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New York, N.Y., a corporation of New York 
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(C. 250-36) 7. Claims. 

This invention relates to radio frequency appa 
ratus and particularly to a generator of ultra 
high frequency electrical oscillations. 
An object of the invention is to provide a radio 

frequency oscillation generator of improved sim 
plicity, compactness and ruggedness. 
A related object is to provide a radio fre 

quency OScillation generator in which the internal 
dissipation of energy is minimized with resulting 
improved efficiency. 
Another object is to provide a radio frequency 

OScillation generator whose oscillations may be 
readily tuned or adjusted with precision to a de 
sired frequency within a wide range. 
Another object is to provide a radio frequency 

OScillaticin generator . So constructed that such 
parts thereof as are necessarily delicate or sub 
ject to deterioration may be readily replaced. 
To these ends there are provided in accord 

ance with the invention a novel radio frequency 
circuit arrangement which is compounded of a 
push-pull circuit and a parallel circuit. Among 
the principal Components of this circuit are two 
preferably matched electron discharge devices, 
for example vacuum tubes of “double-ended' 2. 
Construction characterized by the fact that the 
electrodes of chief importance in the generation 
of oscillations, for example control grid and 
anode, are provided with lead connections ex 
tending from both ends thereof and leading, pref 
erably by Short, Symmetrically arranged paths, to 
the outside of the envelope of the device. The 
grid and anode electrodes are preferably arranged 
Within the envelope with a suitable symmetry, for 
example they are arranged side by side and 
parallel to each other with their long dimensions 
extending lengthwise to the shortest dimension 
of the envelope. Thus a grid terminal and an 
anode terminal protrude through one wall of the 
envelope and a like pair of terminals protrude 
through the Opposite Wall. From the low fre 
quency viewpoint the two grid terminals are con 
nected in parallel and the two anode terminals 
are connected in parallel, though of course this is 
not necessarily true at ultra-high radio fre 
quencies. 
In accordance with the invention advantage is 

taken of the Symmetrical arrangement of the 
electrodes of these devices and of their external 
terminals to enable the connection thereto of 
the doubly balanced parallel push-pull circuit 
of the invention. Thus, the tubes being ar 
ranged with their axes parallel, the “near side' 
grid and plate terminals of one tube are con 
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plate terminals of the other tube While the 'far 
side' grid and plate terminals of the two tubes 
are similarly connected. The connections for 
ultra-high frequency uses may be made through 
Lecher rods and the Lecher rods may be adjust 
able in length for tuning. The back Coupling 
necessary to maintain oscillations may be found 
in the iraterellectrode capacitances of the tubes 
themselves. 
With Such an arrangement the radio frequency 

Oscillations take place at the frequency for Which 
each of the Iecher rod pairs (including the elec 
trode terminals and leads and one-half the 
length of each electrode) is one-half wave-length 
long, So that the Current nodes appear substan 
tially at the mid-points of the electrodes. 
This results in a substantial reduction of the 

radio frequency energy dissipated as heat in the 
electrodes as compared With a System in which 
the current nodes appear at the open ends of 
the electrodes, as is the case when but a single 
Lecher rod pair is employed. At the same time 
it affords the known advantages of a push-pull 
circuit employing a pair of tubes. 

In order that the Symmetry and balance of the 
circuit arrangement may be preserved in the 
course of tuning, provision is made to change the 
lengths of the Techer rod pairs by bodily move 
ment of the tubes toward or away from each 
other. Thus the greatest possible distance is 
maintained between them at all times, consistent 
With the half Wave-length relation. This in turn 
results in a minimum of stray coupling between 
the tubes and resulting increased efficiency and 

5 stability of operation. 
The invention will be more fully understood 

from the following detailed description of a pre 
ferred embodiment thereof taken in connection 
With the appended drawing in which: 

Fig. 1 is a perspective view, partly in section, 
of the oscillation generator as assembled; 

Fig. 2 is a schematic diagram of tuned fila 
ment Supply circuits employed in the apparatus of 
Fig. 1; and 

Fig. 3 is a Schematic diagram showing the elec 
trical connections of the apparatus of Fig. 1 as 
distinguished from its geometrical arrangement. 

Referring now to Fig. 1, a base plate to of con 
ductive material is provided, along which two 
mounting plates , 2 are arranged to slide. The 
base plate and the mounting plates are prefer 
ably of highly conductive but non-magnetic ma 
terial, Such as braSS or a suitable non-magnetic 
steel alloy. To provide positive electrical contact 

nected, respectively, to the “near side' grid and 55 and yet permit freedom of movement between 



the mounting plates and the base plate, the upper 
surface of the base plate and the lower surfaces 
of the mounting plates may be ground, chro 
mium-plated, and polished or otherwise finished 
to conform as nearly as possible to true plane 
Surfaces. The base plate 0 is provided with 
slots 3, 4 and pins 5 are fixed to the mounting 
plates , 2, which pins are formed to fit snugly 
in the base plate slots 3, 4 so that free axial 
movement of the mounting plates , 2 is per 
mitted relatively to the base plate While other 
movements are prevented. These axial move 
ments may be governed and controlled by a 
pinion 7, pivoted in the base plate () and engag 
ing with racks 8, 9 fixed to the mounting plates 

, 2 in the manner shown, while the pinion 
shaft 20 may extend to a point convenient for 
manipulation by an operator and may there be 
terminated in any convenient manner, Such as a 
hand-knob 2. Turning this knob moves both 
of the mounting plates , 2 axially of the base 
plate and in opposite directions by equal amounts. 
The pins 5 may be terminated with nuts 6. 
Spring washers may be placed between the nuts 
6 and the base plate ?o to assure positive contact 
between the plates fe), if, f2 without binding. 
Supporting members 22, 22 extend upwardly 

from the mounting plates , 2 for holding 
double-ended tubes 23, 23' in place. These Sup 
porting members may be of any convenient sort 
and may support the tubes from below, from 
above, or from the side as shown. They may be 
integral with the mounting plates if, f2 or rigid 
ly fixed thereto in any desired manner, as by 
Welding. 

Fixed to each of the upright supporting mem 
bers 22, 22' is a semicircular metal band 24, 24' 
terminating in One end of its arc in a hinge 25, 
25 to Which is jointed a similar Semicircular 
band 26, 26' which terminates in any easy fasten 
ing device such as a knurled thumbscrew 27, 27. 
In the case of each of the double-ended tubes, 
the fixed band 24, 24' and the movable band 26, 
26' which is hinged thereto at 25, 25 form a clasp 
which may grip the tube lightly but firmly about 
its diameter while still permitting of easy open 
ing in case it be desired for any reason to re 
move the tube. To prevent injury it is prefer 
able to place a strip of resilient or yielding ma 
terial between the clasp and the tube Wall. For 
this purpose material of low dielectric loss such 
as woven glass fiber tape is desirable. 
The double-ended tubes themselves may have 

the form of somewhat flattened spheroids. The 
largest circumference serves as a means of Sup 
port and the electrodes are mounted parallel with 
the shortest diameter. This arrangement makes 
for the shortest possible length of electrode con 
nections within the tubes themselves. 
Though multielectrode tubes may be employed, 

three-electrode tubes, such as those shown in 
Fig. 1 and diagrammatically shown in Fig. 3, 
are generally preferred for use at the ultra-high 
frequencies. Thus the tube 23 contains three 
electrodes, a filament 30, a grid 3 and a plate 
32, the grid and plate having connections 33, 34 
which extend out through the envelope Wall on 
one side of the tube, for example the near side 
in Fig. 1, and symmetrically located connections 
35, 36 which extend out through the envelope 
wall on the far side. The tube 23' may be simi 
lar, and corresponding electrodes are correspond 
ingly indicated in Fig. 3 by like reference char 
acters, distinguished by primes. The two fila 
ment leads may likewise extend in opposite direc 
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2,298,075 
tions, but since they do not cooperate in main 
taining radio frequency oscillations to the same 
extent as the grid and plate connections, it is 
preferred that both of the filament connections 
extend through the one side of the tube. Such 
filament connections 37, 38 are shown for the left 
hand tube 23 in Fig. 1, corresponding connections 
37, 38' being shown on the rear side of the right 
hand tube 23'. 
The grid and plate connections may extend out 

ward through opposite walls of each tube, the 
tube wall being thickened at the point of emer 
gence to provide mechanical support and a per 
fect seal. In accordance with the invention the 
near side grid lead 33 of one tube 23 is connected 
to the near side grid lead 33' of the other tube 
23, the near side plate connections 34, 34’ of the 
two tubes being similar. Corresponding plate and 
grid connections 35, 35', 36, 36' are duplicated on 
the far sides of both tubes. The connections may 
conveniently be made through rods or tubes 39, 
39', 40, 40' of substantial diameter each of which 
turns through substantially a right angle close 
to its end and terminates in a suitable spring 
clip 4.0a of a type well known per se which pro 
vides positive electrical connection to the pro 
truding electrode lead and at the same time pro 
vides mechanical support for the rod itself with 
out the assistance of any extraneous Supporting 
leaS. 
With this arrangement the two rods 39, 40 on 

the near side which connect near side grid to grid 
and near side plate to plate, respectively, consti 
tute a Lecher rod pail, while the far Side rods 
39, 40' constitute another Lecher rod pair, 
While oscillations are in progress, a high fre 
quency voltage appears between the grid and the 
plate of each tube, which voltage has its maxi 
mum value at the center points of these elec 
trodes. The tubes may be operated with a phase 
difference of 180 degrees so that, for example, 
at the instant When the grid 3 of the left-hand 
tube 23 has its maximum positive value of po 
tential with respect to the plate 32, the potential 
of the grid 3' of the right-hand tube 23' has its 
maximum negative value with respect to the plate 
32'. 
Under these conditions the current nodes or 

minimum values appear at the mid-points of the 
grids and plates, and current flows outward from 
the mid-point of each of these electrodes in both 
directions to its external terminals, increasing in 
magnitude away from the central node. Since 
the increase is Only over one-half the length of 
the electrode, as Compared With its full length. 
in the usual single Lecher pair arrangement, this 
results in a substantial reduction of the power 
dissipated within the tubes as heat, especially 
in the case of the grids whose resistance is by no 
means negligible. 
The maximum values of current appear in the 

neighborhood of the centers of each of the Lecher 
rod pairs, that is, halfway between the left-hand 
tube 23 and the right-hand tube 23'. This region 
therefore offers a convenient point for coupling 
to an external circuit, and to this end a coupling 
loop 4 may be disposed in a plane parallel with 
that of one of the Lecher rod pairs and with its 
axis coinciding with the axis of the Lecher rod 
pair. Energy Which appears by induction in this 
coupling loop may be Supplied to an external cir 
cuit by any convenient means, for example, a 
Coaxial transmission line, of which one branch 
42 may lead to any suitable utilization circuit, 
not shown, while the other branch 43 may be 



2,298,075 
constructed to exhibit a capacitive reactance at 
the frequency of oscillation, being tuned to reso 
nance with the inductive reactance of the loop, 
as by adjustinent of the position of a conductive 
short-circuiting disc 4. These coaxial trans 
mission ines may be mechanically fixed and elec 
tirically connected to a suitable frame or shield 
such as that indicated by the broken line 45 in 
Fig. 3, for the apparatus as a Whole and may 
provide mechanical Support for the coupling 
loop . 
The two ends of the coupling loop 4, which 

may be in the form of a rod or tube of enlarged 
diameter sinilar to the Lecher rods, may be pro 
vided with spring clips arranged to grasp the pro 
truding ends of the inner conductors of the co 
axial transmission lines 42, 43 and thus afford 
both positive electrical connection thereto and 
mechanical support for the coupling loop. 
The center point of each of the Techer rod 

pairs, which is the point of current maximum, is 
also a voltage node and therefore affords a con 
Venient point at which operating plate voltage 
and grid bias may be supplied. . Thus plate volt 
age is supplied from a source, for example a bat 
tery 55, through a radio frequency choke coil 5 
aid a wiping contact 52 to the far side plate-to 
plate Lecher rod 49' while grid bias of the so 
called “automatic' variety ranay be derived from 
a grid leak or resistor 53 connected between the 
framework 5 and a wiper 53 which makes con 
tact with the far Side grid-to-grid rod 39. Ina S 
much as the center point of each of the Lacher 
rod pairs is a voltage node the radio frequency 
choke coil 5 is not essential. 
reduce the effect of any fortuitous asymmetry 
of the system as a whole and therefore departure 
of the voltage node from the center point of the 
Lecher rod pairs. 
Each of the Lecher rods is preferably com 

posed of two parts, the One arranged to advance 
or recede Within the other in the manner of tele 
scope joints, as shown at 55, 56 of Fig. 1. 
Thus as the knob. 2 is turned and the rinolunt 

ing plates f, 2 advance toward each other or 
recede from each other in the course of the tun 
ing operation, each of the Lecher rods 39, 40, 
39', 4' is extended or contracted in length. In 
accordance With known principles, the Wave 
length of oscillation is nearly proportional to the 
length to which the Lecher rod pairs are thus 
adjusted, the departure from exact propor 
tionality being due to the finite fraction of a 
Wave-length. Which appears Within the tubes 
themselves. As the extension or contraction 
takes place, the plate Voltage and grid bias con 
tinue to be supplied through the Wipers 52, 54 
to the mid-points of the far side Lecher rod pair, 
the rods advancing or receding with respect to 
the wiper contacts which remain stationary with 
respect to the apparatus framework. 
To prevent the loss of high frequency energy 

of the Oscillations through the filament connec 
tions, it is desirable that these shall present a 
high impedance at the operating frequency, look 
ing out of the tubes. To this end, the filament 
leads of the left-hand tube 23 may be connected 
through lugs or brackets 69, 6 to rods 62, 63 
along which traveler members 64, 65 bearing 
spring contacting elements 66, 67 are arranged 
to slide. The rod 62 may be connected directly 
to the mounting plate f and in a position such 
that the sliding contact 63 likewise makes direct 
conncction with the mounting plate . In order 
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3 
rent or low frequency voltage, the slider rod 63 
should be insulated from the mounting plate 
itself and may be connected to a metal strip 68 
placed parallel with it and with which the wiping 
element 67 makes contact. The insulation may 
consist of a sheet of mica 69 or other thin sheet 
insulating material in a manner such that the 
metal Strip 68 is coupled to the mounting plate fi 
through a condenser 70 (Fig. 3) which presents 
a negligible capacitive reactance at the operating 
radio frequency. An identical arrangement may 
be provided for the filament leads of the tube 23', 
So that one filament leg is connected directly 
to the mounting plate f2 and the other is coupled 
to it through a condenser 70 formed by the plate 
f2. the mica strip. 69' and the metal strip 68". 
As the frequency of oscillation is adjusted by 
advancing or withdrawing the tubes 23, 23 to 
Ward Or away from each other, the position which 
the filament sliders 64, 65, 64", 65 occupy should 
preferably be readjusted manually to maintain 
the radio frequency impedance of each filament 
circuit at its optimum high value. 
Current may be supplied to heat the filaments 

of the tubes in any desired manner but, in ac 
Cordance With the invention, advantage is taken 
of the very high oscillation frequency to per 
nit the employment of an extremely simple ar 
rangement. To this end alternating current of 
a low frequency, for example, commercial power 
frequencies of 60 cycles per second or so is sup 
plied from a source 75 through a transformer 76 
to tWO wiping contacts 77, 78 which make con 
nection to a plate or strip 79, 79 which is directly 
Collinected, as by bolts 8 passing through in 
Sulating sleeves 8a, to the insulated leg of the 
filament of each tube. For convenience of 
mechanical arrangement these strips 79, 79 may 
be mounted immediately below the mounting 
plates ff, 2 or at any other suitable point. In 
deed, if desired, the strips may be dispensed with, 
the filament supply wiping contacts making 
connection directly with the insulated rods 63, 
t3. The wipers 7, 78 are provided in order 
that contact may be maintained independent of 
the position occupied by the tubes 23, 23' for the 
desired frequency of oscillation. 
The Oscillations may be utilized without modi 

fication or they may be modulated or otherwise 
modified to suit particular uses in accordance 
With any desired plan. 
The apparatus of the invention thus provides 

a compact and convenient tunable electric oscil 
lation generator for use at the ultra-high fre 
quencies with extremely low internal dissipation 
of energy and a high degree of flexibility. 
What is claimed is: 
1. A high frequency electric oscillation gen 

erator which comprises two symmetrical electron 
discharge devices each having an anode and a 
control electrode, each of said electrodes having 
Oppositely located external terminals, a Lecher 
rod pair connecting an anode terminal and a 
control electrode terminal, respectively, of one 
of Said devices to the corresponding terminals 
of the other device, another Lecher rod pair 
connecting the oppositely located terminals of 
Said first-named device to the corresponding 
terminals of said second-named device, and 
means for altering the electrical separation of 
Said devices Without disturbing said Lecher rod 
Connections. 

2. A high frequency electric oscillation gen 
erator Which comprises two symmetrical electron 

that the filament 39 may support a direct cur- 75 discharge devices each having a heater element, 



4 
an anode, and a control electrode, Said anodes 
and control electrodes having oppositely located 
external terminals, a Lecher rod pair connecting 
an anode terminal and a control electrode termi 
nal, respectively, of one of said devices to the 
corresponding terminals of the other device, an 
other Lecher rod pair connecting the oppositely 
located terminals of said first-named device to 
the corresponding terminals of said second 
named device, each of Said heater elements being 
connected to a separate tunable Lecher rod pair, 
means for supplying current to said heater ele 
ments, and means for altering the geometrical 
separation of Said devices without disturbing 
Said Lecher rod connections or said heater cur 
rent supply connections. 

3. A high frequency electric oscillation gen 
erator which comprises two Symmetrical electron 
discharge devices each having at least two elec 
trodes, each of said electrodes having oppositely 
located external terminals, said devices being 
connected in push-pull through one terminal of 
each of Said electrodes, said devices being inde 
pendently connected in push-pull through the 
opposite terminal of each of said electrodes. 

4. A high frequency electric OScillation gen 
erator which comprises two Symmetrical elec 
tron discharge devices each having at least two 
electrodes, each of said electrodes having oppo 
sitely located external terminals, said devices 
being connected in push-pull through one termi 
nal of each of said electrodes, said devices being 
independently connected in push-pull through 
the opposite terminal of each of Said electrodes, 
all of said connections being alike in length. 

5. A high frequency electric oscillation gen 
erator which comprises two Symmetrical elec 
tron discharge devices each having at least two 
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electrodes, each of Said electrodes having oppo 
sitely located external terminals, said devices 
being connected in push-pull through one termi 
nal of each of said electrodes, said devices being 
independently connected in push-pull through 
the opposite terminal of each of said electrodes, 
all of Said connections being adjustable in length. 

6. A high frequency electric oscillation device 
which comprises two Symmetrical electron dis 
charge devices each having an anode and a con 
trol electrode, each of said electrodes having 
oppositely located external terminals, a Lecher 
rod pair connecting an anode terminal and a 
control electrode terminal, respectively, of one 
of Said devices to the corresponding terminals 
of the other device, another Lecher rod pair con 
necting the oppositely located terminals of said 
first-named device to the Corresponding termi 
nals of said second-named device, and a utiliza 
tion circuit coupled to One of Said Lecher rod 
palrS. 

7. A high frequency electric oscillation device 
which comprises two Symmetrical electron dis 
charge devices each having an anode and a con 
trol electrode, each of said electrodes having 
oppositely located external terminals, a Lecher 
rod pair connecting an anode terminal and a 
control electrode terminal, respectively, of one 
of said devices to the corresponding terminals 
of the other device, another Lecher rod pair con 
necting the oppositely located terminals of said 
first-named device to the corresponding termi 
nals of said Second-named device, and a utiliza 
tion circuit inductively coupled to one of said 
Lecher rod pairs and disposed Substantially mid 
Way between Said devices. 

WILLIAM C. TINUS. 


