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Our invention relates to high frequency ap 
paratus and particularly to improved arrange 
ments for controlling the coupling between a re 
sonant structure and an output circuit. While 
not limited thereto, our invention is particularly 
well adapted for controlling the coupling between 
the resonant circuits of a tunable anodestructure 
of a high frequency magnetrora and a coupling 
loop of an output circuit. 

(Cl. 250-27.5) . 

is tuned by a pair of disk-like members of differ 
ent diameters located on opposite sides of the 
anode and rigidly secured together so that they 
move in unison as the magnetron is tuned. One 

5 tuning disk is arranged to control predominately 
the capacitive component of the tuned circuits 
and the other disk, hereinafter sometimes called 
L. ring, is arranged to control predominately the 
inductive component of the tuned circuits. As 

Magnetron constructions employing a resonant 10 the capacitative tuning element moves closer to 
anode structure, including an array of tuned cir 
cuits arranged about a central opening in which 
the electrons constituting the space charge of the 
magnetron are adapted to move, have been widely 

the anode structure and the inductive tuning ele 
ment moves away from the anode structure, the 
inductance and capacitance are simultaneously 
increased, thus tuning the anode to a lower op 

used as a source of high frequency electric oscil- lis-erating frequency. In accordance with our in 
lations. It is often desirable to provide means for 
tuning the resonant anodestructure to determine 
or control the frequency at which the magnetron 
operates. In the copending Nelson application 
Serial No. 566,288, filed December 2, 1944, entitled 
"Electric discharge devices' and assigned to the 
assignee of the present invention, now matured 
into Patent 2,424,496, granted July 22, 1947, is 
described and claimed a tuning arrangement for 
magnetrons in which a pair of disks, arranged at 
opposite ends of the anodestructure and rigidly 
coupled together, are provided for simultaneously 
varying the inductive and capacitive components 
of reactance of the various tuned circuits of the 
anode structure. We have found that when op 
erating a magnetron, such as the one described 
in the above-identified Nelson application, the 
range of tuning, efficiency and stability of opera 
tion may be increased by varying the coupling 
between the tuned circuits of the anode and the 
output circuit. In accordance with an important 
feature of our invention, We provide means for 
varying the coupling between the tuned circuits 
of the anode and the output circuit as the operat 
ing frequency is adjusted, 

It is an object of our invention to provide a 
new and improved magnetron device, 

It is another object of our invention to provide 
a new and improved tuning arrangement for 
magnetrons. ". . 

It is still another object of our invention to 
provide new and improved high frequency ap 
paratus including a resonant anode structure-and 
an output circuit in which the effective coupling 
between the output circuit and the resonant 
structure is varied with variations in the operat 
ing frequency. - - 

In accordance with the illustrated embodiment 
of our invention, we provide a magnetron includ 

vention, we provide a vane extending from the 
edge of the capacitive tuning element in align 
ment with the coupling loop of the output circuit 
to cut off a portion of the flux which would other 

20 Wise link the output loop. This vane reduces the 
effective coupling between the anode and the out 
put circuit as the operating frequency is lowered, 
with the result that the operation of the device is 
stabilized. In order. to increase the coupling 

25 between the output loop and the anode structure 
as the magnetron is tuned to higher operating 
frequencies, an opening is provided in the L-ring 
in alignment with the output coupling loop with 
the result that flux linking the output circuit is 

30 increased at higher operating frequencies result 
ing in higher efficiency and a wider range of tun 
ing than would otherwise be possible. The de 
sired change in coupling with position of the 
L-ring is attained by a collar conforming gen 
erally with the shape of the output loop and ex 
tending into the anode cavity in the direction of 
the loop. Also, a land on the lower side of the 
L-ring of less thickness than the collar and con 
forming to the space between adjacent radial 

to vanes is employed to compensate for the lowered 
reluctance to magnetic field caused by the pres 
ence of the hole in the tuning disk. 
Our invention will be better understood by 

reference to the following description taken in 
45 connection with the accompanying drawing, and 

its scope will be pointed out in the appended 
claims. In the drawing, Fig. 1 is an elevational 
view, partially in section, of a magnetron device 
embodying our invention; Fig. 2 is a Sectional 

50 view taken along the line 2-2 of Fig. 1, and Fig. 3 
is a sectional view taken along the line 3-3 of 
Fig. 1. 
Referring now to the drawing, our invention has 

been illustrated as embodied in a magnetron 
ing a vane-type resonant anode structure which 55 device including a generally cylindrical envelope 
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f, preferably formed of good conducting material 
such as copper. The cylinder is closed by a cove: 
plate 2 and a bottom plate 3 which may be joined 
to the side wall of the envelope in any suitable 
nanner. In the particular embodiment illus 
trated, the resonant anode structure is formed 
integrally with the side wall of the envelope and 
includes a circumferential portion 4 and a plu 
rality of equally spaced radially extending vanes 
5 terminating short of the center of the envelope 
to define a generally cylindrical space within 
which the cathode 6 of the device is positioned. 

In one desired mode of Oscillation of the reso 
nant anode structure, the portions of adjacent 
vanes facing the cathode are displaced 180 elec 
trical degrees. Operation in this mode is en 
hanced by connecting alternate vanes by con 
ducting members at the ends thereof adjacent 
the central opening of the anode structure. As 
shown in the drawing, annular conducting straps 
and 3 are Secured to the lower face of the anode 

Structure concentrically with the central open 
ing in the anode. These straps 7 and 8 are con 
nected with different sets of alternate anode sec 
tions and each strap is insulated from the other 
Set of vanes by recesses 9 which provide Suit 
able clearance between the vanes and the straps. 
The straps 7 and 8 provide a flat surface which 
cooperates with the capacitive tuning element 
to vary effectively the capacity of the various 
circuits of the anode structure. As illustrated 
in the drawing, the capacitive tuning member is 
a disk i o), preferably formed of conducting ma 
terial Such as copper. A larger disk f is ar 
ranged on the opposite side of the anode and 
connected rigidly with the disk to by supporting 
rods 2 which are adjustably supported from the 
cover plate 2 by adjusting caps f3. As illustrated 
in Fig. 1, the cap 3 is threaded on a collar 4 
extending upwardly from the cover plate 2, and 
the supporting rod 2 is rotatably received in 
the adjusting cap 3. A flexible bellows 5 sealed 
to the cover plate 2 and to the supporting rod 
f2 seals the envelope while permitting axial 
movement of the supporting rod 2. The tun 
ing arrangement just described is in general sim 
ilar to that described and claimed in the above 
identified Nelson application. 
An output circuit for extracting energy from 

the high frequency field produced in the reso- : 
nant anode structure is provided by a concen 
tric transmission line including an outer con 
ductor 6 threaded into the envelope f, and a 
central conductor 7 terminating in a loop fe in 
one of the resonant cavities defined by adjacent 
Vanes of the anode structure. It will be under 
stood that the transmission line is hermetically 
Sealed at Some point along its length to complete 
the enclosure for the magnetron device. 
In Order to modify the coupling between the 

output loop 8 and the flux in the resonant anode 
Structure as the tuning members O and f are 
adjusted in position, we provide a fange or 
paddle-like extension 9 on the edge of the ca 
pacitive tuning disk to and extending in align 
ment with the output loop 8. It will be apparent 
that this paddle functions to choke off a portion 
of the flux which would otherwise link the anode 
Structure and the output loop as the disk O is 
moved closer to the anode structure, in this way 
decreasing the effective coupling with the out 
put as the device is tuned to lower operating 
frequencies. In order to increase the flux link 
ing the output loop 8 and the effective cou 
pling with the anode structure as the device is 

O 

4 
tuned to higher operating frequencies, opening 
20 is formed in inductive tuning disk in align 
ment With the output loop 8 and of the same gen 
eral Shape. While this opening alone has the 
effect of increasing the coupling, Operation of the 
device is improved by providing a depending 
flange 2 of the Same general shape as the Output 
loop and Surrounding the opening 20. This flange 
terminates at about the plane of the loop 8 
when the tuning disk is in its lowest position, 
that is when the magnetron is tuned to its highest 
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operating frequencies. 

frequency. An extension or land 22 on the lower 
face of the tuning disk if, conforming essentially 
to the Space between the vanes bounding the out 
put loop 8 behind the flange 2, further improves 
the operation of the device as it is tuned to higher 

This land is preferably 
considerably shallower than the flange 2. In 
order to maintain the-tuning assembly of the 
same high frequency potential as the envelope, 
a plurality of flexible shorting strips 23 are con 
nected between the tuning disks if and the cover 
plate 2. These strips are flexible enough to per 
mit free movement of the tuning assembly and 
are effective to prevent the introduction of ex 
traneous frequencies into the System. 
The cathode 6 is Supported from the cover 

plate 2 by a hollow supporting tube 24 which is 
secured to a sleeve 25 by a cap 25'. The sleeve 25 
is Sealed to the upper end of an insulating sleeve 
26, preferably of glass and having its lower end 
Sealed to the upper end of an upstanding sleeve 
2 formed on the cover plate 2. The upper end 
28 of the tube 24 provides the cathode terminal 
Which may also provide the external connection 
for one side of the heater element (not shown). 
The other heater element is positioned centrally 
of the Supporting tube 24 and maintained in in 
Sulated relation with respect thereto by a suitable 
spacing insulator 30. The conductor 29 extends 
from the upper end of the tube 24 and is sealed 
thereto by a body of glass 3. 
A magnetic field is produced in the space be 

tween the cathode 6 and the ends of the vanes 
5 by Suitable permanent or electromagnetic means 
(not shown) having pole pieces 32 and 33 lo 
cated opposite the ends of the Cathode 6 and on 
the exterior, of the envelope. 
The operation of the embodiment of my inven 

tion described above as a source of high frequency 
electrical oscillations is believed to be generally 
understood. Briefly, this operation is as follows: 
Electrons emitted from the surface of the cathode 
6 move in the annular space between the cathode 
and the ends of the radial vanes 5 in curvilinear 
paths determined by the geometry of the anode 
Structure and the resultant action of mutually 
perpendicular electric and magnetic fields pro 
duced, respectively, by a voltage across the anode 
and cathode and by the pole pieces 32 and 33. 
Movement of the electrons excites the anode 
structure and causes electrical oscillations at a 
frequency determined by the constants of the mu 
tually coupled circuits formed by the radial vanes. 
Energy is extracted from the high frequency field 
produced in the openings through the anode by 
means of the output loop 8 which is connected 
With the central conductor of the output trans 
mission line. As the tuning structure is moved 
downwardly, as viewed in Fig. 1, plate if, which 
is the inductive tuning element, moves closer to 
the anode structure choking off a portion of the 
high frequency flux which normally passes 
through the openings of the anode and the capac 
itive tuning element fo is moved away from the 
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straps 7 and 8, thus simultaneously reducing the 
inductive components of reactance of the tuned 
circuits of the anode and tuning the device for 
operation at a higher frequency. In order to 
increase the coupling between the high frequency 
of the anode and the output circuit including the 
loop 8 as the device is tuned to higher fre 
quencies, the opening 20 in the inductive tuning 
disk is provided in alignment with the output 
loop 8. This opening allows flux to thread the 
loop 8 which would otherwise be cut off by the 
tuning disk. The flange 2 f and land 22 are pro 
vided to control the change in coupling with oper 
ating frequency in such a manner as to maintain 
efficiency and stability over a wide range of oper 
ation. The paddle or vane extension 9 on the 
capacitive tuning element 10 functions to de 
crease the coupling between the flux of the anode 
structure and the output loop as the device is 
tuned to a lower operating frequency, with the 
result that the stability of the oscillations is in 
creased. . . . . . . . . . 

While we have shown and described a particu 
lar embodiment of our invention, it will be ob 
vious to those skilled in the art that changes and 
modifications may be made without departing 
from our invention in its broader aspects, and 
we, therefore, aim in the appended claims to cover 
all such changes and modifications as fall within 
the true spirit and scope of our invention. 
What we claim as new and desire to secure 

by Letters Patent of the United States is: 
1. An electric discharge device comprising a 

Space resonant structure adapted to be excited 
into high frequency oscillation by the space 
charge of said device, means adjacent said struc 
ture for tuning said structure to different oper 
ating frequencies, an output element coupled to 
said structure, and means intercoupling said 
means and said output element for varying the 
coupling between Said resonant structure and said 
output element as the operating frequency is 
Varied. 

2. An electric discharge device comprising a 
space resonant structure adapted to be eXcited 
into high frequency oscillation by the Space 
charge of said device, means adjacent Said struc 
ture for tuning said structure to different oper 
atting frequencies, an output means including a 
loop conductor coupled to said structure, and 
means intercoupling said means and said output 
means for increasing the coupling between said 
resonant structure and Said output means as the 
Operating frequency is increased. 

3. An electric discharge device comprising an 
anode structure including an array of cavity 
resonators about a central opening within which 
the electrons constituting the space charge of the 
device are adapted to move, a tuning structure 
mounted adjacent said anodestructure for move 
ment with respect to said anodestructure for con 
trolling the Operating frequency of Said device, an 
output loop positioned in One of Said cavity reso 
nators, and means intercoupling said tuning 
structure and said loop for varying the coupling 
between the high frequency flux of said anode 
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structure and said output loop as said turning 
structure is moved with respect to Said anode. 

4. An electric discharge device comprising an 
anode structure including an array of cavity 
resonators about a central opening within which 
the electrons constituting the Space charge of the 
device are adapted to move, a tuning structure 
mounted adjacent said anode structure for move 
ment with respect to said anode structure for 

70 

75 

6 
controlling the operating frequency of said device, 
an output element coupled to said anode struc 
ture, and means intercoupling said tuning struc 
ture and said output element for varying the cou 
pling between the high frequency flux of said 
anode structure and said output element as said 
tuning structure is moved with respect to said 
anode. . . . 

5. An electric discharge device of the magne 
tron type including an anode having a plurality 
of openings forming a plurality of coupled cavity 
resonators, a source of electrons adjacent said 
anode for exciting said anode into high frequency 
oscillation, a tuning member adjacent said anode 
movable with respect to said anode for control 
ling the operating frequency of said device, an 
output element coupled to said device including 
a loop conductor coupled to one of said cavity 
resonators for coupling with the flux thereof, said 
tuning member having a recessed portion adja 
cent to Said loop conductor to increase the cou 
pling between Said anode and said output ele 
ment as Said device is tuned to higher operating 
frequencies. 

6. An electric discharge device including an 
anode having a plurality of openings forming a 
plurality of coupled cavity resonators, a source 
of electrons adjacent said anode for exciting said 
anode structure into high frequency oscillation, 
a tuning member mounted adjacent said anode 
and movable with respect to said anode for con 
trolling the operating frequency of said device 
and Overlying a portion of each of said open 
ings, an output means including a loop conductor 
coupled to One of Said cavity resonators for 
coupling With the flux of one of the openings of 
Said anode, said tuning member having an open 
ing in alignment with Said loop to maintain the 
coupling between said anode and said output 
means as said device is tuned to higher operating 
frequencies. 

7. An electric discharge device including an 
anode having a plurality of openings forming a 
plurality of coupled cavity resonators, a source 
of electrons adjacent said anode for exciting said 
anode structure into high frequency oscillation, 
a tuning member mounted adjacent said anode 
and movable with respect to said anode for 
controlling the operating frequency of said de 
Vice and overlying a portion of each of said 
Openings, an output means including a loop con 
ductor coupled to one of said cavity resonators 
for coupling With the flux of one of the open 
ings of Said anode, said tuning member having 
an opening in alignment with said loop and a 
curved flange extending from Said member into 
Said one of Said openings and about said loop 
to control the flux linking said loop and said 
anode as Said tuning member is moved toward 
and away from Said anode. 

8. An electric discharge device of the mag 
netron type, comprising an anode structure hav 
ing a plurality of openings therein forming a 
plurality of coupled cavity resonators, first and 
second tuning members mounted on opposite 
sides of said anode and movable with respect 
thereto for changing the operating frequency 
of Said device, an output element coupled to said 
device, means Supported from said first men 
tioned tuning member for decreasing the cou 
pling with said output element as said member 
is moved toward Said anode structure, said second 
tuning member having an opening therein juxta 
posed to Said output element for increasing the 
coupling with Said output element as Said second 
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tuning member is moved towards said anode 
structure. 

9. An electric discharge device of the mag 
netron type, comprising an anode structure hav 
ing a plurality of openings therein forming a 
plurality of coupled cavity resonators, first and 
second tuning members mounted on opposite 
sides of said anode and movable with respect 
thereto for changing the operating frequency of 
said device, an output means coupled to said 
device including a coupling loop, a flange Sup 
ported from said first mentioned tuning member 
and in alignment with said loop for decreasing 
the coupling with said output means as Said mem 
ber is moved toward Said anode structure, said 
Second tuning member having an opening juxta 
posed to said loop in alignment. With Said loop for 
increasing the coupling with Said output means as 
said Second tuning member is moved towards Said 
anodestructure. 

10. An electric discharge device comprising an 
anode structure having a plurality of Spaced 
openings the walls of which define an array of 
cavity resonators about a central opening within 
which the electrons constituting the Space charge 
of the device are adapted to move, a tuning 
member mounted adjacent Said anode structure 
for movement with respect to said anode struc 
ture for controlling the operating frequency of 
said device and extending over said openings, 
an output means including a loop positioned in one 
of said openings, Said member having an opening 
in alignment With said loop, and means extend 
ing from Said member into the opening in said 
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8 
anode structure in which said loop is located and 
conforming generally to the portion of said last 
mentioned opening not occupied by said loop. 

11. An electric discharge device of the mag 
netron type including an anode having a plu 
rality of openings forming a plurality of coupled 
cavity resonators, a source of electrons adjacent 
said anode for exciting said anode into high fre 
quency Oscillation, an output means comprising a 
loop conductor coupled to one of said cavity reso 
nators for coupling with the flux thereof, a tuning 
member adjacent said anode and moveable with 
respect thereto for controlling the operating fre 
quency of Said device, said tuning member includ 
ing a portion juxtaposed to said loop, the edge of 
Said portion having an open shape in the vicinity 
of Said loop whereby coupling between said anodes 
and Said output means is increased as said tun 
ing member approaches Said anode. 

ROBERT N. HALL. 
AMANDUS H. SHARBAUGH. 
LEW TONKS. 
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