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The present invention relates to high frequency
electronic apparatus and more specifically to an
improved oscillator for use in g range of wave-
lengths between a few meters and g few centi-
meters. |

At wavelengths within the band specified, con-
ventional lumped circuit arrangements for gen-
erating oscillations become usable only with dif-
ficulty because of the fact that the conductors
employed to link the various circuit elements pro-
vide an appreciable and uncontrollable part of
the total circuit impedance. For this reason vari-
Ous arrangements employing transmission line
sections and resonant cavities in place of conven-
tional tuned circuits have been devised in an
eifort to circumvent the difficulties referred to.
In most cases, however, the arrangements pro-
posed are complicated and costly to construct and
are not readily adjusted to a desired condition
of operation. | |
It is an object of the present invention to pro-

vide an improved high frequency oscillator which
Is characterized by simplicity of organization and
by ease of use.

In a typical embodiment the invention employs
three telescoped and radially separated condiic-
tors which define concentric space-resonant cavi-
ties between them. These are used in combina-
tlon with an electronic tube having its grid cou-
pled to the intermediate conductor and its anode
and cathode coupled respectively to the remain-
Ing conductors. Oscillations are sustained by
Teedback coupling between the two cavities in a
manner which will be explained more fully at a
later point. |
- The features desired to be protected herein are
pointed out with particularity in the appended
claims. The invention itself, together with fur-
ther objects and advantages thereof, may best be
understood by reference to the following descrip-
tion taken in connection with the drawing, in
which Fig. 1 is a sectional view of an oscillator
suitably embodying the invention; Fig. 2 is an
enlarged view, partially broken away, of certain
of the structure of Fig. 1; Fig. 3 is a circuit dig-
gram useful in explaining the invention, and
Fig. 4 is a fragmentary detail of a further part
of the structure of Fig. 1.

Referring particularly to Fig, 1, there is shown
an oscillator which comprises s series of three
concentric and mutually telescoped conductors {0,
Il and 12, suitably consisting of brass or cOpper.
At one end the conductors are secured to 3 com-

mon base |4 which may be either of metal or of
insulating material,
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spacing, the conductors provide, in effect, a pair
of concentric transmission line sections each of
which, by proper termination, can be made to
function as a tank circuit having a particular
resonant frequency. With this consideration in
mind, the outer conductor pair is provided with
o, movable short-circuiting device in the form of
an annular metal ring 18 which bears two sets of

contact fingers 20 and 21 respectively arranged

at its inner and outer peripheries. These contact
fingers bear symmetrically upon the opposed sur-
faces of the conductors 18 and i1 so that these
conductors are effectively directly connected
through the ring 18. The position of the ring
may ke adjusted by means of externally acces-
sible operating rods 23 and 24 which are associ-
ated with the ring so that tuning of the transmis-
slon line section in question is possible. A similar
tuning device comprising a conductive ring 26 and
contact fingers 2T and 28 is provided in connec-
tion with the conductors 11 and 12, and an ad-
justing rod 30 permits external adjustment of
this device. |

A coupling loop 32 (see Fig. 4) extends into the
cavity formed between the conductors fi and 12
and makes it possible to abstract high frequency
energy from this cavity when it is in excited con-

- dition. The loop has a connection with a con-
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ductive tube 33 and a further connection with
a wire 34 which is concentrically arranged within
the tube 33, the elements 33 and 34 forming a
coaxial transmission line. The tube 33 is secured
to the ring 26 in such fashion as to be movable
with it and is capable of being rotated to vary
the linkage of the loop 32 with the magnetic field
existing in the cavity between the conductors |1
and 12. This makes it possible to adjust the loop
so-as to obtain optimum coupling effect.

The extremities of the conductors 19, {{ and
12 which are remote from the base part 14 are
axXlially offset so as to provide a stepwise arrange-
ment which is regressive as one proceeds from
the outer conductor 10 toward the inner conduc-
tor 12. This is for the purpose of facilitating the
combination of the conductors with an electronic
tube 40 which is illustrated in detail in Fig. 2, and
which includes an anode 41, a grid 42 and a
cathode 43 arranged in end-~to-end relation in the
order named. The anode, which is g solid metal-
lic cylinder, is supported from a metal disk 44
which serves both as an end wall for the tube and
as a terminal for the anode, and a like disk 46
is provided in connection with the cathode 43.
A third disk 48 having a central aperture over

By virtue of their mutual 65 which the grid 42 is affixed extends laterally from
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the central portion of the envelope and provides
a grid terminal. The three disks 44, 46 and i8
are insulatingly separated by means of glass cyl-
~inders 50 and 51 which are sealed to the disks

and which provide the lateral wall structure of
the tube,

The cathode of the tube includes an emissive
disk or cap 53 and a heating arrangement for the

disk which is enclosed within a hollow fubular
structure 54, The heating arrangement com-

prises a filamentary emitter 55 and a concentrat-

ing sleeve 5% for directing electrons emitted by

the filament against the disk 53 from which the
 principal discharge of the tube is to be realized,
the elements 55 and 58 being indicated in dotted
outline. I.ead-in conductors 58 associated with

the filament 55 are sealed in insulatingly spaced-

relation through a glass bead 59 which is fused
into the end of an outwardly projecting metal
eyvelet 60, the eyelet being affixed by welding oOr
otherwise to the surface of the disk 46.

The tube 80 is preferably highly evacuated and
by virtue of its construction 1s well adapted to
serve as a generator of high frequency oscilla-
tions. In the present case, an oscillating cir-
cuit is set up by coupling the various electrode
terminals of the tube to the respective conduc-
tors 10,
The anode is coupled to the extremity of the
conductor {2 through ga cylindrical metal mem-

ber 685 which abuts the anode terminal disk 44

and which is separated from the conductor (2
only by a thin layer 67 of dielectric material,
stich as mica or glass. By virtue of the capacity
between the adjacent surfaces of the member 895
and the conductor 12, the anode is, in effect, di-
rectly connected to the conductor {2 as far as
high freqguency currents are concerned. It 1is,
however, insulated from it with respect to uni-
directional currents so that the member 65 may
be employed as a terminal conductor for apply-
ing positive voltage to the anode. To this end
a terminal screw 68 set in an insulating block
10 is provided at the extremity of the member §9.
The connection between the anode terminal
&4 and the conductive member 63 is made by
means of a threaded stud 66 which is secured
to the outer surface of the terminal. With this
arrangement the member 65 is enabled to serve
not only as a D.-C. terminal connection for the
anode but also as a means for dissipating the
heat generated al the anode during operation.
The grid terminal 48 is directly conductively
connected to the extremity of the intfermediate
conductor {{ through a metal ring 73 having a
circular array of spring contact fingers 1% which
bear upon the under surface of the terminal disk
- 48, With this arrangement the grid 1s grounded
to the resonant structure.
- A somewhat similar arrangement is provided
in connection with the cathode terminal 485,
which is engaged by spring contact fingers T8
mounted upon g metallic ring 79, this ring be-
ing secured to a further ring 80 which rests upon
the upper extremity of the conductor 10. A di-
rect contact between the rings 79 and 80 is pre-
vented by the interposition of an insulating (e.
g., mica) washer 82 which is thin enough to as-
sure eilfective capacitive coupling between the
two rings so that the cathode terminal is, in ef-
fect, connected directly to the conductor 0 as
far as high frequency currents are concerned.
The screws 84 by which the ring 79 is held in
place are insulated from the ring by means of
insulating eyelets 8% so that these screws do not

[l and {2 in the manner illustrated.
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constitute a short-circuiting connection. The
arrangement is accordingly such that the cath-
ode system as a whole can be given a desired
D.-C. bias with respeet to the cther e1ect1 odes of
the tube.

It will be noted that the gnode terminal &4
is of smaller diameter than the grid terminal
48 so that the tube may be readily inserted in

the oscillator assembly even with the grid con-~
tact ring 73 in place. The cathode contact ring

19 is not applied until after the tube is msert-

ed in the assembly.

‘In the use of the apparatus, petentle,l is ap-
plied bhetween the cathode filament 55 (Fig. 2)
and the main body of the cathode structure in

‘such fashion as to cause bombardment and heat-

ing of the emissive cap 53 to occur. Thereatter
positive potential is applied to the anode and
an appropriate potential relationship is estab-
lished between the cathode and grid by a sult-
able hiasing arrangement (not shown). Under
these circumstances and assuming proper tun-
ing of the inner and outer transmission line sec-
tions (i. e., by proper adjustment of the short-
ing rings !8 and 25) high frequency oscillations
may bhe developed.

The occurrence of sueh oscillations depends,
of course, upon the assumption that proper res-
onance conditions are provided by the tuning of
the transmission line sections and that sultable
feedback exists between the anode and grid cir-
cuits. Under some conditions such feedback
may occur solely as a result of the internal plate-
to-cathode capacity of the tube. In most cases,
however, it is desirable that this coupling be aug-
mented in some way, and to this end there is
provided in the present instance a coupling ele-
ment 88 which extends between the inner and
outer resonant cavities. This element comprises
g conductive rod which has a screw-threaded en-
cagement with the ring 79 and which extends
through an opening provided in the ring 73. By
appropriate rotation of this rod its degree of ex-
tension into the space between the conductors
if and 12 can be adjusted to produce a desired
feedback relationship, the plate-to- eethede ca-
pacity obviously being increased as the rod is
moved in an inward direction.

The operation of the oscillator described in
the foregoing may be further explained by refer-
ence to the schematic diagram provided in Fig.
3. In this figure the parallel combination of
condenser (09 and inductance (8f may be as-
sumed to represent the transmission line section
provided between the conductors {I and (2 in
Fig. 1, whereas the combination of condenser
162 and inductance $03 represents the transmis-
sion line section between conductors 10 and il.
The condenser 185 represents the feedback ca-
pacity between the anode 41’ and the cathode
£3’ (these elements corresponding to the simi-
larly numbered elements of Fig. 2). This capaci-
tance is provided partly by internal tube capacity
and partly by the e ect of the coupling element
a8 (Fig. 1). I

It will be understood that the desired tuning
of the transmission line sections is accomplished
by moving the adjustable rings {8 and 26 (¥Fig.
1) until each transmission line has an effective
length close to that of a quarter wave (or, alter-
natively, an odd multiple of quarter waves) at the
operating frequency. As previously indicated,
some detuning from the exact quarter wave value
will ordinarily prove necessary with respect to
one or both lines in order to obtain desired phase
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relationships. The high frequency energy real-
ized during operaticn of the oscillator may  be
coupled to an external circuit, such as an am-
plifier or a radiating antenna, by means of the
‘coupling loop 32 and its associated conductors 34

The D.-C. provisions for the circuit of Fig. 3 in-
clude a potential source 110 which is indicated
conventionally as a battery having its positive
terminal connected to the anode 41’ and its nega-
tive terminal connected to ground and thus to the
grid 42’. Grid bias is obtained by a resistor 113
located in the grid-to-cathode circuit., By-pass
condensers 115 and 116 which correspond respec-
tively to the dielectric spacers 87 and 82 of Fig, 1
isolate the D.-C. system from the high frequency
circuits. The absence of choke coils in the cath-
ode and anode circuits is explained by the fact
that all high frequency e
sbace resonant cavities enclosed by the trans-
mission line sections so that, except for leakage
through the dielectric spacers 67 and 82, no high
frequency currents appear in the anode connec-
tion 69 or in the external cathode connections.
“In the event high freaquency leakage through the
spacer 81 proves troublesome it can be readily
eliminated by the use of suitable filtering means
such as a quarter-wave filter section (not shown)
assoclated with the conductor 65. |

The arrangement shown in Pig, 1 is exemplary

only, and it is entirely feasible and within the

scope of the invention to reverse the orientation
of the tube 48 so that its cathode terminal is cou-
pled to the inner conductor 12 while its ancde
terminal is coupled to the outer conductor 10,
the grid terminal being still directly connected
to the intermediate conductor 11. Under these
circumstances, a somewhat different tuning of the
transmission line sections will be necessary and,
of course, appreopriate changes must be made in
the D.-C, connections, With these alterations
oscillations may be expected to occur on a basis
explainable by a diagram such as that of Fig, 3.
It should be noted that the tube shown in Fig, 2

is of a type which is more fully described in U. S.

Patent 2,284,405, granted to E. D. McArthur, May
26, 1942, and assigned to the General Electric
Company, corporation of New York. |

A further embodiment of which our invention
has been found capable is described in A M.
Gurewitsch application, S. N. 452,946, filed July
30, 1942, this application being also assiened to
the General Electric Company.

What we claim as new and desire to secure by
Letters Patent of the United States is:

1. An oscillator comprising three concentric
conductors in telescoped relation, a first transmis-

ects are confined to the

10

6
sion line sections for maintaining oscillations
therein. | | |

2. An oscillator comprising three telescoped
conductors providing between them a pair of con-
centric cavity resonators, the telescoped extremi-
ties of the conductors being axially offset provid-
Ing a stepwise arrangement regressive from the
outer conductor toward the inner conductor, an
electronic tube having anode and cathode ter-
minals located at the respective ends of the tube
and a grid termina] projecting from an inter-

mediate portion of the tube, said tube interfitting

| -

- with said stepwise conductor arrangement with
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sion line section being provided by the combina- .

tion of the inner conductor and the intermediste
conductor and a second transmission line secticn

being provided by the combination of the inter-
mediate conductor and the outer conductor, a ro-

G0

tationally symmetrical electronic tube having its

structure mounted substantially wholly within the
confines of said outer conductor and having its
axis of symmetry colinear with the common sxis
of sald conductors, said tube including g planar
anode, a planar grid and a planar cathode
mounted in the order named, {erminal means for
sald anode, grid, and cathode spaced axially of
sald tube and connecting respectively said grid
with said intermediate conductor, said anode
with one of the other of said conductors and said
cathode with the remaining one of said con-
ductors, and a coupling between said transmis-

§15
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one of its said end terminals lying close to the ex-
tremity of the inner conductor and its grid ter-
minal lying close to the extremity of the inter-
mediate conductor, means providing high fre-
quency connections between the various terminals
and the various conductors, and feedback cou-
pling between the two cavity resonators.

3. An oscillator comprising three telescoped
conguctors providing between them a pair of con-
centric cavity resonators, the telescoped extremi-
ties of the conductors being axially offset pro-
viding a stepwise arrangement which is regres-
sive from the outer conductor toward the inner
conductor, and an electronic tube having a cath-
ode, a grid and an anode mounted in end-to-end
relation in the order named, said tube interfitting
with said stepwise conductor arrangement with
its anode terminal coupled with the inner con-
ductor, 1ts grid terminal with the intermediate
conductor and its cathode terminal with the outer
conductor, and a mutual coupling between said
cavity resonators for sustaining operation of said
tube as an oscillator.

4, An oscillator comprising three telescoped
conductors defining between them a pair of con-
centric transmission line sections, movable means
interposed between the various conductors for
determining the effective length of the said trans-
mission line sections, means projecting from one
end of the said conductors for adjusting the said
movable means and for thus tuning the transmis-
slon line sections, and a grid-controlled elec-
tronic tube extending within the other end of said
conductors, said tube having its grid coupled to
the intermediate conductor and its anode and
cathode respectively coupled to the inner and
outer conductors whereby oscillations may be
developed upon proper tuning and feedback ad-
Justment of said transmission line sections,

9. An ultra high frequency device comprising
three telescoped conductors defining between
them a pair of concentric transmission line sec-
tions, movable means interposed between one
palr of said conductors for determining the ef-
fective dimensions of the transmission line sec-
tion between such conductors, means at one end
of sald conductors for adjusting the said movable
means and thus tuning the said transmission line
section, said telescoped conductors terminating at
the other end at different axially displaced points
to provide a stepwise arrangement progressing
from the inner to the outer conductor, and a grid-
controlled electronic tube extending within the
other end of said conductors, said tube having
terminals connected respectively with said anode,
said grid, and said cathode and supported in
axially spaced relation with the intermediate one
of said terminals coupled to the intermediate con-
ductor and the terminals connected with its anode
and cathode respectively coupled to the other
conductors, whereby oscillations may be de-
veloped upon proper relative tuning of said trans-
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mission line sections by adjustment of said mov- Number
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