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This invention relates to magnetron construc 
tion and more particularly to magnetron Strap 
ping arrangementS. 
In multi-cavity magnetrons the Walls Or Vanes 

separating the cavity resonators are generally 
interconnected by conductors or Straps SO that 
the magnetron will operate in a stable mode. 
These straps are provided to interconnect alter 
nate wanes, one interconnecting the odd nun 
bered wanes and a second interconnecting the even 
numbered vanes. In the usual construction the 
straps are arranged at one or both ends of the 
WaleS. 

In the construction of higher power Ilag 
netrons the length of the vanes is increased to 
provide greater power output. With such con 
struction a non-uniform heat distribution Oc 
curs which tends to cause overheating at pointS 
Within the magnetron. This presents a trouble 
Some cooling problem and for this reaSOn it has 
been customary to make the heat conductive 
path between the magnetron vanes and the anode 
cooling medium as short as possible. 
Applicant has observed that the heating effect 

is greater in the area of the anode resonator 
wanes adjacent the points of connection of the 
strapping conductors. It is considered that this 
interconnection of the vanes tends to distort the 
normally even distribution of the charging cur 
rent in the vanes, causing a concentration at : 
the points of connection of the straps or connect 
ing rings. This tends to cause non-uniform heat 
distribution and compilicates the proben of anode 
cooling. In the lower power magnetrons the 
length of the walls or vanes is relatively Small 
with respect to the operating frequency wave 
length and the problenn is therefore not acute. 
For increased power the length of the cavities 
is made greater, for example, more than a quar 
ter Wave length and thus the problem is greatly 
aggravated. 

It is an object of my invention to inprove the 
Operation of magnetroins by providing a plural 
ity of strapping conductors distributed along the 
length of the anode cavity walls, Spaced apart a 
distance in the Order of a sixth wave length or 
less at the operating frequency. 
In accordance with a feature of my invention, 

in a magnetro having an Outer anode Wall pOF 
tion and a plurality of electrode sections form 
ing a plurality of cavity resonators, the length 
of the sections being greater than a quarter wave 
length, there is provided two or more sets of 
anode strapping conductorS Spaced along the 
length of the sections at Substantially a sixth 
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Wave length or less. In some forms only two 
Sets of straps are provided the straps being then 
Spaced from the ends of the electrode Sections. 
It is desirable however to use as many sets of 
Straps as practical, bearing in mind that an 
Opening must be preserved for interaction of the 
electrons from the cathode with the anode res 
Onators. 
The above-mentioned and other features and 

objects of this invention and the manner of at 
taining them. Will become more apparent and 
the invention itself will be best understood by 
reference to the following description of an em 
bodiment of the invention taken in conjunction 
With the accompanying drawings, in which: 

Fig. 1 is an illustration of a transverse cross 
Sectional view of a magnetron along the line 
f-l of Fig. 2, illustrating the anode construc 
tion incorporating my invention. 

Fig. 2 is a cross sectional view of a portion of 
a magnetron according to Fig. 1 taken along the 
line 2-2 thereof; 

Fig. 3 is a view of a single magnetron vane 
illustrating a modified form of my invention; 

Fig. 4 is a fragmentary vane of a magnetron 
showing further modification illustrating a dif 
ferent feature of the invention, and 

Fig. 5 is a fragmentary view of the modifica 
tion of Fig. 4 viewed along the line 5-5. 
Turning first to the embodiment illustrated in 

FigS. 1 and 2, a portion of the magnetron anode 
is shown consisting of an outer wall f having a 
plurality of radially extending walls, electrode 
Sections, or vanes 2 forming extensions of the 
anode electrode and providing a plurality of cav 
ity resonators. Coaxially mounted with respect 

...to the anode of the tube is provided a cathode 
3 Which may have the usual heat shield hats 4. 
It Will be understood that in the complete mag 
netron a magnet will be provided to produce the 
controlling magnetic field. However, since this 
may be Conventional and is not a part of this 
invention, illustration thereof has been omitted 
for clarity. An output coupling for the mag 
netron has been shown at 5. 
AS is well known in multi-cavity magnetrons, 

the magnetron will tend to operate in unstable 
In Odes unless certain provisions are made. To 
avoid this difficulty the various cavities are cou 
pled together by means of conductors or strap 
ping ringSaS shown at 6 and 7. Strapping ring con 
ductorS 6 Serve to interconnect alternate ones of 
Vanes 2 which may be designated as the odd 
numbered vanes and strapping ring 7 couples to 
gether the other vanes 2 which may be desig 



2,649,556 
3. 

nated as the even numbered vanes. In the usual 
magnetron construction one of such strapping 
rings may be provided usually connected at one 
end of the vanes. Such interconnection will 
serve to prevent mode shifting in the opera 
tion of the magnetron. Some types of magnetron 
have also been produced with straps at both 
ends of the vanes for the sake of Symmetry. 
In high powered magnetrons the vanes 2 are 

made relatively long so that greater energy may 
be obtained therefrom. In Such cases it has 
been found that the anode did not heat uniform 
ly but that heat spots tend to develop on the 
inner ends of the resonator yanes. This pre 
sents a difficult problem in heat control Since 
it is necessary to provide sufficient cooling to 
Inaintain these portions below ; a 'dagerous 
operating temperature. I have found that this 
heating tends to be localized in the area adja 
cent the strapping conductors. It is my theory 
that this heating is caused by a distortion of 
the normally evenly distributed charging cur 
rent Within the resonators'. When no Strapping is 
used. The strapping tends to cause these charg 
ing currents to be distorted toward the Straps 
resulting in an uneven heat-distribution. 'I have 
found that this undesirable effect can be largely 
mitigated by providing a plurality of strapping 
conductors S and distributed along the length 
Of the resonator Vanes. When these vanes are 
an appreciable fraction of a wave length long, for 
example, longer than a quarter Wave length, an 
undue concentration of currents fron the entire 
Surface may take place. 

According to my invention therefore I provide 
a distribution of these straps 6 and 7 along the 
length of the vanes Such that the Spacing be 
tween sets of strapping conductors is in the order 
of a sixth of the operating wave length or less. 
This results in considerable reduction of . Spot 
heating which I consider to be caused by a more 
uniform distribution of charging current in the 
Vanes due to the distribution of the strap con 
nections throughout the length thereof. 
In Fig. 3 is shown a Single magnetron vane 2. 

This vane, may be, for example, in the order of 
three tenths of a wave length long. Here I have 
provided simply two sets of strapping conduc 
torS 6 and Spaced from the ends of the vane 2 
at approximately one quarter of the length of 
the vane. This construction has been found to 
provide a very Satisfactory operation at high fre 
quency With Substantially a 10 kilowatt continu 
OuS Wave output. The strapping, so distributed 
Completely removes any tendency of the magne 
trOn to operate in undesired modes - even when 
the numbers of cavities is quite high as for ex 
ample 20, and the tendency to improper heating 
at given SpotS is Substantially overcome. 
While I have indicated in the systems shown 

in FigS. 1, 2 and 3 conventional magnetron 
Strapping conductors it may be realized that 
the Strapping conductors carry no current at the 
Wanted mode but may tend to carry considerable 
energy in the unwanted modes. In order to at 
tenuate the energy at these unwanted modes a 
modified type of magnetron strapping may be 
provided as illustrated in Fig. 4. In this figure 
is illustrated a conventional vane type magne 
tron anode having an outer wall 8 and vanes 9 
providing the usual resonator cavities. The 
Straps for reducing the unwanted mode opera 
tion may comprise a plurality of fine filamen 
tary Wires G and f l respectively which serve to 
interconnect alternate odd and even vanes re 
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Spectively of the magnetron in the conventional 
manner. These Wires may be made for instance 
Of Solae metal Such as tungsten which changes 
resistivity considerably upon heating. Thus, 
When energy of unwanted modes is present in 
considerable quantities the filamentary wires 
will be heated to high resistivity possibly even 
to incandescence serving to greatly reduce the 
quality of the circuit for the unwanted modes 

1 and thus to attenuate this energy. 
While in Fig. 4 the Strapping conductors 

and f have been indicated as being made of a 
plurality of fine Wires a certain amount of at 
ten Eation of the energy at unwanted modes may 
be achieved by simply making these strapping 
conductors of materials presenting a relatively 
high 3esistance. 
While I have described above the principles 

of my invention in connection with specific ap 
paratus, it is to be clearly understood that this 
deScription is made only by way of example and 
not as a limitation to the scope of Iny invention 
aS Set forth in the objects thereof and in the 

: accompanying claims. 
What I claim is: 
i. An electrode Structure for a multiple reso 

2atoi magnetron having electrode sections con 
nected to an enclosing wall structure to deine a 
plurality of cavity resonators, said electrode Sec 
tions being more than a quarter wave length 
long between the end Surfaces thereof at the 
Operating frequency, a first plurality of conduc 
tor means, Spaced from each other along, the 
length of Said sections a distance less than a 
Sixth of a wave length at said operating fre 
quency, interconnecting only the odd numbered 
electrode Sections, and a second plurality of 
Conductor Inleans Spaced from each other simi 
lariy to Said first plurality of conductor ineans 
interconnecting only the even numbered elec 
trode Sections. 

2. An electrode Structure according to claim 1, 
Wherein each plurality of conductor means corn 
prises two conductors. 

3. All electrode structure according to claim 2, 
wherein Said electrode sections are in the order 
of three tenths wave lengths long at the operat 
ing frequency and Said conductive means are 
Spaced Substantially a quarter of the distance 
along the length from each end. 

4. An electrode structure according to claim 1, 
Whelein Said conductor rileans are Substantially 
equally spaced along the length of said electrode 
Sections. 

5. An electrode structure according to claim 1, 
Wherein Said conductor rileans are of a naterial 
which increaseS in resistivity when conducting 
heavy current. 

6. An electrode structure according to claim 5, 
wherein Said conductor means comprise a plu 
rality of filamentary wires. 

7. An electrode Structure according to claim 6, 
Wherein Said wires are of tungsten. 

8. A magnetron anode Structure compirising a 
substantially cylindrical body, an even plurality 
of electrode Sections, each greater than a quarter 
wave length long at the operating frequency, 
fastened to said body and Spaced apart to pro 
Wide cavity reSOnators therebetween, said sections 
having ends Substantially in the opposite faces 
of Said anode, a first plurality of conductor rings 
Spaced from each other not more than a sixth 
wave length and connected to only all the odd 
numbered Sections and a second plurality of 
conductor ringS Similarly Spaced from said ends 
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and from One another, and connected to only the 
even numbered Sections. 

9. An anode structure according to claim 8, 
Wherein Said pluralities are each greater than 
tWO. 

i0. An anode Structure according to claim 9, 
Wherein Said rings are substantially uniformly 
Spaced along the lengths of Said sections. 

11. An anode structure in accordance with 
claim 8, wherein Said pluralities are each two 
conductors, said length being in the order of 
three tenths Wave lengths, said rings being posi 

0. 
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tioned in apertures in said sections near the 
edge thereof adjacent the magnetron cathode. 

CHARLES. W. LITON. 
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