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UNITED STATES PATENT office 
2,478,644 : 

ELECTRICAL DISCHARGE DEVICE OF THE 
: MAGNETRON TYPE. . . . 

Percy L. Spencer, West Newton, Mass, assignor 
. . to Baytheon Manufacturing Company, Newton, 

Mass., a corporation of Delaware ? ." " : - 

Application October 23, 1943, serial No. 507,450 
8-Claims. (Cl. 315-40) 

- - - - - - - 2 

This invention-relates to a magnetron, and of the magnet structure of the arrangement 
more particularly to one of the multiple anode shown in Fig. 4. . . . - - 
type in which the internal structure provides a The magnetron illustrated in Figs. 1, 2 and 3. 
plurality of Oscillating circuits, all, of which are comprises an anode structure consisting of two 
intended to oscillate at the same frequency and 5 halves and 2, each constructed of a suitable 
thus: to contribute to the effective output, of the highly-conducting material, such as copper. 
magnetron. Heretofore difficulties have been en- Each-of-the-anode halves and 2-isin-ring form 
countered in-constructing each of the oscillating with a central-openin When the two anode. 
circuits to have exactly the same natural fre- halves areassembled together, the openings 
quency and providing: a sufficiently, close coupling lo, together formacentralsbore-4 extending through. 
between: all of these circuits so 'that Small dif- a??? ???rif;?:: - , 
ferences in the constants of the circuits would 
be overcome; and all of the circuits oscillate at 
the Saline output frequency with maximum ef 
fectiveness. In such magnetrons also a tendency 
has existed for the device to oscillate in various 
Spurious modes;in addition to the principal mode ?. ?????. ???? ?? ???? ????? is 
which determines: the desired output frequency. in the lower anode half 2. 'Th 

... An object of this invention is to devise...; a inner faces of the upstanding fingers 8 constitute 
magnetron of the foregoing type in which, the 20 anode portions: adapted to receive electrons 
probability of exact : equivalence; in the natural emitted-from the cathod The uppe ode 
frequency of eachi of the possible; oscillating cir- half is provided with a plurality of similar 
cuits thereiniisgreatly increased. . . . fingers:9 projecting...from the inner.side of the 
:Another object is to devise an arrangement in cavity-section. The fingers 8 and 9 are equally 
which all of the oscillating; circuits, are closely 25 spaced around their respective 
coupled through the shortest possibie path. 
3Another object is to devise:such can arrange 

ment.in which the possibility of the device to . 
Oscillate in. undesired spurious modes is reduced 
Substantially to a mininum. 
. A further robject is to deviseian arrangement 
in Which the coupling between the oscillating: ?.*' ? 0 ”..... , , ' ? ? ,, ...:0 * • • ' ? ; 

portion, of the device; and the output is substan- edges of the ring 6, preferably by silv. 
tially increased. so as to form a unitary, anode assemb 
A still further object is to devise: an arrange 35 In order to complete...the tube ass 

ment whereby all of the possible oscillating cir- anodes structure is provided with: a-p 
cuits may be tuned in a simple and direct man- if: 
me'. . . . . . . - , , , d'Ee... lll KEWSEC. d. Cbd7 

The foregoing and other objects of this inven- hermetically sealed in place, preferably by silver 
tion will be best understood from the following 40 soldering. The cathode 5 is provided with a pair 
description of exemplifications thereof, reference : 2 and i3 connected to the opposite 
being had to the accompanying drawings, where ends of an internal heater 5g. One of these. in: leads, for example 13, is likewise adapted to be 

YSLSGSSYLLLLSSSLLLLSL LaLSSSLGSLSSSGS0S SSSTAAS LLLL SLLL S kLSSLLLLLLLS LLLLLLLLS LLLLL S LLSMLCLLL netron embodying...my invention taken along line with the usual semitting oxides. The cathode 5 

3. 3 

X-X of Fig. 2; - - ’’ ???? . . . . " . ? . . . . "? ? ?+??? ??? Av 8 SAS S L S SYS S SSS is supported by a pair rof cathode conductors. i4. 
Fig. 2 is a transverse cross-section taken along Whi are: ??????????????????????????ctively to the cathode 

Y-Y of Fig.1; leads 2 and 3. The conductors 4 extend Fig. 3 is a perspective view of the two halves: 50, through pipes is hermetically Saied through 
of the anode structure separated from each other, openings in the rings to carrying glass seals. 
with the upper half-partly broken away; . at their outer, ends. The conductors.f4care séèàéè 
- Eig. 4isista longitudinal. cross-section of :an- through said: glass seals. ------ 
other embodiaent of my invention; and . . When the magnetronstructure described. 
*Fig. 5 is a perspective view of the lower half-55 - above is placed between suitable magne s 
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7 and proper voltages are applied thereto, Oscil 
lations are generated within the anode structure. 
It will be noted that when the upper and lower 
anode halves and 2 are joined together, they 
form an annular chamber 8 through which the 
oscillations generated are readily propagated, and 
which in effect constitutes an annular cavity 
resonator. The osciliatory energy which is pro 
pagated through the annular chamber 8 may 
be led off to a suitable utilization device by means 
of a coupling loop 9 which extends into the 
annular chamber 8, and couples to the magnetic 
component of the oscillatory fields set up within 
said annular chamber. One end of the coupling 
loop 9 is connected to the inner end of a con 
ducting pipe 2) hermetically sealed through an 
opening 2 in the side of the anode structure. 
The other end of the coupling loop 9 is coin 
nected to a conductor 22 which passes through 
the pipe 20 and emerges therefrom through a 
glass Seal 23 carried at the Outer end of Said 
pipe. The conductor 22 together with an external 
pipe, not shown, which may be connected elec 
trically to the pipe 20, form a concentric trans 
mission line through which the oscillations may 
be conducted to any suitable load device. 
When the tube described above is in its oscil 

lating condition, the fingers 8 and 9 are of op 
posite phase so that oscillating currents tend to 
flow between alternating fingers 8 and 9. It will 
be noted that a conducting circuit extends be 
tween each finger 8 and its adjacent finger 9, and 
that this circuit in each case extends in a circu 
lar path through the wall of the annular cham 
ber 8. Such a circular path contains a definite 
amount of inductance. Likewise a capacity ex 
ists between the adjacent fingers 8 and 9. Thus 
each of the above circuits constitutes tuned 
oscillatory circuits whose natural frequency is 
determined by the inductance and capacity 
thereof. As already indicated, the fingers 8 and 
9 are of opposite voltage phase so that when a 
finger 8 is positive, the adjacent finger 9 is nega 
tive, and on the next half cycle the voltage con 
ditions are reversed. Therefore oscillatory cur 
rents will flow between the fingers 8 and 9 
through the walls of the annular chamber 18 in a 
direction to create an annular magnetic field in 
said annular chamber. All of Said currents are 
in phase with each other, and thus all of said 
magnetic fields are likewise in phase, producing a 
strong resultant annular magnetic field. This re 
sultant annular magnetic field couples all of the 
oscillating circuits, and thus tends to make the 
inductance of all of said oscillating circuits equal. 
It is comparatively simple to construct the air 
rangement so that the capacity between each 
pair of anode fingers is likewise equal. There 
fore, in the above arrangement, the device, due 
to its structure, tends to make the natural fre 
quency of each of the oscillating circuits exactly 
equal. In addition, the magnetic field closely 
couples all of the oscillating circuits by the 
shortest possible path, producing a very close 
coupling which forces all of said oscillating cir 
cuits to oscillate exactly at the same frequency, 
even though slight differences in the natural fre 
quencies of said circuits might otherwise tend to 
exist. 
As pointed out in my copending application, 

Serial No. 421,145, filed December 1, 1941, and 
now U.S. Patent No. 2,417,789, granted March 18, 
1947, tendencies have existed for magnetrons of 
the multiple anode type to oscillate in various 
spurious modes, which tendency can be substan 
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4 
tially eliminated by directly interconnecting al 
ternate anode electron-receiving sections by a 
low impedance connector, which arrangement is 
known as "strapping.' It will be seen that the 
flat end wall of anode half f directly electrically 
ties together the anode fingers 9, while the flat 
end Wall of the anode half 2 directly electrically 
ties together the anode fingers 8. It will fur 
ther be noted that these flat anode end walls: 
constitute connectors of very low impedance. In: 
this way the structure accomplishes a “strap 
ping' action in a very effective manner. 
The coupling loop 9 is directly coupled with 

the annular oscillatory magnetic field in the an 
nular chamber 8. In this way the energy of each. 
of the oscillating circuits is fed in the most direct. 
path possible into said coupling loop, which 
thereupon feeds this energy through the con 
ductor 22 as a part of a concentric transmission 
line to a suitable load device. 
Instead of the arrangement as shown in Figs. 

1 and 2, my invention lends itself to the con 
Struction of a very compact type of device, as is 
illustrated in Figs. 4 and 5. In these figures, the 
Same reference numerals which are used in Figs. 
1, 2 and 3 are applied where the elements are sub 
Stantially identical. In Figs. 4 and 5 the central 
bore 4 of the anode structure is closed directly 
by the pole pieces of a magnet structure 24. This 
magnet structure is preferably made of a material 
of high magnetic retentivity formed as a per 
manent magnet. The magnet structure may 
likewise be formed of an upper half 25 and a 
lower half 26. The upper half 25 is provided 
With a pole piece 27 fitting into and hermetically 
Soidered in a corresponding recess in the top of 
the upper anode half . The lower magnet half 
25 is likewise provided with a pole piece 28 fitting 
into and hermetically soldered in a correspond 
ing recess in the bottom of the lower anode half 
2. Each of the magnet halves 25 and 26 is 
formed with an upstanding rim portion 29, the 
edges of which are adapted to be brought into 
contact with each other when the magnet poles 
27 and 28 are soldered in place on the anode 
Structure. In order to assist in holding the two 
magnet halves 25 and 26 together, each magnet 
half may be provided with a series of bolt-holes 
30, as shown for example in Fig. 5, through 
which suitable bolts 30a, may extend and firmly 
clamp the magnet structure in place on the anode 
Structure. The arrangement, as shown in Figs. 
4 and 5, lends itself to the utilization of a novel 
cathode construction, as described and claimed, 
in the copending application of William C. 
Brown, Serial No. 503,622, filed September 24, 
1943, now Patent Number 2,416,899. The cath 
Ode proper comprises a tubular conducting sleeve 
3 coated with the usual electron-emitting oxides. 
Within the sleeve 3 is supported a suitable fila 
mentary heater 32, one end of which is electri 
cally connected to the top closed end of the 
Sleeve - 3. The sleeve 3 í is formed with a lower 
reduced tubular end 33 which passes through an 
opening 34 formed in the pole piece 28. The 
lower end of the reduced tubular section 33 fits 
into a recess in the upper end of a conducting rod 
35 provided with a bore 36 leading to the interior 
of the hollow cathode structure. The bore 36 is 
provided with a side opening 37 through which 
an insulated wire 38 connected to the lower end 
of the heater 32 projects. The conductors 35 and 
38 thus form the lead-in connections for Sup 
plying heating current to the filament 32, and 

75 also for supplying a biasing potential to the 
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cathode. The conductor rod 35 is rigidly seeured: this change the natural frequency at which said: 
to an end cup 39 of conductive material by suit annular chamber, and thus eachi off the oscils, 
able means, such as anreyelet'39a: The conducas lating 'circuits thereinstend-tokioscillates . . . 
tor: 38 passes through anreyelet 40*brazed in ara** It will benoted that the upper and lower magi: 
opening in the cup'39; and is hermetically sealed 5's net-halves 25' and 26 are formed with?suitable: therethrough by a glass seal 4: The cup 39''is' openings“53*and 54áthrough which theipipes:203 
insulated from the lower magnet half-26 by means; and 45 project... . . . . . . . . . '. 
of a glass tube 42 which has one end hermetically Of course it is to be understood that this in 
sealed to the upper end of the cup 39: The oppo- vention is not limited to the particular detail 
site end of the glass tube 42 is similarly sealed to a 10 as described above-as-many equivalents will sug. 
tubular metal shell 43: The upper-end of 'said gest themselves to thoseiskilled-in-the-art. It is i; 
metal shell is inserted into an 'enlarged end of accordingly desired that the appended::claims be 
the-opening“8 in the-lower"magnethälfº26,šan?* given?i a broad: interpretatiöni: 
hermetically joined therewith as by brazing: The with the scope of the 
lower magnet half 26-together with the cathode Isa What is claimed-is: 3. . . . . . . . 
structure and its lead-in connections and seals: 1. An electron discharge device comprising: a 3. 
thus form an integral assembly which may be cathode; and an anodestructure spaced from and 
readily constructed and thereafter easily assen concentrically disposed-about said:cathode; isai 
bled with the anode structure of the magnetron anodestructure including a hollow, annular:body: 
The arrangement thus far describedin con 20. havinga Centraf òpeninåg defiñed by-a-plürality 

nection with Figs. 4 and 5; when energized with T of overlapping electrons receiving, anode's por: 
proper potentials, produces -oscillations as der tions' projecting alternately from upper-arid: 
scribed in connection with the previous modifi lower halves-of said body and lying in the is 
cation, which oscillations are fed out by means' face of 'a' cylinder: a pair of rings: extendin 
of the coupling loop 9 and conductor'22 to a 2.fro posite-sides of said: body; cap-members: 
suitable load device. . . . - closingithet outeriends ofisaid:rings; and a pair 

Since the annular cavity "resonator cham- ofiscathodes leads selectrically: connected to said: 
beri 8ris closely coupled with and therefore "com -- I cathodežand èxténdiñg exteriorlýšofššaiäiš devi?e: 
mon to all of thé- oscillating circuits; a ivariation: through said rings; said cathode: leads:-lyings in: 
of the capacity or inductance values of said an 80 planes intermediate;said anode: structure, and 3 
nular chamber 8 will produce a corresponding said caps; - . . . . . . . . . . . . . change-inthe natural'frequency of the oscillat- 2. An:electron discharge:device comprising: as 
ing system, and.thus, produce...a,-tuning of the cathode; ai anode.structure:spaced:from: ad? 
entire device. While variations in these imped- concentifically disposed about said::cathode;"said: 
ance constants of the annulat:Chamber:Í8 may 35 anode Structure'; including: an í annularj'cavity: 
be carried out in any suitable:manner, such as: resonators having: a central.opening defined by: 
those which have been-developed...in-connection a 3-plurality of overlapping; electron-receiving: 
with the tuning of cavity resonators, a preferred anode portions projecting salternately fromiup 
arrangement for accomplishing such tuningiisi per's and: lower; halves: of 'said:cavity...resonator: 
also illustrated...in. Fig. 4. For this purpose a 40- and lying in the surface, of a cylinder; a pairs of: 
coupling loop 44-similar-to-the-coupling loop-29 rings, extending from: opposite: sides of said cav 
is inserted into...the-annular: chamber Onë ity: resonator; cap. ; members closing the outer: 
end of the coupling loop. 44 is "connecte y a. ?? inner end of a hollow-pipe. 45thernétically:Sealed trically: connected to saids cathode and extend. 
through an opening in the sidewal of the anode 45°ings exteriorly; of Saididevice through said 'rings;5. 
structure.' The...other. end-of: the:-couplingisloop Saids cathode leads lying in planes intermediate: 
44 is connected-to-a conductor. 46.which extends Said anodestructure and said caps; and means; 
through a glass seal 47 carried at the outer end extending into said cavity; resonator; for leads: 
of the pipe 45. Surrounding the conductor: a 6i, ing electrical: oscillations: generated: therein out: 
particularlý ·as it-emergess fro? . ?? ??? ?". . : ?? ?? 5the glass&seal 50° of Said device. - 
47 is a hollow. tubular conducting member 48 38 An'electron-discharge device-comprising: as 
which may be Screw-threaded onto a portion of cathode; an anode structure spaced from and 
the pipe 45 and thus Supported in place sub- concentrically disposed about said cathode; said 
stantially concentric With the conductor 46. anode structure including an annular cavity 
The outer end of the tubular member 48 may 55 resonator having a central opening defined by 
be closed by an end plug 49 which may serve a plurality of overlapping electron-receiving 
as a centering and supporting member for the anode portions projecting alternately from up. 
outer end of the conductor 46. The hollow mem- per and lower halves of said cavity resonator and 
ber 48 together with the conductor 46 may be lying in the Surface of a cylinder; a pair of rings 
caused to function as a tuning chamber by pro- 60 extending from opposite sides of said cavity res 
viding a tuning plug 50 filling the space between onator; cap members closing the outer ends of 
the conductor 46 and the hollow member 48, and said rings; means, extending into said cavity 
being adjustable along said hollow member 48. resonator, for leading electrical oscillations gen 
This adjustment may be provided by means of erated therein out of said device; and means, 
a set Screw 5 received into one side of the plug 65 carried by Said cavity resonator and also ex 
50 and projecting through a slot 52 in the side tending therein, for varying the reactive im 
of the hollow member 48. The plug 50 may be pedance constants thereof to tune said device 
adjusted along the hollow member 48 to impart to a predetermined frequency of oscillation. 
to Said member the proper characteristics, and 4. An electron discharge device comprising: a 
may then be secured in place by tightening the 70 cathode; an anode structure spaced from and 
set screw 5?. By proper dimensioning of the concentrically disposed about said cathode: said 
hollow member 48, the hollow chamber formed anode structure including an annular éavity 
therein, as defined by the position of the plug resonator having a central opening defined by 
50, may be caused to reflect either inductance a plurality of overlapping electron-receiving 
or capacity into the tubular chamber 8, and 75 anode portions projecting alternately from up 

  

  



7. 
per and lower halves of said cavity resonator 
and lying in the surface of a pair of rings ex 
tending from opposite sides of said cavity res 
onator; cap members closing the outer ends of 
said rings; a cylinder; a second cavity resonator 
carried by and coupled to said first-named caV 
ity resonator; and means, slidably mounted 
within said second cavity resonator, for alter 
ing the reactive impedance constants thereof, 
and thereby tuning said device to a predeter 
mined frequency of oscillation. 

5. An electron-discharge device comprising: a 
cathode; an anode spaced from said cathode and 
incorporating a cavity resonator; and a pair of 
opposed magnetic members disposed, respec 
tively, on opposite sides of Said anode to estab 
lish a magnetic field therethrough in a direc 
tion transverse to the discharge path between 
said cathode and said anode; each of said mag 
netic members being of E-shaped cross-sec 
tion and including a central leg constituting a 
pole piece of one polarity, and a pair of outer 
legs of opposite polarity in contact with the 
outer legs of the other of Said magnetic men 
bers to complete the path of said magnetic field. 

6. An electron-discharge device comprising: a 
cathode; and an anode structure spaced from 
said: cathode; said anode structure including a 
base portion having an annular recess therein, 
an upstanding lip extending from one side of 
Said recess, and a plurality of electron-receiv 
ing anode portions projecting from the other 
side of said recess; a ring extending from the 
side of said base portion opposite said lip and 
anode portions; a cap member closing the outer 
end of said ring; and a Cathode lead electrically 
connected to Said cathode and extending. ex 
teriorly of said device through said ring; said 
cathode lead lying in a plane intermediate said 
anode structure and Said cap. 

7. An electron-discharge device comprising: a 
cathode; and an anode structure spaced from 
Said Cathode; said anode structure including a 
pair of base portions each of which has an an 
nular recess therein, an upstanding lip extend 
ing from One Side of each of said recesses, and 
a plurality of electron-receiving anode portions 
projecting from the other side of each of said 
recesses; adjacent electron-receiving anode por 
tions overlapping each other and lying in the 
surface of a cylinder; a ring extending from the 
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side of each of said base portions opposite said 
lip anode portions; and a cap member closing 
the outer end of each of said rings; and a pair 
of cathode leads electrically connected to said 
cathode and extending exteriorly of said device 
through said rings; said cathode leads lying in 
planes intermediate said anode structure and 
said caps. - h- 

8. An electron-discharge device comprising: a 
cathode; an anode structure spaced from said 
Cathode; said anode structure - including a pair 
of-base portions each of which has an annular 
recess therein, an upstanding lip extending from 
One Side of each of said recesses, and a plural 
ity of electron-receiving anode portions pro 
jecting from the other side of each of said re 
cesses; adjacent electron-receiving anode por 
tions overlapping each other and lying in the 
surface of a cylinder; said base portions, to 
gether with said lips and said electron-receiving 
anode portions, defining a cavity resonator; a 
pair of rings extending from opposite sides of 
said cavity resonator; cap members closing the 
Outer ends of said rings; a pair of cathode leads 
electrically connected to said cathode and ex 
tending exteriorly of said device through said 
rings; said cathode leads lying in planes inter 
mediate said anode structure and said cap and 
means coupled with said cavity resonator for 
leading oscillations generated therein out of said 
device. 
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