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Application October 25, 1949, serial No. 123,519 

9 Claims. (CI, 315-39) 
... This application relates to electron discharge 
devices and more particularly to-magnetrons of 
the tunable type. . . . . . . '. 

In tunable magnetrons of the cavity type which 
are tuned by the insertion of tuning elements 
into the cavities, it has been discovered that the 
tuning elements themselves resonate, thereby 
Sapping power from the cavities and lowering the 
efficiency of the device. More specifically, as the 
magnetiron frequency is varied, the resonant 
frequencies of the tuning structure vary so that 
they will coincide with the frequency of the 
magnetron at several points over the frequency 
lange of Operation of the magnetron. At these 
points of coincidence the power sapped by the 
tuner from the cavities is so great that operation 
of the magnetron as a microwave power gen 
-erator is unsatisfactory, if, indeed, operation is 
at all possible. ". . . . 

Applicanthas discovered that by strapping the 
lower: ends of the tuner elements which extend 
into the cavities, interference-between the reso 
nances of the tuner and the operation frequency 
of the magnetron may be eliminated. ... 
:Applicant also provides herein a mechanism 

particularly adaptable to operation of this 
tuning structure, whereby the magnetic field 
across ...the magnetron is varied synchronously 
With Variations in the tuning of the device. 

Further objects, and advantages of this inven 
tion will, become apparent as the description 
progresses, reference being, had to the accom 
panying drawings wherein: 

Fig.1 illustrates a longtudinal cross-sectional 
View of a magnetron utilizing applicant's inven 
tion taken along line - of Fig. 2; . 

Fig. 2 illustrates a partially broken-away 
transverse cross-sectional view of the device 
Shown in Fig. 1, taken along line 2-2 of Fig.1; 

Fig. 3 illustrates a perspective view of the 
tuning structure used in Figs. 1 and 2 showing 
the details of the tuner strapping; and 

Fig. 4 illustrates a modification of the tuning 
structure shown in Fig. 3 which may be used in 
place of the tuning structure shown in Fig. 3. ? 

Referring now to Figs. 1 and 2, there is shown 
a magnetron comprising an anodestructure O 
consisting of an anode cylinder if which may be 
of any desired material, such as copper. Ex 
tending radially inwardly from the inner surface 
of anode cylinder are a plurality of planar 
anode members 2 whose planar surfaces are 
parallel to the axis of cylinder of . Anode mem 
bers, 2 may be connected alternately at their 
lower edges adjacent their inner ends by a pair 
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of straps, 3 to prevent spurious 
the anodestructure. ; : , ; ; ; ; ; ; ; ; ; ; 
The ends of anode cylinder. It are closed by 

upper and lower end plates 4 and 15, respec 
tively. Lower send plate. 5 has therein a hole 
concentric with the axis of cylinder II in which 
is positioned a magnetic pole piece 6. Pole 
piece f6 has therein a hole concentric with the 
axis of cylinder at and through which extends a 
cathode assembly il. Cathode assembly T.com 
prises a metallic cylinder 8 which extends, up 
wardly into cylinder past the inner ends of 
anode members 2, and which is coated with 
electron-emissive material on its outer surface 
over the area, adjacent the inner ends of anode 
members 2. : . . 
Cathode cylinder. 8, which is hollow, contains 

therein a heater coil 19, the upper end of which 
is connected to cylinder f3, and the lower end 
of which is connected to a lead-in member 20. 
Heater coil 19 and lead-in member 20 are in 
sulated from cylinder 8 by being coated by any 
desired insulating material, such as, for exam 
ple, Alundum. The lower end of cathode cylinder 
8.is attached to a supporting cylinder 2 sur 
rounding lead-in member 20. Lead-in member 
20 is insulatedly supported with respect to Sup 
porting cylinder 2, by any desired means, such 
as an insulating seal, not shown. Similarly, 
supporting cylinder 21 may be insulatedly sup 
ported with respect to magnetic pole piece by an 
insulating seal, not shown. ." ". 
Upper end plate 4 has therein a hole concen 

tric with the axis of cylinder if and through 
which extends a magnetic pole piece 22. Inside 
magnetic pole piece 22, and concentric therewith, 
is a movable pole piece 23, which slidably engages 
the inner surface of pole piece.22. The lower end 
of movable pole piece 23 has therein a recess 24 
to accommodate the upper end of cathode cyl 
inder 18. A vacuum seal is maintained in anode 
cylinder ti by means of a diaphragm structure 
25 attached to movable pole piece 23 and upper 
end plate f4. A magnetic field is produced be 
tween the adjacent ends of pole pieces 16 and 23 
by any desired means, such as a permanent 
magnet connecting pole pieces.f6 and 23 through 
an external magnetic path 26. . . . . . 
In order to remove microwave energy from the 

cavities there is provided an output coupling 
Comprising a loop 2 extending into one of the 
cavities formed by a pair of anode members f2. 
‘One end of loop 2 is connected to a lead-in 
member 28, which extends through the wall of 
anode cylinder . . . Conceritric with leadin 
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3 
member 28 is a sealing member 29 comprising a 
cylinder threaded into the Wall of anode cylinder 
f and extending outwardly concentric With 
lead-in member 28 to an insulating Seal, not 
shown. The other end of loop 2 is connected 
to the inner end of the cylinder 29. 
Attached to the lower end of movable pole 

piece 23 is a tuning structure 30 comprising a 
metallic ring 3 surrounding the lower end of 
pole piece 23. Extending downwardly from ring. 
3, and integral therewith, are a plurality of 
tuning elementS 32. 
prises a prism having a substantially trapezoidal 

Each tuning element come 
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segments of straps, becomes a high-pass filter 
whose lower cutoff frequency is the T mode of 
the tuner. Therefore, frequencies below the ir 
mode of the tuner will not travel along the trans 
mission line made up by the tuner cavities, and 
hence no resonances below the nt mode of the 
tuner will occur therein. Since the it mode fre 
quency of the tuner is made considerably higher 
than the operating frequency of the magnetron 
and since the strapped tuner Will not resonate at 
frequencies below the It mode of the tuner, in 
terference due to coincident resonance of the 

cross-section which conforms to the cross-section. 
of the inner ends of the cavities formed by anode. 
members 2. ? ? > ? ? ? ? ? ? ? 
Alternate tuning elements 32; are connected at 

15. 
'ture. 

their lower ends by a pair of straps. 33. As 
shown here, the straps 33 set into notches 34 in 
the tuning elements. This form of notching is 
similar to the form of notching used for con 
necting alternate anode members f2 by the 
straps 3. However, the straps may be posi 
tioned below the tuning elements and connected 
to the tuning elements by small extensions on 
the lower ends of the tuning elements. The 
upper edges of anode members 2 have notches 
35 therein which allow the passage of straps 33 
downwardly as the tuning elements 32 are in 
serted into the cavities formed by anode mem 
bers 2, said notches being large enough to pre 
vent contact between straps 33 and the anode 
members 2. . . . . 
One explanation of the operation of straps 33 

is as follows. The tuning structure 3 behaves 
as a resonant cavity, at a frequency where the 
electrical distance from the lower end of one 
tuning element up to ring 31 and back to the 
lower end of the next adjacent tuning element 
is equal to a half wave length of said frequency. 
This may be termed the armode resonance of the 
tuner. Thus it may be seen that adjacent tuner 
elements form resonant cavities in a manner sub 
stantially similar to the manner in which adja 
cent anode members f2 form resonant cavities. 
These cavities may be thought of as a tank cir 
cuit having lumped parameters comprising in 
ductance and capacitance. Due to close cou 
pling between adjacent cavities, they may be 
considered as a plurality of sections of a trans 
mission line which are connected in series. An 
analysis of these circuit parameters, which in 
clude the inductance and capacitance, of the 
tuner elements and the capacitance between the 
tuner elements and the anode members, discloses 
that, in the absence of straps in the lower ends 
of the tuning elements, each pair of adjacent 
tuner elements which comprises a transmission 
line section behaves as a low-pass filter whose 
upper cutoff frequency is the at mode of the 
tuner. Thus it may be seen that even though 
the dimensions of the tuning be shortened to 
raise the r mode of the tuner 30 well above the 
Operating frequency of the magnetron, lower fre 
quencies will exist in the tuner structure which 
represents modes of resonance whereat a wave 
travelling along the transmission line made up 
of the cavities of the tuner structure will shift 
in phase by a multiple of two irradians during 
one complete journey around the tuning struc 
ture, thereby returning to the starting point in 
phase to reinforce the initial wave. 

However, when the tuning structure is 
strapped, an analysis of the tuning structure 
.discloses each cavity thereof, together. With the 
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tuner with the operating frequency of the mag 
netron is completely eliminated. 

Referring now to Fig. 4, there is shown an 
other modification of a strapped tuning struc 

This comprises a ring 36 similar to ring 
3 for attachment to the lower end of pole piece 
23. Extending downwardly from ring 36 are 
tuner elements 37 similar to tuner elements, 32 
of the tuner 30. The lower ends of the tuner 
elements 37 are all connected together by a 
single circular strap set in notches in the lower, 
"Outer corners of the tuner elements 37. 

It may be seen that the lowest frequency at 
which the tuner elements 37 will resonate will 
be governed by the greatest distance between 
points where adjacent tuner elements 37 are 
Shorted and points where adjacent elements 
3 are open, for example, the distance between 
the Straps 38 and the lower inner corners of the 
elements.37. This distance equals an electrical 
quarter wave length of the lowest possible res 
Onant frequency of the tuner. Since this dis 
tance is made considerably less than a quarter 
wave length of the operating frequency of the 
magnetron, the resonances of the tuning struc 
ture are Well above the operating frequency of 
the magnetron. 

: By connecting the tuning structure 30 to the 
movable magnetic pole piece 23, applicant is able 
to vary the magnetic field across the interaction 
Space between the cathode 7 and the anode 
members 2 synchronously with variations in the 
operating frequency of the device. Either the 
magnetic field or the anode-cathode voltage of a 
magnetron must be varied with variations in 
frequency to produce optimum operating con 
ditions for the magnetron, and applicant, by 
varying the magnetic field, is able to utilize a 
constant anode voltage for the device over the 
range of frequencies. Since a magnetron SeS 
extremely high voltages which involve large in 
Sulators, the use of a constant voltage, power 
Supply rather than a variable one produces a 
cheaper and more reliable device. 
This completes the description of the particu 

lar Species of the invention illustrated herein. 
However, many modifications thereof will be ap 
parent to persons skilled in the art. For ex 
anple, the straps 33 and 38 may be placed at 
other positions on the tuning structure and other 
configurations of tuning elements may be used. 
Furthermore, the anode members 2 need not 
necessarily be strapped, and may be of a dif 
iferent shape from that used herein. Therefore, 
applicant does not wish to be limited to the 
Specific details of the embodiment of the inven 
tion disclosed herein except as defined by the 
appended claims. 
| * What is claimedis: 

1. An electron discharge device comprising an 
node structure defining a cavity resonator hav 

ing a plurality of cavities, a Cathode adjacent said 
anode structure, and a tuning Structure having a, 

  

  




