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United States Patent Office 2,820,127 
Patented Jan. 14, 1958 

2,820,127 
MICROWAVE COOKERS 

Henry F. Argento, Newtonville, and Duane B. Haagensen, 
Wayland, Mass., assignors to Raytheon Manufacturing 
Company, Newton, Mass., a corporation of Delaware 

Application March 30, 1953, Serial No.345,372 
14 Claims. (Cl. 219.-10.55) 

This is a continuation-in-part of application, Serial No. 
163,902, filed May 24, 1950. 
This invention relates to microwave electron-discharge 

apparatus, and more particularly to electronic cooking de 
vices wherein microwaves are used to rapidly heat a body 
by absorption of the microwave energy in the body. 

;In microwave cookers of the type generally utilized 
commercially, a cavity is energized from a suitable source 
of microwaves such as, for example, a magnetron, and 
the body to be cooked is placed in the cavity. Serious 
difficulty arises due to the fact that the load impedance 
presented to the source, for example, the magnetron, 
varies over wide ranges for different conditions of opera 
tion of the device. For example, when the cavity is 
empty, the load impedance presented to the magnetron 
will normally be considerably different from the load 
impedance presented to the magnetron if a body to be 
heated is placed in the cavity. Further, this load im 
pedance will vary with different types of bodies to be 
heated and different sizes of a given body. 

For example, the magnetron may be matched to the 
cavity for one set of conditions for a particular type and 
size of body positioned therein so that the standing wave 
ratio is reduced to a suitably low value, for example, less 
than two. However, if the body is removed, the change 
in the impedance of the cavity will cause the standing 
wave ratio to increase beyond the allowable limits. As 
a result, an undesirably large amount of energy is fed 
back into the magnetron and may build up therein to a 
point where the magnetron is damaged, for example, by 
overheating. 

This invention discloses a structure whereby the stand 
ing wave ratio in a microwave cooker may be kept with 
in reasonable values for all conditions of operation there 
of. 

Briefly, the invention consists of positioning a plurality 
of slots in one side of the cavity, and dimensioning the 
cavity such that when said cavity is unloaded waves will 
be propagated in said cavity in a particular mode which 
will cooperate with the slots, to pass energy out of the 
cavity through the slots thus preventing its reflection back 
to the magnetron. When the cavity is loaded by placing 
therein a body to be heated, the dimensions of the cavity 
are such that it will support a different mode of propaga 
tion wherein energy will not be coupled out through the 
slots and thus will build up in the cavity and be absorbed 
by the body to be heated. The magnetron is then matched 
to the cavity for its loaded condition, and if the cavity 
becomes mismatched to the magnetron for any reason 
as, for example, if the load in the form of the body to be 
heated is removed from the cavity, the mode of propaga 
tion in the cavity will change to pass energy out through 
the slots in the side thereof. 
... In addition, this invention discloses the use of a tapered 
transition section between the cavity and a wave guide 
section into which the magnetron radiates. By the use 
of the tapered transition section, it has been found that 
a suitable match may be accomplished between a cavity 
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and the magnetron over a relativelywiderange offre 
quencies, thereby eliminating the necessity of manufactur 
ing the magnetrons to a close frequency tolerance. In 
addition, the tapered transition section has been found 
to reduce the standing wave ratio reflected back to the 
magnetron which may be encountered under conditions 
of varying load. 

'This invention further discloses means for decreasing 
energy which may be fed back to the imagnetron from 
the cavity. This comprises an iris in the wave guide; said 
iris being, for example, a slot. It has been found that by 
rotating the axis of the slot slightly, the standing wave ratio 
encountered for various loads may be reduced. 
This invention further discloses means for positioning 

the body to be heated in the electronic cooker with rela 
tive accuracy, thereby insuring that a particular size and 
type of body will present substantially the same imped 
ance to the magnetron whenever that particular type of 
body is heated in the electronic cooker. This comprises 
a cylindrical container extending through the cavity, the 
ends of said cylindrical container being covered with re 
movable shield members. Said cylindrical container is 
transparent to the energy in the cavity whereby, when a 
body is placed in said cylindrical container, energy in said 
cavity will pass through said cylindrical container, and will 
be absorbed by said body. 

Other and further advantages of this invention will be 
apparent as the description thereof progresses, reference 
being had to the accompanying drawings, wherein: 

Fig. 1 illustrates a longitudinal, cross-sectional view. of 
a microwave cooker embodying this invention; 

Fig. 2 illustrates an elevation view of the device shown 
in Fig. 1 taken along line 2-2 of Fig. 1; ?? 

Fig. 3 illustrates a longitudinal, cross-sectional view of 
the device shown in Fig. 1, taken at right angles to the 
plane of Fig. 1, along line 3-3 of Fig. 1; - - 

Fig. 4 illustrates a transverse, cross-sectional view of 
the device shown in Fig. 1 taken along line 4-4 of Fig. 1; 

Fig. 5 illustrates a partial longitudinal cross-sectional 
view of a further embodiment of this invention; and 

Fig. 6 illustrates a transverse cross-sectional view of the 
embodiment illustrated in Fig. 5 taken alöng line 6-6 óf 
Fig. 5. 

Referring now to the drawings, there is shown a magne 
tron 10 which may be of any desired type, such as a stand 
ard commercial package magnetron. Magnetron 10 may 
generate any desired frequency, preferably, however, 
within the microwave spectrum, the output thereof being 
coupled through a probe 11 into a wave guide section'12. 
While the wave guide section may be of any desired shape, 
as shown here, it is rectangular in form with the probe 11 
extending perpendicular to the wider sides of the guide. 
One end of guide 12 terminates in a plate 13 which com 
pletely blocks the guide. The distance to plate 13 from 
probe 11 is adjusted to produce the desired impedance 
match between the probe 11, the guide 12, and the load 
fed by the guide 12. As shown here, the probe 11 is 
on the order of an eighth of a wave length long, and the 
distance between probe 11 and end plate 13 is somewhat 
in excess of a quarter wave length of a wave propagated 
in guide 12. . . . . ? ” - • ,• 

The other end of the guide 12 from the plate 13 feeds 
a cavity 14 in which the body to be heated is placed. 
The coupling between the wave guide 12 and the cavity 
14 comprises a tapered transition section 15 formed by 
causing the wider walls 16 of guide 12 to diverge, while 
keeping the narrower walls 17 of guide 12 a uniform 
distance apart. As shown here, the wide walls diverge 
until the narrower walls have become greater in width. 
than the wider walls, at which point they are attached 
to the cavity with the top and bottom of the cavity being 
made up of the walls 16 of guide 12 which diverged, 
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and the sides of the cavity being made up of continua 
tions of the walls 17 of the cavity which did not diverge. 
The cavity is closed by an end plate 18 extending be 

tween the walls 16 and the walls 17 at right angles 
thereto. End plate 18 has a plurality of slots 19 cut 
therein, said slots being parallel to walls 16 and being 
on the order of one-half of a free space wave length 
long. Extending through cavity 14 is a glass cylindrical 
container 20 whose axis is parallel to walls 17. Cylin 
drical container 20 extends out through the walls 16 of 
the cavity 14 and is rigidly held with respect to cavity 
14 by upper and lower retainer rings 21 bolted to the 
walls 16 of the cavitiy. Each end of cylinder 20 is 
covered by a cover plate 22 pivotally attached to its 
respective retainer ring 21, for example, by a bolt 23 
Such that the plate 22 may be swung away from the 
end of cylinder 20 to allow the insertion of a body to be 
heated therein. As shown here, for example, the body 
to be heated may be a frankfurter 24 positioned in a 
roll 25, the entire food body being packaged, for exam 
ple, in a cellophane wrapper 26. The diameter of cyl 
inder 20 is made just large enough to take the frankfurter 
and roll assembly such that said assembly, when dropped 
into cylinder 20, will always be positioned subtsantially 
in the same place in cavity 14. As shown here, upper 
container ring 2 has a plurality of shallow cuts 27a 
therein which act as vents to allow any cooking vapors 
to escape from cylinder 20 during the cooking process 
when the covers 22 close the ends of cylinder 20. 
The operation of the device will now be described. 

With the food body positioned in cylinder 20 and the 
covers 22 closing the ends thereof, energization of the 
magnetron 10 causes a wave to be propagated in guide 
12, the dimensions thereof being such that it will sup- : 
port only a TE-1 mode at the frequency generated by 
the magnetron. The energy in guide 12 is fed through 
the transition section 15 to the cavity 14. Since the 
cavity 14 has a dimension parallel to the radiator 11 
of magnetron 10 or parallel to the E-lines of propagation 
which is considerably greater than the width of the 
narrow sides of guide 12, the cavity 14 will support 
propagation therein in the TE-1 mode. This mode is 
set up in cavity 14 and excludes the TE-1 mode since 
current losses in the cavity walls are lower for the TE 
mode. The cutoff wave length for these modes may be 
determined by the formula 

A=cutoff wave length. 
m and n are mode designation subscripts of the TE 
mode. 

as the width of walls 16. 
b=the width of walls 17. 

(1) 

where: 

The transition between the TE-1 mode of propagation 
in wave guide 12 and the TE-1 mode set up in cavity 
14 occurs in the tapered transition section 15. For TE-1 
propagation, the slots 19 are positioned in walls 17 at 
points of zero current flow in said walls, and hence no 
energy is coupled to these slots. However, if the mag 
netron 10 is energized when the cylinder 29 is empty, 
the cavity 14 will not support a TE-1 mode since the 
effective electrical height corresponding to b in Equation 
1 thereof has been reduced by reducing the dielectric 
constant of the space in cylinder 20. This decreases N 
of Equation 1 to below the wave length used and, there 
fore, operation in the TE-1 mode ceases. Hence, the 
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positioned at high current points and each slot behaves 
as a coupling iris coupling energy out of cavity 14. Nor 
mally, magnetron 10 will not be energized when the 
cylinder 20 is empty, and hence the undesirably high 
standing wave ratio would not be encountered. How 
ever, if magnetron 10 were accidentally energized when 
cylinder 20 does not contain a body to be heated, or, if 
for any other reason, the cavity 14 is mismatched to the 
magnetron 10 such as, for example, the body to be heated 
has an undesirably low dielectric constant, or is not of 
the correct size, the cavity 14 will not support the higher 
mode and will radiate the lower mode out through the 
slots 19. 

Positioned in the wave guide 12 at the junction of wave 
guide 12 and tapered transition section 15 is an iris com 
prising a plate 27 substantially closing the guide 12. Plate 
27 has a slot 28 therein, said slot being on the order of 
a half wave length long. While maximum coupling 
through slot 28 occurs when said slot has its axis parallel 
to the wider sides 16 of guide 12, it has been found that 
by orienting the axis slightly, the standing wave ratio 
may be further reduced for variations in the food body 
to be heated, for example, due to varations in the tem 
perature of the food body when ti is placed in the cylinder 
20 as well as variations in the size and composition 
thereof. 

While the wave guide tapered transition section and 
cavity may be of any desired dimensions, it has been 
found that satisfactory dimensions of the device are as 
follows. The distance from probe 11 to iris 28 may be on 
the order of a guide wave length. The length of the 
tapered transition section 15 and the distance from the 
junction of section 15 and cavity 14 and the end plate 18 
may each be on the order of a half of a guide wave 
length long. ? 

Referring now to Figs. 5 and 6, there is shown a fur 
ther modification of the invention which may be useful 
for heating oblong food products, such as sandwiches, po 
sitioned in cardboard cartons. The wave guide structure 
12 is similar to that shown in Figs. 1 through 4 and may 
utilize a similar magnetron microwave source, which has 
not been shown in Figs. 5 and 6. The tapered portion 
15 is similar to that shown in Figs. 1 through 4, except 
that it tapers outwardly in both planes, such that the cook 
ing cavity proper indicated at 30 has a transverse cross 
section which is shown here as being substantially square. 
The opposite end of the cooking cavity from that fed 

by the tapered transition 15 is closed by a metallic plate 
31 having a slot 32 therein. Slot 32 is positioned trans 
verse to the electrostatic field in the cavity and is shown 
here as being adjacent the upper edge of the plate 31. 
Positioned inside the cavity proper is a container for hold 
ing the food during the application of the heat thereto. 
The container comprises a pair of dielectric members 33 
which are held to the metallic side walls 34 of cavity 30 
by means of screws 35. Members 33 have their inner 
surfaces bowed slightly such that they are thicker toward 
the center of the cavity 30 than toward the edge. The 
result is that the field intensity pattern in the cavity 30, 
which tends to be concentrated toward the center of the 
cavity is deformed slightly toward the side walls. . 

Attached across the front and rear edges of the mem 
bers 33 are dielectric plates 36. Plates 36 are relatively 

70 

energy propagated in cavity 14 is in the lower or TEo-1 
zero mode, For this mode, the slots 19, which are sub 
stantially one-half of a free space wave length long, are 75 

thin and serve the purpose of holding the food package 
in the desired position in the cavity 30. Plates 36 are 
fastened to members 33 by means of screws 37. Plates 
36 extend substantially entirely to the upper and lower 
walls of the cavity 30, but are spaced slightly therefrom. 
Attached to plates 36 outside the space containing the 
food package are dielectric matching members 38. Mem 
bers 38 are attached to plates 36 by means of screws 39 
and are similar in shape to members 33. The members 
38 are substantially the same height as the plates 36 and 
have a width which covers substantially the middle third 
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of the plates 36. Members 38, being thicker toward the 
center of the cavity 30 than toward the edges, tend to 
dirhinish the concentration of energy at this point in the 
center of the cavity, thereby providing a more uniform 
heating indicative of the 'space occupied by the food body. 

... In order to get the food package into and out of the 
cavity, there is provided an aperture in the upper wall 
of cavity 30, which is covered by a metallic door 40 
pivoted at the rear edge of the aperture on a pivot pin 
41 and retained in a closed position by a spiral spring 42 
wound around pivot. 41. When a food body is placed 
on door 40 of sufficient weight, it causes the door to open downwardly, thereby allowing the food body to drop 
into the space between the plates 36. 
The bottom of the food body, which may be illustrated 

herein as a sandwich 43 positioned in a cardboard box 
44, rests on a metallic semi-cylindrical projection 45, 
which extends upwardly from a lower door 46 covering 
an aperture in the lower wall of cavity 30. The lower 
door is pivoted on a pivot 47 and opensa predetermined 
time after the food body has been introduced into the 
cavity 30, thereby releasing the food body from the cav 
ity following heating of the food body to the desired 
temperature. 

In operation, the food body absorbs a large portion of 
the energy fed into the cavity 30 and also tends to concen 
trate the intensity of the field pattern in the center of 
the cavity, since it has a relatively higher dielectric con 
stant than the remaining open spaces of the cavity. As 
a result, relatively little energy is coupled out through 
the slot"32. However, if the cavity 30 is energized with 
out a food body therein or with a food body therein 
which absorbs very little energy, the field pattern shifts 
somewhat such that there is a greater relative concen 
tration of energy in the region of the slot 32 and the 
over-all intensity of the field pattern increases due to the 
lack of absorption of the energy within the cavity. As a 
result, a substantially larger amount of energy is coupled 
out through the slot 32 when there is no food body within 
the cavity than when there is a food body within the 
cavity. As a result, the impedance load presented to the 
magnetron by the cavity and associated wave guide struc 
ture remains substantially more constant than would be 
the case without slot 32. This allows normal operation 
of the magnetron closer to its maximum rated value with 
out danger of destruction of the magnetron due to large 
changes in the load impedance. 
As in the case of slots 19 in Figs. 1 through 4, the slot 

32 is made substantially resonant at the operating fre 
quency of the magnetron by making the length of the 
slot substantially a half-wave length of said frequency. 
While the mode pattern within the cavity is relatively com 
plex, it appears to be basically a TE-1 mode, both when 
the food body is out of the cavity. 

This completes the description of the specific embodi 
ment of the invention disclosed herein. However, many 
modifications thereof will be apparent to persons skilled 
in the art. For example, other shapes and sizes could be 
used for the cavity 14, the tapered transition section 15, 
and the guide 12, and other sources of energy could be 
used besides the magnetron 10 without departing from 
the spirit and scope of this invention. Therefore, it is de 
sired that the invention be not limited by the particular 
details described herein, except as defined by the appended 
claims. 
What is claimed is: 
1. An electronic cooker comprising an enclosure defin 

ing a cavity, means for radiating electromagnetic wave 
energy into said cavity, means for positioning a body to 
be heated in said cavity comprising a cylinder transparent 
to said energy and extending through said cavity, and 
coupling means for coupling said energy out of said cavity 
under normal operating conditions when said body is not 
positioned in said cavity, said coupling means being in 
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6 
operative to couple energy out of said cavity when said 
body is positioned in said cavity. 

2: An electronic cooker comprising an enclosure de 
fining a cavity, means for radiating electromagnetic wave 
energy into said cavity, means for positioning a lossy di 
electric body to be heated in said cavity comprising a 
cylinder transparent to said energy and extending through 
said cavity, and energy coupling apertures in said cavity 
for coupling energy out of said cavity when said body is 
not positioned in said cavity and for substantially pre 
venting energy from escaping from said cavity when said 
body is positioned therein. w 

3. An electronic cooker comprising an enclosure defins 
ing a substantially closed cavity, means for radiating 
electromagnetic wave energy into said cavity comprising 
a wave guide coupled to said cavity through a tapered 
transition section, means for positioning a lossy dielectric 
body to be heated in said cavity, and at least one energy 
coupling slot in the wall of said cavity for allowing energy 
to escape from said cavity when said body is not posi 
tioned in said cavity and substantially preventing energy 
from escaping from said cavity when said body is posi 
tioned therein. w- 

4. An electronic cooker comprising an enclosure defin 
ing a cavity, means for radiating electromagnetic wave 
energy into said cavity comprising a signal wave trans 
mission system coupled to said cavity through a tapered 
transition section, means for positioning a body to be 
heated in said cavity comprising a cylinder transparent 
to said energy and extending through said cavity, the ends 
of said cylinder being covered by electrically conductive 
shields, and an energy coupling slot in the wall of said 
cavity for allowing energy to escape from said cavity 
when said body is not positioned in said cavity and 
substantially preventing energy from escaping from said 
cavity when said body is positioned therein. 

5. A microwave cooker comprising an enclosure defin 
ing a cavity, means for radiating microwave energy into 
said cavity, means for positioning a body to be heated 
in said cavity, said cavity being structurally dimensioned 
to support one mode pattern of propagation of said energy 
when said body is not in said cavity, and another mode 
pattern of propagation of said energy when said body is 
in said cavity, and an uncovered energy coupling slot 
in the wall of said cavity, said slot being operative to 
couple said energy out of said cavity when said body is 
not positioned in said cavity, said slot being inoperative 
to couple energy out of said cavity when said body is 
positioned in said cavity. 

6. A microwave cooker comprising an enclosure defin 
ing a cavity, means for radiating microwave energy into 
said cavity, means for positioning a body to be heated in 
said cavity, said cavity being structurally dimensioned to 
support one mode pattern of propagation of said energy 
when said body is not in said cavity, and another mode 
pattern of propagation of said energy when said body is 
in said cavity, and an uncovered energy coupling slot 
in the wall of said cavity, said slot being on the order of 
one half of a free space wavelength long at the frequency 
of said energy, said slot being operative to couple said 
energy out of said cavity when said body is not positioned 
in said cavity, said slot being inoperative to couple energy 
out of said cavity when said body is positioned in said 
cavity. 

7. An electronic cooker comprising an enclosure defin 
ing a cavity, means for radiating microwave energy into 
said cavity, means for positioning a body to be heated in 
said cavity comprising a cylinder transparent to said 
energy and extending through said cavity, the ends of 
said cylinder being covered by electrically conductive 
shields, and an energy coupling slot in the wall of said 
cavity for allowing energy to escape from said cavity 
when said body is not positioned in said cavity and sub 
stantially preventing energy from escaping from said cavity 
when said body is positioned therein. 
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... 8. An electronic cooker, comprising an enclosure defin 
ing a cavity, means for radiating microwave energy into 
said cavity, means for positioning a body to be heated in 
said cavity comprising a cylinder transparent to said 
energy and extending through said cavity, and an energy 
coupling slot in the wall of said cavity for allowing energy 
to escape from said cavity when said body is not posi 
tioned in said cavity and substantially preventing energy 
from escaping from said cavity when said body is posi 
tioned therein. 

9. A microwave cooker comprising an enclosure defin 
ing a cavity, means for radiating microwave energy into 
said cavity, means for positioning a body to be heated in 
said cavity, said cavity being structurally dimensioned to 
Support one mode pattern of propagation of said energy 
when said body is not in said cavity, and another mode 
pattern of propagation of said energy when said body is 
in said cavity, means for reducing energy which may be 
fed back to said radiating means, and an uncovered energy 
coupling slot in the wall of said cavity, said slot being 
operative to couple said energy out of said cavity when 
said body is not positioned in said cavity, said slot being 
inoperative to couple energy out of said cavity when 
said body is positioned in said cavity. 

10. A microwave cooker comprising an enclosure defin 
ing a cavity, means for radiating microwave energy into 
said cavity, means for positioning a body to be heated in 
said cavity, said cavity being structurally dimensioned to 
Support one mode pattern of propagation of said energy 
when said body is not in said cavity, and another mode 
pattern of propagation of said energy when said body is 
in said cavity, means positioned between said cavity and 
said radiating means for reducing energy which may be 
fed back to said radiating means, and an uncovered energy 
coupling slot in the wall of said cavity, said slot being 
operative to couple said energy out of said cavity when 
Said body is not positioned in said cavity, said slot being 
inoperative to couple energy out of said cavity when said 
body is positioned in said cavity. 

11. A microwave cooker comprising an enclosure defin 
ing a cavity, means for radiating microwave energy into 
Said cavity, means for positioning a body to be heated 
in said cavity, said cavity being structurally dimensioned 
to support one mode pattern of propagation of said energy 
when said body is not in said cavity, and another mode 
pattern of propagation of said energy when said body is 
in said cavity, a plate having a slot therein positioned 
between said cavity and said radiating means, and an un 
covered energy coupling slot in the wall of said cavity, 
said slot being operative to couple said energy out of said 
cavity when said body is not positioned in said cavity, 
said slot being inoperative to couple energy out of said 
cavity when said body is positioned in said cavity. 

12. A microwave cooker comprising an enclosure defin 
ing a cavity, means for radiating microwave energy into 
said cavity, means for positioning a body to be heated 
in said cavity, said cavity being structurally dimensioned 
to support one mode pattern of propagation of said energy 
when said body is not in said cavity, and another mode 
pattern of propagation of said energy when said body is 
in Said cavity, a plate having a slot therein positioned 
between said cavity and said radiating means, said slot 
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8 
having its axis angularly displaced with respect to a longi 
tudinal line across the surface of said plate, and an uns 
covered energy coupling slot in the wall of said cavity, 
said slot being operative to couple said energy out of 
said cavity when said body is not positioned in said cavity, 
said slot being inoperative to couple energy out of said 
cavity when said body is positioned in said cavity. 

13. An electronic cooker comprising an enclosure define 
ing a cavity, means for radiating electromagnetic wave 
energy into said cavity comprising a signal wave trans 
mission system coupled to said cavity through a tapered 
transition section, means for positioning a body to be 
heated in said cavity comprising a cylinder transparent 
to said energy and extending through said cavity, the ends 
of said cylinder being covered by electrically conductive 
shields, means positioned between said cavity and said 
radiating means for reducing energy which may be fed 
back to said radiating means, and an energy coupling slot 
in the wall of said cavity for allowing energy to escape 
from said cavity when said body is not positioned in 
Said cavity and substantially preventing energy from es 
caping from said cavity when said body is positioned 
therein. 

14. An electronic cooker comprising an enclosure define 
ing a cavity, means for radiating electromagnetic wave 
energy into said cavity, means for positioning a body to 
be heated in said cavity, said cavity being structurally di 
mensioned to support a TEo-1 mode of propagation of 
said energy when said body is not in said cavity, and a 
TE1-1 mode of propagation of said energy when said 
body is in Said cavity, and coupling means for coupling 
said energy out of said cavity when said body is not posi 
tioned in said cavity, said coupling means being inopera 
tive to couple energy out of said cavity when said body 
is positioned in said cavity. 
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