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1 
Our invention relates to ultra high frequency 

dielectric heaters, more particularly to ultra high 
frequency dielectric heaters utilizing a chamber 
formed by walls made of electrically conducting 
material, in which chamber electromagnetic ?elds 
are produced for heating a material in the cham 
ber, and has for its object a continuous or con 
veyor type heater of this type in which the ma 
terial is heated uniformly in passing through 
the chamber and enters and leaves the chamber 
without substantial loss of energy. 

In carrying out our invention in one form we 
provide a chamber of rectangular cross section 
and of such size in a transverse direction rela 
tive to the frequency of the supply source as to 
have a transverse electric ?eld mode produced 
in it. We provide inlet and outlet openings in 
opposite ends of the chamber and in opposite 
ends of the transverse dimension of the chamber, 
together with conveyor means for passing the 
material to be heated through the chamber be 
tween the openings in an oblique or up and down 
manner so that the material is exposed at all 
points to the same ?eld heating effect whereby 
the material is heated uniformly. 
We also provide means for preventing the ra 

diation and loss of energy through the entrance 
iand exit openings. In one form we provide 
each opening with vestibule walls constructed 
to act like a Wave guide with extremely high 
attenuation so that no appreciable energy is dis 
sipated through the openings. In another form 
we provide a pair of doors for each opening made 
of electrically conducting material spaced apart 
preferably one-half wave length in the chamber 
so that one or the other of the doors may be 
closed or opened without disturbing the ?eld pat 
tern in the heating chamber. 
For a more complete understanding of our in 

vention reference should be had to the accom 
panying drawing, Fig. 1 of which is a diagram 
matic view in perspective of an ultra high fre 
quency heater embodying our invention, Fig. 2 
is a fragmentary view showing a modi?ed form 
of our invention, while Fig. 3 is a view similar 
to Fig. 1 showing improved means for Obtaining 
uniform heating and for preventing the loss of 
energy through the entrance and exit openings 
of the heating cavity. 
Referring to the drawing, we have shown our 

invention in Fig. 1 as applied to a rectangular 
chamber or cavity I having transverse and 
lengthwise dimensions of such length with re 
spect to the frequency of the ultra high frequen 
cy supply source 2 that a transverse electric ?eld 
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2 
mode Hm,n,p is produced in the chamber, 1. e., an 
electric ?eld whose vector lies transversely to the 
chamber and to the direction of wave propaga 
tion in the chamber. In this mode the letters 
1n, n, and p specify the number of half -sinusoidal 
electric ?eld variations in the three dimensions 
of the chamber indicated by these letters in Fig. 
1. For resonance of the chamber these letters 
m, n and 2) must be represented by whole num 
bers. 
More speci?cally, the chamber—the walls of 

which are made of electrically conducting ma 
terial such as copper—-is preferably constructed 
for the Ho,2,p mode in which “0” speci?es a ver 
tical transverse dimension or side m less than one 
half of the wave length in the chamber during 
the heating operation when the chamber con 
tains the articles or material being heated, here 
inafter referred to as a loaded chamber, the ?g 
ure “2” speci?es a horizontal transverse dimen 
sion or side 11 somewhat over one wave length 
and less than three half-wave lengths in the 
loaded chamber, and in which the length 10 is 
several wave lengths in the loaded chamber. 
Standing electromagnetic ?eld waves are there 
fore produced in this chamber. With this length 
of the dimension or side n two maximum values 
of the electric ?eld appear in moving across 
this side, i. e., two half waves, while along the 
narrow transverse dimension the magnetic ?eld 
is constant. 
For instance, with a supply source 2 supplying 

power at a frequency of 1050 megacycles and hav 
ing a wave length in air of about eleven and one 
eighth inches, the dimension m for the wave 
length in the chamber is less than about ?ve and 
one-half inches, the transverse dimension n is 
over eleven and one-eighth inches, and the length 
10 is several times eleven and one-eighth inches. 
These dimensions, however, are given without 
regard to the fact that the material being heated 
ordinarily has the effect of shortening the waves 
very considerably. Actually, the wave lengths 
existing in the loaded chamber are equal to the 
wave length of the supply source divided by the 
square root of the equivalent dielectric constant 
of the material to be heated and air in the cham 
her. 

In its left-hand end, as shown, the chamber is 
provided with an entrance or charging opening 
6 enclosed by rectangular vestibule walls ‘I, this 
opening extending from the top to the bottom of 
the chamber but extending only over substan 
tially less than one-half wave length in the hori 
zontal transverse dimension n of the chamber. 
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Moreover, the opening 6 is located in the right 
hand crosswise end of the chamber. A similar 
outlet opening enclosed by vestibule walls 8 is 
provided in the opposite end of the chamber, this 
opening, however, being in the left-hand trans 
verse end of the chamber, i. e-., diagonally op 
posite the opening 6. A suitable endless con 
veyor, such as a belt 9, is provided having its 
upper length extending through the chamber be 
tween ‘the openings so as to conveyua series of 
articles or material I0 to be heated diagonally 
through the chamber. Our heater is especially 
adapted by reason of its ultra high frequency’ for 
use in the heating of dielectric materials, such 
as cellulose materials, frozen'foods, textiles, rub 
ber, etc. 
The supply source 2 is connected through a co 

axial line II (or waveguide) to the chamber I' 
at one corner as shown, the outer cylindrical con 
ductor I2 of the line being electrically connected M 
to- the upper longer transverse wall of the cham 
ber, while the inner conductor or probe I3 ex 
tends downward into the chamber. The con 
ductors I2 and I3 are electrically insulated from 
each other, perpendicular to the longer side wall 
of the chamber and the probe I3 is parallel with 
the electric ?eld produced in the chamber. 
With the generator 2 in operation and main 

taining in the chamber the electric ?eld mode 
previously described, the material ID in passing 
through the chamber passes at all points through 
a, plurality of electric and magnetic ?eld 
strengths in moving lengthwise of the chamber, 
and in moving crosswise of the chamber, because 
of its oblique direction of movement, it passes H. 
through two points of maximum electric ?eld 
strength. This serves to produce a uniform in 
terception of both the electric and magnetic ?elds 
by the material I0 in horizontal planes. 
The vestibule walls ‘I and 8 are provided for 

the purpose of minimizing the dissipation of en 
ergy from the chamber through the entrance 
and exit openings. The vestibules have lengths 
each of at least substantially one-quarter wave 
length, but preferably several quarter wave 
lengths or several wave lengths, and‘ transverse 
dimensions each less than one-half wave length. 
The wave length in each case is that existing in 
the vestibule while the material to be heated is 
in the vestibule, i. e. the wave length in the load 
ed vestibule. In other words, this vestibule acts 
like a wave guide with extremely high attenua 
tion. 
As a- further explanation of the entrance and 

exit vestibule openings below cut-01f, we prefer 
ably construct each vestibule with transverse di 
mensions in dependence upon the dielectric char 
acteristics existing in the vestibule as the result 
of the combined dielectric constants of the air 
and the material to be heated, as well as the fre- 
quency of the supply source. It is assumed that 
the material being heated has a dielectric con 
stant at least as great as air. Ordinarily, in the 
heating of dielectric materials, the material will 
have a dielectric constant several times greater 
than that of air. Accordingly, we construct the 
vestibule walls with transverse dimensions each 
of which is less than the value 

21/?’ 
in which A equals the Wave length of the supply 
source and E equals the equivalent dielectric con 
stant of the material to be heated and the air in 
the vestibule section. If a cylindrical vestibule 
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I3’ is used as shown in Fig. 2 which has a circu 
lar cross section, its diameter should be less than 

In the modi?ed form of our invention shown in 
Fig. 3, we provide a pair of sheet metal doors, 
preferably made of the same material as the 
chamber walls, in the vestibule around the en 
trance and exit openings for preventing the dis 
sipation of energy through these openings. The 
doors of each pair, I5, I9 and 2I, 22, are spaced 
apart a distance along the path of movement of 
the material to be heated approximately equal to 

i one-half of the wave length in the loaded cham 
ber I4 so that the standing wave pattern in the 
chamber remains the same as long as one of the 
doors is closed. The inner doors I9 and 2| when 
closed form continuations of the respective end 
walls of the chamber III. 
In order to insert a quantity of material I6 in 

to the heating chamber, the door I 5 is ?rstraised 
and the material It pushed under the door from 
an outer conveyor I'I onto a short intermediate 
conveyor I8. Then the door I 5 is closed, as’ 
shown in the drawing, the door I9 opened, the. 
material I6 pushed onto the conveyor 20 and the 
door I9 closed. The conveyor 20 carries the ma» 
terial through the heating chamber. At the op-' 
posite end of the chamber the material is re'-> 
moved by successively opening and closing the‘ 
doors 2I and 22. High frequency power is sup 
plied to the chamber I4 by means of a coaxial‘ 
line or wave guide 23 at any suitable point for 
the transfer of power to the chamber. 
When the doors are used, the entrance and ex 

it openings need not be restricted to transverse 
dimensions giving high power attenuation‘ as 
disclosed in Fig. 1. We contemplate, also, that 

‘ the doors may be formed of metal screen mate 
rial and, also, we contemplate that a choke joint 
may be used in place of the doors. 
In Fig. 3 we have also shown a conveyor 20 for 

raising and lowering the material in its passage 
through the chamber, as well as moving the ma. 
terial diagonally through the chamber as de 
scribed in connection with Fig. 1. vThe upper 
length of the conveyor is provided with a central 
supporting roller 24 which elevates it to a point 
substantially midway of the height of the cham 
ber. Consequently, the material to be heated is 
?rst raised up to the roller 24 and then lowered 
in its passage through the chamber. 
The arrangement of Fig. 3 may be utilized 

where the material or articles to be heated are 
large as compared with the wave length in the 
loaded chamber. We contemplate that in the 
arrangement of Fig. 3 the material IE will be 
caused to travel approximately one-half wave 
length in both the horizontal and vertical direc 
tions. The roller 24 elevates the center of the 
conveyor substantially one-half wave length so 
as to provide this vertical movement. 
‘What we claim as new and desire to seoure'by 

Letters Patent of the United States is: 
1. An ultra ‘high frequency heater comprising 

walls made of an electrically conducting mate 
rial iorming a chamber provided with diagonally 
‘opposite openings in its ends, means for passing 
a material to ‘be heated diagonally through said 
chamber between said openings, and a high fre 
quency supply source connected to said chamber 
for producing a transverse electric ?eld mode‘in 
said chamber thereby to heat the material uni 
f'ormly as it passes through said chamber, 
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2. An ultra high ‘frequency heater comprising 
walls made of an electrically conducting material 
{forming an elongated chamber provided with 
diagonally opposite openings in its ends, means 
for passing a material to be heated diagonally in 
a ‘predetermined plane through said chamber be 
tween said openings and at the same time moving 
said material in a plane perpendicular to said 
?rst plane, and a high frequency supply source 
connected to said chamber for producing a trans 
verse ?eld mode in said chamber thereby to heat 
the material uniformly as it passes through said 
chamber. 

3. An ultra high frequency heater comprising 
walls made of an electrically conducting mate 
rial forming an elongated chamber provided with 
diagonally opposite openings in its ends, means 
for passing a mate-rial to be heated diagonally 
through said chamber between said openings and 
at the same time moving said material in a verti 
cal direction, and a high frequency supply source 
connected to said chamber for producing a trans 
verse electric ?eld mode in said chamber thereby 
to heat the material uniformly as it passes 
through said chamber. 

4. An ultra high frequency heater comprising 
walls made of an electrically conducting material 
forming a chamber provided with an opening 
through which a material to be heated may be 
pasesd into said chamber, a high frequency sup 
ply source connected to said chamber for pro 
ducing standing electromagnetic Waves in said 
chamber thereby to heat the material in said 
chamber, a vestibule wal-l connected to said cham 
ber surrounding said opening, and a pair of doors 
in said vestibule wall made of an electrically con 
ducting material, said doors being spaced apart 
a distance at least substantially one-half of the 
wave length in said chamber when the chamber 
is loaded so that the material to be heated can 
be passed into said chamber by successively open 
ing and ‘closing said doors without substantial 
loss of energy through said opening. 

5. An ultra high frequency heater comprising 
walls made of an electrically conducting material 
forming a chamber provided with an opening 
through which a material to be heated is passed 
into said chamber, a high frequency supply source 
connected to said chamber for producing standing 
electromagnetic waves in said chamber thereby to 
heat the material in said chamber, a vestibule 
wall connected to said chamber surrounding said 
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opening, and a pair of doors in said vestibule wall 
made of an electrically conducting material, the 
innermost one of said doors when closed forming 
a continuation of a wall of said chambers and said 
doors being spaced apart along the path of move 
ment of the material a distance at least sub 
stantially one-half of the wave length in said 
chamber when the chamber is loaded so that the 
material to be heated can be passed into said 
chamber by successively opening and closing said 
doors without a substantial loss of energy through 
said opening. 

6. An ultra high frequency heater ‘comprising 
walls made of electrically conducting material 
forming a chamber provided with diagonally 
opposite openings in its ends, means for passing 
a material to be heated diagonally through said 
‘chamber between said openings, a high frequency 
supply source connected to said chamber for pro 
ducing a transverse electric ?eld mode in said 
chamber thereby to heat the material uniformly 
as it passes through said chamber, and an energy 
blocking vestibule wall connected to said chamber 
surrounding each of said openings. 

'7. An ultra high frequency heater comprising 
walls made of electrically conducting material 
forming a chamber provided with diagonally 
opposite openings in its ends, means for passing 
a material to be heated diagonally through said 
chamber between said openings, a high frequency 
supply source connected to said chamber for pro 
ducing a transverse electric ?eld mode in said 
chamber thereby to heat the material uniformly 
as it passes through said chamber, and an out 
wardly extending vestibule Wall connected to said 
chamber surrounding each of said openings, said 
vestibule walls having lengths each of at least 
substantially one-quarter of the wave length in 
said vestibule when loaded. 

HENRY EARL REV'ERCOMB. 
DONALD E. WATTS. 
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