tubes 9, 
90, and 78. The radio frequency choke coil 86 
blocks the passage of radio frequency currents 
to the input terminals 82 and 83 while the radio 
frequency bypass condenser 87 returns the radio 
frequency currents to the negative lead 83. An 
audio frequency bypass condenser 84 serves to 
return the audio frequency currents to the nega 
tive lead 83. r 
A condenser f09 may be provided to supply the 

capacitative current to the tube elements of tubes 
77 and 90 while a condenser 09' will supply the 
capacitative current of the elements of tube 76. 
A condenser 03' may be also provided for ground 
ing the grid of tube 78. 
While the circuit described refers to the tubes 

76, 77, and 78 as a series power amplifier in which 
the power tube 78 carries an excessive current 
which must be provided by the compensator con 
sisting of tubes 90 and 9t, it is evident that the 
same series of tubes, that is 76, 77, and 78, may 
be used directly as an oscillator. In that case, 
the feed back system, which will be described 
below in connection with Figure 5, may be pro 
vided by a suitable choice of condensers 09, O9', 
03, fo3’ or some other alternative form of bridge, 

as discussed in connection with Figure 5. If the 
tube 78 under these circumstances is a tube carry 
ing a current in excess of tubes 76 and 77, then 
a compensator consisting of tubes 90 and 9 may 
be also provided connected identically to this fig 
ure and this compensator may again be used as 
a modulator of the oscillations created in the 
oscillator 76, TT, and 78. Again, the bridge of 
the compensator consisting of condensers 92, 93, 
94, 03, and 99 can be arranged for the proper 
feed back service so that the tubes of the com 
pensator 90 and 9 will also create Oscillations. 
The tubes 78, 90, and 9 will then be acting both 
as a modulator and as an Oscillator. 
The output circuit of tube 78 includes a tuned 

circuit comprising a condenser 04 and an in 
ductance 05. The inductance 05 may be cou 
pled to the antenna circuit, for instance, by means 
of a secondary coil fos' in series with an antenna 
07 and a ground connection 08". 
The tuned circuit may include also an adjust 

able resistor 06 with suitable taps at 107 and 
08. The object of the resistor f06 is to widen 

the responsive range of frequency of the tuned 
circuits 04 and 0.5 to include the full range 
of modulation of tube T8. This range would thus 
include the side bands caused by the modulation 
of the high frequency currents in this circuit. 
The resistance of circuit 06 as well as the tuning 
of the circuits 04 and f O5 and f O6 can be ad 
justed to include the carrier with all of the side 
bands or merely the carrier with the side bands 
On One side, or even to include merely the side 
bands on one side of the carrier. It is evident, 
of course, that the tuned circuits fo4, iO5, and 
06 can also be modified to any other type of 

radio frequency filter which, in conjunction with 
the series amplifier consisting of tubes 76, TT, 
and 78, would more perfectly cut off any but the 
desired side band ranges. 
The series amplifier at radio frequency includ 

ing tubes 76, 77, and 78 cooperates with the tuned 
circuits 04, l05, and 06 in a manner similar 
to that explained in connection with Figures 2 
and 2a. It is, therefore, evident that by intro 
ducing damping in this circuit by an increase of 
resistance O6, the top of the curve, a, c, d, b, in 
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Figure 2a is widened and the operation of this 
amplifier, which is ordinarily limited as ex 
plained in connection with that figure to the range 
between such points as c and d, will be extended 
over a wider frequency band. 
In other words, the power amplifier can be 

made responsive to as wide a range of frequencies 
as is desired for the practical operation of the 
transmitting set. Thus, for instance, if the car 
rier wave and one range of side bands are to be 
suppressed and the remaining side bands to be 
transmitted, the circuit of f(04, O5, and C6 is 
merely tuned to a frequency intermediate of the 
desired side bands and the flatness of the tuned 
circuit, as determined by resistor 06, is arranged 
to have the points c and d cover the desired fre 
quency band. 

In Figure 5 a theoretical explanation is made 
of another system of feed back, applicable to see 
ries oscillators. In this diagram the abscissá. 
represents the voltages on the different parts of 
the circuit and the ordinate represents the parts 
of the circuit, as illustrated on the left hand Side 
of this figure, marked A, including the tubes A, B, 
and a tuned circuit T, in a series amplifier con 
nection including a potentiometer 4 and a grid 
biasing resistor f7 connected to the cathode of 
tube A. 

Referring to part B, Fig. 5, when a direct cur 
rent is applied to this series amplifier, the voltage 
distribution Will be in accordance with the curve 
Oaobo, the voltage drop being distributed over 
the resistor 7, the tube A and the tubé B, while 
no voltage drop occurs on the line by across the 
tuned circuit T. 
The cathode of tube A will be at the potential 

indicated as co on the abscissa while the grid of 
this tube is as shown, connected to the ground 
potential O. Similarly, the grid of tube B is 
shown to be connected to a potential marked g 
On the abSciSSa. do is the potential of the anode 
of the tube A and the cathode of tube B, while 
bo is the potential of the anode of tube B. 
ASSuming that a change is applied to the 

cathode of tube A. If this change is at a fre 
quency to which the circuit T is tuned and be 
tween the limits c1 and c1 then the voltage on 
the system will vary from the curve oatb1) to the 
curve Oa'b 1'v. This can be explained as fol 
lows: As the potential of the cathode of tube A is 
changed from Co to C1 the amplification of tube A 
will raise its anode potential from ao to a1, in 
creasing the difference of potential from grid to 
cathode of tube B from the value gao to the value 
901. 
The tube B will then amplify this changed po 

tential So that its anode potential will have 
changed from bo to b1 and the difference between 
the original voltage relation and the present volt 
age relation expressed by the value bobi is im 
pressed on the tuned circuit T. Similarly, when 
the cathode has changed from co to c'1, the cath 
ode of tube B will change to al" and the anode 
of tube B to b. { 
In practice, however, I have found that owing 

to the distributed capacity of the tube elements 
to each other and the tube elements to ground, 
the amplification does not entirely conform to this 
relation but is rather smaller, as indicated by 
dotted lines Oab2 and oag'b2'. The circuit is in 
herently stable insofar as the tube amplification 
is reduced by the inherent capacity of the tube. 

Et is evident, however, that as the output of 
tube B is connected to a tuned circuit T, including 
an inductance, this inductance can be made to 

2,006,872 
supply the capacity currents of tubes B and A, and 
I have secured this by connecting elements, such 
as Z, and Z' which may be condensers or combina 
tion of condenser and resistors, which bypass 
the cathode to anode of each of the tubes A and B. 
Assuming for simplicity that Z and Z' are con 

densers in series, then it will be seen that con 
densers Z, and Z' and the bypass condenser 8 are 
in parallel with the tuning condenser of the cir 
cuit T since the supply leads of the circuit are 
bypassed by a large condenser 4. The capacity 
current of these condensers is thus supplied by 
the inductance of the tuned circuit T when it is 
operating at the resonance frequency. For theo 
retical consideration, it may be assumed that the 
elements Z and Z' include also the distributed ca 
pacities of the tube elements and the tube ele 
ments to ground. There is shown, on the part 
marked C of Figure 5, separately the radio fre 
quency potentials existing in the series oscillator. 
Thus, the curve OA2B2W corresponds to the volt 
age generated in accordance with the curves 
octab2u, and Oa2"b2'vy according to part B of this 
diagram. Radio frequency potential VB2 exists 
across the tuned circuit and is applied to the 
bridge circuit Z-Z'-8 and by choosing the 
proper values for the bridge capacity or resistors, 
this voltage may be given a distribution corre 
sponding to curve OA3B2. 

Since the central point up of the bridge is con 
nected between the tubes A and B, the potential 
OA3 of this central portion is applied to the cath 
ode of tube B, and thus the tube B can be made 
to amplify to a new potential B3, giving a final 
voltage across the tuned circuit VB3 and a dis 
tribution of the voltage across the condenser 
bridge as OA4B3. The potential at point u is 
therefore raised to OA4, and further amplifica 
tion will take place. At the same time, the po 
tential of the cathode of tube A as determined by 
the drop through the condenser 8, will be raised 
to a higher value so that the amplification of 
tube A is also raised. Such a capacity bridge 
will, therefore, cumulatively raise the amplifica 
tion of the series system until a final value of 
radio frequency voltage - is reached, such as 
OC1ABV, shown at part B of Fig. 5 which repre 
Sents its resulting output. 

It is seen, from Figure 5C that the radio fre 
quency potential across tube A is represented by a 
value C1A1 while the radio frequency potential on 
tube B is represented by the value A1B1. The 
diagrammatic derivation from the series ampli 
fier connection shows these voltages to be unequal 
in value. This need not be so however, since the 
grid of tube B can be supplied by another bridge, 
Such as is illustrated in part A of Fig. 5, by in 
pedance elements X and X" with a potential 
which would give the amplification in tube B of 
the same magnitude as that in tube A. Thus, 
Figure 5D shows for two equal tubes, equal volt 
age increments C1'A' for tube A and A1 "B1" for 
tube B, which require equal grid potentials OC1' 
and GAl' on the two tubes. 

It is quite evident that since the grid of tube 
A is grounded the impedances X and X’ can be 
chosen to give the desired value G on the grid 
of tube B, while the impedance Z, Z and 8 will 
give the potentials Cl" and A' on the cathodes of 
the respective tubes A and B. It is quite evident 
also that the particular combination of imped 
ances such as X, X", Z, Z' need not be utilized, 
but alternative bridge constructions may be also 
supplied to secure the necessary potentials on the 
various elements. 
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I have illustrated already such alternative ar 
rangements in Figure 3 as applied to a three stage 
oscillator and consisting of condensers 3, 32, and 
33 for the cathode circuits. The bridge for each 
cathode is then completed through the distribut 
ed capacity of all of the cathode connections to 
the negative lead 8. I have also shown con 
densers 35 and 36 which form a bridge arrange 
ment for the grids of tubes 2 and 26 respectively 
through the tube capacities of the respective:grids 
to their respective cathode and anode elements. 

I have also shown an alternative arrangement 
in Figure 4 where the condenser bridge 68, 69, 
O, , 2, and 3 Supplied by capacitative cur 

rent from the tuning circuit 64 through the by 
pass condenser 65 forms a bridge on which any 
desired radio frequency potential can be secured 
and an arrangement of taps from the different 
points of this bridge to the various tube elements 
of the tubes St, 62, 63 is also shown. Thus, an 
oscillating condition can be established either in 
Figure 3 or in Figure 4. 

his gig condition will be practically 
independent of the frequency to which the tun 
ing circuit, Such as circuit 6 of Figure 4 or tun 
ing circuits 28, 29, and 30 of Figure 3, are ad 
justed. - 

Figure 6 illustrates the application of this sys 
tem of feedback to a practical oscillator includ 
ing three tubes, if 0, fit, ff2, in series with the 
tuned circuit 3 with a return condenser 4. 
The direct current is applied to terminals 8 
and 9, the terminal 9 being positive, and the 
output may be derived from the terminal 20 
connected to the tuned circuit and to the anode 
of the tube 2 through condenser 2. 
The feed back arrangement may include an 

adjustable condenser 22 forming a part of a 
condenser bridge including also condensers f23, 
24, and 25. By means of this bridge the suit 

able potentials are applied to the cathodes of all 
of the tubes while a similar bridge comprising 
condensers 5, fils, and applies the correct 
potentials to the respective grids. As shown, 
however, the grids may have a feed back in par 
allel with the condenser elements consisting of a 
potentiometer 26 in series with a tube 27 with 
taps from the cathode of tube 27 to grid of tube 
2 and from an intermediate point on the po 

Either 
the resistance element alone or the capacity ele 
ments alone may be used, or the combination of 
the two. The tube 27 may be replaced by a 
suitable resistor except when it performs a Special 
function as follows: 
- The resistance bridge may be utilized as a part 
of a modulating system in which the grid 29 
of tube f2 is supplied with modulating trans 
former 30. The return from the modulating 
transformer 30 is to a tap over a portion 28 of . 
potentiometer 26 sufficient to give the correct 
grid bias to grid 29. 

It is evident that it modulating potentials are 
applied to transformer 30, they are impressed on 
the grid of 2 and will change the impedance of 
this tube, thus. varying the feed back potentials 
applied to the grids of tube if and ff2. 
As an alternative, the tube 27 may be con 

nected below the potentiometer 26; that is, be 
tween the negative lead f8 and the grid of tube 

which will also result in effective operation. 
with this type of connection, it is possible to 
omit the usual potentiometer, such as potention 
eter 4 of Figure i as the steady potentials to the 
grids will be supplied from the feedback poten 

7 
tiometer 26 and the cooperating tube 27. Thus, 
the connection departs in this respect from the 
usual series amplifier circuit, but in general, un 
less this specific System of modulation is used, 
such a connection is not desirable as the oscilla 
tor is evidently bypassed by the resistor 26 and 
the tube 27, and, therefore, an extra load is 
inposed on it. 
An alternative manner of modulation utilizing 

the capacity bridge consisting of condensers 22, 
(23, 24, and 25 is also shown. This can be 
accomplished by introducing the equivalent of 
a capacity element variable in accordance with 
modulation in series with condenser 22 and con 
sisting of a primary 3 of a radio frequency 
transformer, the secondary 32 of which is con 
nected via the condenser 33 to the anode and 
cathode of a tube 3. This tube has a suitable 
energy supply, such as a battery fs and a choke 
coil 36, and a grid input consisting of the audio 
frequency transformer 37 the primary of which 
may be supplied with modulating currents while 
the secondary is connected to the grid of tube 34 
and through a tap on the potentiometer 39 
across a biasing battery. 38 to the cathode of the 
same tube. The value of potentials of batteries 
38 and 35 is chosen in such a way that the 
dynamic impedance of tube 34 to radio, fre 
quency will vary with the variations of the in 
pressed modulation potentials from transformer 
37. The effect of condenser f33 in series with 
impedance 34 will be to apply these modula 
tions through the transformer 3 and 32 to the 
fred hack circui' rondenser 22. While batteries 
are shown at 35 and 38, any other suitable 
energy supply may be used instead. 

It is also evident that the impedance character 
istic of tube f2 should be arranged with the 
same object in view; that is, that its impedance 
will vary with the variation of the potential im 
pressed by transformer 30. As the operating 
characteristics of tubes are well known, such a 
choice of a suitable tube and suitable potentials 
are quite easily accomplished. In this way, I 
have shown two alternative ways of modulating 
by inserting modulating means in the special 
feed back arrangement of a series oscillator. 
As the effect of modulation of tube 34 on the 

feed back of condenser 22 is to change the 
capacity current flowing through this condenser 
f22. it will result in changing slightly the fre 
?ency nf the Onerating swstrm sinn in M r 
denser 22 in series with the bridge 23, 24, 25 
is Supplied with capacity current from the tuned 
circuit 3. Thus, I have secured a frequency 
modulation system which can be arranged by a 
Suitable choice of the condenser 33, the trans 
former 3 and 32 of the cooperating impedance 
of tube 34, relative to the other capacities in 
the tuned circuit, to secure any degree of modu 
lation that may be desired. 

Referring to Figure 7, another arrangement 
of series oscillator is shown in which the prin 
ciple of capacity bridge feed back illustrated in 
Figure 6 and discussed in connection with Figure 
5, is further extended to include feedback bridges 
of opposite phase applied to the grid and the plate 
circuits. Tubes 40, 4 f. and 42 are connected in 
Series With grid biasing resistor 43 to a tuned 
circuit including an inductance 44 and the tun 
ing condenser 45. The inductance 44 may be 
supplied by direct current via a tap f 45 through 
a radio frequency coil 46 and an audio frequency 
coil f47 from the terminal 48, while the resistor 
43 is connected to the negative terminal 49. 
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The coil 44 may be coupled to the output coil 
f 50 or its output may be derived by any alterna 
tive means, such as illustrated in Figure 3: 
The terminals of the tuned circuit 44-45 are 

connected to two capacity bridges. The capacity 
bridge including condensers 15, 52, 53, and 54 
correspond to those illustrated in Figure 6 and ex 
plained in Figure 5, and includes means for ap 
plying suitable capacity currents and suitable po 
tentials to the intertube connections and to the 
cathode of tube 40. The condensers 55, 56, 
157, and 58 are shown connected to the opposite 
side of the tuned circuit 44-45 and will there 
fore apply potentials to the grids opposite in phase 
to the plate and cathode potentials, and thus in 
crease their feed back effectiveness. 
Since the condenser bridge connected to the 

grid circuit carries an opposite phase of radio 
frequently from the bridge connected to the cath 
ode circuits, it is evident that the condition shown 
in Figure 5D cannot be met with regard to the 
potential of the grids of tubes 4 and 42. This 
connection will be more satisfactory if the tubes 
chosen for this circuit are graded with regard to 
their potentials so that the grid of each tube, al 
though receiving a potential of a phase opposite 
to the cathode potential will bear the correct 
ratio to the corresponding plate potential. 
In other words, if the tubes are graded with 

regard to potentials in accordance to their ampli 
fication, so that tube 40 will have a relatively 
low voltage, tube 4 a larger voltage, and tube 
42 still a larger voltage, then it is evident that 
the potential between the grid of, say, tube 42 
and its cathode, although almost double the po 
tential of the cathode of tube 42 with regard to 
lead 49, may be just correct to give the oscillat 
ing condition within this tube. 
This circuit in this way will be equivalent to a 

graded parallel power amplifier of oscillations in 
which the oscillations of small power are passed 
on to a larger tube which amplifies them further, 
and from that tube to a larger tube still, with the 
exception that oscillating conditions are provided 
for all of the tubes on the same oscillating circuit 
44 and 45 and therefore that the frequencies in 

all of the oscillators are determined by the same 
tuned circuit. In other words, there is no inter 
stage coupling and the current in all of the OS 
cillators is substantially the same. 
The grids of tubes 4 and 42 are further 

shown connected to the potentiometer 59 for se 
curing the proper steady potential bias, the po 
tentiometer 59 being supplied from the terminals 
48 through the choke coil 147 and from the ter 
minal 49. The grid of tube f40 may be supplied 
with a steady potential from the negative lead 49 
via a radio frequency choke coil 60. I have thus 
established a double feedback on the series oscil 
lator consisting of tubes 40, 4, 42, and I have 
found that by this means a very effective and pow 
erful oscillation of definite frequency can be Se 
cured. ' 
In order to modulate such an oscillation, I have 

shown a series amplifier consisting of tubes 6, 
162, and 63 connected to the same power supply 
terminals 48 and 49 through the choke coil 4. 
The radio frequency currents are prevented from 
passing into this amplifier by the choke coil f46 
and are confined to the oscillating System includ 
ing inductance 44, condenser f45, and the two 
bridge systems. The grids of tubes 62 and 63 
may be connected to a separate potentiometer 64 
but could be also supplied from the potentiometer 
59 if the latter were connected directly to ter 

2,006,872 
minal 148. In that case, choke coils and ground 
ing condensers would be necessary in the leads 
from the grids of tubes f4 and 42. 
The grid of tube f6 is connected to a modulat 

ing transformer 66, the primary of which may 
have any desired modulating currents applied to 
it. Bias resistor 65 insures the proper steady 
potential to the grid of tube 6. The effect of 
the modulating amplifier of tubes f6, 62, and 63 
is to impress to the input tap 45 and potention 
eter 59 of the series oscillator a varying poten 
tial depending on the modulating potential of 
transformer 66, and thus, vary the output of the 
series oscillator in accordance with this modula 
tion. 

and the plate and grid bridges, the impressed 
modulation will merely affect the amplitude of 
these oscillations. 

Referring to Figure 8, I have shown another 
modification of series oscillator which utilizes an 
additional tuning circuit on the negative side of 
the series amplifier for the purpose of sharpening 
the definition of frequency as generated by the os 
cillator. As discussed in connection w1th Figure 
2, the steadiness with which the frequency is held 
at a definite value is dependent on the ratio of 
tube impedance to the impedance of the tuned cir 
cuit. Thus, if in Series with the tube impedance, 
another impedance is inserted and it has tuning 
characteristics such that its impedance is lowest 
at the tuning frequency and increases as the fre 
quency deviates from this value, the above ratio 
becomes more dependent on frequency and there 
fore, the steadiness of the frequency is enhanced. 
As shown in Figure 8, I utilize for this purpose 

a so-called series tuning device consisting of an 
inductance 70 in series with condenser 7 and 
connected to the negative side of a Series OS 
cillator comprising tubes 2, 3, and 74. The 
positive side of tube 74 is connected to a par 
allel tuning device including the inductance 75 
and a tuning condenser 76. It is to be under 
stood that the tuning circuit 75-76 may be 
adjusted to the same frequency as the tuning 
circuit 70 and 7. The other elements of the 
oscillator include the potentiometer fill con 
nected to the supply terminals 9 and 80 with 
taps to the various grid connections and a by 
pass condenser 78 to return the radio frequency 
currents from the tuned circuit S and 76 
to the negative line 79. The positive line 80 
supplies the tuned circuits 75, 76 and there 
through the Series OScillator. 
I have shown for tubes 72, f 73, and f4 the 

So-called pentode tubes, the inherent character 
istics of which is that of low impedance which 
makes them particularly suitable for series oscil 
lator. The first and second grids of the pentode 
are shown connected to suitable points of the 
potentiometer 77, whilé:the third grid is in the 
usual manner internally connected to the cath 
ode of each tube. I have further shown bypass 
condensers from the various grids to the negative 
supply lead 79 and bypass condensers f8, 82, 
and 83 to the cathodes of the three tubes. 
These condensers are arranged again to have 
such values relative to the capacities of the tubes 
as to form the capacity bridges for securing 
the correct operating potentials on the various 
elements in accordance with the considerations 
discussed in connection with Figure 5D. The 
circuit may be, thereby, rendered inherently os 
Cillatory. But I have provided, in addition, a 
further feed back arrangement, by providing 

As the frequency of the oscillator is in this 
case defined by the oscillator circuit 44 and 45, 
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inductive coupling between the inductance 70 
and the tuning coil 5, as indicated by the ar 
row 84. 
Since the condenser isolates the cathode of 

tube 72 from the negative supply line 9, it is 
necessary to supply a bypass around the con 
denser flf, which may be an inductance or a 
resistance. But I have shown as a preferred 
form a tube 85, the cathode of which is con 
nected through the resistor 86 to the negative 
line 79, and the anode of which is connected 
to a tap f 87 on the coil 70. 
The tube 85 is, therefore, in series with the 

tubes 72, 73, and 74 and will cooperate with 
those tubes to form a series amplifier for modu 
lating of the series oscillator. 
a modulating transformer 88, the primary of 
which may be supplied with suitable modulating 
currents and the secondary of which is connected 
to the negative line 79 and the grid of tube 85 
may be used. Thus, the applied modulating 
potentials are amplified in the tubes f2, 73, and 
f74 and applied across the choke coil 89 in the 
positive lead 80, in such a way that the oscillator 
is subject to a modulating variation of potential. 
A bypass condenser 90 permits the audio fre 
quency variations to return from the positive 
lead 80 to the negative lead 79. A coil 9 
may be coupled to the coil f5 and utilized either 
for further amplification or for transmission 
purposes. I have thus combined in the same 
series connected tubes, the functions of an oscil 
lator, an amplifier for modulating currentS, and 
the modulator. 
The arrangement of Figure 8 can be con 

veniently utilized for the purpose of Suppressing 
at least one of the side bands of the modulated 
radio frequency signals. For this purpose, the 
same principles as were discussed in connection 
with Figure 4 may be employed. That is, the 
ratio between the impedance of the tuned circuit 
and that corresponding to the tube impedance 
is taken into account alld the frequency im 
pedance characteristics of the tuned circuits 75 
and 76 is modified in a manner exactly similar 
to that of the tuned circuit 04, and 105 of Figure 
4 by inclusion of a resistor similar to resistor 06 
of Figure 4. 
However, the suppression of the carrier wave 

can be accomplished independently of such a 
change in the frequency characteristic of circuit 
T5 and 76. Instead, the tuned circuit 70 

and fill may be adjusted to have its resonance 
point about the center of one of the side band 
ranges. Then, at the other side band range, this 
same tuned circuit imposes a relatively high in 
pedance in series with the tube impedances and 
prevents any oscillations of this second half of 
the side band range in the Oscillator. . In Such 
a form of operation, I would prefer to omit the 
feed back arrangement illustrated by the air 
row 84 which would necessarily tie up the tun 
ing characteristics of the two tuned circuits. 
The operation of such an oscillator modulator 

combination with suppressed side band may be 
explained, for example, as follows: The nor 
mal connection of the oscillator including the 
tuned circuits f 5 and 76, the three tubes 2, 
73, and 74, and their capacity bridges, will 

have a definite oscillating frequency. The 
modulating tube 85, acting through the same 
tubes T 2, 73, and 74 as amplifiers at modulat 
ing frequency, will modulate the output of oscil 
lations so that theoretically all of the side bands 
will be present in this modulated Wave. 

For this purpose 

9 
However, as the tuned circuit consisting of in 

ductance T0 and condenser , f is impressing a 
high impedance for the side band frequencies on 
one side of the carrier, these particular side 
bands will be reduced in amplitude or completely. 
suppressed, thus modifying the output oscilla 
tions to contain only the carrier wave and One 
side band range. 

It has been the experience with this type 
of transmission that the suppression of one half 
of the side bands results in an increased output 
of the whole transmitting system without any 
sacrifice of the clarity of reception provided at 
the receiving circuit the suppressed range of side 
bands is re-established. 
Referring to Figure 9, I have shown another 

arrangement for modulating a series amplifier 
in which the modulating circuit is connected in 
series with the series Oscillator. I have shown 
a two tube oscillator comprising the tubes 200 
and 20? in series with a tuned circuit consisting 
of inductance 202 and a tuning condenser 203. 

I have also shown a radio frequency return 
condenser 204 which connects to the cathode of 
tube 200 through a bias resistor 205. I have also 
Shown a capacity bridge consisting of condensers 
206, 207, and 208 by means of which the dis 
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tributed capacity of the tube elements is included 
in the oscillating circuit. 
The feed back arrangement in this case is 

shown by means of a coil 209 connected between 
the return to the cathode of tube 200 and the 
grid of the same tube, and the arrow 20 indi 
'cates that this coil is inductively coupled to the 
inductance 202 of the tuned circuit. A potenti 
ometer 2 is also connected from the return 
lead 22 to the positive lead 23. There is also 
a radio frequency condenser 24 to supply the 
grid of tube 20 with proper radio frequency 
potential. This grid is also connected to a suit 
able tap 25 on potentiometer 2 to supply it 
With a proper steady potential. 
The above description covers a complete two 

tube series. Oscillator. It is seen from the dia 
gram that this oscillator is directly in series with 
tubes 26, 27 which constitute a series modul 
lating amplifier. This amplifier utilizes the tubes 
200 and 20 as a resistance coupling element for 
its mollulations and has a return audio frequency 
path through the condenser 28 and the biasing 
resistor 29. The latter may also be bypassed 
by suitable condenser 220. The grid of tube 26 
may be supplied from a modulating transformer 
22, the primary of which is fed with suitable 
modulating currents, and the secondary of which 
is connected to the negative line. 222 and the grid 
of tube 2.6. The grid of the tube 27 is con 
nected to a tap point 223 on a potentiometer 224 
which, as can be readily seen, is in series with 
the potentiometer 2 and an audio frequency 
choke coil 224. Of course, instead of connecting 
the potentiometer 224 in series with 2, it is 
also possible to extend this potentiometer and 
supply with a positive potential from the terminal 
23. Choke coils 225 and 226 isolate the modul 
lating amplifier from the radio frequency oscil 
lator, audio frequency bypass condensers 227 and 
228 may be also supplied to steady the potential 
on the potentiometer 224. 
In the operation of this System it is evident that 

the modulating potential from the transformer 
22 will be amplified in the modulating series am 
plifier tubes 26, 27 and that on lead 22 there 
will be a variation of potential corresponding to 
the modulating frequencies. Thus, between the 
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lines 22, and 213 a potential is applied to the 
series oscillator varying in accordance with the 
modulated frequency, and the oscillator output 
will be accordingly varied. The tuning coil 202 
may be coupled to an output coil 229 for fur 
ther amplification, or for use in a transmitting 
antenna. 
... Figure 10 shows another modification of a 
series modulating arrangement in which the os 
cillator is of a push-pull type; that is, the oscil 
lator is split into two parallel channels and ar 
ranged so that while the current in One of these 
channels is increasing, the current in the other channel is decreasing. 
I have shown an oscillator consisting of tubes 

230, 23, 232, and 233 and a tuning circuit con 
sisting of inductance 234, and a tuning con 
denser 235. The tubes 230 and 23 constitute 
One channel of the oscillator while the tubes 232 
and 233 the other channel of the oscillator, and 
the two are connected respectively to the oppo 
site points of the tuning circuit 234 and 235. A 
center. tap 236 on the coil 234 connects the oscil 
lator to the positive supply 237. In this oscillator 
it is not necessary to supply any potentiometer 
for grid potentials. The diagram shows that the 
grid of tube 23 is directly connected to the anode 
of tube 232 and the grid of tube 233 to the anode 
of tube 230. w 

. Similarly, the grid of tube 230 is connected to 
the negative terminal of oscillator channel 232, 
233 at point 238 while the grid of tube 232 is 
Conraected to the negative terminal of the oscil 
lator channel 230 and 23 f at the point 239. Bias 
ing resistors 240, 24 f, 242, and 243 are respec 
tively connected to the cathodes of the tubes 230, 
23, 232, and 233. In this way, for a steady con 
dition, the grid of each of the tubes is receiving. 
a blastag potential from a tube in the other 
channel. But when the oscillations are estab 
lished while the cathode of, say, tube 23 f is rising 
in potential the cathode of tube 233 and the 
anode of tube 232 are falling in potential, and 
therefore the grid of tube 23, which is connected 
to the anode of tube 22, is receiving a potential 
in the opposite phase to the cathode of tube 23, 
and a condition is established for powerful oscil 
lations, since on each of the tubes the cathodes 
and anodes are driven to opposite potentials. 

It may be desirable in this case to have different. 
voltage ratings on tubes 23 and 232 as com 
pared with 23 and 233 for the same reason as 
was explained in connection with Figure 7. Ca 
pacity bridges, consisting of condensers 244, 245 
on the channel 2 and 23, and consisting of 
condensers 24, 247 on the channel 232 and 23, 
is also supplied to take care of the capacitative 
current. An interchannel condenser 248 is ar 
ranged between points 239 and 238 by means of 
which a return path is formed for the capacita 
tive currents that may circulate through the ca 
pacity bridges. I have also shown coils 249 and 
259 and a tonnection at point 2GB through which 
the negative potential is applied to the push-pull 
oscillator. s:" 
For modulating purposes, tubes 2B? and 2s2 

are connected in a series. amplifier circuit with 
the cathode of tube 2, supplied from the nega 
tive lead 23 and a biasing resistor 264 while 
the grid of tube 2S is fed from a modulating 
transformer 25 with suitable no p0 
tentials. The grid of tube 22 is 
a suitable tapon a potentiometer 26 across the power supply. 

It is seen, therefore, that the modulating po 

connected to. 

2,006,872 
tentials applied through the transformer 265 are 
amplified by modulating series amplifiers 26 and 
262 and applies a potential varying at the fre 
quency of modulating potential to the point 260 
of the series push-pull oscillator. The Oscilla 
tions will be, therefore, modulated in accordance 
with these potential modulations and the output 
oscillations as modulated will be impressed on 
inductance 234, and coil 26 coupled to coil 234 
may serve for output purposes. 

Referring to Figure 11, I have shown a further 
modification, using a push-pull series oscillator 
and a push-pull series modulator, the modulator 
comprising tubes 270 and 27 in one channel and 
tubes 272 and 273 in the other channel, each 
series connected to the negative. supply 24 and 
a positive supply 275. The negative supply leads 
contain a biasing resistor 26 for the first channel 
and a biasing resistor 277 for the second channel. 
The positive supply lead 275 is connected to a 
center tap on a push-pull transformer primary 
278. The two ends of the transformer 28 are 
connected directly to the anodes of tubes 2 and 
273. A potentiometer 29 is also connected to the 
center tap and serves to supply the correct bias 

0 

ing potentials to grids of tubes 2 and 23 from 
a tap 280. The grids of tube 27 and 272 are, 
on the other hand, supplied with the modulating 
potentials of opposite phases from a transformer 
28, the primary of which is supplied with suitable 
modulating currents. The secondary 282 of the 
modulating transformer is connected on one side 
to the positive supply lead 275 and on the other 
side to the input tap 283 of the push-pull series 
oscillator. 
This series oscillator, includes the tubes 24 

and 285 in one channel and the tubes 28 and 2ST 
in the other channel. The anodes of tubes 285 
and 287 are respectively connected to opposite 
ends of the tuning inductance 28 of which point 
283 forms the center tap and a tuning condenser 
289 is also connected across these opposite ends. 
The center tap 283 supplies also a potentiometer 
290, the other end of which is connected to the 
negative supply lead 24. Biasing resistor 29 is 
Supplied for the first channel and biasing resistor 
292 for the other channel. Capacity bridges sim 
ilar to those of Figure 9 are shown for each of 
the channels and serve the same purpose. The 
grids of tubes 284 and 28S may be supplied from 
a feed back coil 293, which may be-inductively 
coupled to the tuning coil 288. The center tap of 
the coll 293 may be connected to the negative 
lead 274 so that the opposite ends will supply 
opposing potentials to the grids of tubes 284 and 
286. The arrow 294 indicates the magnetic cou 
pling between 28 aid 293 which must be, of 
course, of such a sense that the potential of the 
grid of, say, the tube 284 is in the opposite phase 
to the potential of the anode of tube 285. 
The feed back coil 293 may be omitted if the 

capacity bridges are arrafiged to have feed back 
in accordance with the principle discussed with 
respect to Figure 5. To supply the correct po 
tentials in accordance with Figure 5D to the grids 
of tubes 285 and 287, two resistors 295 and-29s 
are connected to a tap on resistor 2S, and the 
other end of these resistors being connected re 
spectively to the grids of tubes 28S and 287. 
have further Supplied a condenser 297 between 
will form, in connection with the capacity of 
tube elements of tubes 2S5 and 287, a bridge cir 
cuit across the tuned circuit 288 and 29 to 
secure the correct potential on each of the grids 
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corresponding to diagram Figure 5D. Thus, the 
oscillations in the series oscillator will be in op 
posite phase but of full magnitude in the two 
channels. In this way I secure a powerful oscillator which 
needs no return circuit, as the oscillations are 
confined within the circuit so that the output 
lead and the secondary 282 need not carry any 
radio frequency current. : 
As a further protection, however, I interpose 

a choke coil 298 in this supply lead. The coil 288 
may be coupled to an output coil 299 for further 
amplification or transmission. 
Although I have illustrated my invention as 

applied to an oscillator, it will be understood that 
it has other adaptations in electrical circuits and 
these come within the scope of my invention. 

I claim 
l. An oscillation generator comprising a plu 

rality of discharge devices having anode, cathode 
and control electrodes; a source of current there 
for; a resonant circuit; said devices, said circuit 
and Said Source being in series through the anode 
of one device being connected to the cathode of 
the succeeding device and a potentiometer con 
nected across said source provided with tap con 
nections to said control electrodes to maintain 
predetermined fixed potentials thereat. 
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2. An oscillation "generator comprising a plu 
rality of discharge devices having main elec 
trodes; a source of current therefor; a predeter 
mined resonant circuit; said devices, said circuit 
and Said source being connected in series; control 
electrodes for said devices; a potentiometer con 
nected acroSS said source and tap connections 
from said potentiometer to said control electrodes 
to Secure predetermined fixed biasing potentials. 
thereat; and a feedback circuit connection from 
said resonant circuit to the control electrode of 
the first discharge device. 3. An oscillation generator comprising a plu 
rality of thermionic discharge tubes having 
cathode, anode and control electrodes; a source 
of current therefor; a parallel resonant circuit; 
said tubes, said resonant circuit and said source, 
being connected in series with the anode of one 
tube being directly connected to the cathode of 
the succeeding tube; a feedback circuit connec 
tion from said resonant circuit to the first tube; means for maintaining constant predetermined 
direct potentials relative to said source at the 
control electrodes of said tubes; and further 
means for Securing proper relative high fre 
quency potentials at the various electrodes of 
said tubes, said first means consisting of a po 
tentiometer connected acroSS said source and 
tap connections from said potentiometer to the 
control electrodes of Said tube, and said fur 
ther means comprising an impedance bridge con 
nected across said resonant circuit and tap con 
nections from Said bridge to the electrodes of said 
tubes. 4. An oscillation generator comprising a plu 
rality of thermionic discharge tubes having 
cathode, anode and control electrodes; a source 
of current therefor; a parallel resonant circuit; 

S. 

11. 
Said tubes, said resonant circuit and said source 
being connected in series with the anode of one 
tube being directly connected to the cathode of 
the Succeeding tube; a feedback circuit connec 
tion from Said resonant circuit to the first tube; 
means for maintaining constant predetermined 
direct potentials relative to said source at the 
control electrodes of said tubes; and further 
means for Securing proper relative high fre 
quency potentials at the various electrodes of said 
tubes; Said last means comprising a series of con 
densers connected across said resonant circuit 
and connections from said condensers to the 
Cathode electrodes of said tubes. 

5. An oscillation generator comprising a plu 
rality of thermionic discharge tubes having 
Cathode, anode and control electrodes; a source 
of Current therefor; a parallel resonant circuit; 
Said tubes, said resonant circuit and said source 
being connected in series with the anode of one 
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tube being directly connected to the cathode of . 
the Succeeding tube; a feedback circuit connec 
tion from Said resonant circuit to the first tube; 
means for maintaining constant predetermined 
direct potentials relative to said source at the 
control electrodes of said tubes; and further 
means for Securing proper relative high fre 
quency potentials at the various electrodes of 
Said tubes, said last means comprising a series. 
of condensers connected across said resonant cir 
cuit and connections from said condensers to the 
control electrodes of said tubes. 6. An oscillation generator comprising a plu 
rality of thermionic discharge tubes having 
Cathode, anode and control electrodes; a source 
of current therefor; a parallel resonant circuit; 
Said tubes, Said resonant circuit and said source 
being connected in series with the anode of one 
tube being directly connected to the cathode of 
the Succeeding tube; a feedback circuit connec 
tion from Said resonant circuit to the first tube; 
means for maintaining constant predetermined 
direct potentials relative to said source at the 
control electrodes of said tube; and further means 
for Securing proper relative high frequency po 
tentials at the various electrodes of said tubes, 
Said last means comprising a series of condensers 
connected across said resonant circuit and con 
nections from Said condensers to the anodes of 
said tubes. 7. An oscillation generator comprising a plu 
rality of discharge devices, each having cathode, 
anode and a control electrode; a source of cur 
rent therefor; a plurality of resonant circuits 
each tuned to a different frequency; said devices, 
said circuits and said source being in series with 
the anode of one device being directly connected 
to the cathode of a succeeding device; means for 
maintaining the control electrodes of said devices 
at predetermined fixed potentials and feedback 
circuit connections from said resonant circuits 
to the first of Said devices whereby said series cir 
cuit is maintained in multiple oscillating condi 
tion. 

• . ALEXANDER NYMAN. 
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