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This invention relates to electron discharge ap 
paratus and has for its object to provide im 
proved electron discharge apparatus which is 
capable of transmitting a wave whose frequency 
is continuously variable over an exceedingly wide 
range, 
It is of great advantage in many applications 

to vary the operating frequency of electron dis 
charge apparatus over an exceedingly wide range 
by means of a single control. It is possible by 
good design of an oscillator or amplifier, tuned 
by inductance and capacity, to vary the frequency 
of the wave produced thereby over a range of 
about five to one. If both the inductance and 
capacity of a resonant circuit are varied simul 
taneously, the operating frequency of the circuit 
may be varied over a range of about twenty or 
twenty-five to one. 

It is an inportant feature of my invention to 
employ an electron discharge amplifier device 
having a non-resonant feedback circuit from the 
anode to the control electrode thereof. The 
feedback circuit comprises a plurality of phase 
shifting networks each of which may include 
capacity and resistance, or inductance and re 
sistance. By decreasing the magnitude simul 
taneously of every element of the phase shifting 
networks, the operating frequency of such an 
OScillator may be increased continuously about 
400 times or more. 
The features of my invention which I believe 

to be novel are set forth with particularity in 
the appended claims. My invention itself, how 
ever, both as to its organization and method of 
Operation, together with further objects and ad 
vantages thereof may best be understood by ref 
erence to the following description taken in con 
nection with the accompanying drawing in which 
Fig. 1 illustrates an electron discharge appa 
ratus which embodies my invention, Fig. 2 illus 
trates a different embodiment of my invention, 
and Fig. 3 illustrates a still different embodi 
ment of my invention. 

Referring to Fig. 1, there is illustrated an os 
cillation generator including an electron dis 
charge device O and a non-resonant feed-back 
circuit having only capacitances and resistances. 
This feed-back circuit is composed of three 
phase shifting networks, which produce voltage 
on the control electrode of the device O which 
is substantially opposite in phase to the voltage 
on the anode of the device 0. 
Operating potential for the device O is Sup 

plied from a source of direct current. The 
cathode of the device to is grounded and is con 
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nected to the negative terminal of the source . 
The positive terminal of the source f is con 
nected through a load resistor 2 to the anode 
of the discharge device O. 
The first of the phase shifting networks in the 

feed-back circuit is connected between the anode 
and cathode of the device O, and comprises a 
variable reactance 3, which is shown as a con 
denser, and a variable resistor 4 connected in 
series. Woltage variations between the anode 
and cathode appear across the serially connect 
ed condenser 3 and resistor 4, so that the volt 
age across the resistance f4 is changed in time 
phase from the alternating voltage between the 
anode and cathode of the tube 0. 
In order to give the time phase of the voltage 

across the resistor 4 a further change, a Sec 
ond phase shifting network comprising a variable 
reactance f5, which is also shown as a condenser, 
and a variable resistor 6 are connected in Series 
across the resistor 4. The voltage across the 
resistor 6, due to the phase shifting action of 
the condenser 5 and the resistor 6 is changed 
further in phase in the same direction from the 
voltage across the resistor f4 by a considerable angle. 
Since it is difficult to arrange two-phase shift 

ing networks composed of resistance and ren 
actance to produce a voltage which is shifted 
180 degrees, a third phase shifting network is 
connected across the resistor 6. This third net 
work comprises a variable reactance , shown 
as a condenser, and a variable resistor 8 con 
nected in series relation. At any particular fre 
quency of the alternating voltage between the 
anode and the cathode of the device 0, the 
voltage across the resistor 8, by Suitable adjust 
ment of the resistors and reactances in the phase 
shifting networks, may be made to appear ex 
actly 180 degrees out of phase with the anode voltage. 
When a Suitable portion of the voltage across 

the resistor 8 is applied to the control electrode 
of the device 0, and when the discharge device 
has a Sufficiently high amplification factor, sus 
tained oscillations are produced. A voltage 
dividing resistor 9 is connected across the re 
sistor 8 and its variable tap is connected to 
the control electrode of the device O to in 
press thereupon a variable portion of the voltage 
across the resistor 8. 
To increase the frequency of oscillation of this 

generator it is necessary to increase the lowest 
frequency at which a 180 degree phase shift 
occurs through the phase shifting networks. 



This may be effected either by decreasing the 
amount of reactance or the amount of resistice in the phase shifting networks. In the oscilla 
tion generator illustrated in the figure, the re 
actancess, 5 and 7; the resistors . . and 
i; and the voltage dividing resistor are in 
dicated as being mechanically connected to 
gether for unitary operation by a single control 
member. This mechanical control member is so connected to the various components that all 
reactances and the resistances 4, 6, and 
are decreased or increased simultaneously. By 
this unitary control member the frequency Of 
the generated wave may be varied over an ex 
tremely wide range. 

Since the overall losses in the complete cir. 
cuit are different in amount for each different 
setting, a connection to the unitary control men 
ber is provided for adjusting the amount of 
voltage fed from the anode to the control elec 
trode. The mechanical control, which is con 
nected to the adjustable tap of the voltage 
divider resistor 9; changes the proportional 
amount of voltage applied from the resistor 8 to 
the control electrode of the device O at each 
setting of the phase shifting networks. By Suit 
able adjustment of the mechanical connection of 
the unitary control member to the adjustable 
tap of the resistor 19, the output of the oscilla 
tion generator is made uniform at all frequen 
cies. 
A wire 20 is connected to the anode of the 

device 10, from which a load device may be 
energized, the return circuit being through 
ground. If a three phase voltage is desired, it 
may be obtained from the phase shifting net 
works by suitable connections. A three phase 
voltage may be derived from three wires 2, 22, 
and 23, which are connected respectively be 
tween reactances f3 and 5, between reactances 
5 and 7, and between reactance and re 

sistor 9. 
Referring to Fig. 2, there is shown the feed 

back circuit of an oscillation generator whose 
phase shifting networks differ in connection 
from those in Fig. 1. In this case each phase 
shifting network in the feedback circuit is con 
nected in shunt to the reactance of the pre 
ceding network, rather than in shunt to the 
resistor. The first phase shifting network 
comprises an adjustable resistor 24 and an ad 
justable condenser 25 connected serially be 
itween the anode and cathode of the device O. 
An adjustable resistor 26 and an adjustable con 
denser 27 are serially connected in shunt to the 
condenser 25. The third phase shifting net 
work includes an adjustable resistor 28 and an 
adjustable condenser 29 serially connected in 
shunt to the condenser 2. The voltage divid 
ing resistor 9 is arranged to be connected to 
the cathode and to the grid of device. O in the 
same way as in Fig. 1. A blocking condenser 
30 is connected between the ungrounded termi 
nal of the voltage dividing resistor f 9 and the 
junction between the resistor 28 and the con 
denser 29, to prevent the anode operating voltage 
for the device O from disturbing the average grid 
potential, while impressing voltage variations 
from condenser 29 across resistor 9. 
The resistors 9, 24, 26, and 28, and the con 

densers 25, 27 and 29 are mechanically con 
nected together for unitary operation by a single 
control member in the same way as are the cor 
responding elements in the circuit of Fig. 1. The 
operation of this circuit is similar to that of Fig. 
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1 with the difference that the direction of phase 
shift is opposite. The circuit of Fig. 2 has cers 
tain advantages in some instances, since the 
stray circuit capacities, such as inter-electrode 
capacity within the device fo, appear in shunt 
to the variable condensers and may be made to 
act as a part thereof. 
While the circuits shown in Figs. 1 and 2 each 

include three phase shifting networks, it is pos 
sible to use more or less than three such net 
works. If more than three are used, as in the 
circuits of Figs, i and 2, each network is ad 
justed to produce a correspondingly smaller 
change in time phase of the Wave passing from 
the anode to the control electrode of the device 
0, the total change through the networks re 
maining a half period of the alternating wave. 
Fig. 3 illustrates an embodiment of my inven 
tion using only two phase shifting networks. 

If only two phase shifting networks are emi 
ployed, one or both of the networks must pro 
duce a greater change in time phase than the 
phase shifting networks described above. In 
this figure a variable condenser 5, an induct 
ance 3 and a variable resistor 6 are serially 
connected between the anode and cathode of 
the device O. These three elements form a 
phase shifting network which is followed by a 
second phase shifting network comprising a 
variable condenser 7 and a variable resistor 8 
serially connected in shunt to the resistor 6 
and inductance 3. A voltage dividing resistor 
f 9, which has an adjustable tap, is connected 
in shunt to the resistor 8. The adjustable tap 
is connected to the control electrode of the de 
vice 0. 
Due to the existence of inductance 3 in the 

resistive arm of the first phase shifting network, 
the voltage across the resistive arm, which in 
cludes inductance 3 and resistor 6, differs by 
some angle greater than 90 degrees from the 
anode voltage of the device O. The second phase 
shifting network is adjusted to change the time 
phase of this voltage across inductance 3 and 

5 resistor 6 by an amount somewhat less than 90 
degrees so that the voltage across the resistor 9 
is Substantially in opposite phase to the anode 
voltage of the device O. 
The inductance 3 may conveniently be in 

troduced into a resistive arm by combining it 
with the resistor 6. For example, the resistor 
6 may be formed of wire wound on a helical 
form So that it exhibits inductive effects. If it 
be preferred, an inductance may be introduced 

5 in series with the resistor 8. Inductance may 
be employed in the resistive arms of both net 
works, if it be desired. It is to be understood 
that phase shifting networks of this type, which 
have inductance introduced into a resistive arm, 
are not resonant circuits. The inductance is in 
troduced into the network only for the purpose 
of changing the time phase through the network 
in an amount somewhat greater than 90 degrees. 
The apparatus illustrated in Fig. 1 may be 

used as an amplifier, which, although formed by 
non-resonant circuits, may be made resonant to 
a particular frequency. By adjustment of the 
adjustable tap on the voltage dividing resistor 
10, the amount of voltage fed back to the control 
electrode of the device ?o may be reduced suf 
ficiently to prevent oscillations from occurring. 
Under such a condition of adjustment, if a small 
voltage be applied between the wire 23 and the 
Cathode of the device 0, and if it be of the same 
frequency to which the amplifier responds, a 
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corresponding larger voltage appears between 
the wire 20 and the cathode of the device fo. It 
is, of course, obvious that the modifications illus 
trated in part by Figs. 2 and 3 may be employed 
in the same Way as resonant amplifiers. 
An oscillation generator Or amplifier embody 

ing my invention is capable of producing a wave 
whose frequency is variable continuously over 
approximately a 400 to 1 range. The advantage 
of such apparatus in certain applications is ob 
vious. . For example, for test purposes, such as 
for adjusting radio receivers, an oscillation gen 
erator capable of continuous adjustment by a 
single control in both radio and intermediate 
frequency ranges is of very great convenience. 
While I have shown a particular embodiment 

of my invention, it will, of course, be understood 
that I do not wish to be limited thereto, since 
different modifications may be made both in the 
circuit arrangement and instrumentalities em 
ployed, and I aim by the appended claims to 
cover any such modifications as fall within the 
true Spirit and Scope of my invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. The combination in an electron discharge 

apparatus comprising an electron discharge am 
plifier device having an anode, a cathode, and a 
control electrode, of a plurality of phase shifting 
circuits connected in cascade between said an 
ode and said control electrode, each of said cir 
cuits having input and Output terminals and 
comprising a variable reactance element and a 
variable resistance element connected serially be 
tween said input terminals and means connect 
ing said output terminals respectively to the ends 
of a corresponding element in each of Said cir 
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cuits, means for applying between said control 
electrode and cathode an adjustable portion of 
the voltage from the output terminals of the 
last of said phase shifting circuits, and common 
means for decreasing all of said elements and 
varying said means simultaneously to increase 
the operating frequency in the order of four hun 
dred times and to maintain the Output of Said 
apparatus Substantially constant. 

2. The combination of an electron discharge 
apparatus comprising an electron discharge an 
plifier device having a cathode, an anode, and a 
control electrode, of a plurality of phase shifting 
circuits connected in cascade between said anode 
and said control electrode, each of Said circuits 
comprising a capacitive arm and a resistive arm 
and at least one of said resistive arms being in 
ductive, and common means for varying all of 
said arms simultaneously to vary the Operating 
frequency of Said apparatus. 

3. In combination, an electron discharge de 
vice having a cathode, an anode, and a control 
electrode, a path for alternating current between 
said anode and cathode serially including a ca 
pacitive portion and a resistive portion, a second 
path for alternating current in shunt to said re 
sistive portion serially including a second capaci 
tive portion and a Second resistive portion, in 
ductance in one of said resistive portions, and 
means for applying a portion of the Voltage 
across said second resistive portion between said 
cathode and said control electrode, whereby the 
phase of a wave of a certain frequency traveling 
through said paths from said anode to said con 
trol electrode is substantially reversed. 

EVERHARD H. B. BARTELINK, 


