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[57] ABSTRACT 

A high frequency oven having a door sealed to the 
oven by a seal which prevents the escape of high fre 
quency energy between the door and the oven by act 
ing as a choke to energy modes attempting to pass 
across the seal in which excitation of energy in a band 
of frequencies including the desired operating fre 
quency range of the oven is controlled along the seal. 
An energy absorbing gasket surrounds the seal to ab 
sorb any energy passing outwardly from the energy 
seal. 

57 Claims, 22 Drawing Figures 
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ENERGY SEAL FOR HIGH FREQUENCY ENERGY 
APPARATUS 

BACKGROUND OF THE INVENTION 
The invention relates to electromagnetic energy sup 

porting structures and more particularly to microwave 
heating apparatus having energy seals to prevent the 
leakage of such energy from the apparatus. In the mi 
crowave oven art the escape of high frequency‘ energy 
from an oven cavity is desirably controlled in order to 
comply with standards established by State and Federal 
regulatory agencies and bodies, such as the Depart 
ment of Health, Education and Welfare, Federal Com 
munication Commission, and The United States of 
America Standards Institute. conventionally, such ap~ 
paratus operates at assigned frequencies of either 915 
or 2,450 MHz and the term “microwave" as used in 
this description of the invention is intended to refer to 
that portion of the electromagnetic energy spectrum 
having wavelengths in the order of 1 meter to one milli 
meter and frequencies in excess of 300 MHz. 
In microwave ovens the energy fed to the oven inte 

rior preferably resonates in a plurality of modes 
achieved by suitable adjustment of the oven dimen 
sions. Such resonant modes are loaded by absorption of 
heat by the article being heated, and such absorption 
varies with the absorbing characteristics of the article 
as well as its size and shape. To assure uniformity of 
heating it has generally been desirable to cyclically vary 
the mode pattern with respect to the article by, for ex 
ample, a mechanical rnode stirrer, by movement of the 
article within the oven, by varying the frequency of the 
energy fed to the enclosure, and/or combinations of all 
the foregoing. The multiplicity of modes which vary 
with the loading within the oven and with the cyclical 
variation of the modes therein can result in excitation 
of modes within a door seal which have propagating 
components along the Seal and can produce undesir 
ably large amounts of energy leakage through the door 
seal. ' 

In the prior art numerousenergy seals have evolved 
including ' those providing metal-to-metal ' contacting 
surfaces or interdigital structures, such as, for example, 
the embodiments referred to in U.S. Pat. Nos. 
2,956,143 issued to LB. Shall on Oct. ll, 1960, 
2,958,754 issued to DB Hahn on Nov. 1, 1960, as well 
as 3,448,232 issued to .LH. Kluck on June 3, 1969. 
Among the disadvantages with such structures is the 
mechanical variations which over a period of time de 
velop gaps with substantial energy leakage. It is also in 
herent in such structures and, in particular, the last 
named structure that propagation of energy in all 
modes and in all directions along the energy seal must 
be suppressed by substantially complete metal-to-rnetal 
contact in order for the seal tobe effective. Addition 
ally, with the establishment of gaps over periods of time 
between the contacting metal surfaces high frequency 
energy arcing may occur during operationand/or upon 
opening of the door, ‘ 
Other prior art energy seals include electrical choke 

arrangements together with dielectric bodies to define 
paths of least resistance for energy leaking along the 
peripheral gap de?ned between the door and access 
opening walls of an oven. Several examples of choke 
energy seals are illustrated in U.S. Pat. Nos. 3,182,169 
issued to Richard lron?eld on May 4., 1965, and 
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2 
3,584,177 issued to Arnold M. Bucksbaum on June 8, 
1971. The choke type energy seals are intended to han 
dle single energy propagating modes and have, for ex 
ample, a dimension of one-quarter of a wavelength of 
the operating frequency of a TEM~mode along a first 
path with a total excursion of one-half a wavelength 
from a short circuit defined by a terminating wall which 
is re?ected back to the point of origin of the escaping 
energy through the peripheral gap. 

In previous embodiments such choke arrangements 
in the course of time may change their electrical char 
acteristics due to mechanical wear and buildup of food 
particles which alters the door dimensions and hinders 
the effectiveness of the choke in preventing leakage. As 
a result, heating apparatus which initially meets the low 
radiation standard levels after installation may signifi 
cantly drift from such levels. It has further been noted 
that with the excitation of plural modes within the oven 
cavity the region defined by the peripheral gap around 
the access opening becomes an efficient propagating 
structure for, particularly, modes propagating in a y 
direction peripherally around the gap, as well as such 
energy modes intended to be directed across the energy 
seal, hereinafter referred to as the .x-direction, to en 
counter the choke arrangement. A wide range of high 
er-order modes can be initiated which propagate in the 
x-direction, having wavelengths greatly different than 
the operating frequency wavelength because these 
modes are associated with cutoff resonance of y 
propagating modes at frequencies close to the operat 
ing frequency. 

In attempting to understand the electrical character 
istics of the undesired modes propagating peripherally 
along the energy seal associated with the x-directed 
modes a study of the longitudinal and transverse cur 
rent ?ows has indicated that energy seals, particularly 
those with choke arrangements, exhibit large quasi 
periodic variations of leakage superimposed upon or 
even counteracting the expected TEM-mode suppres 
sion characteristics of the choke. Energy absorbing 
bodies, such as gaskets, are, therefore, coupled just be 
yond or outside the mode supporting energy seals in 
order to further dissipate energy leakage and assure 
maintenance of the standards. If the dielectric bodies 
within the choke or the energy absorbing bodies do not 
have stable dimensions and locations during the opera 
tion of the oven apparatus or if the door location and 
centering varies then excessive energy leakage and gas 
ket heating will occur in an uncontrollable manner. A 
need arises, therefore, for an improved high frequency 
energy apparatus having an energy seal which will pro 
vide for controlled energy mode propagation in one di 
rection by inhibiting the initiation of modes which can 
propagate in a different direction. 

SUMMARY OF THE INVENTION 

The present invention provides for an electromag 
netic energy mode supporting structure having means 
for controlling undesired propagation modes. More 
specifically, means are provided de?ning an energy 
propagation path with energy being propagated in one 
direction but prevented from propagating in a different 
direction. As used throughout the specification and 
claims, the term “mode” means a state of electromag 
netic wave energy characterized by a particular distri~ 
bution in space and time. The term “propagation” is 
intended to means energization with an electromag 
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netic wave having a real phase velocity and is further 
intended to include standing and/or non-standing 
waves. The term “real” relating to the phase velocity 
is intended to refer to a wave which is notcut offvfrom 
propagating and is capable of propagating without sub 
stantially decaying. 
The invention further provides that such a mode sup 

porting structure can be used to prevent the escape of 
energy around the peripheral gap, of an oven door. 
Such an improved energy seal is preferably positioned 
adjacent to at least one of the peripheral walls adjacent 
to the opening. The'mode supporting structure is pro 
vided with circuit parameter'variations along at least a 

' portion of the structure such that the parameters have 
maximum and minimum points spaced apart less than 
one effective electrical wavelength at the operating fre 
quency. The term “circuit parameter,” as used herein 
in the specification and claims, means any of those cir 
cuit elements or waveguide constants which are depen 
dent on geometry and/or material which in a general 
ized transmission line mode affects the characteristics 
of propagation of standing electromagnetic wave in a 
structure. 

One wall of such a mode supporting structure is mov 
able with respect to an opposing wall when the door is 
opened. To inhibit the excitation of modes propagating 
in the longitudinal or peripheral direction around the 
access opening, periodic and/or aperiodic spaced struc 
tures such as slots are provided which yield stop bands 
of frequencies which prevent resonances close to an 
operating frequency. The absence of such resonances 
results in the absence of modes propagating transverse 
or across the mode supporting structure with cutoff res 

onant frequencies close to the operating frequency. 
This then further results in the restriction of guided 
wavelength values of all modes propagating in the 
transverse direction to values close to a single value. 
Such circuit parameter variations may be provided in 
at least one of the walls of the mode supporting struc 
ture formed by the door or, alternatively in at least a 
portion of the access opening walls. 
The invention further provides for the use of an elon 

gated energy seal in heating apparatus to prevent sub 
stantial leakage of energy from the access aperture 
used to introduce material to be heated into the oven 
enclosure. By inhibiting the propagation of energy 
along the energy seal and thereby restricting propaga 
tion to a direction across such structure, an electrical 
choke may be constructed which re?ects substantially 
all of the energy entering through the peripheral gap 
and substantially reduces or eliminates the need for en 
ergy absorbing bodies at the primary operating fre 
quency of ‘the oven surrounding the door. The reduc 
tion of the absorption requirements of the energy ab 
sorbing bodies permits such bodies to be used effec 
tively to absorb any harmonics ‘of the operating fre 
quency which may be inadvertently generated by the 
source of energy. . 

The invention may be utilized in numerous other 
electromagnetic energy apparatus and systemsvwh'ere‘ 
control of propagation'of energy modes isy'r‘equired for 
efficient operation. I ~ ' 

' the invention; 
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BRIEF DEscRnYrioN OF THE DRAWINGS 
Details of illustrative embodiments of the invention 

will be readily understood after consideration of the 
following description and reference to the accompany 
ing drawings, wherein: 

' FIG. 1 is a perspective view, partially broken away, 
of a portion of an 'oven and control ‘system embodying 

FIG. 2 is a longitudinal cross-sectional view of the 
oven portion of the embodiment of the invention illus 
trated in FIG. 1‘ taken along the line 2-2 in FIG. 3; 
FIG. 3 is a partially broken away cross-sectional view 

of said embodiment taken on the line 3-3 in FIG. 2; 
FIG. 4 is an enlargement of a detail of the cross 

sectional view of FIG. 2 illustrating a portion of the 
choke-type door seal arrangement in said embodiment 
taken along the line 4-4 in FIG. 2; 
FIG. 5 is a cross-sectional view of the detail of FIG. 

4 taken along the line 5-5 in FIG. 4; 
FIG. 6 is a schematic representation of the equivalent 

circuit of the embodiment of the invention shown in 
FIGS. 1-5; _ ' 

FIG. 7 is a diagram illustrating the w-B characteristics 
for a mode supporting structure having means for vari 
ation of thecircuit parameters; 
FIG. 8 is a plot of the curves of energy leakage versus 

frequency measurements of modified and’ unmodified 
heating apparatus; ' 

FIG. 9 is a perspective view of an illustrative appara 
tus having a side-hinged door seal arrangement; ' 
FIG. 10 is a cross-sectional view of a sliding door seal 

arrangement; 1 

FIG. 11 is a partial cross-sectional view of an alterna 
tive embodiment of the invention for choke~type door 
seal arrangements; . 

FIG. 12 is a-partial cross-sectional view of still an 
other alternative choke-type door seal arrangement 
embodying the invention; 
FIG. 13 is a partial cross-sectional view of an alterna 

tive choke arrangement; 
FIG. 14 is a partial cross-sectional view of an alterna 

tive mode supporting structure embodying the inven 
tion; 
FIG. 15 is a cross-sectional view of another structure 

embodying oblique circuit parameter variation means; 
FIG. 16 is a partial cross-sectional view of another 

embodiment of the invention providing corrugated cir 
cuit parameter variation means; ‘ ' 

FIG. 17 is a partial cross-sectional view of an aperi 
odically structure embodying the invention; 
FIG. 18 is a partial cross-sectional view of another 

embodiment of the invention; ' 
FIG. 19 is a partial cross-sectional view of an energy 

seal arrangement forv use in alternative choke seal sys 
tems; ' ‘ I _ 

FIG. 20 is a vertical cross-sectional view taken on the 
line 20-20 in FIG. 19‘ looking in the direction of the 
arrows; ‘ ‘ 1 ’ ' 

FIG. 21 is a partial cross-sectional view of an alterna 
tive energy seal arrangement; and ' 

FIG. 22 is a partial elevational view of another em-_ 
bodiment‘of the type shown in FIG. 21. 

vDEsciuiéi,Tron or THE PREFERRED 
EMBODIMENTS 

Referring'now to FIGS. 1-5 inclusive, the heating ap 
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paratus 10 embodying the features of the invention is 
of the drop-down door type comprising a hollow cavity 
enclosure 12 de?ned by conductive walls 14. A case 
member 16 surrounds the enclosure as well as the ac~ 
companying microwave energy generator, electrical 
circuits and controls. A control panel 18 supports a 5 
minute timer switch 20 as well as a 30-minute timer 
switch 22. A start control button 24, stop control but 
ton 26 and light control button 28 are also mounted on 
panel 18. An upper wall member 14 is provided with 
perforations 17 to facilitate the removal of any heat 
within the cavity enclosure. 
A source of electromagnetic energy, such as a mag 

netron type oscillator 30, is coupled to the high voltage 
supply circuits and electrical controls indicated gener 
ally by box 31. The energy is fed by means of antenna 
32 mounted within a dielectric dome member 34 into 
a launching waveguide section 36 adapted to transmit 
energy to the enclosure at the frequency of desirably 
2,450 MHz in principally the TEM mode. The wave 
guide section is short-circuited at one end by wall mem 
ber 38 with the opposing end 40 being tapered and 
open. The energy is distributed ‘in a cyclically varying 
manner to produce a plurality of modes within the en 
closure by, for example, a mode stirrer 42 having a plu~ 
rality of paddle members 44 actuated by amotor 46 
connected to shaft 47. Such mode stirrers provide for 
the excitation of numerous modes at random as well as 
planned orientations within the enclosure 12. The en 
ergy mode distributions have varied patterns and the 
oven cavity is dimensioned to be substantially greater 
than an effective electrical wavelength of the predeter 
mined frequency, for example, 2,450 MHz. The items 
to be heated are supported within the enclosure 12 by 
any suitable means such as, for example, a tray of a di 
electric material. 
Access to the interior of the conductive enclosure 12 

is provided by means of opening 50 closed by means of 
door assembly 52. In the drop-down model a bottom 
hinge 54 is provided and the movement of the door as 
sembly is controlled by aa pair of spring tension coun 
terbalanced arms 56. Safety interlock switches are con 
tacted by arms 56 and are housed adjacent to walls 14. 
Door assembly 52 comprises a panel member 62 and 

ring member 64 secured together by any conventional 
means to form a unitary assembly to be described. Per 
forations 66 in metal panel member 62 allow visual ob 
servation of the oven interior during cooking while pre 
venting the escape of any electromagnetic energy radi 
ated within the enclosure. An outer window member 
61 is supported within ring 64. An inner window assem 
bly 63 with a transparent region also renders the perfo 
rations inaccessible to damage and simpli?es cleaning 
of the oven interior. A stud 65 secured to member 63 
is press-?tted into apertures in panel member 62. Win 
dow member 61 is retained in position by adhesive 
means as well as door trim members omitted from this 
view for the sake of clarity. A latch 68 is pivotally 
mounted on the door assembly 52 and engages a mat~ 
ing slot 70 in the peripheral front wall 72 surrounding 
the access opening. A mechanically actuated latch 
locking arrangement 74 is slidably disposed within the 
control panel 18 and is coupled to an interlock switch 
to prevent opening of the door after the apparatus is 
operative. 
A door-type electrical choke arrangement 76 extends 

around the periphery of the door to form an elongated 
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6 
seal, a portion of which is mounted on the door assem 
bly with the wall members material, such as a body 90 
of polystyrene or polypropylene. The entrance and exit 
to the choke cavity path 88 is provided by the gap 92 
defined between the end of the wall section 78 and the 
opposing wall 84. The foregoing arrangement is an ef? 
cient high frequency energy seal which offers a path of 
least resistance for any escaping energy around the pe 
ripheral gap 82. 

In addition to the energy seal, elongated energy ab 
sorbing bodies 94 and 96 may be disposed as shown be— 
tween the wall surface 86 of the door ring member 64 
and the peripheral wall surfaces 72. Bodies 94 and 96 
may be of any desired material for absorbing electro 
magnetic energy passing through the choke arrange 
ment 76 including rubber or plastic materials loaded 
with carbon derivatives or ferrite materials and the like 
and may be secured to the metallic walls by suitable ad 
hesive materials. Such an energy absorbing seal also ab 
sorbs any frequency harmonics of the primary frequen 
cies (2,400—2,50O MHz) which may be generated by 
the magnetron. 

In accordance with the principles of energy transmis 
sion such electrical choke arrangements are provided 
with wall portions de?ning paths 80 and 88 selected 
primarily to provide a high series reactance at the 
choke opening and to re?ect a short circuit from a ter_ 
minating wall surface 98 to the energy directed through 
gap 82. The choke dimensions are typically selected to 
provide a short circuit at the point of origin of the es 
caping energy or approximately one-half a Wavelength 
of the operating frequency. It has been observed, how 
ever, in previous embodiments that energy may be 
transmitted along the seal in the y-direction as indi 
cated by the arrow 48 peripherally in the direction of 
the elongated path around the access opening. Such y 
directed energy may have modes and/or wavelengths at 
the operating frequency differeing from the desired 
wavelength and mode of the energy propagating across 
the seal at said frequency in the x-direction as indicated 
by arrow 60. These modes and, particularly, certain 
higher-order modes may have cutoff resonant frequen 
cies close to the operating frequency. 

In accordance with the teachings of the invention a 
plurality of spaced circuit parameter variations are pro 
vided by such means as capacitive slots 106 in at least 
one of the choke wall sections 78 to de?ne therebe 
tween substantially ?nger-like conductive members 
78a. Substantial variations in the circuit parameters of 
the mode supporting structure results with alternate 
maximum and minimum points of such parameters. 
The distance between the points of maximum and adja 
cent points of minimum variation is less than one effec 
tive electrical wavelength of the frequency of excita 
tion within the oven enclosure. The illustrated slots 
have a major dimension extending in the x-direction 
and, therefore, at an angle to the y-direction or periph 
eral direction of the mode supporting choke seal struc 
ture. The underlying dielectric material 90 within the 
choke structure path 88 is thereby exposed to energy 
propagating across the elongated peripheral gap in the 
x-direction while the slots 106 act as open circuits to 
establish stop bands which inhibit initiation of energy 
mode propagation in the y-direction. 
The circuit parameter variations may be provided in 

a periodic or aperiodic manner or combination of both 
and the distances between the slots will provide any se 
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'ries of high reactances as long as the dimensions of the 
period are less than one effective wavelength of the en 
ergy at the given frequency within the enclosure 12 
preferably, substantially less than one-half of the wave 
length of the operating frequency. Referring ‘particu 
larly to FIG. 5 it will be noted that the slots 106 provide 
alternate finger-like conductive member 78a. The 
width vdimension “.a’” of the slots should be great 
enough to present a low value of capacitance to energy 
propagating across the elongated mode supporting 
structure‘ in-the x-direction. If the slot vwidth is excessive 
direct coupling between the energy in the oven enclo 
sure vandthe choke path 88 will occur. Dimension “b” 
is desirably less than one electrical wavelength-includ 
ing the effects of the dielectric loading present. The 
length ofthe slots 106, dimension “0”, or the major di 
mension extending normal to the direction of modes to 
be inhibited vin exemplary embodiments was close to 
one-quarter of a wavelength including the effects of 
junction'susceptance. In the illustration, therefore, the 
slot dimension'“c” is substantially the full length of the 
choke'wall section 78. Alternatively, the slot may ter 
minate a shortdistance from the edge of panel member 
62. The slots 106 have been illustrated as being void of 
any medium other than air, however, in certain applica 
tions .itmay be desirable to fill the slots with dielectric 
medium-similar to that employed for the body member 
90disposed within paths80 annd 88. 

~ While thereasons for the successful operation of the 
invention are not thoroughly comprehended certain 
general principles apply to structures having the elon 
gated geometry of a typical heat-ing apparatus door as 
sembly or any large‘ waveguide structurescapable of 
supporting numerous propagating modes by referring 
?rst to the schematic representation of the equivalent 
circuit depicted in FIG. 6. The series of periodic or ape 
riodie variations inthe form of capacitance reactances 
are spaced a distance p with each slot having a capaci 
tive value‘C to load a mode supporting structure having 
a characteristic impedance Z0. Although the peripheral 
gap under consideration is reentrant, the structure may’ 
beconsidered for the sake of simplicity as being in?nite 
in length in order to analytically deduce certain theo~ 

' retical principles which will assist in an understanding 
of the invention. . 

Referring now to FIG. 7 the frequency characteristics 
of an infinite capacitively loaded structure are plotted 

I in terms of frequency w and thejpropagation constant 

B‘. In addition to the TEM-like modes within the path 
80 in the x-direction a number of possible modes in‘ 

I which rhé guided wavelength xg/ x is considerably dif 
ferent than‘ unity can be studied, utilizing the principles 
of quasi or‘modi?ed periodic structures. The phase 
change across the capacitor Cis such that phase veloc 
ity varies, toestablish a series of stop and pass bands.‘ 
Certain modes, therefore, can bedetermined to have 
an all/3 relationship for propagating in the y-direction 
indicated by line 116 and a slope characteristic den/dB 
shown byline 1 18 for curves 120, 122 and 124. Consid 
ering Maxwell’s theory together with Floquet’s theo 
rem which states that for a given mode of oscillation in 
frequency the propagation wave function is multiplied 
by a constant complex factor on moving along the 
structure by'one section or period, the cutoff frequen 
cies for energy propagating along the y-direction may 
be determined. 
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The analysis provides the realization that pass band 

126 exists to support desired energy transfer. A stop 
band also exists as indicated by line 128 in a certain fre 
quency range preventing energy transfer. In addition to 
the higher-order modes certain lower frequency modes 
may also be supported within a mode supporting struc 
ture as indicated by curve 130. If a mode supporting 
structure is provided along the y-direction with ‘circuit 
parameter variations which will substantially eliminate 
cutoff resonances composed of y-directed energy, then 
any modes with cutoff frequencies for propagation in 
the x-direction close to the operating frequency will be 
inhibited. Energy modes can then propagate in the .x_ 
direction' with Ag v A. Whereas previously some higher 
order modes would have propagated in the x-direction 
close to the operating frequency, now these modes can 
initiate only reactive or evanescent penetration along 
the x-direction with insignificant coupling of the oven 
enclosure fields to external space through the gap re 
gion. 
The invention teaches the establishment of such cir 

cuit parameter varying means to inhibit the initiation of 
modes propagating in the peripheral or y-direction by 
providing a stop band free of cutoff resonances close to 
the operating frequency f,. The range of between 0.5 
and 1.5 of the operating frequency, indicated between 
the dotted lines 132 and 134 in FIG. 7, has an approxi 
mate three-fold range to yield very effective inhibition 
of modes in the y-direction. ’ _ _ . 

Classical periodic structure theory, for exampleenu 
merated in the text GMicrowave Engineering" by Har 
vey, Academic Press, New York and London, at p. 436, 
yields the following equation for the propagation cons 
tant B of energy in the peripheral or y-direction: 

T ,ep'£665'Bliii+"i727?213i52a1? f" 
_ (l) 

where B o = 21r/>tis the propagation constant of the en 
ergy in the mode supporting structure having an electri 
cal wavelength including the effect of dielectric load 
ing. Z0 is the characteristic impedance and “p" is the 
spacing between consecutive capacitances C. The 
upper edge of the stop band can be made close to 3 Op 
:m if mCZa is substantially small, for example, mCZo 
<< 1. If the stop band is made to be at least twice 2?, 
then there can be no cutoff resonance in the y-direction 
for x-propagating modes at all frequencies below 2f”. 
The essential condition for the inhibition of higher 
order mode propagation is, therefore, ful?lled by se» 
lecting a slot width to yield a low capacitance C and a 
small period p. In actual embodiments operating at 
2,450 MHz a “p” dimension in the range of. 0.650 
-0.750 inches and an “a" slot dimension in the'range 
0.070 - 0.125 inches provided desired. propagation 
characteristics. ' I - ' ‘ 

Before proceeding tov a'description ‘of numerous 
other embodiments of periodically or ape'riodically cir 
cuit parameter variations the performance measure 
ments of oven leakage versus frequency illustrated in 
FIG. 8 will now be described. The illustrative curves 
represent a large number of readings taken at numer 
ous locations around the periphery of the energy seal 
with a large number of curves superimposed and the 
maximum envelope taken as the curve of maximum 
leakage versus frequencyefor each particular combina 
tion. Curve A represents a microwave oven door seal 
without any electrical choke arrangements or modifica 
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tions. Curve B represents an oven door assembly with 
just a choke. Curve C represents a door assembly modi 
fied in accordance with the invention by capacitive 
slots having widths in the range of 0070-0. 125 inches 
and a spacing “p” in the range 0.650 - 0.750 inches to 
gether with an electrical choke arrangement. All three 
curves re?ect results without the use of any secondary 
lossy or damping gaskets, as well as plastic materials 
covering the perforations in the door. The frequency f0 
is the assigned operating frequency of microwave oven 
apparatus. 
Curve A without any protection indicates a high level 

of leakage which decreases with frequency according 
to theoretically confirmed variation of input reflection. 
A choke arrangement indicated by curve B reduces the 
leakage by about l0-20dB with no distinct choke reso 
nance indicated in the vicinity of f.,. It is believed that 
this lack of distinct choke resonance results from the 
uninhibited higher-order modes along the elongated 
peripheral path which is in large measureeunaffected by 
the choke action since A g/ A is far from unity. The ex 
pected choke peak suppression at the operating fre 
quency of x-directed modes is, therefore, masked. With 
the addition of the appropriate circuit parameter varia 
tions to establish a stop band for energy propagating in 
the y-direction, distinct evidence of choke action is re 
vealed by curve C at the resonance point f0, indicated 
by the numeral 140. It may also be noted that the mini 
mum leakage at the f,J point is approximately 20dB 
below the leakage of an unmodi?ed choke door indi 
cated by curve B. The frequency dependence has also 
been observed to be noncritical with only a IOdB deg 
radation in choke performance for a $200 MHz fre 
quency deviation from choke resonance 140. As a re 
sult, electrical deviations during the life of an apparatus 
due to mechanical variations in embodiments of the 
present invention will certainly maintain satisfactory 
safety standards over extended periods of time. 

It has also been noted in actual tests that the addition 
of the lossy energy absorbing bodies typically lowers 
the maximum leakage by another l0-l5dB in unmodi 
?ed doors whereas the addition of such material lowers 
the leakage by only S-lOdB with the door modi?ed in 
accordance with the present invention. This data indi 
cates that the door seal arrangement of the invention 
relies less on the additional lossy absorbing materials by 
reason of the inhibiting of higher-order mode energy 
propagation. The invention restores the normal func~ 
tion of the electrical choke arrangement in primarily 
controlling the TEM modes propagating in the x 
direction across the peripheral gap. The data, there 
fore, indicates an improvement factor of 40-100 in re 
ducing the leakage levels well below levels achieved 
with existing oven door arrangements. 
A modification of. the invention is disclosed in FIG. 

11 wherein spaced slots 108 are now provided in wall 
15. Choke arrangement 76 in this embodiment pro 
vides for the wall section 78 of panel member 62 to re 
main unmodi?ed. The capacitive slots, therefore, are 
provided in wall 15 to result in the inhibition of the de 
sired modes. The energy propagating in the y-direction 
coupled through slots 108 may be attenuated by suit 
able means within chamber 110 defined with case 16 
by an end wall 111. 

In FIG. 12 an alternative door seal arrangement is 
disclosed with choke 142 provided as a part of the en 
closure wall 14 instead of the door assembly. The di 
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10 
electric body 90 and transmission paths 80 and 88 are 
de?ned similar to the preceding embodiments. Panel 
member 144 and ring member 146 are fabricated as a 
single unit to define the overall door assembly 148 
which contacts the wall choke arrangement. The choke 
wall portion 152 having the spaced capacitive slots 154 
is secured by suitable means to oven wall member 14. 
The resultant door-choke arrangement is again pro 
vided around the access opening. 

In the foregoing descriptions the inner and outer 
door window members 61 and 63 have been shown. It 
may also be noted that while a choke arrangement has 
been described, in certain embodiments of mode sup 
porting structures the gaps between the door assembly 
and oven enclosure walls may be loaded with magne 
tized ferrite bodies to perturb the escaping energy. In 
such embodiments capacitive structures can be ar 
ranged in the oven enclosure walls in essentially the 
same manner shown in FIG. 11. 

Other circuit parameter variation structures will now 
be described. In FIG. 14 slots 156 and 158 having vary 
ing lengths c1 and c2 provide substantially U~shaped 
members 160. In this embodiment one set of capacitive 
reactances can inhibit one frequency mode while the 
second set inhibits another frequency. In FIG. 15 slots 
162 extend obliquely to define therebetween conduc 
tive members 164. In all the foregoing examples, the 
modi?cation of the wall surfaces can be practiced for 
either the wall de?ning the enclosure or the door. In 
some embodiments both walls provide the requisite cir 
cuit variations. ' 

In FIG. 16 a variation of the invention is disclosed 
with the corrugated wall 166 comprising a plurality of 
conductive rib sections 168 to provide alternating high 
and low impedance regions around the access opening. 
The ribs extend parallel to the x-direction or transverse 
across the elongated peripheral path. Dielectric mate 
rial 170 is disposed in a similar manner to the previous 
embodiments. Spaced high impedance regions are de 
?ned by channels 172 between the rib sections 168 in 
the low impedance region. In this embodiment the x 
direction extends in the direction indicated by the cir 
cle. The y-direction is again indicated perpendicular to 
this direction. A z-direction is also indicated showing 
the direction of energy into the choke filled with dielec 
tric 170. In this embodiment further improvement in 
inhibiting modes may be realized by the provision of 
slots in the back walls of each channel as indicated by 
dashed lines 171. 
FIG. 17 illustrates an aperiodically varied structure 

having somewhat random spacings with all the periods 
being much less than one effective electrical wave 
length long, for example all less than M4 of the prede 
termined operating frequency. Hence, the distance be 
tween slots 174 and 176 provides a ?rst spacing p1. The 
distance between capacitive slots 176 and 178 provides 
a second spacing p2. Similarly, the distance between 
slots 178 and 180 provides a third variable spacing. The 
conductive wall members disposed between the slots 
form varying spaced conductive members 182, 184 and 
186. 

FIG. 18 illustrates a choke arrangement 76 similar to 
that shown in FIGS. 4 and 5 modi?ed by insertion of a 
dielectric or other desired material 107 in slots 106 to 
aid in achieving the desired circuit variations. 
An alternative heating apparatus of the side-hinged 

type is shown in FIG. 9. Access opening 190 is enclosed 
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by means of door assembly 192 having a latch member 
194. Control panel 196 includes a mechanical latching 
interlock arrangement 198 which engages a slot 200 in 
the side wall of the door assembly. The latch member 
194 engages slot 202 in peripheral wall 204 surround 
ing the access opening. Safety interlock switches are 
supported by plate 206 positioned between enclosure 
member wall 208 and the inner oven wall 210. Door as 
sembly 192 is provided with a series of circuit varia 
tions to provide the desired inhibiting characteristics by 
slots 212 in the side wall of the door choke assembly to 

‘provide therebetween spaced conductive members 
214. In this embodiment a cover 216, with a window of 
a plastic material, encases the inner wall portions of the 
door arrangement. The distribution of the circuit varia 
tions again follows the principle of the teachings of the 
invention as explained in detail with regard to the illus 
trations of the drop-down apparatus. A secondary ab 
sorbing seal is provided by any means such as, for ex 
ample, a graphite loaded gasket 193 having a thicker’ 
‘section 195 adjacent to the choke dielectric material 
197. The door assembly vis completed by perforations 
,199 and in this embodiment the surface of wall 204 
may be left uncovered by lossy gasket material to ex 
pose bare metal. I 

In FIG. 10 a slidably disposed door assembly 240 em 
bodying the invention is illustrated comprising an outer 
skin member 242 of a metal, such as aluminum, 
wrapped around a frame 244 which may consist of sec 
tions of a metal channel‘ seam-welded to form a picture 
frame-like structure to enclose access opening 246. 
Handle 248 is attached to the door assembly for man 
ual operation. Track mechanisms 250 and 252 include 
nylonabearing surfaces 254 and 256 inserted on the 
outer edge of a ?ange of the oven apparatus wall 258. 
Guide rails 262 and 264 are wrapped around this struc 
ture and are coupled between the outer skin member 
242 and frame 244 by means of screws 266. Dielectric 
spacers 268 are inserted into the frame 244 and pro 

. vide a gap 270. An inner skin member 260 of a suitable 
metal or other material encloses the inside of door 
frame 244 to reinforce the door. 
Frame 244 defines a choke structure 272 having inte 

rior walls 274, 276, 278 and 280. Gap 270 as well as 
choke structure 272 may be ?lled with a dielectric ma 
terial if desired. Wall 274 presents a terminating short 
circuit whichreflects back to the point of origin of en 
ergy escaping through gap 270. Choke wall 280 and the 
opposing wall surface 282 of the oven ‘wall 258 form a 
boundary of gap 270 which is effectively a mode sup 
porting line. In this embodiment the x-direction in 
which the TeM-like modes are propagated is indicated 
by the arrow 284. The circle 286' indicates the y 
direction of the modes to be suppressed and extends 
perpendicular to the x-direction. In accordance with 
the'invention, choke wall 280 is appropriately modi?ed 
bythe provision of-capacitive slots 288 having a major 
dimension extending normal to the y-‘direction of prop 
a'gation. Theforegoing embodiment may further be ar 
ranged with the choke structure 272 disposed within 
oven wall‘ 258. i ' ‘ 

FIG. 13 illustrates a door arrangement 400 closing an 
opening in oven enclosure 402 de?ned by conductive 
walls 404. A frame 406 having perforations 408 and 
plastic window cover 410 is provided with an absorp 
tion cavity having walls 412 and 414 ?lled with a di 
electric body 416. Energy escaping from enclosure 402 
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traverses the gap between wall 404 and wall 418 of the 
frame to ?rst enter the absorption cavity. The energy 
path then extends right angularly along the front walls 
of the enclosure. An energy absorbing material 419 is 
disposed with a resilient wall member 420 adjacent the 
outer edge of the door. a trim moulding 422 and 424 
completes the door assembly. 

in accordance with the invention either walll 418 or 
opposing wall 404 is modi?ed by slots 426. In this illus 
tration these slots have been shown in wall 218. The di 
mensions are selected to inhibit propagation of energy 
in the peripheral elongated path designated by the cir 
cle 428 and y-direction while the x- or desired energy 
path is designated by arrow 430. All the variations pre 
viously described can also be embodied in this struc 
ture. 

FIGS. 19 and 20 illustrate a waveguide transmission 
line capable of supporting numerous modes. Coupling 
?anges having a choke wall 218 provide two trough 
like structures 220 and 222 within which tranverse or 
oblique modes may be'propagated while the direction 
of a described transmission is indicated by the arrow 
224. Coupling ?ange members 226 and 228 couple 
waveguide sections 230 and 232. In this embodiment 
the circuit parameter variations are de?ned by slots 
234 in choke wall 218. Again inhibition of peripherally 
directed propagating modes will result in a more effi 
cient single mode transmission along the main line. 
FIGS. 21 and 22 illustrate another embodiment of a 

door seal arrangement providing an elongated propaga 
tion line comprising bars having widths of approxi 
mately one-quarter of a wavelength extending longitu~ 
dinally or, what has hereinbefore been referred to as 
the 'y-direction, peripherally adjacent to the access 
opening walls with dielectric materials spaced between 
alternate’bars. Each of the propagation lines are pro 
vided with a terminal end to re?ect a low impedance at 
the point of energy origin. Explicit details regarding 
this embodiment may be had by referring to u.S. Pat. 
No. 3,511,959 issued May 12, 1970, to J. R. White. 

In FIG. 21 the partial cross-sectional view discloses 
a conductive wall member 300 forming an oven enclo 
sure 302. a mode supporting structure 304 includes 
?rst and second bar members 306 and 308 secured to 
surface 310 of thee front conductive wall 300 around 
the access opening 312. The conductive bars are 
spaced apart to provide a space 314 of high impedance 
characteristics. Movable conductive panel 316 of door 
318 provides a boundary wall member to form with 
wall surface 310, the structure 304 for transmission of 
energy having its origin adjacent the opening 312. Di 
electric members 320 and 322, such asa polypropylene 
dielectric tape, prevents contact of bars 306 and 308' by 
the movable panel member 316. An alternately high 
and low impedance structure is de?ned with the low 
impedances provided in the regions of the conductive 
bars 306 and 308 and the intermediate section 314 de 
?ning a high impedance which can be approximately 
60 times the characteristic impedances of the low im 
pedance sections. '1 - 

In this embodiment the conductive bars are modified 
in accordance with the invention to provide a series of 
capacitive slots 324 to inhibit the propagation of modes 
directed in a direction running parallel to the longitudi 
nal bars peripherally around the access opening. In this 
view the direction of such undesired modes is viewed 
as propagating directly into the paper. To provide for 
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the suppression of such energy, slots 324 communicate 
with chambers 326 provided by hollowing out conduc 
tive bar 308. The ?rst conductive member 308 dis 
closed immediately adjacent to the access opening 312 
may be the only modi?ed structure or, if necessary for 
adequate energy control, the next conductive bar mem 
ber 306 may be similarly modi?ed, as indicated by dot 
ted line 328. 
Referring next to FIG. 22 an alternative door seal ar 

rangement incorporating longitudinal bars extending 
adjacent to the periphery of an opening is shown. Door 
assembly 330 is slidably disposed by suitable means 
such as track members 360 attached to the oven front 
walls. A mode supporting structure having ?ve sections 
is formed by three parallel spaced conductive bar mem 
bers 332, 334 and 336 secured to surface 338 of a front 
wall 340 and extending peripherally around the access 
opening 342 by means of a nuts and bolts arrangement 
344. Dielectric material members 346 and 348 are 
sandwiched between the conductive bar members and 
are secured by appropriate means. Each of the dielec 
tric members is dimensioned to extend beyond the con 
ductive bar members when the access door panel 350 
is closed to prevent metal-to-metal contact. 

Slots 352 are disposed, ?rst, in the conductive bar 
member 332 peripherally around the access opening. 
After determination of the leakage value of escaping 
energy from the oven enclosure a second set of slots 
354 may be required in bar member 334 to attenuate 
such energy. A third set of slots 356 in bar member 336 
will assure the maximum protection against the leakage 
of electromagnetic energy around the door opening 
when the apparatus is operative. The foregoing slots 
are again arranged to inhibit the propagation of energy 
modes extending longitudinally and peripherally 
around the door opening in the direction indicated by 
the arrow 358. Alternatively, the foregoing embodi 
ments can be fabricated with the modes supporting 
structures mounted directly on the movable door pan 
els to contact the oven enclosure Walls surrounding the 
access opening when the door assembly is in the closed 
position. In addition the slots may be provided in any 
desired manner on any desired wall. in the foregoing 
embodiments‘involving elongated bars it is also within 
the teachings of the invention to provide corrugated 
sections de?ning alternating spaces and conductive 
member ribs extending in the peripheral direction in 
accordance with the structure illustrated in FIG. 16. 
The present invention affords a novel means for in 

hibiting initiation of modes propagating tranvsersely or 
obliquely to a desired direction of energy propagation. 
The provision of a frequency stop band by circuit pa 
rameter variations inhibits propagation of modes in one 
direction at an operating frequency and provides for 
propagation of energy at this frequency in a different 
direction. In addition to high frequency heating appara 
tus, the invention is useful in systems including over 
sized waveguides supporting many modes, industrial 
conveyorized oven apparatus having elongated en 
trance and exit structures, transmission and communi 
cation systems. It is equally applicable to energy seals 
with and without choke arrangements. The invention 
may also be utilized in embodiments operating at more 
than one desired frequency. 
Numerous variations or modi?cations of the dis 

closed invention will be evident to those skilled in the 
art. It is intended, therefore, that the foregoing descrip 
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14 
tion of the invention and the illustrative embodiments 
be considered in the broadest aspects and not in a limit 
ing sense. 
We claim: 
1. Heating apparatus comprising: 
an enclosure; 
means for energizing said enclosure with energy hav 
ing at least a predetermined frequency; 

said enclosure comprising at least a wall member 
having an access opening and a closure member for 
said access opening; and 

an energy seal comprising at least portions of said 
wall and closure members to de?ne an elongated 
energy mode supporting structure; 

said mode supporting structure comprising means for 
substantially inhibiting the propagation of energy 
at said frequency in one direction and substantially 
providing for propagation of said energy in a differ 
ent direction. 

2. The apparatus according to claim 1 wherein said 
propagating inhibiting and provision means comprise 
structural variations to provide points of maximum and 
adjacent points of minimum variation in the energy 
propagating characteristics along at least a portion of 
said mode supporting structure. 

3. The apparatus according to claim 2 wherein the 
distance between points of maximum variation and ad 
jacent points of minimum variation are less than one 
effective electrical wavelength of said frequency of en~ 
ergy within said enclosure. 

4. The apparatus according to claim 2 wherein at 
least some of said structural variations are periodic. 

5. The apparatus according to claim 2 wherein at 
least some of said structural variations are aperiodic. 

6. The apparatus according to claim 2 wherein said 
structural variations are produced by means compris 
ing slots. 

7. The apparatus according to claim 2 wherein said 
structural have a major dimension extending normal to 
the direction of energy propagating along said struc 
ture. I 

8. The apparatus according to claim 6 wherein at 
least some of said slots have a different length. 

9. The apparatus according to claim 2 wherein one 
of said energy seal wall members is movable. 

10. The apparatus according to claim 1 and means 
coupled to said mode supporting structure for dissipat 
ing energy transmitted therethrough. 

11. Heating apparatus comprising: 
an enclosure; 
means for energizing said enclosure with energy hav 
ing at least a predetermined frequency; 

means for producing a plurality of energy modes 
within said enclosure in a cyclically varying man 
ner; 

said enclosure comprising atleast a wall member 
having an access opening and a closure member for 
said access opening; and 

an energy seal comprising at least portions of said 
wall and closure members to define an elongated 
energy mode supporting structure; 

said mode supporting structure comprising means for 
substantially inhibiting the propagation of energy 
at said frequency in one direction and substantially 
providing for propagation of said energy in a differ 
ent direction. 
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12. The apparatus according to claim 1 1 wherein said 
propagation inhibiting and provision means comprise 
structural variations to provide points of maximum and 
adjacent points of minimum variation in the energy 
propagation characteristics along at least a portion of 
said mode supporting structure. 

13. The apparatus according to claim 12 wherein the 
distance between points of maximum variation and ad 
jacent points of minimum variation are less than'one 
effective electrical wavelength of said frequency within 
said enclosure. . I ‘ ‘ 

> 14. The apparatus according to claim 11 wherein at 
; least some of said structural'variations are periodic. 

15. The apparatus according to claim 11 wherein at 
least some of ,said structural variations are aperiodic. 

' 16. The apparatus according to claim 1 1 wherein said 
structural variations are produced by means compris 
ing slots. ’ I 

17. The apparatus according to claim 1 1 wherein said 
structural variations have a major dimension extending 
normal to the direction of energy propagating along 
said ‘mode supporting structure. 

-. '18. The apparatus according to claim 16 wherein at 
least some of said slots have a different'length. 

. 19'. The apparatus according to claim 11 wherein one 
of said energy seal wall members is movable. 

20. The apparatus according to claim 11 and means 
coupled to said mode supporting-structure for dissipat 
ing energy transmitted therethrough. 
21. In combination: ' ' 

a cavity; . 

means for supplying said cavity with electromagnetic 
wave energy in a frequency range where the dimen 
sions of said cavity are substantially greater than a 
free space wavelength at said frequency; ‘ 

access means to said cavity comprising a door for 
closing an opening in ,a wall of said cavity; and 

means for providing an energy seal between said door 
and said vcavity wall comprisingan elongated en 

’ ergy mode supporting structure; 
said mode supporting structure comprising means for 

_ substantially ‘inhibiting the excitation of predeter 
mined modes of electromagnetic energy at said fre 
quency peripherally along said structure and sub 
stantially providing for the propagation of prede 
termined modes of said energy across said'struc 
ture. ; ' 

22.‘ The combination in accordance with claim 2 
wherein said excitation inhibiting and provision means 
'cornprisestructural variations‘to provide alternately a 
maximum and a minimum point in the energy propa 
gating characteristics of said structure. 

_ 23. The combination in accordance with claim 22 
wherein: the distance between points of maximum vari 
ation and adjacent points of minimum variation are less 
than one effective electrical wavelength of said fre 
quency- > ' ' ’ ' I , 

24. The combination in accordance with claim 23 
wherein said structure comprises a dielectric medium. 
25.'The combination in "accordance with’ claim 24 

wherein said structure comprises metallic bounding 
surfaces. ‘ ' 

26. The combination in accordance with claim 25 
wherein said bounding surfaces de?ning-said mode sup 
porting structure are separated by said dielectric me 
dium. ' ' 
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27. The combination in accordance with claim 26 

wherein a medium is provided adjacent said opening 
for dissipating radiated energy escaping across said 
structure. 

28. Heating apparatus comprising: 
an enclosure; 
means for energizing said enclosure with energy hav 
ing a predetermined frequency; 

said enclosure having an access'opening; 
a member for closing said opening; and 
elongated energy mode supporting structure com 

prising a choke disposed adjacent to at least one 
peripheral wall of said opening; 

said mode supporting structure comprising structural 
variations to yield predetermined maximum and 
minimum points to control the energy propagating 
characteristics in predetermined directions within 
said structure. _ 

29. The apparatus according to claim 28 wherein said 
choke and mode supporting structure are ?lled with a 
dielectric medium. . 

30. The apparatus according to claim 28 wherein said 
choke is disposed along at least portions of the periph 
eral edges of said closure member. 

31. The apparatus according to claim 28 wherein said 
choke is disposed within at least portions of one periph 
eral wall of said opening. ~ 

32. The apparatus according to claim 28 wherein. at 
least some of said‘ ‘structural variations are periodic. 
33. The apparatus according to claim 28 wherein at 

least some of said structural variations are aperiodic. 
34. The apparatus according to claim 28 whereinthe 

distance between points of maximum variation and ad 
35 jacent points of minimum variation are less than one 
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effective electrical wavelength of said frequency of en 
ergy within said enclosure. I ' 

35. The apparatus according to claim 28 and means 
for producing a plurality of modes 'within said enclo 
sure in a cyclically varying manner. , 

36. The apparatus according ‘to claim 28 and means 
coupled to said mode supporting structure for dissipaté 
ing energy escaping from said line. 

37. Heating apparatus comprising: 
a source of microwaveenergy; 
means for concentrating energy from said source in 
a restricted region of space comprising a wall mem 
ber having an access opening; 

the maximum linear dimension of said space being at 
least a plurality of free space wavelengths of the 
predominant frequency band of said energy and 
theperiphery of said access opening being greater 
than a plurality of free space wavelengths of said 
energy; ~ ‘ . - . 

means for substantially preventing the escape of said 
energy from said regionthrough said opening com 
prising means for producing substantially standing 
waves from any'portions of said energy which pass 
through said opening and a plurality of frequency 
responsive means spaced around at least a major 
portion of said opening for providing impedance 
variations to transmission of saidv energy around the 
periphery of said opening; I ' 

the average spacing between the maxima and/or min 
ima of said impedance variations at said frequency 
being less than one-half of a free space wavelength 
of said frequency. 
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38. The apparatus according to claim 37 wherein said 
means for preventing the loss of said energy through 

. said opening comprises a member for closing said 
opening. 
39. The apparatus according to claim 37 and second-I 

ary means for preventing the escape of said energy 
comprising a lossy energy absorbing material disposed 
adjacent to said opening. 
40. The apparatus according to claim 37 wherein said 

means for providing impedance variations comprises 
spaced impedance discontinuities. 
41. the apparatus according to claim 40 wherein said 

impedance discontinuities comprise spaced slots ex 
tending in a direction substantially perpendicular to the 
periphery of said opening. 
_ 42. The apparatus according to claim 40 wherein said 
impedance discontinuities comprise spaced slots ex 
tending obliquely to the periphery of said opening. 
43. The apparatus according to claim 40 wherein said 

impedance discontinuities extend in a direction per~ 
pendicular to the ‘periphery of said opening for a dis 
tance substantially equal to a quarter wavelength of 
said standing waves. ' 

44. The apparatus according to claim 37 wherein said 
’ means for producing said standing waves comprises a 
substantially'short circuit electrically spaced from said 
wall member by a distance substantially equal to one or 
more half wavelengths of said standing waves. 
45. The apparatus according to claim 38 wherein said 

means for providing said standing waves comprises a 
mode supporting structure made up at least in part of 
portions of said wall member and portions of said clo 
sure member. ‘ 

46. The apparatus according to claim 45 wherein said 
impedance variations extend around at least a major 
portion of at least one peripheral wall of said mode sup 
porting structure. 
47. The apparatus according to claim _45 wherein said 

mode supporting structure comprises an input section 
communicating with said restricted. region and having 
said means for producing said impedance variations 
and a section outside said input section for re?ecting an 
impedance which is substantially less than the average 
characteristic impedance of said input section. 
48. The apparatus according to claim 37 wherein said 

wall member is a portion of a conductive enclosure sur 
rounding said region and said means for preventing the 

- escape of said energy through said opening comprises 
a conductive closure member covering said opening 
and spacedifrom said wall member by a dielectric me 
dium forming. a mode supporting structure having at 
least an input section and a choke section and said 
means for providing impedance variations comprise a 
plurality of impedance discontinuities in the input sec~ 
tion of said mode supporting structure spaced along a 
major portion of the periphery of said opening with the 
average of said spacing being less than one-half of a 
free space wavelength of said frequency. 
49. The apparatus according to claim 48 wherein said 

input and choke sections are separated by a common 
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wall and said spaced impedance discontinuities are dis 
posed in said common wall. 
50. The apparatus according to claim 48 and second 

ary means for preventing the escape of said energy 
comprising a lossy energy absorbing material coupled 
to the output portion of said mode supporting struc~ 
ture. 

51. Heating apparatus comprising: 
an enclosure; ' 

means for energizing said enclosure with energy hav~ 
ing a predetermined frequency; 

said enclosure comprising a wall member having an 
access opening and a closure member for said ac 
cess opening; and 

an energy seal comprising at least portions of said 
wall and closure members spaced from one another 
by a dielectric medium; 

said energy seal further comprising a plurality of 
spaced slots extending in a direction substantially 
perpendicular to the periphery of said opening and 
de?ning therebetween conductive elements; 

the average spacing between said slots being less than 
one-half of a free space wavelength of said fre 
quency. v r 

52. The apparatus according to claim 51 wherein said 
spaced slots are disposed along at least portions of the 
peripheral edges of said closure member. 
53. The apparatus according to claim 51 wherein said 

spaced slots are disposed along at least portions of one 
peripheral wall of said opening. 

54. Heating apparatus comprising: 
an enclosure; 
means for energizing said enclosure with energy hav 
ing a predetermined frequency; 

said enclosure comprising a Wall member having an 
access opening and a closure member for said 
opening; and 

an energy seal comprising an input section and a 
choke section made up of at least portions of said 
wall and closure members spaced from one another 
by a-dielectric medium; 

said energy seal further comprising a plurality of 
spaced slots extending in a direction substantially 
perpendicular to the periphery of said opening and 
defining therebetween conductive elements; 

said elements all having one end interconnected and 
the other ends terminating in a dielectric medium; 

the average spacing between said slots being less than 
one-half a free space wavelength of said frequency. 

55. The apparatus according to claim 54 wherein said 
input and choke sections are separated by a common 
wall and said spaced slots are disposed in said common 
wall. 

56. The apparatus according to claim 54 wherein said 
choke section is disposed along at least portions of one 
peripheral wall of said opening.‘ 
57. The apparatus according to claim 54 wherein said 

choke section is disposed along at least portions of one 
peripheral wall of said opening. 

* * * _* * 
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