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My invention relates to amplifying sys 
tems in general and more specifically to am 
plifying systems employing thermionic tubes. 
An object of my invention is to provide an 

5 amplifying system wherein distortion is pre 
vented. 
Another object of my invention is to pro 

vide an amplifying system wherein ther 
mionic tubes are employed in an electrically 

10 balanced circuit arrangement. 
Still another object of my invention is to 

provide an amplifying system wherein a plu 
rality of balanced circuit arrangements em 
ploying thermionic tubes may be employed in 

15 combination without resulting in distorted 
signal energy. 
A further object of my invention is to 

provide an amplifying system employing 
thermionic tubes whereby interoscillation be 

20 tween tubes is prevented. 
A better understanding can be had of the 

amplifying system of my invention by refer 
ring to the specification to follow and to the 
accompanying drawings in which: 

Figure 1 is a schematic circuit diagram 
showing the amplifying system of my inven 
tion; Fig. 2 is a schematic circuit diagram 
showing another form of the amplifying sys 
tem of my invention; Fig. 3 is a schematic 

30 circuit diagram showing the amplification 
system of my invention applied to a plurality 
of thermionic tubes and Fig. 4 is a schematic 
circuit diagram showing the amplifying sys 
tem of my invention associated with a space 
radio radiating system. . 
By employing thermionic tubes in a bal 

anced circuit arrangement an efficient ampli 
fier having a minimum of distortion is possi 
ble. There are disadvantages to the balanced 
circuit arrangements heretofore employed. 
With the systems heretofore employed the 
inductance and capacities, employed for in 
tercoupling successive amplifier circuits, us 
ually cause local oscillation to take place be 

25 tween the respective thermionic tubes re 
sulting in modulation of the amplified sig 
nal which modulation is commonly referred 
to as distortion. Distortion can be caused 
in a number of ways and many times is disas 

to trous to true transmission and reception of 

25 

35 

O 

the desired signal which is modulation of the 
carrier energy by a source of energy having 
frequency values of a lower order than the 
carrier of high frequency signaling energy. 
In broadcasting systems, wherein modulation 
is desired at voice or audio frequencies, it 
frequently occurs that distortion results from 
amplifying either the radio or audio fre 
quency source of energy. Distortion is here 
and afterwards referred to as undesired mod 
ulation of the carrier frequency energy, as 
distinguished from desired distortion or 
modulation. This distortion in amplifying 
audio or radio frequency energy at the trans 
mitting station usually is caused by employ 
ing inductance and capacity in some form 
or combination for inter-coupling successive 
amplifier circuits. It is well known that cir 
cuit arrangements employing inductance and 
capacity are periodic. Circuits that have 7e 
aperiodic frequency characteristics should 
employ no combination of inductance and ca 
pacity. Non-uniform amplification of sig 
Inaling energy of a wide band of frequencies 
is usually caused by employing periodic cir 
cuits or modifications thereof. As heretofore 
mentioned, the combination of inductance 
and capacity in thermionic tube circuits fre 
quently causes distortion due to intercou 
pling of the circuits through the capacity of 
the thermionic tubes resulting in the genera 
tion of local oscillations. Such oscillations 
ES resultant frequencies which are to 
e avoided when amplification of a particular 

frequency is desired. With the amplifying 
system of my invention the foregoing disad 
vantages are overcome. 

In the accompanying drawings, Fig. 1 is 
a schematic circuit arrangement of the ampli 
fying system of my invention. Thermionic 
tubes 1 and 2 having cathode, control elec 
trode, and anode circuits are connected in an electrically balanced arrangement. Energy 
to be amplified is transferred to capacities 
and 8. The potential is distributed to the 

control electrode circuits of thermionic tubes 
1 and 2. Resistors 5 and 6 are non-inductive 
and non-capacitive and therefore are aperi 
odic. Source of potential 9 supplies the 
proper operational potential for the control 104 
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electrodes of thermionic tubes 1 and 2. The 
output circuit of thermionic tubes 1 and 2 in 
cludes resistors 10 and 11 and source of po 
tential 14. The output energy is transferred 
to additional amplifiers or load circuits by 
means of capacities 12 and 13. Resistors 10 
and 11 distribute proper potentials to the 
anode electrodes of thermionic tubes 1 and 2 
respectively and as resistors 5 and 6, are non 
inductive, non-capacitive and therefore ape 
riodic. 

Fig. 2 of the accompanying drawings is 
a schematic circuit diagram showing the am 
plifying system of my invention, wherein 
thermionic tubes 1 and 2, having cathode, 
control electrode and anode circuits, are con 
nected in an electrically balanced circuit ar 
rangement. The reference characters shown 
in Fig. 2 correspond to those previously re 
ferred to in Fig.1 with the addition of radio 
frequency choke coils 15 and capacities 16, 17 
and 18. In this circuitarrangement, provision 
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is made for supplying the necessary anode po 
tential to thermionic tubes 1 and 2 from 
source 14through radio frequency choke coils 
15. By employing this circuit arrangement 
radio frequency energy is excluded from the 
source of potential and the resistance intro 
duced in the anode potential supply circuits 
of thermionic tubes 1 and 2 is greatly re 
duced. Hence the D. C. resistance drop 
through resistances 10 and 11 of the circuit 
as shown in Fig. 1 is avoided in the circuit in Fig. 2, which arrangement is particularly 
useful in high frequency amplification. 
Since radio frequency choke coils are em ployed having a comparatively straight curve 
for all frequencies and resistors 10 and 11 
which are non-inductive and non-capacitive, 
the output circuit is aperiodic. 
The manner in which a large number of 

thermionic tubes may be employed in an elec 
trically balanced circuit arrangement, is 
shown in Fig. 3. Reference characters shown 
in this diagrammatic circuit arrangement cor 
respond to the reference characters shown in 
Fig. 2 with the addition of capacities 18, 7 a. 
and 8a, thermionic tubes 3 and 4, source of po 
tential 14a, and resistors 5a, 6a, 10a and 11a. 
Resistors 5a and 6a are non-inductive and 
non-capacitive corresponding to resistors 5 
and 6 respectively. Resistors 10a and 11a. 
are non-inductive and non-capacitive corre 
sponding to resistors 10 and 11 respectively. 
Capacities 7a and 8a, correspond to capacities 
7 and 8 respectively. Capacity 18 is com 
mon to resistors 5a and 6a completing the 
transfer of energy from resistors 10 and 11 
to resistors 5a, and 6a. 

Fig. 4 is a schematic circuit diagram of 
the amplifying system of my invention em 
ployed in connection with a thermionic tube power amplifier 3 and a space radio radiating 
system 20. The system of my invention is 
particularly useful in such a method of am 
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plifying high frequency energy. The values 
of the capacities 7, 8, 16, 17, 18, 12 and 13 
will depend on the frequency characteristics 
of the energy in the circuits in which they 
are included. For audio frequency ampli- ; 
fication such capacities will be of the order 
of one microfarad while for high frequency 
amplification, as illustrated by the circuit ar 
rangement of Fig. 4, they will be of the order 
of one thousand micro-microfarads. The 
audio frequency amplifier circuit arrange 
ment may be similar to the circuit arrange 
ments illustrated in Fig. 1 or Fig. 3. Audio 
frequency energy amplified by such circuit 
arrangements may be caused to modulate the 
carrier frequency of a high frequency gener 
ating system. The modulated high frequency 
energy may be transferred to thermionic 
tubes 1 and 2 by means of input circuit K. 
As a result of the radio frequency energy 
transferred to the resistors 5 and 6, alter nating potential will be impressed upon the 
control electrodes of thermionic tubes 1 
and 2. 
At any given instant the potentials of the 

two control electrodes will differ in phase 
by 180°. The resulting alternating current 
component in the two anode circuits will 
therefore be additive. The high frequency 
energy from the anode circuits is transferred 
to a load circuit, herein illustrated as a power 
amplifier 3 and space radio radiating system 
20. Adjustable connection to all resistors 
is provided for adjusting the impedances of 
the input and output circuits. The amplify 
ing system of my invention may be employed 
in circuits of relatively high impedance. 
I realize that many modifications of the 

amplifying system of my invention are possi 
ble. Thermionic tubes having more than 
three electrodes, or other types of tubes such as photoelectric tubes maybe employed. Al 
though batteries are illustrated as sources of 
electrical energy. It is obvious that any suit 
able source of energy may be employed. It is 
to be understood that the foregoing modifica 
tions and other modifications of the ampli 
fying system of my invention may be em 
ployed without departing from the spirit of 
my invention and it is further understood 
that the embodiments of my invention are not 
limited to the foregoing specification or to 
the accompanying drawings but only as de 
fined in the scope of the appended claims. 
What I claim as new and desire to secure 

by Letters Patent of the United States is as follows: 
1. In an amplification system, in combina 

tion, two electron tubes each having filament, 
grid and plate electrodes, a source of power 
connected to said filament electrodes, an aperiodic input resistor, an aperiodic output 
resistor, each of said resistors being provided 
with a multiplicity of variable intermediate 
tap connections, two inductance elements, a 
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source of plate potential, a plurality of con 
densers, a balanced network wherein said 
filament electrodes are connected together and 
to a central tap of said input resistor, said 
filament electrodes being connected through 
said source of plate potential and one of said 
condensers in series to a central tap on said 
output resistor, said grid electrodes connected 
to taps on said input resistor on opposite sides 
of said central tap, each of said plate elec 
trodes being connected through a condenser 
to a tap on said output resistor, said two 
plates being connected to opposite sides of 
said central tap of said output resistor, said 
inductance elements being connected respec 
tively from a point on said connection from 
filament to output resistor intermediate said 
source of plate potential and said condenser 
respectively to points on said connections 
from said plate electrodes to said opposite 
taps on said output resistors intermediate 
said plate electrodes and said condensers, in 
put connections for said amplifying system 
connected to taps on said input resistor on op 
posite sides of said central tap thereof, output 
connections for said amplifying system con 
nected to taps on said output resistor on Op 
posite sides of said central tap thereof, where 
by the energy supplied to said input connec 
tions is amplified and delivered to said out 
put connections substantially without distor 
tion. 

2. In an amplification system, in combina 
tion, two electron tubes each having filament, 
grid and plate electrodes, a source of power 
connected to said filament electrodes, an 
aperiodic input resistor, an aperiodic output 
resistor, each of said resistors being provided 
with a multiplicity of variable intermediate 
tap connections, two inductance elements, a 
source of plate potential, a source of grid 
biasing potential, a plurality of condensers, 
a balanced network wherein said filament 
electrodes are connected together and through 
said source of grid biasing potential to a 
central tap of said input resistor, said fila 
ment electrodes being connected through said 
source of plate potential and one of said con 
densers in series to a central tap on said out 
put resistor, said grid electrodes connected to 
taps on said input resistor on opposite sides 
of said central tap, each of said plate elec 
trodes being connected through a condenser 
to a tap on said output resistor, said two plates 

5 being connected to opposite sides of said cen 
tral tap of said output resistor, said induc 
tance elements being connected respectively 
from a point on said connection from filament 
to output resistor intermediate said source 
of plate potential and said condenser respec 
tively to points on said connections from said 
plate electrodes to said opposite taps on said 
output resistors intermediate said plate elec 
trodes and said condensers, input connections 
for said amplifying system connected to taps 

3 

on said input resistor on opposite sides of said 
central tap thereof, output connections for 
said amplifying system connected to taps on 
said output resistor on opposite sides of said 
central tap thereof, E. the energy sup 
plied to said input connections is amplified 
and delivered to said output connections sub 
stantially without distortion. 

3. In an amplification system, in combina 
tion, a plurality of electron tubes arranged 
symmetrically in two groups, each of said 
tubes having filament, grid, and plate elec 
trodes, a source of power connected to said 
filament electrodes, the corresponding elec 
trodes of the tubes of each of said groups 
being connected together, an aperiodic input 
resistor, an aperiodic output resistor, each of 
said resistors being provided with a multi 
plicity of variable intermediate tap connec 
tions, two inductance elements, a source of 
plate potential, a plurality of condensers, a 
balanced network wherein said filament elec 
trodes are connected together and to a central 
tap of said input resistor, said filament elec 
trodes being connected through said source 
of plate potential and one of said condensers 
in series to a central tap on said output re 
sistor, said grid electrodes connected to taps 
on said input resistor on opposite sides of 
said central tap, each of said plate electrodes 
being connected through a condenser to a 
tap on said output resistor, said two plates 
being connected to opposite sides of said cen 
tral tap of said output resistor, said induct 
ance elements being connected respectively 
from a point on said connection from fila 
ment to output resistor intermediate said 
source of plate potential and said condenser 
respectively to points on said connections 
from said plate electrodes to said opposite 
taps on said output resistors intermediate 
said plate electrodes and said condensers, in 
put connections for said amplifying system 
connected to taps on said input resistor on 
opposite sides of said central tap thereof, 
output connections for said amplifying sys 
tem connected to taps on said output resistor 
on opposite sides of said central tap thereof, 
whereby the energy supplied to said input 
connections is amplified and delivered to said 
output connections substantially without dis 
tortion. - 

4. In a non-distorting amplifying system, 
a plurality of amplifier units, each of said 
units comprising two electron tubes each 
having filament, grid, and plate electrodes, 
a source of power connected to said filament 
electrodes, an aperiodic input resistor, an 
aperiodic output resistor, each of said re 
sistors being provided with a multiplicity of 
variable intermediate tap connections, a 
source of plate potential, a plurality of con 
densers, a balanced network wherein said 
filament electrodes are connected together 
and to a central tap of said input resistor, 
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said filament electrodes connected through 
said source of plate potential to a central tap 
on said output resistor, said grid electrodes 
connected to taps on said input resistor on 
opposite sides of said central tap, said plate 
electrodes connected through a condenser to 
a tap on said output resistor, said two plates 
being connected to opposite sides of said cen 
tral tap of said output resistor, input con 

o nections for each of said amplifier units con 
nected to taps on its input resistor on oppo 
site sides of said central tap thereof, output 
connections for each of said amplifier units 
connected to taps on its output resistor on 

is opposite sides of said central tap thereof, 
connections between the output resistor of 
one amplifier unit and the input resistor of 
the succeeding amplifier unit wherein the 
mid point of said output resistor is connected 

20 through a condenser to the midpoint of said 
succeeding input resistor, and points on said 
output resistor on opposite sides of the mid 
point thereof are respectively connected 
through respective condensers to points on 

25 said succeeding input resistor on opposite 
sides of the mid point thereof, whereby the 
energy delivered to the input of said first 
amplifier unit is amplified and delivered at 
the output of said last amplifier unit substan 

30 tially without distortion. 
In testimony whereof I affix my signature. 

CHARLES A. CULVER. 
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