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Claims. (C. 179-11) 
1. 

This invention relates to electron discharge 
device circuits and particularly to the feed-back 
of energy from the output circuit to the input 
Circuit thereof. 
In certain electron discharge device circuits, 

energy is fed back from the output circuit to the 
input circuit. In OScillators, positive feed-back is 
used to produce oscillations and in amplifiers, 
negative feed-back is used anong other things to 
prevent oscillation and produce greater Stability 
of operation. 
An object of the present invention is the provi 

Sion in an electron discharge device circuit of 
improved feed-back means enabling improved 
control of the energy fed back. 
Another object of the present invention is the 

provision of such improved energy feed-back 
means in which the phase and amplitude of the 
energy fed back are separately controlled. 
In most electron discharge device OScillators, 

a slight amount of feed-back is usually Sufficient 
to sustain oscillations. However, to obtain the 
maximum output from a given oscillator, it is 
essential that both the phase and the amplitude 
of the energy fed back be correct. 
A further object of the present invention is the 

provision of an improved oscillator circuit having 
means for separately selecting the phase and the 
amplitude of the feed-back. 

In most amplifier circuits, there is a tendency 
for energy to be fed back from the anode circuit 
to the grid circuit, either through the interellec 
trode tube capacities or through the circuit ex 
ternal to the tube. If, however, energy from the 
anode circuit, equal in amplitude to the afore 
mentioned feed-back energy but opposite in 
phase, is also fed back to the grid circuit, it will 
neutralize any tendency of the circuit to OScillate 
and provide greater stability of operation. 

Still another object of the present invention is 
the provision of an improved amplifier circuit 
having means for feeding back energy to the grid 
circuit, which means, includes means for sepa 
rately selecting the phase and amplitude of the 
energy fed back. 
Amongst various forms of high frequency oscil 

lator and amplifier circuits is the type referred 
to as the grounded grid type coaxial line arrange 
ment in which the tube is arranged within a 
coaxial line and the grid substantially isolates 
the anode-grid and cathode-grid circuits, except 
for the common ground line. . W 
A still further object of the present invention 

is the provision of an improved coaxial line oscil 
lator particularly of the grounded-grid type. 

Still another object of the present invention is 
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2 
the provision of an improved coaxial line ampli 
fier, particularly of the grounded-grid type. 
Other and further objects of the present inven 

tion will become apparent and the foregoing will 
be best understood from the following description 
of an embodiment thereof, reference being had to 
the drawing, in which the figure is a schematic 
diagram of one circuit embodying my invention. 
The circuit illustrated in the figure may be 

used as either an amplifier or an oscillator as 
Will be made clear hereinafter. The circuit Con 
sists primarily of an outer metal cylinder within 
which is mounted, in some suitable manner, an 
electron discharge device such as a vacuum tube 
triode 2. Tube 2 is preferably of the type having 
oppositely positioned anode and cathode elements 
3 and & respectively, and a centrally positioned 
grid 5 having a generally radially-extending ter 
minal 6 passing through the surrounding envelope 
7 of the tube. The terminal 6 is preferably se 
cured to and electrically connected with the inner 
surface of cylinder in any suitable manner. 
Where terminal 6 is of insufficient diameter to 
properly fit within cylinder , an annular member 
of greater diameter may be used to connect ter 
minal 6 to the interior surface of outer cylinder 
in a manner known in the art. 
Outer cylinder serves as the outer conductor 

of a pair of coaxial lines generally designated by 
the numerals 8 and 9 extending on opposite sides 
of terminal 6. The inner conductor O of coaxial 
line 8 is connected to the cathode 4 of tube 2 
while the inner conductor of coaxial line 9 is 
connected to the anode 3 of tube 2. It will thus 
be seen that terminal 6 and grid 5 serve to sub 
stantially isolate the anode-grid and cathode-grid 
circuits from each other. Coaxial lines 8 and 9 
may be tuned by any suitable means such as, for 
example, shorting plungers 2 and 3 respectively. 
In the arrangement thus far described, there is 

relatively little feedback from the anode-grid 
: circuit to the cathode-grid circuit, the former of 
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which may be considered as the output circuit and 
the latter as the input circuit. In accordance with 
my invention, I provide means for feeding back 
energy from the anode-grid circuit to the cathode 
grid circuit and this means includes means for 
controlling the phase of energy fed back and 
separate means for controlling the amplitude of 
said energy. 
The feed-back circuit, generally designated by 

the numeral f4, is preferably comprised of three 
transmission lines, which for the sake of clarity 
will be referred to hereinafter as the phase line 
i5, annplitude or stub line 6, and connecting 
line 7, 

  



3 
Phase line 5, from which the phase of the 

feedback is selected, may be an unbalanced line, 
such as the coaxial line illustrated, or a balanced ine, and is of a length preferably electrically 
equally to or greater than one wavelength at the 
maximum wavelength at which the circuit of the 
figure is designed to operate. Energy fron CO. 
axial line 9 is fed to phase line? 5 by any suitable 
means. As illustrated in the figure, One Way of 
doing this is by coupling the inner conductor 83. 
of phase line 5 to the inner conductor of 
coaxial line 9 by means of a probe 20 which is 
preferably capacitively coupled to said inner con: - 
ductor , the outer conductor, 9 of phase line. 
5 being connected to the outer cylinder... . . . . 
In order that maximum energy may be trans, 

ferred from the anode-grid circuit to phase line 
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connecting line it is so coupled to line 6 that 
the point of such coupling may be varied. One 
way of accomplishing the foregoing is, as illus 
trated, by coupling the inner conductor 26 of 
connecting line 7 by means of a probe 2 to the 
inner conductor 23 of line is while the outer 
conductor. 28 of line 7, is connected to the outer 
conductor. 22 of line is. Outer conductor 22 is 
preferably longitudinally slotted as is known in 

10:the art to permit the probe to be moved back and 
forth along inner conductor 23. 
. The connecting line 7 then delivers the energy 
which has been selected in phase by moving 
probe 24 and selected in amplitude by moving 

5, the point at which probe 20 is coupled to 
inner conductor is preferably made variable 
in any suitable way. This maybe accomplished 
by providing a longitudinal slot in outer cylinder 
and probe 20 may be moved back and forth, 
sis known in the art, within the slot, so that 

oupled to any desired point... along inner 
conductor . . . . . : . . . . . . . . 
Phase line 5 is preferably a non-resonant line a may be terminated in a resistive impedance 
which preferably matches the surge im 

s: - 

in whole or in part of the load to which energy from the circuit shown in the figure is supplied. 
It will be seen that along the length of line 5, the phase of the energy travelling therealong will 

vary, and by selecting the point, along line, 5. 
at which energy is derived therefrom, any se 
lected phase may be obtained. Moreover, since 
phase line. 5 is preferably greater than one 

s 5 

of the line so that no standing waves , , duced. The impedance 21 may consist : 

wavelength, it will be seen that any phase angle : 
from zero to 360°, can thus be obtained. For the purpose of selecting the amplitude, amplitude. 
line 6, may be connected to phase line 5 in the 
5llowing manner. The outer conductor 22 of 

amplitude line. 6 is connected to the outer con 
tor. 19 of phase line 5 while the inner con 

ductor 23 of line 6 is connected to the inner 
conductor 8 of line. 5 by any suitable means, 
such as a probe 24, so that the probe 24 may be 

t along inner conductor if 8 and coupled to 
any selected point, thereon. To permit moving. plitude line 6 along phase line. 5 in the 

described manner, the outer conductor 9 

Amplitude line 6 from which is selected the 
desired amplitude of the feed-back is preferably 
a resonant line approximately a quarter wave 
length long at the frequency at which the circuit 
of the figure is operated or an odd multiple 
thereof. Since the arrangement shown in the figure is adapted to be operated at various wave lengths by adjusting plungers, 2 and 3 of co 
axial lines 8 and 9, means, are also preferably 

ided fortuning resonant line 6 so that it is 

ary the effective length of line 6. . . . . . . 
As will be apparent to those versed in the art, the amplitude of the potential along the quarter 

wavelength line varies progressively from a 
maximum at the open end of said line to a mini 
mum at the shorted end of said line. 
therefore be apparent that by selecting various 
points along the line, a voltage of a desired ampli 
tude may be obtained. For this purpose, the 

3. 

f.phase line 5 may be slotted as is known in, 

tarter wavelength at the selected frequency. 
means may consist of a plunger 25 adapted 

It will 
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probe 27, to the cathode-grid circuit. For this 
purpose the outer conductor 28 of line it is con 
nected to outer metal cylinder while inner con 
ductor 26, of line it is coupled to inner conductor 
O of line 8 by a probes.29. Probe 29 is adapted 

to be moved along the inner conductor 10 to select 
the precise point at which the energy feed-back 
to the cathode-grid circuit is supplied, thus 
enabling the selection of an optimum point for 

hift in phase of 360° can be obtained. If the 
circuit shown in the figure is to be used as an 
oscillator, the phase selected must be one in 
which the energy fed back to the cathode-grid 
circuit will be positive in direction, that is will be 
in a direction to sustain the oscillations, whereas. if the circuit is to be used as an amplifier, the 
feed-back should be exactly 180° out of phase 
with the foregoing or should be negative indi 

also be seen that the adjusting probe, 
inner conductor 23, any desired ampli 

- - - - feed-back may be obtained and thus 
the energy derived from the anode-grid circuit 
may be apportioned to the impedance 2 and the 
cathode-grid circuit. . . . . . . 
The application of the various direct current 

potentials is not here shown since it is well 
known to those versed in the art. Other details 
not forming, part of this invention are also 
omitted since they are likewise known in the 
art. For example, when the circuit illustrated 
in the figure is used as an amplifier, various 
well-known means may be used to apply the in coming signal to the cathode-grid circuit. Fur 
thermore it will be realized that the feed-back. 
circuit must not galvanically connect the anode. 

thode, and that some form of blocking con 
rrangement should be employed in said: 

It will be seen that I have provided a circuit. 
in which the feed-back is separately controlled 
in phase and in amplitude. While I have de 
scribed the details of one circuit. embodying my: 
invention, it will be apparent that numerous 
modifications may be made without departing: 
from the teachings, thereof. For example, while; 
I have stated that the impedance 2; should pref 
erably match the -surge' impedance of the line 
So... that no standing Waves are produced, thereby 
obtaining a gradual and smooth transition in 
phase, along line 5, it will be obvious that even: 

... if the impedance 2 does not match the line and 
70 standing waves exist on the line there will never 

theless be obtained a phase transition along said 
line: enabling the Selection of any desired: phase. 
... Obviously: various forms of coupling along a. 
transmission line other than the probe arrange 75 ments here described may be used. Likewise the 
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feed-back circuit may be reversed in its connec 
tions to the anode-cathode-circuit Such as, for ex 
ample, by coupling phase line. 5 to coaxial line 
8 and coupling line to coaxial line 9. Warious 
additional tuning arrangements other than the 
plungers shown likewise may be substituted, and 
other electron discharge devices other than the 
grounded-grid-triode may be used. 
While I have described above the principles of 

my invention in connection with specific appa 
ratus, it is to be clearly understood that this 
description is made only by Way of example and 
not as a limitation. On the scope of my invention 
aS Set forth in the objects of my invention and 
the accompanying claims. 

I claim: 
1. in an electron discharge arrangement hav 

ing an input circuit and an output circuit, means 
for feeding back energy to the input circuit from 
the output circuit comprising a first transmission 
line Coupled to One of Said circuits, means for ef 
fectively terminating said first line to suppress 
Standing Waves along said first line, said first 
transmission line having an electrical length 
equal to at least One Wavelength at the operating 
frequency of Said arrangement, a second trans 
inission line having an electrical length equal 
to a quarter WaVelength at Said operating fre 
quency for establishing standing waves along 
said second line, means for coupling said second 
transmission line to Said first transmission line 
at Selected intermediate points on said first trans 
mission line, and means for Coupling the other of 
Said circuits to said Second transmission line at 
Selected intermediate points on said second trans 
mission line. 

2. In an electron discharge arrangement hav 
ing an input circuit and an output circuit, means 
for feeding back energy to the input circuit from 
the output circuit comprising a first transmission 
line Coupled to One of Said circuits, said first 
transmission line having an electrical length 
equal to at least One Wavelength at the operat 
ing frequency of Said arrangement, a matching 
impedance terminating Said line for suppressing 
Standing WaVeS along Said line, a second trans 
mission line having an electrical length equal to 
a quarter Wavelength at said operating frequency 
for establishing Standing Waves along Said second 
line, means for coupling Said second transmission 
line to Said first transmission line at Selected 
intermediate points on Said first transmission 
line, and means for coupling the other of said 
circuit.S to said Second transmission line at Se 
lected intermediate points on said second trans 
mission line. 

3. In an electron discharge arrangement hav 
ing an input circuit and an output circuit, means 
for feeding back energy to the input circuit from 
the Output circuit, said means including means 
for Selecting the phase of the energy fed back 
Substantially independently of amplitude, said 
phase Selecting means comprising a transmission 
line coupied to one of said circuits, said transmis 
Sion line having an electrical length equal to at 
leaSt One Wavelength at the operating frequency 
of Said arrangement, a matching impedance ter 
minating said line for suppressing standing waves 
along said line and means for coupling the other 
of said circuits to said line at Selected points along 
the line, Said last named means comprising a 
resonant transmission line Section for producing 
Standing Waves along said resonant Section. 

4, In an electron discharge arrangement of the 
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6 
grounded grid coaxial line type wherein the 
electron discharge device is mounted within an 
outer conductive cylinder to which the grid is 
coupled and the anode and cathode of said 
device are coupled to separate inner coaxial con 
ductors, each of Said inner conductorS forming 
a separate coaxial line With the outer cylinder; 
means for feeding energy from. one of said co 
axial lines to the other of Said, coaxial Iines, said 
means comprising a non-resonant transmission 
line, means for effectively terminating Said line to 
SuppreSS Standing Waves along Said line, means 
for coupling Said line to Selected points on One: 
of Said coaxial lines, a resonant line coupled to 
said non-resonant line at variably chosen pointS. 
on said non-resonant line to produce standing 
waVeS aiong Said resonant line, and means for 
coupling said resonant line to Selected points On. 
the other coaxial line from variably chosen tap 
ping points on Said resonant line. 

5. In an electron discharge arrangement hav 
ing an input circuit and an output circuit, means, 
for feeding back energy to the input circuit from 
the output circuit comprising means for selecting 
the amplitude of the energy fed back, and sepa 
rate means for selecting the phase of Said fed 
back energy comprising a fixed length of trans 
mission line coupled to one of Said circuits, a 
matching impedance terminating Said line for 
suppressing Standing Waves along Said line, and 
resonant transmission line means coupling the 
other of said circuits to selected intermediate 
points along Said line. 

6. In an electron discharge arrangement hav 
ing an input circuit and an output circuit, means 
for feeding back energy to the input circuit from 
the output circuit at a given operating frequency 
comprising means for selecting the amplitude of 
the energy fed back, and Separate means for 
Selecting the phase of Said fed back energy com 
prising a Substantially fixed length of transmis 
Sion line at Said frequency coupled to one of said 
circuits, Said transmission line having an elec 
trical length at least equal to one wavelength 
at the Operating frequency of Said arrangement, 
a matching impedance terminating said line for 
SuppreSSing Standing Waves along Said line at said 
frequency, and means couping the other of Said 
circuits to selected intermediate points along said 
line, Said last named means comprises a sec 
tion of transmission line having a fixed length 
at Said Operating frequency whereby standing 
WaVeS at Said frequency are produced along the 
length of Said. Section. 

7. In an electron discharge arrangement hav 
ing an input circuit and an output circuit, means 
for feeding back energy to the input circuit from 
the ouput circuit at a given operating frequency 
comprising a transmission line coupled to one 
of Said circuitS, means for terminating said trans 
mission line in its characteristic impedance for 
Suppressing Standing Waves along said line, and 
means for coupling the other of said circuits to 
Variably chosen tapping points on said trans 
mission line whereby the phase of energy fed 
back is controlled independently of its amplitude, 
said last named means comprises a section of 
transmission line having a fixed length at said 
Operating frequency Whereby standing waves at 
Said frequency are produced along the length 
of Said section. 

ARMG G. KANDOLAN. 
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