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This invention relates to. microwave electronic heat-
ing apparatus, and more particularly, to a microwave
oven having at least a portion ‘capable of transmitting
optical or infrared radiation, or both, while at the same
time being either partlally or totally reﬂectwe of mlcro-
wave energy.

In microwave electromc ovens the rmcrowave energy

is contained within the cooking compartment by means *-

of metal walls or screens. Such construction renders it
difficult for the operator to obsérve properly the manner
in which the cooking process is proceeding. The use
of wire or screen windows further presents a’ problem
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of contamination when vapor . or foodstuffs collect on

the irregular window openings. ‘An optically transpar-
ent subsiance, such as glass, obviously is unsuitable since
it presents such low losses to microwave energy that
leakage of microwave energy from the cooking compart-
ment becomes prohibitive.” One of the objects of this
invention is to provide a microwave oven with one or
more optically transparent windows which also is sub-
stantially opaque to microwave energy. This object may
be achieved by constructing the window of glass, plas-
tic, ceramic, and the like, which is capable of passing
readily the visible spectrum coated on one or both op-
posed surfaces thereof with an .extremely thin layer or
film of a low resistance metal or a coating comprising
a combination of metals, each of which have different
transmission response to portions of the visible spec-

trum. This thin metallic coating should be sufficiently.

thick to insure adequate reflection of microwave energy
therefrom without cutting down unduly the transmission
therethrough of light energy. An extension of the above
technique is to make one or more of the oven walls, or
even the entire microwave oven enclosure, of coated
glass.

Another object of this invention is to provide the
microwave oven with an optical- transparent window
which is coated so that microwave energy is prevented
from leaving the cooking compartment, while at the
same time the coating partially absorbs miicrowave
energy. When the oven is energized without any load,
or with a very small load, this object is achieved by
proper choice of material and thickness of the metal
layer. For example, a metal of relatively high volume
resistivity, such as Nichrome, could be used for this pur-
pose so that the power absorbed in the metal coating
is correspondingly high. Since the surface resistivity of
the metal layer increases inversely as its thickness; the
amount of energy dissipated by the metallic coating
may be increased as the coating is made thinner. The
amount of energy absorbed by the metallic coating at
low load or the degree of opacity to microwave energy,
as the case may be, may be increased further by using
more than a single layer of metal, each layer being sep-
arated from the adjacent metal layer by a layer of di-
electric or low loss material, such as an oxide or a ce-
ramic of the alumina type, since each layer will con-
tribute to the total impedance. to transmission of energy.
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In addition, when the thickness of the separating layers
between ad]acent ‘metal layers is made any odd number
of quarter wavelengths at the microwave frequency, ‘the
microwave energy at each of the various metal layers
effectively tends to cancel and the composite layer acts
like a single layer of decreased thickness. ‘This arrange-
ment may also be used simuitaneously to provide proper
optical filtering action for best light transmission. While
the effective thickness of the composxte layer may be
decreased to effect a decrease in _microwave transmit-
tance, it is also possible to increase the microwave trans-
mittance by making the thickness of the separating lay-
ers any odd number of half wavelengths, whereupon re-
inforcement of the energy at each of the metal layers
tends to occur and the equivalent of a single layer of in-
creased thickness may be obtained. The technique of
combining more than a single metal layer with a space
between layers of any odd number of quarter wavelengths
is also useful to obtain a coating of practical thickness
when a single layer having the desired transmission char-
acteristic would ‘be below the lower practical limit for

" coating techniques, namely, about one-hundredth of a

mil,  Similarly, there is an upper practical limit of thick-,
ness of coating for coating techniques, -in which case;
the technique of spacing the layers of metal by an odd

. number of -half wavelengths becomes useful.

Another- object of this invention is to provide means
in a microwave oven which also supplies infrared energy
to the load contained within the heating compartment
whereby the radiant energy. .source may be ‘placed -out:
side the heating compartment. In “this manner, inter-
ference with the microwave fields within the heating
chamber and absorption of microwave-energy by the
infrared heating source may be’ eliminated. - To achieve
this result, the wall of the oven facing the- radlant energy
source comprises a coated object similar to ‘that already
described, except that the coating-is capable of transmit-
ting emergy in the infrared portion of the electromag-
netic spectrum while simultaneously presenting: a’ substan-
tial barrier to transmission of microwave energy.” The
coating material and thickness will determine the rela-
tive transmission of both -microwave energy and infrared
energy and will be chosen such that the best compromise
is achieved between -infrared transmission through the
coated material and microwave reflection from the coated
material. -~ The technique of applying successive layers,
previously referred to, may be resorted to in achieving
this result.

Another object of the invention is to provide a micro-
wave oven with a resonant slot mode stirrer consisting
of a metallic layer having resonant slots therein, said
metallic layer being coated on a hemogeneous surface of
a low loss material, such as plastic or glass. Energy from
the microwave source may pass through the energy-radiat-
ing slots in the mode stirrer and the coating on the stirrer
may be.constructed of thé proper material and thickness
to permit tramsmission therethrough -of infrared envrgy
should an infrared source be employed.

The mode stirrer may be designed to abserb a portion
of the microwave energy at no-load cenditions by makmg
the metal coating of the proper material and thickness, in
line with remarks previously made in connection with the
no-load protective feature.

Another object of the:invention is to provide a:micro-
wave oven door having a capacity :seal composed of a
portion of the metal oven body, the:metal layer. coated
on the optically transparent base:member: and a low: loss
film or strip interposed between the metal layer-and the
oven body. The capacitive reactance represented by this
capacitor insures a proper closure, R.F.-wise, of the
oven, even though there may be irregularities in the metal~

_ to-metal contact between the edge of the:oven door and.




the metallic oven wall. This capacity seal may supple-
ment the usual metal-to-metal door seal or may be used
even in the absence of such metal-to-metal contact.

The foregoing, and ‘other objects-of the invention_ will

be best understood from the following description of some
embodiments thereof, reference ‘being had to the accom-
panying drawmgs, ‘wherein: .

Fig. 1 is a vertical section view through a microwave
oven embodying the invention;

Figs. 2 to 4 are section views representmw possxble

construction of either the shelf or the wmdow in the oven -

of Fig. 1;

Fig. 5 is a vertical sectron view of a microwave oven
which does not contain an infrared- heating unit; .

Fig. 6 is a vertical section view of an embodiment of
the oven showing a slightly- different door construction
and energy feed means than shown in Fig. 1;

Fig. 7 is similar to Fig. 6 except. that a dlfferent mode
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ing in the top wall 37 of the oven 10 and which extends
through a bearing 38 fixed to the top surface or shelf 40
of the microwave heating compartment 15. The stirrer
motor may be supported in any desired manner, such as
from the wall 37 of the oven. The mode stirrer may be
located within the microwave heating compartment, as
shown in Figs. 1 and 5, or external thereto, as indicated
in Figs. 6 and 7.

As shown in Figs. 1, 6 and 7 the space 42 between the

top oven wall 37 and the shelf, viz., the top surface 40
of the heating compartment 15, also ‘may contain- an
infrared heater unit 44 suitably attached to the portion

. of the back wall 20 of the oven lying above the top sur-

" ‘face 40 of heating “compartment: 15.

15

stirrer is shown and. that. the infrared heating unit-is -

mounted above the mode stlrrer rather than below the
mode stlrrer, as in Fig..6;

20

Fig. 8 is a view of a»mode strrrer of the type shown m E

Figs. 1, 5, and 7; and

Fig. 9 is a top plan'vrew of an mfrared heatmg umt'

which ‘is' used in the ovens shown in Figs. 1, 6, and 7.
Referring to the drawings in which like elements Vare
indicated by the same reference numerals, there is illus-

trated a microwave oven 10 constructed of a. suitable.

metallic iaterial, suchas stainless sheet steel. = A .con-
tainer 12..of food or other article to be heated may be
placed inside the microwave heating compartment 15 of
the oven 10;.the container may rest on a tray | 16, as in-
dicated in Frgs 1 and 6, or may be located in any other
suitable position. therem, such as on the floor of the oven,
in the manner shown in Fig. 5. Access to the 1n_t_erlor_
of the microwave heating- compartment 15 may be ob-
tained by means of a hinged door 17. which, when opened
by handle 18, exposes an aperture 19 formed in the front
wall 20 of the oven. -

Microwave energy having a. frequency of the order of
2500 megacycles per second is derived from a surtable
source, such as.a magnetron 21, and mcludes, for ex-
ample, an electrically-conductive evacuated .envelope 22
provided with several radially-disposed anode -vanes 23,
a cathode 24, and ‘means indicated by the reference
character B and the cross within a circle, for-establishing
a magnetic field directed transverse to-the electron ‘path

_between cathode 24 and anode vanes 23. ' The energy
from the magnetron 21 is delivered to a rectangular

waveguide 25 through a coaxial transmission line 26 -

which is coupled inductively to the magnetron-by a loop
27. The inner conductor 28 of transmission-line 26 ex-
tends into the interior of wavegurde 25-near one. end
thereof through an aperture in one wall, and serves as
an exciting probe for the waveguide. The waveguide 25
is coupled to the interior of the microwave heating com-
partment 15 of oven 10 through an aperture 29 provided
in the rear wall-30 of the oven, one end of the wave-
guide being secured to the rear wall 30 by fastening
means_31." Alternately, the microwave energy from the
high frequency source may be fed into the top of the
- oven through a slot-29’, as explained later in connection
with Figs. 6 and 7, and the output coupling means: for
the microwave energy source may be a waveguide 32,
rather ‘than a coaxial line, also as mdrcated m ‘Figs. 6
and 7. -

In order to provide more uniform heatmg, the field
distrib'ution of the microwave energy within the oven
may be continuously varied by a so-called mode stirrer
33, which may be a fan-type stirrer, as indicated in Fig. 6,
or .a stirrer consisting of a coated, slotted disk, such as
shown in Fig. 8 and described in more detail subsequently.
The stirrer 33 is driven by a motor 34 either directly
or through a speed reducer. The stirrer 33 is mounted
on a motor shaft 35 which protrudes through an open-
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. The  heater
element 44 preferably takes the form of-a_ serpentine

coil 45 whose loops may be supported further by a sup- |

port rod 46 placed under the coil loops 45 and having
the. ends thereof attached to. opposite side -walls of the
oven; : It should be understood that the top wall of the

oven may be provided by the shelf 40-and that the por-

tion of oven .10 lying.above. this shelf may be. omitted,:

~in ‘which case the heater -unit 44 could be:mounted: in
'several ‘ways, including by means-of .a -bracket attached

to-one of the walls of :the microwave:heating compart-
ment. - The purpose:of the heater unit:44 is to provrde
means for browning the surface:of the food mass in con-

~tainer: 12 .and acts in conjunctlon with microwave heating

to improve.the appearance of the food mass. The heater
unit-44, of course, may be e11m1nated as shown in Fig. 5,
in cases where absence 'of external crusting or browmng
is. not considered .objectionable. .

_The. oven.door 17 includes. a generally recLangular -
--frame: 48, in which is fitted a composite viewing. window

50 comprising.an optically transparent base member 51,
such as glass, Lucite or the like, at least one surface of
which -is coated with a very thin: metallic. layer or film
52:  The.thickness of: film 52 has been greatly exag-
gerated in Fig. 1, as well as.in other figures of the draw-

ing, for the sake of. clarrty A typical cross section of -

the: window .50 is.shown in Fig. 2. . As shown in Fig. 2

the metal film - 52 ‘may- be covered with ‘a protecting
layer 53, which: preferably is.a low loss. dielectric, such
as.an oxide or.a ceramic of the alumina type. --For the

- sake of clarity, this protective film 53 has been elimi-

nated elsewher_e in’the drawings, since”it is not essential
to-the invention. - The object of the. window 50 is to per-
mit visual inspection. of the-contents of the oven, while

- .at the same time: preventing substantial loss of micro-
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wave -energy. from the: heating compartment 15 by way
of transmission: of ‘microwave energy through the win-
dow. - The thin:metallic film 52 of ‘window 50 acts to
reflect ‘microwave energy impinging upon it in the same
manner-as from the metal walls of the heating compart-
ment 15, The film 52, however, is sufficiently thin to

-allow a substantial portion of the optical spectrum fo be

transmitted: - A compromise between .optical transmis-
sivity and. microwave reflectivity. of the metal film must
be made m proper des1gn of the film thlckness and ﬁlm
material.

It ‘has been found that a more unrform transrmssron
over the optical frequency range may be “obtained b by
using- more than one.layer of mietal, each of the la} YEers

preferably being spaced apart as by a thin dielectric layer'

54, each metal layer 52 being:of a different material. ‘In
thrs manner, a resultant of the individual frequency trans-
mission characteristic of the various metals may be ob-
tained so that the appearance of the contents of con-
tainer 12. is natural and not distorted by virtue of the
predominance of transmission through the  window
of any one color or colors. . The arrangernent for achiev-
ing this effect. may be as-shown -in Fig. 3, where the
several layers 52 of metal ‘are deposited on the glass
base member 51. The metal layets” may be’ seoarated

by~ spacer Iayers 54 of ‘a dielectric material which may
be. of the same material as used for the protective coat-
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a comblnatron of successive metal layers of  chromitm,
copper and chromium.

An alternative door arrangement 'is shown in Fro 6
wherein a capacmve door ‘seal 1s employed. The door
17 of Fig. 6 is provrded with ‘an optrcally transparent
member 51, such as l’lass, ‘coated with ‘a thin~ migtallic
film 52, like the window of Frg L A layer 55 °of a
low- loss dielectric material, ‘such ‘as ‘an "alumina layer,
may be drsposed in contact ‘with metal film 52 in such
a manner that a portion “of the dielectric materral con-
tacts the front oven wall’ 20 ‘whén the ‘door is closed.
The diclectric material 55 may take the form ‘of a thin
sheet which is secured to the window by appropiiate
fastenrng means, or it may be a thin film of plast1c which
is sprayed in liquid form over the ‘metal film 52 and
allowed to harden. The successive layers 52 and 55,
together with the portron of oven wall 52 contacting
layer 55, constitute a capacitor which has extrerneiy
low impedance at microwave frequencles ‘thereby insur-
ing an effective closure of the oven access aperture 19
when the door 17 is in the closed position, even in spite
of possible irregularities in the metal-to-metal contact
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between the edge of the door frame and the outer sur-

face of wall 20 of the oven.

In applications - using infrared heating for browmnor
purposes, iti s desirable to mount the nfrared: heating
unit 44 external to the microwave heating compartment
15 to insure against interference of the heafing unit with
microwave field inside the healing ‘compartment and

against absorption of the microwave energy by the heat-.

ing unit. Although this problem has béen- alleviated by
coating the heating unit, obviously it is simpler to make
use of a conventiofial uncoated heating element. This
can be done by separating the heating ‘element from
the microwave heating compartment by means of the
shelf 40 shown in Figs. 1, 6, and 7.  This shelf may
form the top wall of the open instead of wall 37, as
previously pointed out. This shelf 48, like the oven
door 17 previously described, may consist of a base
member 51, such as gldss or any low-loss dielectric
which is capable of transmitting infrared radiation. This
base member 51 is coated with a thin film 52 of a-metal
capable of transmitting a substantial portion of infrared
energy while simultaneously acting as a barrier to the
passage of microwave energies. The shelf 40 then serves
as an effective top wall of the microwave heatrng com-
partment to prevent apprecrabl egress of microwave
energy from within the microwave heating compartment,
while being transparent to infrared radiation' from the
externally-positioned heating unit 44,

The mode stirrer 33 of Fig. 8 comprises a resonant
slot structure which may be made up somewhat in the
same manner as the window 17 and shelf 46 described
above; that is, it may include a base member 51, such
as glass, plastic or ceramic, upon one surface of which
a thin metallic coating 52 is deposited.” Portions of the
base member are left uncoated fo form resonant slots
60 through which microwave energy may be directed.
When no infrared heating unit is employed, as in the
case of Fig. 5, the metal film 52 may be of thickness
such that the surface resistivity is large énough to allow
for dissipation of a portion of the microwave energy under
no-load conditions, whereby damage to the magnetron
may be prevented. Microwave energy absorption in
the mode stirrer may be enhanced if the metal used
to coat the stirrer inherently has a high volume resistivity.
When an infrared heating unit 44 is used, as in Figs. 1
and 7, it is also essential that the thickness of the stirrer
_coating 52 of Fig. 8 be of such surface resistivity as to
permit appreciable transmission of infrared energy
through the coating. The mode stirrer 33 may be
mounted either above or below the ‘iiifrared heating

unit—when positioned outside the microwave heating’
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compartment ‘in & top—fed ‘oven, “as indi¢ated in Figs. 76
and 7, respéctively.

The ‘metallized coating 52 ofi the top shelf’ 40 of ‘com-
partment ‘15 of Figs.'6 and 7 fiay be of such thickness
as to’permit both infraréd energy from heating unit ‘44
and microwave enéigy from high frequency source 21
to_pass “thefethrough, ‘bt “at “the ‘samé time partially
absorbing microwave ériergy at no-load or low-load ¢on-
ditions. The metallic coatmg 52 may be on either side
of the glass membeér -51; as sHoWn by ‘a comparison of
F!gs 6and7.

‘The use of sevetal’ spaced metalhc layers ‘s SHown
in Fig. 3, for obtamrng ‘Proper transmrssmn throughout
the ‘optical “frequeticy band already has ‘béen méntioned.
As these metallic layers are spaced apart by'an odd fium-
bér of quarter wavelengths 4t “the’ midband frequéncy of
the ‘infrared region, in’the case of ‘the "shelf 40-and’ the
stitrer 33, or at' the ‘midbaiid - fréquensy of “the “optical
region, in the case of ‘the window 17,7it’is possrble to
achieve substantial cancellation of” energy from-the vari-
ous layers and the’ transmlssrvrty achiéved, in‘comparison
with that obtained from a’single métal layer or a plaralify
of layers randomly spaced can be reduced. ‘Moreover,
by maintaining ‘ the spacing between - metal ‘layers “at ‘an

‘odd number of half: wavelengths “siibstantial reinforde-

ment of energy from the various layers may be obtamed
wheretpon the transmissivity is ~corréspondingly’ in-
creased. Since the o'ptic’al or infrared region of the elec-
tromagnetic spectrum ‘as‘the case midy be, is ‘quite far
removed from the Mmicrowave frequéncy region, no ap-

-preciable reinforcement”or cancellation ‘effects are:likely

to occur as regards the transmission of microwave efiefgy
through the compound path represertéd by Fig.-3. Sitice
the transmrsswrty of a‘thin metallic film for micréwive
energy tends to ‘increase ‘with -increasitg” thlckness (de-

«creasing surface resistivity) ‘while the ability ‘of ‘the: film

to transmit optical or infrared energy ténds ‘to ‘décrease
as film thickness increases, a comiproniise ~must be
reached in designing ‘multiple-layer films to Tiaintdin ade-
quate transmission’ of “optical ‘or “infrared’ ‘radistion “as
well as a sufficient deterent to ‘transtiission of ‘micro-
wave. radiation.

The' effective thickness” of a single mietal film 52, such
as shown in Fig. 2, may be increased by metalhzmg ‘op-

-posed surfaces of -base’ member 51; as showin in Fig. 4,

because of the additional ‘path: length through ‘which
transmissicn must occur; If the thicknéss of member 51
is so desrgned that the - spacmg “between the layers 52
of Fig. 4 is made equal to an odd number of half wave-
lengths, however, the: effect is the same as a single layer
of increased thrckness while the effective thickness may
be ' decreased prov1ded the spacing between layers- 52
of Fig. 4 is made an odd number of ‘quarter wavelengths.

What is claimed is: :

1. A high frequency Heating™apparatus comprising a
metallic enclosure forming a compartment for reception
of a body to be heated, and means for sipplying micro-
wave -energy, all portions of said element being ¢apable
enclosure having a portion thereof constructed of 'a’com-
posite element. which is substantially impervious to-micro-
wave energy, -all porttions of said element being capable
of transmitting a substantial amount of radiant energy
lying outside the microwave region higher in the elec-
tromagnetic frequency spectrum.

. A high frequency heating apparatus comprising a
rnetallrc enclosure forming a compartment for reception
of a body to be heated, and means for supplying micro-
wave energy to the interior of said compartment, said
enclosure having a. portion thereof constructed of a com-

posite element which is substantially impervious to mi-

crowave energy, all portions of said elément being ca-
pable of transmitting a substantial amount of radiant en-
ergy lying at least as high in frequency as"the infrared
portion of the electromagnetic frequency spectrum.

3.-A high ‘frequency ‘heating ‘apparatus comptising ‘a
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“'metallic enclosure forming a compartment for reception
- of a body to be heated, and means for supplying micro-
" wave energy to the interior of said compartment, said en-
« closure having a portion thereof constructed of a com-
" posite element which'is substantially impervious to mi-
* crowave energy, all portions of said element being ca-
i pable of transmitting a substantial amount of radiant en-

* ergy lying within the infrared spectrum and the visible

~ spectrum. - .

4. A high frequency heating apparatus comprising a
* metallic enclosure forming a compartment for reception
> of a body to be heated, and means for supplying micro-
" wave energy to the interior of said compartment,.a heat-

10

“ing unit - positioned outside said metallic enclosure for -

* radiating infrared energy, said metallic_enclosure having
*a portion thereof constructed of -a composite element
“which is substantially impervious to microwave energy,
¢ all -portions of said element being. capable of permitting
“transfer of infrared energy from said ‘heating unit into
- the interior of said heating compartment.- :
.5, A high frequency heating apparatus comprising a
“metallic enclosure forming a compartment for reception
of ‘a body to be heated, means for supplying microwave
energy to the interior of said compartment, and a_heat-
ing unit positioned outside said metallic enclosure for
radiating infrared energy, said metallic enclosure having
.a portion - thereof constructed of a-composite ‘element,
- said element including a base member transparent to .in-
frared radiation having at'least-one of its major surfaces
coated with at least one thin metallic film which is sub-
‘stantially  impervious'. to -microwave energy, all - por-
tions of said element being capable of permitting trans-
_fer of infrared energy from said heating unit into the in-

terior of said heating compartment,

6. A high - frequency “heating - apparatus comprising a -

metallic -enclosure forming a compartment for reception.
of a body to be heated, means for supplying microwave
energy to the interior-of said compartment, and a heat-
ing unit positioned outside said metallic enclosure. for
radiating infrared energy, said metallic enclosure having
a portion thereof constructed of a composite element,
said element including a ‘base member transparent to
infrared radiation having at least one of its major sur-

faces coat.ed with at least one thin meétallic film capable’
of absqu?mg a portion of said microwave energy and of -
transmitting infrared energy from said heating unit into

the interior of said heating compartment. -
7. A high frequency heating . apparatus comprising a
metallic enclosufe forming a compartment for reception
of a body to be heated, means for supplying microwave
energy -to the interior of said compartment, and a heat-
ing unit positioned outside. said metallic enclosure’ for
radiating infrared energy, said metallic enclosure having
a portion thereof constructed of a composite element, said
element including a ‘base-member transparent to infrared
radiation having a surface thereof coated with a plurality
" of ‘metallic films, said metallic films being transparent to
infrared radiation and substantially impervious to micro-
C-wave energy.. oo oo A
8. A high frequency heating apparatus comprising a

metallic enclosure . forming a compartment for reception -

of a body to be heated, means for supplying microwave
energy to -the interior of -said compartment, and a‘heat-
ing unit. positioned outside said metallic “enclosure for

radiating infrared energy, said metallic enclosure “hav- "~

ing a portion théreof constructed of a composite element,
said element including a base. member transparent to in-
frared radiation having a surface thereof coated with a
‘plurality of metallic films spaced apart by dielectric spac-
ing layers, said: metallic films being transparent to in-
“frared. radiation ‘and substantially impervious to micro-
wave emergy. . . L. 0
9. A high frequency heating. apparatus comprising - a
metallic enclosure forming a compartment for- reception

15
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of a body to be heated, means for supp]ying microwave
energy to the interior of said-compartment, and a heat-

ing unit positioned outside said metallic enclosure for

radiating infrared energy, said metallic enclosure having
a portion thereof .constructed of. a composite element,
said element including a base member transparent to in-
frared radiation having a surface thereof coated with-a
plurality of metallic films spaced apart by dielectric spac-
ing: layers, said metallic films being transparent to in-
frared -radiation and substantially impervious to micro-
wave energy, said metallic films being spaced by an odd

number- of quarter wavelengths at a frequency. lying

within the infrared region of the electromagnetic spec-

trum. - -

10. A high frequency ‘heating apparatus comprising a

metallic enclosure forming a compartment for reception
of a body to_be heated; means for supplying microwave
energy to the interior of said compartment, and a-heat-
ing unit -positioned - outside said ‘metallic enclosure for
radiating infrared energy, said metallic. enclosure hav-

- ing a portion thereof constructed of a composite element,
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said element including a base member transparent to in-
frared radiation ‘having a surface thereof coated with a
plurality of metallic films spaced apart by dielectric spac-
ing layers, said metallic films being transparent to in-
frared radiation and substantially impervious to .micro-
wave-energy, said metallic films being spaced by an odd
number of half wavelengths at a frequency lying within
the infrared region of the electromagnetic spectrum. -

11. A high frequency heating apparatus comprising a
metallic enclosure forming a compartment for reception

of .a body to be heated, and means for supplying micro-.

wave energy.to the. interior of said compartment, said
enclosure having-a portion- thereof constructed of a com-
posite element which is substantially impervious to micro-

wave energy, all portions of said element being capable .

of ‘transmitting- energy lying within the visible portion

_of the electromagnetic spectrum.

12." A: high frequency heating apparatus comprising a
metallic.enclosure forming a compartment for reception

~of a-body to be heated, and means for supplying micro-

wave energy to the interior of said compartment, said
enclosure having a portion thereof constructed of a com-
posite element, said element including a base member
transparent to visible radiation having -at least one of
its major surfaces coated with at least -one thin metallic
film ‘which is substantially - impervious to microwave
energy and capable-of transmission of visible radiation
whereby the interior. of said heating compartment may
be inspected-visually. : : _ S
13. A-high frequency heating apparatus comprising a
metallic -enclosure forming a compartment for reception
of a body to be heated, and means for supplying micro-
wave energy to the interior of said compartment, said

- metallic- enclosire having a portion thereof constructed

of a composite element, said element including. a ‘base

-member transparent to visual radiation having a surface
“thereof . coated with a plurality of metallic -films, said ;
metallic films being transparent to visual radiation and

substantially impervious to microwave energy...

14. A high frequency heating apparatus comprising a
metallic enclosure forming a ‘compartment for reception
of a body to be heated, and means for supplying-micro-
wave energy to the ‘interior .of said compartment,. said

metallic. enclosure having a. portionthereof constructed-

of a composite element, said element including a base

member transparent to visual radiation having a surface

thereof coated-with a plurality. of metallic films spaced

_apart by dielectric spacing ' layers, ‘said - metallic “films~

being transparent to visual radiation  and substantially
impervious to microwave energy, said metallic films being

- spaced by an odd- number of quarter wavelengths at a

75-

frequency lying within the visual ‘region of theelectro- ;

magnetic spectrum. - . -

15. A high frequency heating apparatus comprising a
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metallic enclosure forming a compartment for reception
of a body to be heated, and means for supplying micro-
wave energy to the interior of said compartment, said
metallic. enclosure having a portion thereof constructed
of a composite element, said element including a base
member transparent to visual radiation having a surface
thereof coated with a plurality of metallic films spaced
apart by dielectric spacing layers, said metallic films being
transparent to visual radiation and substantially imper-
vious to microwave energy, said metallic films being
spaced by an odd number of half wavelengths at a fre-
quency lying within the visual region of the electromag-
netic spectrum.,

16. A high frequency heating apparatus comprising a
metallic enclosure forming a compartment for reception
of a body to be heated, means for supplying microwave
energy to the interior of said compartment, a heating
unit positioned outside said metallic enclosure for radiat-
ing infrared energy, and a movable structure adjacent
said means for supplying for effecting a variation in the
electric field distribution pattern within said compartment,
said structure including a base member transparent to
infrared radiation and a thin metallic film coated on at
least one of the major surfaces thereof for dissipating
microwave energy, said base member containing uncoated
portions to provide resonant slots through which micro-
wave energy can be directed.

17. A high frequency heating apparatus comprising a
metallic enclosure forming a compartment for reception
of a body to be heated, means for supplying microwave
energy to the interior of said compartment, a heating
unit positioned outside said metallic enclosure for radiat-
ing infrared energy, and a movable structure positioned
adjacent said means for supplying for effecting a varia-
tion in the electric field distribution pattern within said
compartment, said structure including a base member
transparent to infrared radiation and a thin metallic film
coated on at least one of the major surfaces of said base
member which is capable of transmitting infrared radia-
tion, said base member containing uncoated portions to
provide resonant slots through which microwave energy
may be directed.

18. A high frequency heating apparatus comprising a
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metallic enclosure forming a compartment for reception
of a body to be heated, means for supplying microwave
energy to the interior of said compartment, a heating
unit positioned outside said metallic enclosure for radi-
ating infrared energy, and a movable structure positioned
outside said heating compartment for effecting a varia-
tion in the electric field distribution pattern within said
compartment, said structure including a base member
transparent to infrared radiation and a thin metallic film
coated on at least one of the major surfaces of said base
member which is capable of transmitting infrared radia-
tion, said base member containing uncoated portions to
provide resonant slots through which microwave energy
may be directed.

19. A high frequency heating apparatus comprising a
metallic enclosure forming a compartment for reception
of a body to be heated, and means for supplying micro-
wave energy to the interior of said compartment, said
enclosure having access means forming a portion thereof,
said access means including a composite element which
in conjunction with said metallic enclosure constitutes a
capacitor, said composite element having a base member
transparent to visible radiation and a surface of said base
member coated with at least one thin metallic film which
is substantially impervious to microwave energy and
capable of tramsmitting visible radiation, said composite
element further including a dielectric layer superimposed
upon said metallic film and adapted to contact a portion
of the metallic enclosure when said access means is in
the closed position.
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