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UNITED STATES PATENT OFFICE 
2,593,067 

HIGH-FREQUENCYAPPARATUS 
Percy L. Spencer, West Newton, Mass., assignor 

to Raytheon Manufacturing Company, Newton, 
Mass., a corporation of Delaware 

Application February 13, 1947, Serial No. 28,261 
(CI. 219-4) 3 Claims. 

This invention relates to high-frequency ap 
paratus, and more particularly to a microwave 
OV6). 

A microWave oven of the type to which this 
IVention 1'elates consists, generally, of a hollow 
metallic enclosure or cavity to the interior of 
Which a Source of radio-frequency energy, having 
a Wavelength Which may lie in the microWave 
region of the frequency spectrum, is coupled so 
as to Supply radio-frequency or microwave energy 
thereto for the purpose of heating an object 
therein. 
Often itis desired to increase the l'adio-fre 

quency power supplied to the oven; this may be 
conveniently accomplished by coupling the out 
put of a Second radio-frequency oscillator to 
Said oven. Also, in circuits in Which the radio 
frequency OScillator is connected for A. C. opera 
tion in a Self-rectifying circuit, for better bal 
ancing of, and for more efficient utilization of, 
the input transformer, it is desirable to connect 
a second radio-frequency oscillator to said trans 
former. HOWever, it has been found that certain 
difficulties arise When tWo ormore closely similar 
Sources of radio-frequency energy, for example 
devices of the so-called magnetron oscillator type, 
are coupled, by means of radio-frequency trans 
mission lines or waveguides, to the same cavity 
or enclosure. These difficulties arise from the 
fact that, When Such devices have exacty the 
same output frequency, one of the devices tends 
to act aS a loW impedance across the output of 
the other device, due to slight dissimilarities be 
tween them, so that one of the magnetrons tends 
to absorb the radio-frequency power of the other 
one, acting as an additional load across said 
other, instead of supplying radio-frequency power 
to the common load in the Oven a S deSired. In 
other Words, one of the magnetrons presentS a 
rather loWimpedance to the other. 
favorable condition is most noticeable, of course, 
When the two magnetrons are being operated on 
direct current, in which case they are both ener 
gized continuously; however, this condition tends 
to exist even during alternating current opera 
tion of the magnetrons, When they are energized 
only on successive half-cycles of the energizing 
Source, since in this situation each magnetron 
may tend to supply radio-frequency energy to 
the other during the half-cycle in Which the first 
is energized rather than to the load in the oven, 
An object of this invention, therefore, is to 

devise a radio-frequency enclosure supplied by 
a plurality of Separate Sources of radio-frequency 
energy in an efficient manner, 

Such an un 
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Another object is to devise a method for cou 

pling a pair of magnetrons to a single radio 
frequency cavity in Such a Way that there is no 
appreciable interflow of radio-frequency energy 
between them. 
A further object is to devise an effective means 

fO' Supplying higli l'adio-frequency power to a 
microWave heating apparatus. 
The foregoing and Other objects of the inven 

tion Will be best understood from the folloWing 
description of an exemplification thereof, refer 
ence being had to the accompanying draWing, 
Wherein: 

Fig. 1 is a vertical Section through an oven 
according to my invention, together With a dia 
grammatic representation of a System for feeling 
radio-frequency energy to the same; 

Fig. 2 is a partial horizontal Section taken 
along line 2-2 of Fig. 1. and looking in the direc 
tion of the arroWS; and 

Fig. 3 iS a partia vertical Section of the Ovein 
taken along line S-3 of Fig. 1. 
NoW refering to the dra Wing, a holloW rec 

tangular prismoidal enclosure or cavity I is made 
of a suitable metal and has rather thin Walls as 
ShoWin; enclosure i is adapted to Serve aS the 
oven of the heating or cooking apparatus. A 
container 2 of food or any other material to be 
heated may be placed inside oven , Said com 
tainer resting on the bottom Wall of the Oven or 
being place di in any other Suitable position there 
in While the food is being cooked. A metal door 
3 is hingedly mounted On the front Wall of the 
oven, this door being adapted to close an acces3 
aperture or opening provided in the front, metal 
lic wall of the oven. When door 3 is closed, the 
enclosure l is entirely closed, except for a pair 
of similar openings 4 and 5 in the opposite side 
Walls of Said enclosure; these OpeningSare further 
deScribed hereinafter. 
Numeral 6 generally designates an electron 

discharge device of the magnetron type, Which 
includes, for example, an evacuated enVelope , 
made of highly conductive material, such as 
copper, and provided with a plurality of in 
wardly-directed, radially-disposed anode vanes 8. 
The arrangement is Such that each pair of ad 
jacent anode Vanes forms, together With that 
portion of the envelope lying therebetWeen, a 
cavity resonator Whose natural resonant fre 
quency is, as is Well Known to those skilled in 
the art, a function of the geometry of the physi 
cal elementS making up the Sane. For the pul 
poses of the presenti invention it is desirable that 
the dimensions of each Sutch cavity resonator be 
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Such that the Wavelength of the electrical oscil 
lations adapted to be generated therein, or the 
output frequency of the magnetron, haS a pre 
determined valute. For example, Said Wavelength 
inay lie in the microWave region of the frequency 
Spectruria, Which region includes Wavelengths less 
than about thirty centineters. 

Centrally located in envelope is a highly elec 
tron-emissive cathode member 3, for example of 
the well-known alkaline-earth metal-oxide type, 
Said cathode member being provided With con 
ventionalmeans (not shown) forraising the tem 
perature thereof to a level sufficient for therm 
ionic emission. 
The electron discharge device 6 is completed by 

magnetic means (not shown) forestablishing a 
magnetic field in a direction transversely of the 
electron path between the cathode and anode 
memberS thereof. 
Magnetron 6 is energized from a suitable 

Source, in a, manner to be described he'einafter, 
and When So energized delivers radio-frequency 
electromagnetic energy of a, predetermined 
Wavelength to a holloW rectangular Waveguide 
i through a coaXial tl'alasmission line i Which 
is coupled to magnetron oscillator 6 by loop 2. 
The central conductor i 3 of line di extends into 
the interior of Waveguide i near One end there 
of, through an opening provided in the center of 
the longer side of said guide, to serve as an ex 
citing rod or exciting probe for Said guide. 
The end of guide O nearest this exciting rod 

is closed, While the opposite end of said guide 
is fastened to the left Side Wall of enclosure 
by fastening means i 4 and is open. The in 
terior of guide O is placed in energy-transmit 
ting relationship With the interior of the cavity 
i by means of a rectangular aperture 4 pro 
vided in the left side wall of said cavity, this 
aperture being of the same size and configura 
tion as the interior of guide O and being aligned 
With Said guide to place the interior of said 
guide in communication With the interior of 
cavity A. Aperture 4 is located in a central posi 
tion With reSpect to the front and rear Walls 
of Oven A, as shown in Fig. 2, and is preferably 
located above the horizontal midplane of the 
OVe. 
By means of the above-described structure, 

the radio-frequency output of source or oscil- 5 
lator 6 is coupled to the interior of enclosure . 
The exciting rod of guide i is arranged to set 
up TEo,1 mode waves therein, as will be appar 
ent to those skilled in the art. These Waves 
propagate down the Waveguide and emanate 
from the open end thereof into the cavity . 

AS stated above, for the purposes of increas 
ing the radio-frequency power supplied to oven 
, a Second radio-frequency oscillator 6 may 
be utilized, the radio-frequency output of this {} 
Second oscillator also being coupled to oven . 
OScillator i 6 is of the same type as oscillator 
6 and includes an outer envelope 7, anode 
vanes 8, and a cathode member i 9. 
The cathodes 9 and 9 of the electron-dis 

charge devices 6 and 16 are connected, respec 
tively, by conductors 5 and 25, to the opposite 
terminals of the secondary Winding 28 of an 
input, transformer 29, the primary winding 30 
of Said transformer being connected to a source 
of raW A. C., for example, the conventional 60 
cycle power lines. The conductive envelopes 7 
and I of Said electron-discharge devices 6 and 
6 are tied together by conductors 3 and 26, 
Which are, in turn, connected, by a conductor 
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27, to a center tap on the secondary Winding 
28 of the transformer 29. 
The radio-frequency output of oscillator 3, 

Which haS a predetermined Wavelength, is cou 
pled to enclosure 1 by means of a coaxial trans 
mission line 2 and a holloW rectangular Wave 
guide 20, line 2 being coupled to magnetron 
oscillator 6 by loop 22. Central conductor 23 
of line 2 extends into the interior of Wave 
guide 20 to Serve as an exciting rod ol' excit 
ing probe therefor. The Open end of guide 2G 
is fastened to the right side Wall of oven. I by 
fastening means 24, and the interior of said 
guide is placed in energy-transmitting rela 
tionship With the interior of cavity i by means 
of a rectangular aperture 5 aligned with said 
guide, aperture 5 being similar to aperture 4 
and being located in the right side Wall of en 
closure i directly opposite aperture 4. 

VVith the two magnetrons connected in a cir 
cuit as above described, and With the radio 
frequency output of both sources coupled to the 
interior of the enclosure, the electron-discharge 
devices 6 and 6 are connected for push-pull 
A. C. operation in a self-rectifying circuit, 
whereby said devices alternately deliver hyper 
frequency energy or microwave energy to the 
common enclosure or cavity . 

I have found that, if the predetermined nat 
ural resonant frequencies of oscillators 6 and i6 
are exactly the same, or in other words, if the 
two oscillators have exactly the same output 
fréquency, One of the devices tends to act as 
a loW impedance across the output of the other, 
So that one of the devices tends to absorb radio 
frequency energy from the other, which absorp 
tion is made possible by the radio-frequency 
coupling of both to the same enclosure. How 
ever, I have discovered that if the predeter mined radio-frequency output Wavelengths of 
the two devices 6 and 6 differ appreciably, this 
tendency of one of the magnetrons to absòrb 
radio - frequency energy or radio - frequency 
pOWer from the other may be reduced to a level 
that is inappreciable. As a result, an inap 
preciable amount of such power is shunted away 
from the load. I have found that When the 
predetermined Wavelengths of the two magne 
tronoscillators are different from each other 
as above explained, each magnetron Will pre 
Sent to the other an impedance Which is suffi 
ciently high to prevent any appreciable absorp 
tion of radio-frequency energy by either oscil 
lator from the other, or to prevent any appre 
ciable transfer of radio-frequency power from 
One magnetron to the other. Expressed in an 
other way, When the output frequencies of the 
two magnetron oscillators are sufficiently dif 
ferent from each other, the impedances of the 
two oscillators are also sufficiently different from 
each other to prevent any appreciable transfer 
of radio-frequency power from one to the other. 
As an example of the output frequency differ 

ence above alluded to, I have found that at fre 
quencies on the order of 2450 megacycles 
(frequencies on this order lie within the micro 
Wave band), there should be a frequency differ 
ence on the order of 25 to 50 megacycles between 
the two magnetrons, in order for two magnetrons 
or radio-frequency oscillators to operate effi 
ciently, according to this invention, When coupled 
to the same metallic cavity or enclosure. 

It Will be noted from all of the foregoing that 
I have devised a simple yet effective means for 
coupling a plurality of sources of radio-frequency 
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energy, such as magnetron oscillators, to a single 
radio-frequency cavity, in Such a way that there 
is no appreciable interfloW of radio-frequency 
energybetWeenthem. 
Of course, it is to be understOOd that this 

invention is not limited to the particular details 
as described above, as many equivalents Will sug 
gest themselves to those Skilled in the art. For 
example, When the tWo magnetrons are being 
operated on alternating current, it is possible to 
use a single or common waveguide for coupling 
the radio-frequency output of the two mag 
netrons to the oven. Also, although in Fig. 1 
alternating current operation of the magnetronS 
is disclosed, my invention is equally applicable to 
direct current operation of the magnetrons. In 
fact, as stated above, the difficulties existing, When 
two equal-frequency magnetrons are operating 
on direct current, are even greater than When 
the magnetrons are operating on alternating cur 
rent. Various other Variations Will Suggest them 
selves. It is accordingly desired that the ap 
pended claims be given a broad interpretation 
commensurate With the Scope of this invention 
Within the art. 
Whatis claimedis: 
1. Heating apparatus, comprising a metallic 

enclosure in Which a dielectric body maybe placed 
for heating the Same, a plurality of magnetron 
oscillators each having a different output fre 
quency, Whereby said Oscillators present each to 
the others an impedance Sufficiently high to pre 
Vent appreciable absorption of electromagnetic 
Wave energy by any oscillator from the others, 
and means for coupling the wave output of said 
oscillators to the interior of Said enclosure to heat 
Said body, Said enclosure being Substantially non 
resonant at the operating frequencies of Said 
OScillators. 

2. Heating apparatus, comprising a metallic 
enclosure in Which a dielectric body maybe placed 
for heating the same, a plurality of magnetron 
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Oscillators each having a different output fre 
quency, Whereby Said OScillators presenti each to 
the others an impedance sufficiently high to pre 
vent appreciable absorption of electromagnetic 
Wave energy by amy OScillator from the others, 
and means for Coupling the Wave Output of Said 
oscillators to the interior of Said enclosure to heat 
Said body, Said enclosure substantially preventing 
electromagnetic Wave energy transfer between 
the interior and exterior thereof except between 
Said interior and Said oscillators, Said enclosure 
being Substantially non-resonant at the operating 
frequencies of said oscillators. 

3. Heating apparatus, comprising a metallic 
enclosure in Which a dielectric body may be placed 
for heating the same, means for Supporting said 
dielectric body Within Said enclosure, a plurality 
of magnetron OScillatorS each having a different 
output frequency, Whereby Said oscillators pre 
sent each to the others an impedance sufficiently 
high to prevent appreciable absorption of electro 
magnetic Wave energy by any oscillator from 
the others, and means for coupling the Wave out 
put of Said OScillatorS to the interior of Said 
enclosure to heat Said body, Said enclosure being 
substantially non-resonant at the operating fre 
quencies of Said oscillators. 
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