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UNITED STATES PATENT OFFICE 
2,636,975 

HIGH-FREQUENCY HEATING APPARATUS 
Robert M. Baker, Catonsville, and Robert J. 
O'Donnel, Baltimore, Md., assignors to West 
inghouse Electric Corporation, East Pittsburgh, 
Pa., a corporation of Pennsylvania, 
Application June 26, 1948, Serial No. 35,314 

(C. 219-47) 6 Claims. 

This invention relates to high frequency elec 
trical apparatus and particularly to apparatus 
for transferring high frequency electrical 
energy from a Source to a load. 

Ultra, high frequency energy can be caused to 
flow along a hollow duct called a wave guide. 
The energy flowing in Such a wave guide is mani 
fested by electric and magnetic fields having a 
distribution and orientation depending on the 
mode of transmisison. Such fields produce 
molecular friction in certain dielectric mate 
rials disposed in them, thereby heating the ma 
terial. The energy in a wave guide may there 
fore be used for heating materialis. In accord 
ance with the teaching of the prior art of which 
we are aware, the material to be heated is in 
Serted directly in the guide through a door in 
the end of the guide. 
provided in Such a guide, for matching the in 
pedance presented by the load material to the 
impedance of the generator which supplies the 
energy flowing through the guide. 
We have found that such prior art heaters are 

unSatisfactory for heating certain materials, 
particularly those dielectric materials which 
have relatively low loss factors, to the high ten 
perature required in the industries in which the 
materials are used. The high frequency fields 
in a wave guide can also be impressed on a web. 
of dielectric material drawn through the field to 
heat the Web. We have found that such a web 
drawn through a wave guide must be moved 
relatively slowly to be properly heated. 

... It is accordingly an object of our invention to 
provide improved high frequency heating ap 
paratus for heating materials to high tempera 
tures. 

It is also an object of our invention to provide 
a high frequency heating apparatus for quickly 
heating materials to high temperatures. 

It is another object of our invention to provide 
a high frequency heating apparatus for quickly 
heating dielectric materials to high tempera 
tures. 

It is a further object of our invention to pro 
vide a high frequency heating apparatus for 
heating a web of material moved at high speed 
to high temperatures. 
Our invention arises from the realization that 

the heat produced in dielectric material results 
from displacement current set up in the mate 
rial by an electric field Which varies with time. 
This displacernent current increases as the elec 
tric field across the material is increased. In 
the practice of our invention a field having a 
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high amplitude is accordingly impressed across 
the material to be heated. 

In accordance With the broad aspect of our 
invention the material to be heated is disposed 
in a cavity coupled to a wave guide. The cavity 
is so coupled that the electric field produced in 
it is higher in amplitude than the field in the 
wave guide. The material to be heated is dis 
posed in the strong portion of this higher ampli 
tude field. 
We have found that couplers in the prior art 

of which We are aware are not satisfactCry for 
coupling a wave guide to a resonant cavity, due 
to difficulties encountered in tuning the coupler 
and arcing across the coupler parts, particularly 
Whereas in the dielectric heating art, relatively 
large aincunts of high frequency energy are in 
Wolved. 

It is therefore an ancillary object of our inven 
tion to provide an apparatus for efficiently coll 
pling a wave guide to a resonant cavity. 

It is also an ancillary object of our invention 
to provide a coupling arrangement between a 
Wave guide and a resonant cavity wherein the 
cavity shall be driven at a voltage much higher 
than that in the wave guide. 
Another ancillary object of our invention is 

to provide a coupler which can be mounted in 
its Working position without the use of insulator 
Supports. 
Another ancillary object of our invention is to 

provide a high frequency coupler that can be 
conveniently tuned to half wave resonance. 
A further anciliary object of our invention is 

to provide an improved coupler which shall be 
capable of handling relatively age amounts of 
high frequency energy. 
A still further ancillary object of our inven 

tion is to provide an improved coupler construc 
tion wherein the effective inductance of the 
coupler loops shall be reduced to a value Such 
that the coupler circuit can be conveniently 
tuned by an extended line. 

In its specific aspects, our invention embraces 
two conceptS 

First, the coupling of a wave guide to a reso 
nant cavity by means of a tunable coupler which 
is capable of transferring relatively large 
amounts of high frequency electrical energy of 
the order in excess of one kilowatt, and which 
is tunable to half wave resonance So as to pro 
wide an eficient magnetic coupling between the 
Wave guide and the resonant cavity, and obviate 
the use of insulator coupler mounting supports. 

Second, the arrangement of a coupler be 
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tween a wave guide and a resonant cavity So 
that one of its inductors links the maximum 
magnetic field of the wave guide and the other 
of its inductors links less than the maximum 
magnetic field of the resonant cavity, With the 
result that the cavity may be driven at a voitage 
much higher than that in the wave guide. 
Our invention, together with additional objects 

and advantages thereof, will best be understood 
from the following description of one embodi 
ment thereof when read in connection with the 
accompanying drawings, in which: 

Figure 1 is a diagrammatic view in perspective 
showing a preferred embodiment of our inven 
tion. 

Fig. 2 is a diagrammatic view in perSpective 
showing in detail a portion of the apparatus 
shown in Fig. 1; 

Fig. 3 is a graph showing the distribution of 
the maximum transverse electric field vector in : 
a Wave guide used in the practice of our inven 
tion; and 

Fig. 4 is a sectional view taken on a horizontal 
plane through the apparatus of Fig. 2 showing 
magnetic field distribution. 
The apparatus shown in Figs. 1 and 2 includes 

a rectangular wave guide, a resonant cavity, and 
a coupler, which are generally indicated by the 
reference numerals , 3 and it respectively. The 
wave guide is of conventional construction and : 
is connected to a suitable Oscillator (not shown) 
such as a magnetron and is So coupled to this 
oscillator that the mode of propagation in the 
Wave guide is TE01. The Wave guide may be 
any convenient length and is closed at the end 
opposite the oscillator. 
The resonant cavity 3 is a rectangular netal 

box preferably of the same width and height as 
the wave guide , and is closed by a tuning piston 
5 at its end nearest to the Wave guide power 
Source. . The other end of the resonant cavity 3 
is closed by a door to permit insertion and re 
moval of certain materials to be heated. Open 
ings f are provided in the top 3 and bottom 5 
of the cavity 3 to allow passage of materials or 
articles 9 to be heated through the resonant cav 
ity 3 when the apparatus is used in continuous 
treatment operation. In the specific embodiment 
shown in Fig. 1 these openings are in the form 
of elongated slots and the material 9 being 
heated is shown passing through the slots in 
the cavity 3 in web or ribbon form. 
The coupler f7 comprises a pair of loop por 

tions 9 and 2 and an extended line portion 23. 
The loop portions 9 and 2 may be made by 
bending a piece of a conductor in the form of 
two substantially horseshoe-shaped loops having 
a pair of spaced terminals 25 as shown in Fig. 2. 
The extended line portion 23 includes a pair of 
parallel conducting rods 2 which are attached 
at one end to the loop terminals 25 and sup 
ported near the other end by a metal bar 29. A 
short-circuiting bar 3 is slidably mounted upon 
the parallel conducting rods 2. A threaded shaft 
33 having a tuning knob 35 on one end is rotat 
ably mounted between the parallel conducting 
rods 27 so that its threaded portion engages a 
threaded hole 3 in the center of the short-cir 
cuiting bar 3f. The position of the short circuit 
ing bar 3 may be varied by turning the tuning 
knob 35. A cylindrical metal housing 39 is pro 
vided to shield and support the extended line por 
tion 23 of the coupler 7. 
The resonant cavity 3 and the wave guide are 

juxtaposed as shown in Fig. 2. Corresponding 

s 

4. 
V-shaped slots 4 are cut in the adjacent sides of 
the wave guide and cavity 3 and corresponding 
semicircular portions are cut away from their 
tops. The coupler 7 is placed symmetrically be 
tween the wave guide and the resonant cavity 3 
so that its loops 9 and 2 and extended line 23 
are in a plane which passes through the vertex 
of the V-shaped slots 4 and is transverse to the 
axis of the wave guide . The extended line por 
tion 23 of the coupler 7 extends up through the 
hole formed by the semicircular portions cut 
away from the tops of the wave guide and cavity 
3, and is covered by the cylindrical metal shield 
39. The loop end of the coupler it is secured to 
the wave guide and the cavity 3 at the vertex 
of the V-shaped slots 4, and the coupler i is 
supported at its other end by the cylindrical 
metal shield 39. 

...) 

4. s 

5 5 

60 

70 

75 

An important aspect of our invention relates 
to the positioning of the coupler loops 9 and 
2 with respect to the waveguide and resonant 
cavity 3 so that the field in the cavity 3 is high. 
Fig. 4 shows at a particular time the magnetic 
field intensity distributions in the wave guide 
and the resonant cavity 3 in the vicinity of the 
coupler 7. The magnetic field 4 in the wave 
guide f is at a maximum intensity in the region 
near the side is and a quarter wave length from 
the end 2 of the wave guide f. In order to make it 
possible to set up a maximum current in the 
coupler circuit, the loop of the coupler which 
extends into the Wave guide must be located in 
the maximum magnetic field intensity region of 
the Wave guide; therefore the vertex of the V 
shaped slot 4 in the wave guide is located at 
a point approximately a quarter Wavelength from 
the end of the guide and the coupler it is 
mounted in the slot 4 as has been previously 
described. 
The magnetic field in the Wave guide induces a 

voltage in the wave guide coupling loop and 
causes alternating current to flow through the 
loop. This Same alternating current flows 
around through the cavity loop and sets up a 
magnetic field at the cavity loop which is equal 
in intensity to that magnetic field at the loop in 
the wave guide. The magnetic field 42 in the 
resonant cavity 3 is at maximum intensity in the 
regions of the midpoints of the sides and ends of 
the cavity 3. The magnetic field intensity in the 
cavity 3 is at a minimum in the regions of the 
corners of the cavity. We mount the resonant 
cavity 3 in a position longitudinally of the wave 
guide such that the door 7 of the cavity 3 is 
just under a quarter Wave length from the end 
of the guide . This locates the coupler loop in 
the cavity 3 in a region of low magnetic field in 
tensity in the cavity 3. The magnetic field in 
tensity in the plane of the wave guide coupling 
loop f is of the same value as the magnetic field 
intensity in the plane of the cavity coupling loop 
2. Proceeding from the cavity coupling loop to 
a distance one quarter wave from the end of the 
cavity it is found that the magnetic field inten 
sity increases to a maximum value in the cavity 
due to the fact that the cavity has been tuned 
to resonance. Consequently the maximum field 
in the cavity is much higher than that in the 
Wave guide. 
An electric field proportional to the magnetici 

field occurs during that part of the cycle when 
magnetic energy has been transformed to elec 
trical energy. Accordingly, an electric field is set 
up in the region of the center of the cavity 3. 
which is much greater than the electric field in 
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the wave guide . The heating effect in a na 
terial disposed in an electric field depends upon 
the intensity of that field. Thus by using the ap 
paratus in accordance with the teaching of our 
invention it is possible to heat materials more 
quickly and to higher temperatures than has 
been possible prior to our invention. 

Referring now to Fig. 2, we will point out the 
specific features of the improved coupler which 
is used in the practice Of Our invention. In Order 
to get an efficient transfer of energy from a wave 
guide to a cavity, there must be proper coupling 
between the wave guide and the cavity. To take 
care of variations in the frequency of the energy 
Source it is desirable that the coupler be tunable. 
But in the field of dielectric heating, where quan 
tities of high frequency electrical energy of the 
order in excess of one kilowatt are involved, 
peculiar problems arise in the construction of a 
satisfactory tunable coupler. We have found 
that a coupler comprising a pair of loops and an 
extended line is the most desirable. But in Order 
to get a large annount of current induced in the 
coupler circuit it is necessary to make the loop in 
the Wave guide large So that it links a large area 
of the magnetic field of the wave guide. However 
in making the loop large, its effective inductance 
would Ordinarily be increased to a value Such 
that it could not be tuned by a reasonable length 
of extended line. However, we overcoine this dif 
ficulty by specially constructing the loops in a 
manner which will be hereinafter described. A 
maximum transfer of energy between the wave 
guide and the cavity 3 is obtained when the cir 
cuit consisting of the coupler loops 9 and 2, 
the extended line 23, and the short-circuiting bar 
3 is tuned to half-wave resonance. In other 
words, when there are voltage nodes at the point 
43 where the loops 9 and 2 are attached to the 
wave guide and cavity 3, and at another point 
an effective half Wave length in either direction 
for the first point. Now if the effective induc 
tance of the loop 9 in the wave guide is so 
large that it takes a length of extended line 23 
the Same length or longer than the physical 
length of the loop 9 to tune it, a voltage anti 
node in the coupler circuit will appear near the 
loop terminal 25 or Out on the extended line 23 
and arcing Will Occur at the loop terminals 25 or 
On the extended line 23. 
sary to construct a coupler loop 9 which has a 
large area, and at the same time an effective in 
ductance low enough to be tunable by a section of 
extended line. 23 whose length is shorter than 
that of the loop 9, in order that the voltage peak 
of the coupler circuit will not occur near the loop 
terminal 25 or out on the extended line 23. To 
decrease the effective inductance of the coupler 
loop 9 to a value which is tunable by a section 
of extended line 23 shorter than the loop 9, and 
at the same time keep the loop area, large, we 
make the width of the loop large in comparison to 
its thickness. A loop width of the order of 16 
times the thickness is satisfactory. 
When the coupler loops 9 and 2 are made the 

Same size and the coupler circuit is tuned to half 
Wave resonance, Voltage nodes Will occur at the 
point where the loops 9 and 2 are attached to 
the wave guide and cavity 3 and near the cen 
ter of the short-circuiting bar 3. This means 
that the portion of the extended line 23 which is 
above the short-circuiting bar may be directly 
attached to the cylindrical housing 39, whereby 
the coupler is Supported entirely without the use 
of insulators which may be destroyed by being 

Therefore it is neces 
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6 
Subjected to the dielectric heating effects of the 
intense electric fields encountered during the use 
of the coupler. Thus we have constructed a cou 
pler capable of transferring large amounts of high 
frequency energy without arcing and tunable to 
half-Wave resonance So as to get a maximum 
energy transfer between a wave guide and a reso 
nant cavity, and obviate the use of lossy dielec 
tric insulators in mounting the coupler. 
In the opei'ation of the apparatus, the nate 

rial 9 to be heated is placed in the center of the 
resonant cavity 3, and electrical energy at a suit 
able high frequency, for example 430 Inc., is fed 
into tie Wave guide . Then the cavity 3 is tuned 
to reSOrange by means of its tuning piston 5, and 
the couple circuit is tuned to half-wave reso 
nance by neaing of the coupler tuning knob 35. 
The operating frequency or the arrangement of 

the laierial 9 to be heated in the cavity 3 may 
be varied to Suit the p': pose at hand. 
Although. We prefe: to rake the coupler loops 

i8 and 2: the Same size, their relative sizes may 
30 varied SC3thewhat without departing from the 
SCOge (if Ctir invention. The relative position of 
the cavity 3 with respect to its coupler loop 2 
12ay be varied so as to get the desired increase in 
electiic field intensity over that in the Wave 
guide . 
Although we have described the operation of 

{l}r invention as it is applied in the dielectric 
heating art, we do not wish to be limited to that 
application. 
Cu) inventioi can be applied wherever it is 

desired to transfer appreciabie amounts of high 
frequency electrical energy from a wave guide to 
a reSOInant cavity. 

By the expression cavity resonator we intend 
to. Innean a cavity, usually metallic and having 
conductive walls, in which ultra high frequency 
electromagnetic oscillations can exist, when the 
cavity is properly excited; its resonant frequency 
is determined by its pinysical dimensions. By 
the expressic;n copies' or coupling elegnent we in 
teild to mean apparatus or means by which en 
2rgy is transferred from one circuit to another; 
the common inpedance necessary for effecting 
Such coupling. By the expression wave guide we 
intend to nea) a hollow pipe-like conductor of 
electromagnetic energy which is used as a radio 
frequency transmission line; its dimensions are 
determined by the wave length of the electro 
magnetic energy to be transmitted. 

Glir invention, therefore, is not to be restricted 
8xcept in So far as is necessitated by the prior art 
and by the Spirit of the appended claims. 
We claim as our invention: 
1. For heating a dielectric material, a wave 

guide, a resonant cavity adapted to receive a di 
electric material to be heated and a Couple 
tunable to haii wave resonance CO2) prising an 
extended line portion and two loop portions, said 
coupler being placed longitudinally of the wave 
Suide So that one of said loop portions links the 
inaxinuin magnetic field of the waye guide, said 
resonant cavity being placed adjacent the wave 
guide in a position longitudinally of the wave 
guide Such that the other of said loop portions 
links less than the maximum magnetic field of 
the said resonant cavity. 

2. For heating dielectric material, a rectangu 
lar Wave guide having common openings in its 
Side and top, a resonant cavity having like open 
ings in its side and top and placed adjacent the 
Wave guide So that said openings are aligned, a 
coupler comprising two loop portions and an 
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extended line portion and placed between the 
wave guide and the cavity So that Said loop poi? 
tions are attached to the bottom of the Said Side. 
openings and the extended line portion extends 
up through the said top openings, and a metal 
housing placed over said top openings So as to 
shield and support said extended line. 

3. For heating dielectric material, a rectangul 
lar wave guide having a V-shaped slot in its Side 
and a semicircular slot whose diameter is in the 
plane of the V-shaped slot in its top, a resonant 
cavity having like slots in its side and top and 
placed adjacent the wave guide So that Said 
V-shaped slots are aligned, a coupler comprising 
a pair of loops and an extended line which is 
bridged by a slidable short-circuiting bar, Said 
coupler being attached at its loop end to the 
vertex of said V-shaped slots So that one loop 
extends into the wave guide and the other loop 
extends into the resonant cavity and the extended 
line protrudes up through the Opening formed by 
said semicircular slots, a shielding housing placed 
over said opening to enclose and support said 
extended line, and a threaded shaft extending 
through the top of said housing and engaging the 
slidable short-circuiting bar of said extended line, 
said threaded shaft being rotatable by means of 
an external knob to tune Said coupler. 

4. For coupling a hollow Wave guide to a struc 
ture forming a resonant cavity, a coupler circuit 
tunable to half wave resonance comprising that 
portion of an adjustable extended line which con 
sists of two conducting rods bridged by a slider 
bar, and a pair of loops, adapted to be inserted 
one into the wave guide and the other into the 
cavity, joined at one of their ends and having 
their other ends spaced apart, said conducting 
rods being connected to the spaced ends of the 
loops, the Width of Said loops being large as com 
pared to their thickness, whereby their effective 
inductance is reduced to a value which can be 
tuned by a section of extended line whose length 
is less than the physical length of one of said 
loops. 

5. A coupling device for use between a resonant 
cavity and a load and tunable to half wave reso 
nance and capable of handling amounts of high 
frequency electrical energy of the order in excess 
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8 
of one kilowatt, comprising a pair of oppositely 
disposed low inductance loops having one of their 
ends joined and the other of their ends Spaced, 
one of said loops being positioned to be responsive 
to electrical energy in said cavity and the other 
of said loops being positioned to feed electrical 
energy to said load, an extended line Section 
attached to said spaced ends, a short-circuiting 
slider mounted upon said extended line fortuning 
the circuit composed of the loops, the extended 
line and the slider to half wave resonance. 

6. For use in heating materials, a wave guide; 
a resonant cavity adapted to receive material to 
be heated, and a coupler tunable to half wave 
resonance comprising a pair of oppositely dis 
posed loops having one of their ends joined and 
the other of their ends spaced, and parallel con 
ducting rods bridged by a short-circuiting slider 
bar attached to Said Spaced ends, Said coupler 
being placed so that one of its loops extends into 
the wave guide and the other of its loops extends 
into the cavity, said coupler being supported be 
tween the wave guide and the cavity from its port 
tion where the loop ends are joined and its por 
tion which is above the short-circuiting. slider, 
each of said supporting portions of the coupler 
being attached to its supporting member. 

ROBERT M. BAKER. . . . 
ROBERT J. O'DONNEL. 
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