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ABSTRACT OF THE DISCLOSURE 

A microwave oven includes a source of microwave 
energy, an oven cavity and a waveguide which connects 
the source to the cavity. The waveguide has a short cir 
cuited end remote from the source end and includes at 
least one microwave passage for feeding microwave en 
ergy into the oven cavity. This ?rst microwave passage 
is spaced from the short circuited waveguide end. Located 
within the waveguide and between the passage and short 
circuited end is an elongated strip of conductive mate 
rial. This elongated strip re?ects microwave energy. An 
axis of rotation is provided and the re?ective strip is 
supported, spaced from and substantially non-coplanar 
with that axis of rotation or “off-axis." 

The present invention relates to a microwave oven for 
heating foods, and more particularly, to an improved 
microwave oven which provides uniform heating patterns 
within the oven cavity by means of a moving or rotating 
mode stirrer located within the waveguide, which couples 
microwave energy between the source and the cavity. 

In known microwave cooking or heating devices, stand 
ing waves of high frequency are set up within the oven 
cavity due, for example, to re?ection of the supplied 
high frequency waves or microwaves, as variously termed, 
from the cavity walls. Such standing waves include loca 
tions of high electric ?eld intensities and low electric 
?eld intensities at different positions within the oven 
cavity. This distribution results in relatively hot or cold 
spots at various locations therein, and with a large piece 
of food or with several pieces placed about the cavity, 
causes some portions of food to be heated more than 
other portions. This result is obviously undesirable. 

In order to avoid these hot and cold spots, it has gen 
erally been the practice to increase the number of modes 
excited within the cavity by the addition of either ?xed 
or moving elements. This is possible since a cavity having 
its length, width, and height different in dimension, each 
large relative to the wave length of the microwave source, 
is inherently capable of sustaining a plurality of different 
modes. By adding together the electric ?elds of many 
different modes, a substantially more uniform electric 
?eld is obtained than is obtainable with a single dominant 
mode and the magnitude of the differences between the 
high and low electric ?eld intensities at different locations 
within the cavity is considerably reduced. 
The usual solution for this problem is the mode stirrer, 

a fan-like unit consisting of many blades located within 
the cavity, each of which re?ects incident microwave 
energy within the cavity. By rotating the stirrer within 
the cavity, the aforesaid high and low ?eld intensity spots, 
or hot and cold spots, are sequentially shifted to different 
locations around the oven and each portion of a large 
piece of food on the average over a period of time re 
ceives approximately the same amount of heating energy 
as it is sequentially exposed to high and low intensity 
?elds. . 

Although this method of obtaining a more desirable 
heating ?eld within the cavity has proven satisfactory, it 
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2 
possesses the obvious disadvantage of requiring additional 
space within the cavity for housing the stirrer assembly 
and results in a larger oven unit than is otherwise neces 
sary. 
To avoid this loss of available space, a proposal has 

been made which provides for mounting a conductive 
rectangular plate or “paddle wheel” for rotation about its 
axis within the waveguide that couples the microwave 
source to the cavity and confronts the microwave passage 
between the waveguide and the cavity. This proposal ap 
pears on pages 145 and 146 in a book entitled, “Micro 
wave‘ Heating" published in 1962 by the AVI Publishing 
Company. 
That proposal, however, is not practical because an 

unduly large voltage standing wave ratio or VSWR, re 
sults when the “paddle wheel” is rotated to a position 
perpendicular to the sides of the Waveguide completely 
cutting off the transmission of microwave energy to the 
cavity. The microwave energy is then re?ected back down 
the waveguide to the microwave source usually a mag 
netron. The re?ected energy may cause the magnetron 
to mode or operate in an undesirable condition and usual 
ly results in the destruction of the magnetron. Moreover, 
since substantially the whole rectangular plate is rotated 
about its own axis, a portion of the plate on and about 
the axis remains transverse the width of the waveguide; 
hence, the change in phase of microwave energy prop 
agated down the waveguide and the change in the reactive 
component or phase of the load “seen” by the micro 
wave source at the input of the waveguide is limited. De 
sirably, the periodic change in phase should be as large 
as is permissible, while the change in the voltage stand 
ing wave ratio, “seen” by the microwave source should 
be minimal: This is desirable in order to effect a suf 
?cient variation in frequency of a magnetron, and, thus, 
by~the introduction of different frequencies within the 
oven cavity, obtains a large variation in the number of 
different modes excited therein, while still protecting the 
source from re?ected energy. Hence, because of the lim_ 
ited phase change, the ability of the “paddle wheel” to 
provide uniformity of heating within the cavity is limited. 

Therefore, it is an object of the invention to provide a 
mode stirrer located outside the oven cavity and within 
the waveguide for maximizing the number of modes ex 
cited within a microwave oven. 

It is another object of the invention to provide a mode 
stirrer for obtaining uniformity of heating, which does 
not require space within the oven cavity, permitting the 
manufacture of a more compact microwave oven. 

It is a further object of the invention to feed microwave 
energy into the oven cavity at more than one location and 
to vary periodically the phase of microwave energy fed 
at one location relative to the other location. 

It is a further object of the invention to provide an in 
the-waveguide mode stirrer and assembly which avoids 
the creation of unduly large voltage standing wave ratios 
for protection of the microwave source and which pro 
duces maximum phase changes to ensure uniformity of 
heating. 

It is another object of the invention to provide a mode 
stirrer and feed passages for a microwave oven that is 
mechanically rugged, simple, and inexpensive; and pro 
vides uniformity of heating within the oven cavity without 
theme of a fan-like apparatus. 

In accordance with the present invention, a waveguide 
couples energy between a microwave source and the oven 
cavity. At least one microwave passage or iris is contained 
in a side of the waveguide abutting a cavity wall. A sup 
port member which is substantially transparent to micro 
wave energy, such as an insulator, is mounted for rota 
tion within the waveguide about an axis spaced between 
the one microwave passage and a short circuited or closed 
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end of the waveguide. An elongated strip of conductive 
material for re?ecting microwave energy is supported by 
the support member of insulator material spaced from the 
axis of rotation. A motor is coupled to the axis of the 
support member for rotating it with its supported con 
ductive strip within the waveguide. Advantageously, in 
accordance with a speci?c embodiment of the present 
invention, a second waveguide passage or iris is contained 
in the side of the waveguide abutting the cavity wall, and 
this second passage is located between the support mem 
ber and the closed end of the waveguide. In another em 
bodiment of the invention, the support member is con 
veniently of a cylindrical shape having a slot parallel to 
a cylindrical wall in which the elongated conductive strip 
is supported. 
The foregoing and other objects and advantages of the 

invention will become apparent from a reading of the 
following detailed description taken in view of the draw 
ings in which: 
FIGURE 1 shows a pictorial view of the microwave 

oven embodying the invention; and 
FIGURE 2 is an illustration of a support member for 

the elongated conductive strip utilized as an alternative 
to the support member illustrated in FIGURE 1. 
FIGURE 1 shows a microwave oven unit having a 

cavity 1 bounded by conductive walls and including‘ a 
door 2 through which objects to be heated may be placed 
into the cavity. A source 3 of microwave frequency 
energy, which is a conventional magnetron, is connected 
to the cavity by a waveguide 4. Waveguide 4 is shown 
with a section cut away in order to illustrate the internal 
elements more clearly. Included within waveguide 4 are a 
pair of spaced microwave passages or irises 6 and 7 
through which the microwave energy from source 3 is 
coupled to the cavity. The passage 6 is known as a 
susceptibly stubbed iris and comprises two slots transverse 
the width of the waveguides: The second passage 7 is of 
the type known a a resonant iris. These passages are here 
inafter described'in greater detail. A short circuited or 
closed end 8‘ terminates waveguide 4. 
As is shown, these microwave passages, 6 and 7, may 

be opened as shown, or sealed with a material transparent 
to microwaves but impervious to vapors, in order to pre 
vent vapors, such as food vapors, from entering the wave 
guide. The waveguide 4 additionally contains a support 
member 9 which is made from a material transparent to 
microwave energy. In one preferred embodiment, sup 
port member 9 has the geometry of a cylinder. An 
elongated conductive strip 11, which re?ects microwave 
energy, is supported by member 9. The conductive strip 
11 is covered with an electrical insulating material or 
potting compound, not illustrated, which has a high dielec 
tric strength in order to prevent any possible arcing be 
tween conductive strip 11 and the conductive walls of the 
Waveguide. In the preferred embodiment, the support 
member 9 is constructed of a material commonly known 

' by the trademark, Te?on; a product manufactured by 
the Du Pont Company. Other similar materials, such as 
nylon or polypropylene may be used instead. 

Support member 9, and hence, the conductive strip 11, 
attached thereto, vare mounted within the waveguide 4 
about an axis of rotation located between the ?rst iris 
6 and the second iris 7 or closed end 8. In the preferred 
embodiment, as is shown, rotatable mounting of the 
member 9 is accomplished by a tapped hole 10 within 
the member 9 and a coupling or shaft 14 having an outer 
screw portion 115 and a tapped hole 16. The waveguide 4 
contains a hole, not illustrated, confronting the tapped 
hole 10 of the member 9. The shaft 14 is screwed into 
the hole 10 through the hole in the upper wall of the 
waveguide. The upper wall of the waveguide abuts the 
edge of the shaft 14 to act as a bearing surface. How 
ever, as is apparent, a washer may be utilized to act as a 
bearing surface if placed between the upper wall of the 
waveguide and edge of shaft 14. The shaft of a small 
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4 
electrical motor is coupled to shaft 14 to rotate support 
member 9. Since the member 9 and conductive strip 11 
are relatively lightweight, the motor 12 is required to 
produce only a very small torque; hence, motor 12 may 
be any small-sized and relatively inexpensive fractional 
horsepower motor. 

Suitable brackets, not illustrated, support motor 12 
upon any convenient location in the oven unit, including 
the waveguide. Although FIGURE 1 illustrates a par 
ticular type of shaft means for rotatably mounting the 
support member 9 and conductive strip 11, it is apparent 
that other forms of shafts, such as a nonconductive shaft 
extending completely through the member 9 and con 
nected to bearings located in the upper and lower walls of 
the waveguide 4, could be used instead. 
Waveguide 4 is attached to the top wall of the cavity 

by a ?ange 5. This ?ange is sealed to the wall of the cavity 
in the conventional manner to prevent microwave energy 
from leaking to the exterior. Moreover, in the preferred 
embodiment, the upper wall of cavity 1 contains micro 
wave passages identical to irises 6 and 7 underlaying the 
latter to permit the passage of microwave energy from 
the waveguide into the cavity. However, as is apparent, 
other forms of equivalent microwave passages may be 
used. For example, the upper wall of cavity 1 may con 
tain a cut away portion corresponding to the shape of 
waveguide 4 and waveguide 4 containing the passages 6 
and 7 is then located directly over or within this opening. 
Moreover, in accordance with the teachings of the present 
invention, spaced irises 6 and 7 may be of shapes or 
sizes other than that utilized in the preferred embodiment 
of FIGURE 1 and may consist of many forms of distrib 
uted passages. Also, the member 9 preferably supports 
conductive strip 11 about one-quarter guide wavelengths 
at the design frequency from the axis, but may be of any 
particular shape desired, since the only substantial re 
quirement in shape is that it support the conductive strip 11 
for rotation within the waveguide about an axis, other 
than an axis through the conductive strip 11, as found in 
the prior art “paddle wheel.” 
The cavity 1 is conventionally constructed of stainless 

steel. Stainless steel, although it re?ects microwave energy, 
is relatively lossy as compared to other metals and thus 
affords some load upon source 3 at all times even though 
no load or objects to be heated are within the oven cavity. 
This characteristic, thus, provides some degree of over 
load protection for magnetron 3. 
The magnetron 3 is symbolically illustrated in FIGURE 

1, and is connected in the conventional manner to a source 
of electrical energy which operates the magnetron in the 
usual manner. Likewise, the motor 12 is connected to a 
source of AC. Details of the foregoing including the 
usual on-off switch, circuit breakers, and details of the 
power supply have been omitted; since they are well 
known, are connected in a conventional manner, and do 
not add to the present invention. 
Upon energization, source 3 produces microwave energy 

which propagates down waveguide 4 and enters the cavity 
1 through irises 6 and 7. Motor 12 rotates the support 
member 9 and moves elongated conductive strip 11 in 
a circle within waveguide 4. As is apparent, conductive 
strip 11 rotates to positions substantially parallel to the 
side walls of the waveguide, and the microwave energy 
from source 3 passes into cavity 1 through both irises 6 
and 7. Additionally, conductive strip 11 rotates to positions 
substantially parallel to the closed end 8 of the waveguide 
4 and substantially blocks the microwave energy from 
iris 7. These latter positions occur at two dilferent loca 
tions; where strip 11 is proximate the iris 7 and where 
strip 11 is more proximate the iris '6. The space between 
these two locations is a full diameter of member 9. Pref 
erably, this distance is approximately a half guide wave 
length at the design frequency. Thus, as strip 11 rotates in 
the manner described, the impedance of the waveguide 
changes and varying amounts of microwave power are 
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directed through each of irises 6 and 7 during the course 
of this rotation. ‘ 

A magnetron has several inherent characteristics which 
are of signi?cance to the present invention. As is known, 
the operating frequency of the magnetron is dependent 
upon the impedance of the load, which in the present in 
stance is the load “seen” by the magnetron at the entrance 
to waveguide 4. In any particular magnetron, these char 
acteristics are graphically displayed by the well-known 
Rieke diagram. Characteristcs, such as power output and 
frequency of oscillation of a magnetron are plotted upon 
a Rieke diagram as a function of the magnitude and the 
phase of the voltage standing wave ratio (VSWR). 

In all magnetrons there is a region of possible operation 
in which the magnitude of the voltage standing wave 
ratio and the phase of the voltage standing wave ratio 
cause the magnetron to mode or operate at an undesired 
frequency, and which if continuously operated in this 
region causes the destruction of the magnetron. This re 
gion is also outlined on the Rieke diagram. Thus, precau 
tions are taken to prevent any change in load “seen” by 
the magnetron from causing the magnitude and the phase 
of the voltage standing wave ratio from appearing within 
this undesirable range. In the present instance, the loca 
tion of a microwave passage, such as iris 6, closer to the 
source end of waveguide 4 than the re?ecting conductive 
strip 11, prevents the voltage standing wave ratio from 
becoming unduly large. Regardless of the location of the 
conductive strip 11, it does not block microwave energy 
from iris 6. This is in marked contrast to the “paddle 
wheel” devices of the prior art which are located between 
the source and the microwave passage. At certain angular 
positions, such “paddle wheels” completely re?ect all en 
ergy propagated down the waveguide back to the source, 
creating an unduly large voltage standing wave ratio. 
Such a large voltage standing wave ratio (VSWR) when 
coincident with an unforeseen phase shift, causes the 
magnetron to operate in the forbidden region. 
The second effect apparent as elongated strip 11 rotates 

about the axis of shaft 14 between the iris 6 and the closed 
end 8 of waveguide 4 is the change of frequency of 
magnetron 3 caused by the change of impedance of the 
load “seen” by magnetron 3. This phenomenon, commonly 
known as frequency “pulling” is also demonstrable with 
a Rieke diagram. The term “pulling” has a very technical 
meaning—the change in frequency caused -by a change in 
VSWR phase of the voltage standing wave ratio, de?ned 
as the distance of the node or minimum of vvoltage, ex 
pressed in radians or wavelengths, from the magnetron 

' input; while maintaining the voltage standing wave ratio 
at a magnitude of 1.5. However, it is herein used in a 
broader sense; that is, the frequency change produced 
by a VSWR change or a VSWR phase change, or both. 

In the present invention, it has been found that the 
change in voltage standing wave ratio caused by the pres 
ence of a re?ective body within the waveguide as part 
of the load “seen” by the magnetron, such as strip 11, is 
dependent more upon the height of such strips and that 
the VSWR phase change of the voltage standing wave 
ratio, again as part of the load “seen” by magnetron 3, 
is dependent more upon the length of the conductive strip 
transverse the width of the waveguide, such as the por 
tion of the length of strip 11 rotated transverse the width 
of the waveguide. In the preferred embodiment it is de 
sirable that the length of the strip 11 amount to about 
one-third the circumference of the support member car 
rying the conductive strip or, in other words, about the 
width of the waveguide. Thus, substantially parallel, 
that is as parallel as a curved strip can be, to closed end 
8 of the waveguide where it produces a maximum phase 
shift, and then to a position substantially parallel to the 
side walls of waveguide 4 where a minimum phase shift 
is attained. This rotation of strip 11 causes a very large 
change in VSWR phase of the voltage standing wave ratio 
“seen” by the magnetron between the minimum-maximum 
values in the phase of the voltage standing wave ratio. 
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6 
With a conductive strip of length greater than one 

third the circumference of the support cylinder, or greater 
than the width of the waveguide, it is apparent that some 
portion thereof always protrudes transverse the width of 
Waveguide 4; and hence, maintains some value of VSWR 
phase or reactive value larger than a minimum value 
otherwise possible. Hence, having a larger minimum value 
of VSWR phase results in a smaller phase change, the 
difference between the maximum and minimum VSWR 
phase, “seen" by the magnetron during rotation of strip 
11. The same reduction results if the elongated strip is 
substantially shorter in length than the width of the wave~ 
guide, however, in such instances, the maximum VSWR 
phase shift is reduced. 

Further, in the preferred embodiment, the edges of 
conductive strip 11 are chamfered, which effectively 
changes the height of conductive strip 11 at those por 
tions. Hence, as strip 11 rotates from a position substan 
tially parallel to the side walls of waveguide 4 transverse 
the width of waveguide 4 progressively to the blocking 
position parallel to closed end 8, the voltage standing 
wave ratio, because of its dependency upon the height 
of the conductive strip varies in magnitude during the 
period in which conductive strip 11 is ?rst rotated across 
the width of the waveguide. 
The frequency of the magnetron 3 is thus “pulled" 

through a large number of frequencies as re?ecting strip 
11 rotationally changes position. Having different fre 
quencies propagating down waveguide 4 through the 
irises v6 and 7 and into cavity 1 caused either by this 
“pulling” or by changes in magnetron anode current 
produces large variations in the types of modes tempo 
rarily created and maintained within cavity 1. This pre 
vents the creation of a standing wave ?eld distribution 
of a single mode and characteristic of a single frequency 
conductive to the creation of hot and cold spots, since 
this modal pattern changes as the conductive strip 11 is 
rotated through its various positions. 
An effect occurring during the rotation of conductive 

strip 11, in addition to the VSWR and VSWR phase 
change, is the change in phase of the instantaneous micro 
wave energy produced between the ?rst iris 6 and the 
second iris 7. Because the re?ective strip 11 acts as a 
variable impedance connected between two locations 
along a transmission line, herein Waveguide 4, the change 
in impedance which it produces changes the phase of the 
instantaneous microwave ?eld at one location relative 
to another location along the waveguide in the conven 
tional manner. Hence, when the combined wave front 
of microwave energy, emanating from the irises 6 and 7, 
is considered, it is apparent that variations in phase be 
tween the two irises produce a maximum ?eld within 
the cavity which varies in location or position along 
the cavity wall in a manner similar to the phasing of 
a plurality of radio frequency antennas. As is apparent, 
the mode sustained by the cavity is one which has its 
maximum or antinode at the same location of the maxi 
mum ?eld coupled thereto. Thus, as the point of ?eld 
maximum is shifted, different modes are coupled and 
momentarily sustained by the cavity. 
Although the theory of operation of the invention is 

at present uncertain and unusually complex, the fore- . 
going explanation of the operation is olfered as the best 
available based upon known phenomena in order to o?er 
some understanding of the unusually complex relation 
ships that appear to control the success of the invention 
and which normally require an empirical design. The 
uniformity of heating produced by the present invention 
is consistently superior to that obtained with devices such 
as the “paddle wheel,” heretofore available. 
FIGURE 2 shows another embodiment of the inven 

tion in which the rotatable conductive strip is located 
within the waveguide 4 in the same manner as the cor 
responding elements illustrated in FIGURE 1. In this 
embodiment a slot 18 is cut into' the support member 9' 
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along a cylindrical surface at a predetermined radial dis 
tance from the tapped hole 10', less than the radius of 
the cylindrical portion of the insulator body. This slot 
18 is long of such length and depth that it can contain 
the elongated conductive strip 11’. The conductive strip 
and the remaining portion of the slot 18’ are covered 
with a suitable potting material 19 having a high di 
electric strength. With this arrangement, the conductive 
strip 11’ is more permanently and rigidly supported by 
the support member 9’; and both the member 9’ and 
the potting material 19 act to prevent any electrical arcing 
between conductive strip 11' and the walls of waveguide 
4. The shape of the member 9' is formed by the inter 
section of a cylinder and two parallel planes each of 
which are spaced from the axis of the cylinder by a dis 
tance smaller than the radius of the cylinder. The mem 
ber 9' thus has two cylindrical sides and two ?at sides, 
17 and 20. The purpose of this shape is to simplify one 
procedure of manufacturing the invention. 

In one such manufacturing procedure, the waveguide 
4 including the irises 6 and 7 shown in FIGURE 1, is 
?rst formed. In order to insert the support member 9’ 
containing the supported conductive strip 11' into the 
waveguide, the diameter of the cylinder is made slightly 
smaller than the longer dimension of the rectangle form 
ing the passage 7, while the distance between the two 
parallel ?at sides 17 and 20 is made slightly smaller than 
the small dimension of the rectangular passage 7. The 
member 9’ is inserted through the iris 7 into the wave 
guide 4 by hand and manipulated so that its tapped 
hole 10’ appears at the hole, not illustrated, in the 
upper wall of the waveguide. The shaft 4 may then be 
screwed into the tapped hole 10’ to hold the member 9' 
in place until other steps in the manufacturing process 
can be completed. Although this step of the manufactur 
ing procedure has been described, this description is not 
intended to limit the invention or the method by which 
the invention is manufactured. 

Referring again to the preferred embodiment of FIG 
URE 1, the microwave passage means utilized, as previ 
ously mentioned, is a form of distributed feed which 
contains a ?rst passage or iris known as a susceptibly 
stubbed iris formed by the two narrow slots 6 trans 
verse the width of the waveguide, and a second passage 
or iris known as a resonant iris formed by a rectangu 
lar opening 7 the center of which is located approximately 
one-half wavelength at the design frequency from the 
effective midpoint of the susceptibly stubbed iris 6 and 
approximately one-fourth wavelength at the design fre 
quency from the short circuited or closed end portion 
8 of waveguide 4. The shorter side of the rectangular 
opening runs across the width of waveguide 4. The pur 
pose of this type of distributed feed is twofold—?rst, for 
introducing equal amounts of power at each of two re 
spective locations along the top wall of the cavity when 
the conducting strip is rotated to a position parallel to 
the longitudinal walls of the waveguide 4, and second, 
for maximizing the number of modes produced within 
the cavity. Each of these functions enhances the uni 
formity of heating of objects placed within cavity 1. The 
location of the short circuited waveguide end 8 enhances 
the introduction of microwave energy through opening 
7, because a substantially high impedance is “seen” by 
microwave energy attempting to pass this opening and 
progress further down the waveguide. Essentially this 
is equivalent to a quarter wavelentgh short circuited stub, 
well known in transmission line theory. In the preferred 
embodiment, it is desired to have resonant iris 7 located 
adjacent the closed end 8 of the waveguide, rather than 
susceptible stubbed iris 6. 
The narrow slots 6, as is known, favor the passage 

of electric ?eld or E waves, while the resonant iris 7 
favors the passage from the waveguide into the cavity 
of magnetic ?eld or H waves, although some amounts 
of the other ?eld are also admitted, especially by iris 
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7. The waveguide 4, coupling the microwave energy from 
the source 3 to the cavity 1, is designed to support the 
propagation therebetween of what is known as a trans 
verse electric wave; that is, a propagating wave contain 
ing both electric ?elds E and magnetic ?elds H in which. 
the magnetic ?eld H has a vector parallel to the direc 
tion of propagation, and the electric ?eld E has its vec 
tors entirely transverse to the direction of such propaga 
tion. In particular, the waveguide is designed to support 
the propagation of a TEOl wave. Many of the standard 
texts or waveguides relate the mathematical analysis of 
such phenomena. Moreover, an oven cavity, such as 1, 
is capable of sustaining different modes of ?eld distri 
bution depending upon whether an E ?eld or an H ?eld 
is coupled from the waveguide into the cavity. Therefore, 
by introducing an E ?eld at one location and an H ?eld 
at another, a greater number of modes are excited and 
the desired result of maximizing the number of excited 
modes for obtaining uniformity of heating is obtained 
where it is generally not otherwise possible with two 
couplings both of which couple either E ?elds or H 
?elds. 

Further, as is known, a high frequency passage, such 
as the disclosed irises, possesses a value of radiation 
resistance, determined in part by the dimensions of the 
passage and the frequency of the microwave energy. Since 
it is desired to distribute the microwave power evenly 
throughout the cavity, it is desirable to have equal amounts 
of power enter the cavity through each of the two irises 
6 and 7. This would not be possible if the two irises 
possessed equal values of radiation resistance, because in 
that instance, maximum power would be coupled through 
the ?rst iris and less through the second iris. Hence, in 
the preferred embodiment utilizing the distributed feed, 
the irises are dimensioned so that at the design frequency 
they are of unequal radiation resistance. 
Although the preferred embodiment of the invention 

utilizes a distributed feed, other modi?cation-s embody 
ing the invention are also possible; for example, it is pos 
sible to utilize a single iris, such as a resonant iris like 
passage 7, for the microwave passage means. It prefer 
ably is located in the bottom wall of the waveguide, 
substantially in the center of the top wall of the cavity 
1. In this instance, the support member is placed in a 
location closer to end 8 within the waveguide so that it 
remains between the iris and the short circuited end 
8 of the waveguide. 

‘Of course, it is to be understood that this invention 
is not restricted to the particular details as described 
above, as many equivalents will suggest themselves to 
those skilled in the art. The foregoing embodiments, it 
is understood, are presented solely for purposes of il 
lustration and are not intended to limit ‘the invention 
as de?ned by the breadth and scope of the appended 
claims. 
What is claimed is: 
1. A microwave oven comprising: a source of micro 

wave energy; a cavity for receiving objects to be heated; 
a waveguide connected between said source and said cav 
ity for coupling microwave energy between said source 
and said cavity; said waveguide including a short cir 
cuited end portion remote from said source, a ?rst micro 
wave passage means spaced from said short circuited end 
for feeding microwave energy from the waveguide into 
the cavity; a support member contained within said wave 
guide rotatably mounted about an axis of rotation between 
said ?rst microwave passage means and said short cir 
cuited end; said support member being of a material sub 
stantially transparent to microwave energy; an elongated 
conductive strip supported by said support member spaced 
from and substantially non-coplanar with said axis of ro 
tation for rotation with said support member about said 
axis of rotation for re?ecting variable amounts of micro 
wave energy during rotation; and means for rotating said 
support member about said axis of rotation so that said 
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re?ective strip is moved in a narrow path located about 
said axis between said passage and said short circuited 
waveguide end that traverses substantially a major por 
tion of the width of said waveguide at two spaced posi 
tions along the length of said waveguide. 

2. The invention as de?ned in claim 1, further com 
prising a second microwave passage means within said 
waveguide spaced from said ?rst microwave passage 
means and located between said axis of rotation and said 
short circuited waveguide end for feeding microwave ener 
gy from the waveguide into the cavity from a second lo 
cation. 

3. The invention as de?ned in claim 2, wherein said 
?rst microwave passage means comprises a pair of narrow 
adjacent slots transverse the width of said waveguide and 
said second microwave passage means comprises a rec 
tangular opening larger in area that said slots. 

4. The invention as de?ned in claim 3, wherein said 
support member is of a substantially cylindrical geometry 
and said axis of rotation substantially coincides with the 
axis of said support member. 

5. The invention as de?ned in claim 4, wherein said 
support member contains a 'slot opening within a base 
portion; and wherein said elongated conductive strip is 
supported within said slot; and further comprising a cov~ 
ering material of high dielectric strength covering said 
slot. 

6. A microwave oven comprising: a source of micro 
wave energy; a cavity for receiving objects to be heated; 
a waveguide connected between said source and said cav 
ity for coupling microwave energy therebetween; said 
waveguide including a plurality of microwave passages 
for feeding microwave energy between said waveguide 
and said cavity at different locations; a microwave energy 
re?ecting surface within said waveguide between two of 
said plurality of microwave passages for changing the 
phase of microwave energy between said microwave pas 
sages in response to a change in position; and means con 
nected to said re?ecting surface and having an axis of 
rotation spaced from said substantially non-coplanar with 
said re?ecting surface for moving said re?ecting surface 
in a narrow path about said axis of rotation that includes 
traversing substantially the width of said waveguide at 
two spaced positions along the length of said waveguide 
substantially in between said microwave passages. 

7. A microwave oven comprising: a magnetron for gen 
erating microwave energy; a cavity for receiving objects to 
be heated; waveguide means connected between said mag 
netron and said cavity for coupling microwave energy 
therebetween and presenting a VSWR at a VSWR phase 
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to said magnetron; said waveguide including a short cir 
cuited end and a ?rst passage means spaced from said 
short circuited end for feeding microwave energy between 
said waveguide and said cavity; microwave energy re 
?ecting surface within said waveguide located between 
said passage means and said short circuited end; an axis 
of rotation spaced from said re?ecting surface; said re 
?ecting surface being spaced from and substantially non 
coplanar with said axis; and means for rotating said re 
?ecting surface about said axis of rotation so that said 
re?ecting surface is moved in a narrow surface path which 
traverses substantially a major portion of the width of 
said waveguide at two spaced positions along the length 
thereof for varying the VSWR phase presented to said 
magnetron. 

3'8; The invention as de?ned in claim 7, further compris 
ing: a second passage means within said waveguide for 
feeding microwave energy having a positional phase from 
said‘ waveguide into said cavity; said second passage means 
spaced between said microwave energy re?ecting surface 
and said short circuited end of said waveguide; and 
wherein said microwave energy re?ecting surface addi 
tionally varies the instantaneous phase of microwave en 
ergy supplied at said second passage means relative to the 
instantaneous phase of microwave energy at said ?rst pas 
sage means. 

9. The invention as de?ned in claim 8 wherein said ?rst 
microwave passage means comprises a pair of adjacent 
narrow transverse slots and wherein said resonant iris 
comprises an opening larger in area than said slots. 

10. The invention as de?ned in claim 4 wherein the 
length of said re?ective strip is slightly larger than the 
width of said waveguide; and wherein said re?ective strip 
is curved in the arc of a circle. 

11. The invention as de?ned in claim 6 wherein said 
re?ecting surface comprises an elongated strip of con 
ductive material. 

12. The invention as de?ned in claim 11 wherein said 
elongated strip has a length slightly larger than the width 
of said waveguide; and wherein said strip is curved in the 
arc of a circle. 
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