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UNITED STATES PATENT OFFICE 
1,970,952 

LENE CONTROLLEED APPARATUS 
James W. Conklin, Rocky Point, N. Y., assignor 
to Radio Corporation of America, a corpora 
tion of Delaware 

Application March 24, 1932, Seria. No. 600,848 
9 Clairas. 

This invention relates to an artificial transmis 
sion line controlled electron discharge device OS 
cillator. 
Transmission lines have been used with consid 

erable success for the control of frequency of elec 
tron discharge device oscillators, the lines ordi 
narily having either traveling or Standing Waves 
thereon. In the former case the line is used to 
control regeneration, the length of the line being 
such that for a particular frequency, the line 
will apply out of phase potentials to the control 
electrode from the anode of an electron discharge 
device oscillator, which incidentally is a correct 
condition for oscillation generation at a particu 
lar frequency; and, in the latter case, standing 
waves on the line are used to pull the control 
electrode-anode potentials into step therewith 
whereby the frequency of oscillations generated 
is again controlled by the length of the line, for, 
the length of the line fixes the Wave length of the 
standing waves. In both cases, any tendency for 
a shift in Oscillator frequency is accompanied by 
a shift in phase directly proportional to the num 
ber of Wave lengths on the line, and, by judicious 
choice of length of the line a large change in 
phase for a slight shift in frequency may be ob 
tained thereby insuring frequency stability. 
A prime desideratum in connection with trans 

mission line controlled oscillators is the provision 
of a line readily adjustable in length, and for 
this purpose, heretofore, adjustable taps were pro 
vided. However, by such means exact adjust 
ments in length are somewhat difficult to obtain 
and, to overcome this difficulty and to provide in 
combination with an electron discharge device 
oscillator, a transmission line which may be 
Smoothly and continuously adjustable over a 
considerable range, are the prime objects of the 
present invention. 

According to the present invention, the fore 
going objects are effected by providing a shield 
ed coiled transmission line wherein the relative 
positioning of the shielding and coil is alterable. 

. In other words, according to the present inven 
tion, by varying the shielding of the coil, the ef 
fective length of the line may be varied at will. 
That this necessarily follows is apparent from 
the fact that the velocity along the line is pro 
portional to the square root of the product of in 
ductance per unit of the length of the line, multi 
plied by the capacitance per unit of the length of 
the line. Therefore variation in capacity along 
the line, or its equivalent-line shielding, will 
change the time required for an electrical impulse 
to travel between two points on the line. Conse 

(C. 250-36) 

quently, as the time of travel is altered, the length 
of the line between two points is effectively 
changed as is also, the stable frequency of the 
line controlled tube oscillator. - - 

It is a further object of this invention to provide 
various cornbinations of relatively movable shields 
and coils, to be used preferably in combination 
With electron discharge devices for obtaining 
constant frequency operation thereof at any de 
sired frequency, both the shields and coils being 
appropriately shaped as will be described more 
fully hereinafter. v. 
A further object is to provide a line controlled 

tube System that is self correcting as regards tem 
perature changes. 

In accordance with the patent laws of the 
United States, the present invention is defined in 
the appended claims, but, it may best be under 
stood as to its method of operation and structur 
all Organization by referring to the more detailed 
description which follows hereinafter and to the 
accompanying drawings wherein; 

Figure 1 illustrates a signal transmission sys 
ten utilizing a long line frequency controlled os 
cillation generator, special means being provided 
in accordance with the present invention for ef 
fectively altering the length of the long trans 
mission line included in the generator circuit, 

Figures 2 and 3 diagrammatically illustrate 
relative forms which may be taken by the long 
coiled transmission lines and shields therefor, 
Figure 2 also indicating, diagrammatically, a 

temperature independent or self correcting line, 
Figure 4 is a CrOSS Sectional view of another 

form of adjustable shielding for a long coiled 
transmission line and, 

Figure 5 illustrates diagrammatically means for 
simultaneously moving both coil and shield. 
Turning to Figure 1, an electron discharge de 

vice oscillator tube 2 supplies modulated energy 
through its tunable output or tank circuit 4 to 
a power amplifier 6, which may be omitted if 
desired and then to a suitable radiating an 
tenna 8. The tank circuit 4 having inductance 
and capacity, exhibits or experiences parallel 

This circuit furthermore 
roughly or approximately fixes or controls the 
resonance effects. 
frequency of operation of electron discharge de 
vice 2 to a desired value. 
To prevent the effects of inter-electrode feed 

back or oscillation at an undersired frequency, 
electron discharge-device oscillator 2 is neutral 
ized by the action of a split input coil 10 and 
neutralizing condenser 12 as is well known in 
the art. Correct control electrode polarizing po 
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duce oscillations of constant frequency. 

2 
tential for the control electrode of electron dis 
charge device 2 may be provided by the action 
of a properly chosen condenser and resistance 
arrangement 14. Anode potential for tube 2 may 
be supplied, together with modulating potentials 
through lead 16, modulating potentials being Sup 
plied through the action of microphOne 20, an 
plifier. 22 and transformer 18. 
After neutralization of tube 2 by adjustment 

of condenser 12, feed back is established by the 
connection of a long coiled artificial transinission - 
line 24 mounted upon a suitable insulating base 
26, the line being electrically connected at point 
28 to conducting rod 30 and at point 32 to COn 
ducting rod 34, the rods 30, 34 being electrically 
independent and suitably fastened to insulating 
support 26. The input end 28 of the line is con 
nected to the output of anode electrode of tube 
2 or to the output circuit thereof through block 
ing condenser 36 conductor 38 and through a 
yieldeble or springlike contact, 40 making slid 
able contact with conducting member 38. 
The output end 32 of long line 24 is coupled to 

the input circuit, or to the control electrode of 
tube 2 through conducting rod 34, slidable con 
tact 42, conductor 44, blocking condenser 46 and 
tap 48 suitably coupled to the input coil 10 for 
applying suitable potentials to the control elec 
trode of tube 2. - 
The line is grounded on its output end by an 

impedance, here in the form of a resistance 50, 
equal in value to the surge impedance of the line 
so that reflections will not be set up thereOn. 
As a result of the foregoing construction, high 

frequency potentials on the control electrode 1 
and anode 3 of tube 2 will be out of phase 
for a frequency corresponding to that for 
which the line is substantially an cdd number 
of half wave lengths long. -Oscillation generation 
at other frequencies will not occur since poten 
tials at the other frequencies will not be applied 
in the correct phase relationship to the anode 
and control electrode of tube 2 for sustained OS 
cillation generation. Of course, as the line may 
be an odd number of half wave lengths long for 
a number of frequencies, suitable adjustinent of 
tuned circuit 4 to approximately that, frequency 
desired, will serve to eliminate the generation of 
all but the one desired frequency. 
In order to adjust the length of the line and 

therefore the oscillation frequency of oscillator 
2, it was heretofore proposed to mechanically 
tap on to the line at various points along its 
length. However, this does not give as Smooth 
and continuous adjustment as desired, and for 
this purpose the line is made adjustable within . 
a tapered shield 52 supported upon a rod 54 by 
brackets 56, 58 the latter of which is screw 
threaded on to screw threaded portion 60 of rod 
54. Rotation of knob.62 will, therefore, cause 
motion of the shielding 52 relative to the coiled 
line 24. This relative change in position may 
also be brought about by movement of rod. 64 
fixed to rod 30 by means of insulator. 66, the rod 
64 being mounted in a suitable bearing 68. 
By virtue of the change in shielding along the 

length of the coil by changing or altering the 
relative positioning of the coil and shield, elec 
trical velocity along the coil is altered thereby 
changing the effective length of the line and 
therefore the frequency at which tube 2 will pro 

Tapering in the diametrical ratio of the coil 
to the shield along the axis of the coil whereby 
the impedance of the coil and the velocity there 
along will vary gradually along the axis of the 

the effective length of line in circuit. 

1,970,952 
coil may not only be accomplished as ShoWn in 
Fig. 1, but may be accomplished equally as Well 
by the arrangements shown diagrannmatically in 
Figures 2 and 3. 
The coil and Shield construction of Figure 2 

differs from that shown in Figure 1, wherein a 
Straight coil and a tapered shield are illustrated, 
in that the shield is tapered for only part of its 
length, the coil being maintained straight or of 
uniform diameter throughout its length. In Fig- 85 
lure 3 both the coil and shield are tapered, and, 
as in Figure 1, relative movement or changes in 
positioning of the coil and shields shown in Fig 
ures 2 and 3 will way the effective length of the 
coiled transmission line. 
Tapering of the line may, of course, be so chosen 

as to make the rate of change of impedance uni 
form, or it may be so chosen that the rate of 
change follows any desired law. In any case, the 
impedance changes should be made sufficiently 

80 

90 

95 
gradual so that reflections arising therefrom be 
COne Self-cancelling throughout the line. 
Another form of shielding is shown in Figure 4. 

wherein the shielding 70, by virtue of brackets 
72 and bolt 74 is made compressible either par- 00 
tially or totally so as to reduce or increase its 
diameter with respect to the coil. Preferably an 
air gap is left at point 76 to reduce eddy current 
loss. If desired, the shield shown in Figure 4 
Inay be given any of the shapes described in con- 05 
nection with Figures 1, 2 and 3. 
For the simultaneous movement of both coil 

and shield, the gear and rack arrangement dia 
grammatically illustrated in Figure 5, may be 
used to good advantage. In Figure 5, motion of 0. 
knob 78, imparts, through gear 80, opposite simul 
taneous movement of the coil and shield. A dial 
or other indicating device, nay, of course, be pro 
vided for all modifications described to indicate 

(5 
Relative novement between shields and coils 

may be made responsive to temperature variations 
in such a way that the effective electrical length 
of line may be made independent of, or in other 
Words, self correcting for changes in ambient tem- 20 
perature. Such an arrangement is illustrated 
diagrammatically in Fig. 2 wherein the shield 90 
is slidably mounted between grounded rollers 92. 
A bi-metallic strip 94 noving a pin 96 acts 

through slotted member 98, fastened to the shield 25 
to move it relative to the coil dependent upon 
ambient temperature variations. The arrange 
ment should be so designed that the effects of ten 
perature variations are compensated. It is obvi 
ous that the temperature responsive adjusting 30 
means 94 may be used to move the coil rather than 
the Shield. 
In the light of what has been said hereinbefore, 

various modifications will, of course, readily Sug 
gest themselves to those skilled in the art and 935 
consequently the present invention is to be limited 
not by the illustrations given in the drawings, but 
solely by the width of the appended claims. 

Having thus described my invention, what I 
claim is: . - 

1. In apparatus for undulatory electrical cur 
rents, an electron discharge device having a plu 

2 st 

rality of electrodes, a circuit having inductance 
and capacity and experiencing parallel resonance 
effects, coupled to a pair of electrodes of said de-545 
vice, for roughly fixing the frequency of opera 
tion of said device; a transmission line coupled 
to a plurality of electrodes of said device for ac 
curately fixing the frequency of operation of said 
device, and temperature responsive means for 350 
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1,970,952 
varying the effective electrical length of said line 
whereby the frequency of operation of said device 
is maintained constant despite variations in ambi 
ent temperature. 

2. In apparatus for undulatory electrical cur 
rents, an electron discharge device having a plu 
rality of electrodes, a circuit having inductance 
and capacity and experiencing parallel resonance 
effects, coupled to a pair of electrodes of said de 
Vice, for roughly fixing the frequency of operation 
of Said device; a transmission line coupled to a 
plurality of electrodes of said device for accu 
rately fixing the frequency of operation of said 
device, a metallic capacity element coupled to 
Said line, and temperature responsive means for 
varying the capacity between said element and 
Said line in Such a way that despite variations in 
ambient temperature, the frequency of operation 
of Said device remains constant. 

3. In apparatus for undulatory electrical cur 
rents, an electron discharge device having a plu 
rality of electrodes, a circuit having inductance 
and capacity and experiencing parallel resonance 
effects, coupled to a pair of electrodes of said 

S device, for roughly fixing the frequency of oper 
ation of Said device; a transmission line, long, 
relative to a half Wave length taken at a desired 
operating frequency, coupled to a plurality of 
electrodes of said device for accurately fixing the 
frequency of operation of said device, a metallic 
capacity element coupled to said line, and means 
for varying the capacity between said element and 
said line and hence the accurate frequency of 
operation of Said device. 

4. In apparatus for generating constant fre 
quency electrical currents, a tube having a plu 
rality of electrodes, a rough frequency determin 
ing circuit having inductance and capacity coul 
pled to a pair of electrodes of said tube, a coiled 
transmission line coupled to a plurality of elec 
trodes of said tube for accurately fixing the fre 
quency of operation thereof, a shield about Said 
coiled transmission line, and means for varying 
the relative longitudinal positioning of Said coil 
and shield whereby the effective length of said 
line and hence the accurate frequency of Oscilla 
tion of Said tube is altered. 

5. In combination a tube having an anode a 
cathode and a grid, means for reducing the effects 
of interellectrode capacity between said anode and 
grid, a circuit having inductance and capacity ex 
periencing parallel resonance effects at a fre 
quency roughly corresponding to a desired fre 
quency of operation, connected to a pair of elec 
trodes of said device, a transmission line a plu 
rality of half wave lengths at a desired operating 
frequency connected between the anode and grid 
of said device for accurately fixing the frequency 
of operation thereof, a tapered metallic shield 
about said transmission line, and means for vary 
ing said shield with respect to said line and hence 
the frequency of operation of Said electron dis 
charge device. 

6. An oscillation generator comprising a vac 

3 
uum tube having an anode a cathode and a grid, 
means for neutralizing interellectrode capacity 
existing between the anode and grid, a parallel 
tuilable circuit connected between the anode and 
Cathode of Said tube for roughly fixing the fre 
quency of operation thereof, a coiled transmis 
Sion line, long, relative to a half wavelength taken 
at a desired operating frequency connected be 
tween the anode and grid of said tube, an imped 
ance substantially equal in value to the Surge in 
pedance of Said line connected between the grid 
end of Said line and said cathode, a tapered me 
tallic shield about said coiled transmission line, 
and means for varying the relative longitudinal 
positioning of said shield and coil in order to 
vary the effective electrical length of said line 
and hence the accurate frequency of operation of 
Said tube. - 

7. In apparatus for undulatory electrical cur 
rents, an electron discharge device oscillator tube, 
a tunable circuit coupled to a pair of electrodes of 
said tube for roughly fixing the frequency of oper 
ation of said oscillator tube means for preventing 
the effect of inter-electrode feedback in Said elec 
tron discharge device oscillator tube, a coiled 
transmission line for establishing feedback be 
tween the output, circuit and the input circuit of 
said oscillator tube, said line being long relative 
to a half Wave length taken at a desired oper 
ating frequency and for controlling the frequency 
of Oscillations generated by Said OScillator tube 
and variable shielding for said line and means for 
varying said shielding and hence the effective 
length of said line and consequently the frequency 
of Oscillations generated by Said oscillator. 

8. Apparatus for undulatory electrical currents 
comprising an electron discharge device having a 
plurality of electrodes, a circuit having inductance 
and capacity and experiencing parallel resonance 
effects, coupled to a pair of electrodes of Said 
device, for roughly fixing the frequency of oper 
ation of said device; a transmission line coupled 
to a plurality of electrodes of said device for ac 
curately fixing the frequency of operation of said 
device, and temperature responsive means for 
varying the effective electrical length of said line 
to change the frequency of operation of said de 
vice. 

9. In apparatus for undulatory electrical cur 
rents, an electron discharge device having a plu 
rality of electrodes, a circuit having inductance 
and capacity and experiencing parallel resonance 
effects, coupled to a pair of electrodes of said de 
vice, for roughly fixing the frequency of opera 
tion of said device; a transmission line coupled 
to a plurality of electrodes of said device for ac 
curately fixing the frequency of operation of said 
device, a capacity member, and temperature re 
sponsive means for varying the position of said 
member with respect to said line for changing the 
effective electrical length of said line and the fre 
quency of operation of said device. 

JAMES W. CONKLIN. 
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