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bject, is to devise apparatus for ob 
er output from a high 

W. . . 

- es. . . . . . . - - - - 

is to reduce the standing tuency system, whereby a hig 
the efficiency of the lency source is in 
t eased i . . . . . .3 ; : :"... : . . . . . . 

The foregoing and other objects of the inven 

Fig. 1 is an exploded isometric view of one em 
bodiment of the invention; : * : * * * 
* Fig. 2 is a top plan view, with the load re 
moved, of the assembled device of Fig. 1; 3: ; 

Fig. 3 is a front elevation of Fig. 2, the device being shown in use for heating; . . . . . . 
Fig. 4 is a front elevation of the device looking 

at an angle of 45° from Fig. 3; ; ; *... . . ." 
Fig. 5 is a vector diagram useful in explaining : 

the operation of the device; i: ...: 
"Fig.6 is a top plan view, with the load removed, 
of another embodiment of the invention. : :"... 

'Fig. 7 is a front elevation of Fig. 6, the device 
being shown in use for heating; and . . . 

Fig. 8 is a front elevation of the device of Fig. 6, looking at an angle of 45° from Fig. 7: 8 
In describing my invention; which involves the use of elliptically-polarized, aid more particular 

ly circularly-polarized, waves for dielectric heat 
ing; it will first define what is meant by circular polarization. An electrical wavé is said to be cir 
cularly polarized when the field thereof can be resolved into two equal components 90° apart in 
space and 90° apart in time. If the two vectors 
are not of equal amplitude, or if the time diffei 
"ence between them 
said to be elliptically po 
in which the time phase an wave is linearly polarized: ... " is 

(C1. 219-47) 
. . . . . . - 2 

linear polarization and circular polarization can 
be looked uporias special cases of elliptical polari 
zation. This last statement can be demonstrated mathematically as follows: 

5 First, we start with two electric vectors 90° apart in space with an arbitrary phase difference 
8. These vectors may be represented as follows: 

Ey-B cos (at-ga--) (1) 
10 Ea-A-cos (ot-i-Bac) (2) 

Substituting u-it--Bain the expressions for Ex 
and Ey, we have -- ... . . . . . . . . 

Es=A cos u (3) 
Ey=B cos (u--5) =B(cos u cos 8-sin usin 5) (4) 15 
From (3), 

cos ut it is 

follows that 
sinu. V-(F) 

Substituting for coS at and sin u in (4), 
...: i: ... x wet.-- E. coss E. - 

... A. B. V. t. V. 
both sides and simplifying, 

E2 2EE cosis F-2Es (7) 
This is the equation of an ellipse, and the wave 

is said to be elliptically polarized. - 
If . . . Y . . - 

from which it 

Squaring 
= sin 8 

5 
(components, 90° apart in time phase) and A=B 
(components of equal amplitude), (7) reduces to 

- E?-- E2 = A (8) 
which is the equation of a circle. The wave is 
then circularly pólarized. * . . . . . . . . 

If 5-20 or if (components in phase or 180° out 
of phase); Equation 7 becomes that of a straight 

45-line and the wave is linearly polarized. . . . ; 
Thus we see that, mathematically, elliptical po 

larization is the general case when two waves are 
combified, and that circular and linear polariza 
tion are special cases; this is similar to the situa 

50tionmentioned in elementary geometry in which 
it is demonstrated that the circle and the straight 
line are the limiting forms of an ellipse. . . . . 
''Referring, now to Fig.1, an exploded view of a 
device for converting a linearly-polarized wave 
into a substantially-circularly-polarized wave is is ...; is: 
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shown, said device consisting of a hollow rectan 
gular metallic wave guide open at one end and 
having a horn coupled to said open end, Said 
horn comprising a hollow metallic transition 
member 2, open at both ends, and a hollow Sub 
stantially square metallic wave guide 3, also open 
at both ends. The guide 3 is rotated Substan 
tially 45° with respect to guide , so that the 
walls of guide 3 lie at an angle of Substantially 
45° to the respective walls of guide , the center 
lines of said guides being collinear (or said two 
guides being joined axially to each other) and 
the transition member 2 joining the Open end of 
guide rigidly to the contiguous end of guide 3; 
guides and 3 are of constant cross-section 
throughout their lengths while member 2 has a 
constantly varying cross-section throughout its 
length, in accordance with its transition func 
tion. The opening at one end of transition mem 
ber 2 has the same area as the open end of guide 
and matches said open end, While the opening 

at the other end of said transition member has 
the same area as the contiguous open end of 
guide 3 and matches said open end. One cross 
sectional dimension of guide may, for example, 
be twice the other; for example, guide may be 
a standard one-and-a-half inch by three-inch 
guide. 
A coaxial line 4, consisting of an inner con 

ductor 5 supported coaxially in an outer hollow 
conductor 6 by dielectric spacing means such as 
7, has its outer conductor 6 attached to the ex 
terior central portion of One of the Wider side 
Walls of guide 'near the closed end of Said guide, 
the coaxial line extending at right angles to said 
side Wall, Inner conductor 5 projects through an 
opening in said side wall into the interior of the 
guide for a substantial distance, for example, 
approximately two-thirds of the distance to the 
opposite side wall. The free end of coaxial line 
4 is adapted to be connected to the output pipe 
or lead of a source of high-frequency energy, for 
example, a magnetron. 
The end of inner conductor 5 projecting inside 

the guide, which may for convenience be termed : 
the exciting rod, is spaced a distance of a quarter 
wavelength (in the guide) from the closed end 
of said guide. When a high-frequency continu 
ous wave, having a Wavelength on the order of 
10 centimeters for example, is supplied to guide 
by means of line 4, a Wave having a TEo, mode is 
set up in said guide. With such a wave, the elec 
tric vector E, at the output end A of guide , is 
perpendicular to the longer side walls, or the 
wider faces, of said guide, so that the wave pro 
duced at A is linearly polarized; this linearly 
polarized wave is applied to the input end A of 
transition member 2. Due to the substantially 
45° rotation of guide 3 with respect to guide , 
at the output end B of transition member 2 (or 
the input end B of guide 3), vector E, which at A 
was perpendicular to the wide faces of rectangu 
lar guide , now appears across diagonal corners 
of the substantially square guide 3. Of course, 
because guide 3 is not exactly square, variation 
of the relative angle of rotation of guides f and 
3, from 45, may be made to make certain that 
vector E, at B, will lie along the diagonal of guide 
3. This diagonal vector E can be considered as 
the resultant of two equal vectors, one perpen 
dicular to each respective pair of faces of the 
Square guide 3. Therefore, we can think of two 
Waves of equal amplitude propagating down the 
Square guide 3, one characterized by an electric 
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4. 
walls of said guide and the other, Ey, perpendicu 
lar to the other pair of opposite walls. There 
fore, the first step in converting a linearly-polar 
ized Wave into a circularly-polarized wave, which 
is to split the linearly-polarized wave into two 
equal components at 90 to one another, has been 
accomplished when the wave reaches B. 
Two vectors of equal amplitude 90° apart in 

space exist at the output end B of the transition 
member or wave splitter 2; however, vectors Ex 
and Ey are still in time phase and the resultant 
is a linearly-polarized wave, since Equation 7 de 
generates into that of a straight line when 6=0. 
The only other condition to Satisfy for circular 
polarization is to make 6=90 or 270, either 
value reducing (7) to the equation of a circle. 
In the discussion above, the nearly Square guide 

3 has been assumed Square for all practical pur 
poses in saying that the wave splits into two 
equal components. Actually, the magnitude of 
the two components will be slightly different, but 
not enough to be more than a second-order ef 
fect; the reason for making guide 3 not quite 
square will become apparent. 
The wave guide 3 as seen by the component Ex 

is a little different in width from that seen by 
Ey. Therefore, their velocities of propagation 
are somewhat different, and in the passage from 
B down the nearly square guide 3 the phase angle 
6 between Ex and Ely progressively departs from 
zero and the wave becomes elliptically polarized; 
at some point C, the phase difference reaches. 90° 
and the resultant wave is Substantially circularly 
polarized. The substantially square wave guide 
3 is terminated at point C whereby the radiated 
Wave is Substantially circularly polarized. 
Of course, it is impossible, as a practical mat 

ter, to produce exact circular polarization of the 
Wave at point C. This can be seen from the fact 
that, in order for the component vectors Ex and 
Ey to be of equal amplitude, Wave guide 3 must 
be of exactly Square cross-section; however, if 
guide 3 is exactly square, the phase angle between 
Ex and Ey can never be changed from Zero and 
therefore can never be brought to the 90° phase 
angle necessary for circular polarization. How 
ever, by proper dimensioning and positioning of 
the guides, it is possible to obtain substantially 
circular polarization of the waves, and, as will 
be pointed out hereinafter, the advantages of 
this invention are obtainable with waves having 
merely a Substantial degree of elliptical polariza 
tion (as contrasted to linearly-polarized waves), 
as Well as With waves having true circular polari 
zation. 

If desired, the device may be terminated by 
another hollow, horn-like section (not shown) 
which converts from a nearly square throat (at 
C) to a circular aperture. This accomplishes an 
impedance match to space from the substantially. 
Square guide, but is not essential to the genera 
tion of a circularly-polarized wave. 

It is obvious, from the above discussion, that 
true circular polarization occurs at only one fre 
Quency, and that the wave becomes elliptically 
polarized at either side of this frequency. How 
ever, with proper design the variation from true 
circular polarization with frequency may be made 
Sufficiently low to permit operation over a rather 
Wide frequency range, since the advantages of the 
invention are obtainable with waves having a 
Substantial degree of elliptical polarization. 
In the device as used for dielectric heating, as 

shown in Figs. 3 and 4, the dielectric material 8 
vector Ex perpendicular to one pair of opposite 75 to be heated or defrosted, such as food for eX 
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ample, is supported, by a suitable dielectric sup 
porting means 9, adjacent the free end of wave 
guide or horn 3. A metallic cover 0, which acts 
as a reflector of electromagnetic waves, is placed 
adjacent material 8, on the side thereof, opposite 
from guide 3. 
The material 8, together with cover 10, acts as 

a partially absorbing and partially reflecting 
medium, I have found that, with a substantial 
degree of elliptical polarization, as well as with 
circular polarization, of the wave, the standing 
Wave ratio in the energy feed line is less than 
With linear polarization, when the energy is used 
for heating a partially absorbing and a partially 
reflecting medium. When the standing wave ra 
tio in a high-frequency feed line is low, a maxi 
aura amount of power may be obtained from a 
high-frequency Source such as a magnetron, and, 
With a reduced Standing Wave ratio, the efficiency 
of the source is increased. Also, a high stand 
ing Wave ratio may cause rapid deterioration of 
the high-frequency Source. 

Eet us define the electric field of the wave at 
B. by the equations 

- Ese i?, cos (wt - Bac), (9) 
and 

E.-, cos (cot-63a) (10) 
rene, and from 30 to 45 per cent of acronitrile. 

Let us further assume that the length and di 
mensions of the phasing section of guide 3 are 
such that the component Ex suffers a progressive 
phase change of 2n from B to C, and that 
(32=%51. 

Fherefore at C, the wave has the components 

E.-, cos (ost-21) (11) 
and . - Y 

-: COS (ot-r) (12) 
which yield a circularly-polarized wave since the 
components are 90° apart in time and space, as 
suming the components to be equal in amplitude. 
Now let us assume that the wave impinges 

upon an absorbing means which partially ab 
sorbs and partially reflects the incident energy. 
The reflected wave components will be altered in 
time phase in some manner dependent on the 
properties of the absorbing medium although 
the space relationship of the components will 
stay the same. We can merely say for our pur 
pose here that the time phase of each comi 
ponent is shifted on reflection by an arbitrary angle (b. 
' Then, the reflected Wave may be written as 
follows where a=per cent reflection of the in 
cident wave: 

E.-E. cos (ost-2t--d-- 3a) (13) 
E. 3 

E,-7, cos (ot- --d-- B.) (14) 
By the time the reflected wave has arrived at 

B, it has again been retarded as before (Ex re 
tarded by 2n , and Ely by %r), so at B, the re 
flected wave has the components: 

E.- cos (ot-4T -- b) (15) 

E.- cos (at-3r--b) (16) 
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6 
which may be written 

ox.E. 
E. Vseo (wt-s) (17) 

E, - E. cos (ot-r-F) as - cos. (cis--) (18) "TV 2 V5 
The minus sign for y may be looked upon as 

a Space reversal of the vector Ey. This means 
that the resultant of these two vectors (they are 
now shown to be baek in time phase) is at right 
angles to the initial vector E. 

If the wave guide has a cross-section of 1% 
inches by 3 inches, the critical wavelength for a 
Toi Wave whose electric vector is perpendicular 
to the 3-inch side is 2x3, or 6 inches, which is 
approximately 5 centimeters; the critical wave 
length for a TEol wave whose electric vector is 
perpendicular to the 1% inch side is 2x1A, or 3 
inches, which is approximately 7/2 centimeters. 
This is true because, as is well-known to those 
Skilled in the art to which this invention relates, 
the critical wavelength for a TE61 (or Hei) wave 
being transmitted through a rectangular wave 
glide is equal to twice the dimension of the guide 
to Which the electric vector of the wave is per 
pendicular. In other words, the longest wave 
that can be transmitted in the waveguide it has 
a half-Wavelength in air equal to or less than the 
dimension of the guide normal to the direction 
of the electric vector of the wave. Therefore, a 
Wave whose Wavelength is greater than 15 cm. 
Will not be propagated in guide at all; one 
whose Wavelength lies between 7% and 15 cm; 
will be propagated in said guide when the elec 
tric vector thereof is perpendicular to the wider 
face of the guidebut not when the electric vector 
is perpendicular to the narrower face of the 
guide; one whose wavelength is less than 7% cm. 
Will be propagated in said guide when its elec 
tric vector is perpendicular to either the wide, or 
the narrow faces of the guide t. As long as the 
dimension a normal to the direction of the elec 
tric vector is equal to or greater than the half 
wavelength in air, the "characteristic' impedance 
of the guide is real and positive, a necessary, con 
dition for the propagation of wave energy. This 
is expressed by the equation for the characteristic 
impedance Z for the TEol mode: 

I 
-.e. 

(18a) 

Since. 

is real and positive, then Z is real and positive as 
long as x0<2a. - 

If a guide capable of supporting the TEoi mode 
is joined to a guide whose dimension a normal 
to the direction of the electric vector is too small to support propagation of energy at the wave 
length being used, or in which A022a, then the 
Wave energy incident upon this junction will be 
reflected because the waveguide impedance be 
yond the junction is no longer real and positive, 
but is imaginary. This is true because the term 

No. 
2a : 

in Equation 18a becomes greater than one, and 
the entire expression becomes imaginary. In 
other words, the wave strikes, an extreme lim pedance discontinuity and is reflected, 
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As stated above, a wave having a wavelength 
Ao of ten centimeters is used in this invention, 
which means that A022a when the electric vector 
is perpendicular to the shorter or 1/2-inch side 
of the rectangular guide f. Therefore, this wave 
is capable of being propagated in guide only 
when the electric vector thereof is perpendicular 
to the wider face of said guide, as is vector E in 
Fig. 1; if said vector is at right angles to E in 
Fig. 1, the wave is not capable of propagation in 
guide , but is reflected at the junction A between 
said guide and a guide 2 which is capable of 
propagating such a Wave mode, as discussed 
above in connection. With Equation 18d. 
As described above, with reference to Equation 

18, the resultant of the two vectors Ex and Ey, 
after reflection, is at right angles to the initial 
Vector E. Therefore the reflected Wave cannot 
propagate along guide ; the Wave is therefore 
reflected back again, suffers attenuation from an 
other passage through the absorbing material, 
and on the second reflection from the absorber 
is free to propagate along rectangular guide 
and return to the source, since the minus Sign 
of Equation 18 becomes positive on the second 
reflection so that the resultant at this time is in 
the original direction E of Fig. 1. 
The above action can be more clearly ex 

plained by reference to Fig. 5, which represents, 
at B and C, respectively, the space relationships 
of the electric component vectors at points B and 
C. At point B, as described above, the component 
vectors Ex and Ey of the wave, as supplied by the 
Source and as split by the Wave splitter 2, are 90' 
apart in space as shown and their resultant has 
the direction of E at this time; the space rela 
tionship of these vectors is not changed by pas 
Sage through horn or guide 3, So that at point C, 
the mouth of the horn, the components Ex and 
Ey are also 90° apart in space as shown. 

It is assumed that there is a 180° phase shift 
in the wave during the passage of Said Wave from 
point C, through load 8 to reflector 0 and back 
through load 8 to point C, so that p=rr in Equa 
tions 17 and 18. Therefore, from said equations, 
at point B the reflected Wave has the components: 

oE 
E.-ys cos (cot -- ar) = - cos cot (19) 

E. : ovE 
E,-,eos (at-lar-- 7t) -, cos cot (20) 

The wave represented by components Ex and 
Ey is applied to the load 8, being attenuated 
thereby, from whence it passes to the reflector 
0, which reflects it back through the load toward 

the source, in the same direction, as Ex' and Ey'. 
When the reflected wave reaches point B, as 

shown above by Equations 19 and 20, the com 
ponent Ex' is reversed in space with respect to 
its original position Ex, as is indicated by the 
minus sign for Ex in Equation 19; also, when two 
vectors are 180° apart in time, they reach their 
maxima simultaneously, but in opposite direc 
tions, so that, if said vectors are originally 90° 
apart in space, this 180° phase difference is equiv 
alent to a space reversal of one of them. There 
fore, Ex' has the direction shown at B in Fig. 5. 
This means that the resultant E' of Ex' and Ey' 
at the bottom B of the horn 3 is turned 90° from 
its original position E when it entered phasing 
section or horn 3; therefore this reflected wave 
E" cannot enter the rectangular guide f toward 
the source since its wavelength is greater than the 
critical wavelength for propagation in this direc 
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8 
tion down guide ; the reflected wave E' is there 
fore reflected from end A of the source feed line 

back toward load or body 8 as components 
Ey' and Ex', assuming no space shift of these 
vectors at this reflection. 
This reflected Wave reaches point C with the 

component directions Ey' and Ex', and again 
passes through load or body 8 to reflector 0, 
from which the remaining unattenuated portion 
of the wave is reflected back toward the Source, 
through point C, as components Ex' and Ey', 
which are in the same direction as Ex' and Ey', 
respectively. When this reflected wave, after its 
second roundtrip through body 8, again reaches 
point B, the vector Ex' is again reversed in 
space with respect to its former position Ex', 
since the minus sign of Equation 19 becomes posi 
tive on the Second reflection. Therefore Ex' has 
the position shown at B. 
The resultant E' of Ex' and Ey''' at the bot 

tom B of the horn 3 is in the same direction 
as the original resultant E, so that this remain 
ing unattenuated portion of the original Wave 
can propagate down guide , proceeding to and 
beyond point A of guide to the source itself, 
setting up standing waves in the feed line . 

It is thus apparent that, by the use of circu 
larly-polarized Waves, no wave energy will be re 
flected back to the source until the original wave 
has made two complete roundtrips through the 
body or load 8; during these two roundtrips the 
high-frequency energy of the source is highly 
attenuated by said body, giving substantially uni 
form heating of said body due to the two round 
trips of the wave therethrough. In a test of a 
device using circularly-polarized waves, measure 
ments showed that the food 8 absorbed about 65 
per cent of the high-frequency power one way; 
however, after two reflections of the wave, only 
1.5 per cent of the total power remained unab 
Sorbed. It is therefore apparent that, with this 
invention, a maximum power output may be ob 
tained from a high-frequency source of any given 
capacity; therefore the efficiency of the system 
is increased. - 
Although, in the above discussion, particular 

reference has been made to circular polarization, 
this has been done only for purposes of illus 
tration; the advantages of the invention are also 
obtainable with waves having a substantial de 
gree of elliptical polarization, as contrasted to 
linearly-polarized waves. For example, if the 
two components Ex and Ely of the Wave are un 
equal in amplitude, the wave is elliptically polar 
ized. In this case, the greater of the two vectors 
may be considered to be made up of two collinear 
Vectors, one having a magnitude equal to that 
of the other Orthogonally-related vector; and the 
Second having a magnitude which is that of the 
total vector minus said one vector. Said one vec 
tor and its Orthogonally-related mate give a wave 
which is circularly polarized, and which makes 
two roundtrips through the load, as described 
above, before being reflected back to the source; 
the remainder of the larger of the two orthog 
onally-related vectors acts as a linearly-polar 
ized or plane-polarized wave, travelling back to 
the Source after its first roundtrip through the 
load, thereby creating standing waves in the high 
frequency feed line. 

Therefore, With waves having a substantial de 
gree of elliptical polarization the advantages of 
this invention are obtained, since with such waves 
a substantial portion of the reflected waves, and 
therefore also a substantial portion of the stand 
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ing waves, are eliminated or attenuated by the 
load. It is apparent, from the above discussion, 
that the maximum reduction of standing waves 
in the feed line is obtained With Waves having 
true circular polarization; somewhat less of a 
reduction of the standing wave ratio is obtained 
with elliptically-polarized Waves, this reduction 
getting less the closer we get to linear or plane 
polarization, becoming zero if a linearly-polarized 
or plane-polarized wave is used-that is, rela 
tively high standing waves are produced with 
plane polarization due to the single roundtrip of 
such waves through the load, as contrasted with 
the relatively low standing waves produced when 
waves having a substantial degree of elliptical 
polarization are used, due to the two roundtrips 
of such waves (or a portion thereof) through the 
load. 
In the preceding discussion, it has been as 

sumed that there is a phase shift of 180° in the 
load, material, Ol' body 8. It Will be apparent 
that, if this load phase shift differs from 180°, 
the wave may be refected back and forth through 
the load 8 three, four, or even more times before 
the components of the reflected wave will have 
such space relationship that they can be com 
bined to give a resultant vector which is in the 
direction of E in Fig. 1. 
By the use of this invention, using waves hav 

ing a substantial degree of elliptical polarization, 
the Standing Wave ratio is much Smaller than if 
a linearly-polarized system were used. The 
standing wave voltage ratio, for linear polariza 
tion, is 

s. W. V. R.-te 1-ar (21) 
For circular polarization, this becomes 

l-- a S. W. W. R. = 1- o? (22) 

For example, if a=20 per cent reflection, then for 
linear polarization the standing wave ratio would 
be 1.5, but for circular polarization only 1.08; 
this would mean much more favorable conditions 
for the power source, particularly for large values 
of or which occur in heating Work. By the re 
duction of the standing wave ratio in a high-fre 
quency System, the high-frequency source is pro 
tected from large standing Waves and the efficien 
cy of the high-frequency source is increased. 
Since the Sum of the incident and reflected waves 
produces standing waves, and since with this 
invention the reflected Waves have a minimum 
amplitude as a result of their high attenuation 
during two roundtrips through the absorbing me 
dium, it is apparent that minimum standing 
waves are set up in the high-frequency system 
feed line. 

Figs. 6-8 show another embodiment of the in 
vention; this embodiment also is a high-frequency 
heating device which converts a linearly-polarized 
Wave into a Wave having a substantial degree of 
elliptical polarization, and in which said ellipti 
cally-polarized wave is passed through the di 
electric body to be heated, the attenuation of said 
wave by Said body serving to heat said body. A 
hollow rectangular metallic wave guide i, open 
at one end, has its open end directly and rigidly 
joined to a horn 2, said horn comprising a hol 
low substantially Square metallic wave guide open 
at One end and having an opening at its opposite 
end of the same area as the open end of guide 
lf, said Opening matching said open end. The 
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guide or horn 2 is rotated substantially 45 with 
respect to guide ff, so that the walls of guide 2 
lie at an angle of substantially 45 to the respec 
tive walls of guide t , the center lines of said 
guides being collinear (or said two guides being 
joined axially to each other); guides and 2 
are of constant cross-section throughout their 
lengths. One cross-sectional dimension of guide 
if may, for example, be twice the other; for ex 
ample, guide may be a standard one-and-a- 
half-inch by three-inch guide. - 
A coaxial line 4, consisting of an inner con 

ductor 5 supported coaxially in an outer hollow 
conductor 6 by dielectric spacers such as , has 
its outer conductor 6 attached to the exterior cen 
tral portion of one of the wider side walls of guide 

near the closed end of said guide, the coaxial 
line extending at right angles to Said side wall. 
Inner conductor 5 projects through an opening in 
said side wall into the interior of the guide for 
a substantial distance, for example, approxi 
mately two-thirds of the distance to the opposite 
side wall. The free end of coaxial line 4 is adapted 
to be connected to the output pipe or lead of a 
source of high-frequency energy, for example, a magnetron, 
The end of inner conductor 5 projecting inside 

the guide , as in Fig. 1, is Spaced a distance of 
a quarter wavelength (in the guide) from the 
closed end of said guide, So that when a high-fre 
quency wave whose wavelength is on the order of 
10 cm., for example, is supplied to guide by 
means of line 4, a linearly-polarized wave having 
a TEo, (or Ho1) mode is set up in Said guide. As 
described above, in connection with Fig. 1, in 
order to convert a linearly-polarized Wave into a 
substantially circularly-polarized wave, it is 
necessary to resolve the Vector representing the 
original wave into two components 90° apart in 
space and 90° apart in time. In the embodiment 
of FigS. 6-8, the wave splitter, or transition mem 
ber between the rectangular guide and the Sub 
stantially Square guide, is omitted, as will be seen. 
In this second embodiment, the original vector is 

5 split, or resolved into two components at 90° to 
each other, at the plane of the junction between 
the two guides and f2, which plane would cor 
respond to point B in Fig. 1. This splitting is 
caused by the substantially 45° rotation of guide 
2 with respect to guide if, together with the sub 

stantially square cross-section of guide 2, so that 
the original electric vector lies along the diagonal 
of guide 2. Then, as the wave travels to the end 

- of the horn or phasing section 2, the two or 
thogonally-related component vectors are caused 
to have a 90° phase relation to each other, so that 
at the end of guide 2 remote from guide if, a 
circularly-polarized wave appears. This phase 
shift along guide 2 is in accordance with the 
principles stated above for the phasing section 
or Substantially square wave guide 3 of Fig. 1. 

Here, as in Fig. 1, the length and the cross-sec 
tional dimensions of the substantially square 
Wave guide are made such that the phase change 
between the two components Ex and Ey (from end 
to end of the guide) is 90° or 270°, and such that 
the two components Ex and Ely are substantially equal in magnitude. 

In the device as used for dielectric heating, as 
shown in Figs. 7-8, the dielectric material 8 to be 
heated or defrosted, such as food for example, is 
Supported, by a suitable dielectric supporting 
means 9, adjacent the free end of wave guide or 
horn 2. A metallic cover 0, which acts as a 
reflector of electromagnetic waves, is placed ad 
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siaeent: material: 8, on theside; thereof; opposite 
2 from guide 2. 

The operation of this embodiment: is: exactly 
similar to that: described in detaile above with ref 
serence: to Figs 1-5:by utilizing substantially-cir 
scularlyspolarized waves for the energy:applied to 
:the body to be heated,3the incident Waves pass 
;through the material:8...at least twice before...they 
-can-enter the rectangular waveguide -- that is, 
the waves makes at least two complete roundtrips 
through material.8) beforeithey get back to the 

ssource. E)uring these complete roundtrips; a large 
sproportions of the energy, content of the original 
'wave is: abstracted fromisits so that:a::maximum 
theatings of:body:8 is...accomplished together with 
:as reduction of thexamplitude; of the standing 
waves set up in the high-frequency feedline ber 
case of they reduction of amplitude:of the Wave 

r"reflected backinto the Source. 
the operations of the modification of Figs: 68 
is exactly: similar infall respects to that of:Figs. 
3.14 except that in the modification of:Figs.:6-8 
is a transitionmenberis:notiused between the rec 
itangular wave: guide...and the substantially Square 
swaye is guide; both :modifications; are 'dielectric 
heating devices in which a linearlylpolarized 
swaye is converted to a circularly polarized: Wave, 
sortstofonehavingia. Substantial degree of elliptical 
polarization before...being applied to the:dielectric 
aalterial, the "swaye": after; its conversion:being 
passed through themateriai to heat the same; and 

qsaid. Wayennakiragat least two roundtrips. through 
ssaid::material: before-said:wave gets:back to the 
tfeediline from the high-frequency, source. 

. Although uses of the tapparatus: for:-only ; the 
theating:and 3.defrosting:of foods: has been men 
:tioned it willibes appreciated...that the apparates 
sist applicable to other uses; for exampleto... thera 
petities. 
aAlthough the structures: illustrated are:prefer 

ably inade from: sheet copper; the inside surfaces 
if theideVieesi may be:silveriplated if desired; SO 
...that the dosses;\may be."reduced; 3 silver lossi is 
3 smaller than copper loss. 

Of course it is:to be understood: that this in 
*Yention is not limited to the particular details: as 
"described above, as many, equivalents. Willisuggest 

t; themselves:to those skilled in the art. Iti is ac 
ccordingly:desired: that: thes.appended :Claimsiibe 
given; abroad interpretation:commensurates with 
the scope:óf this inventionawithin the art. 
sWhat sis;claimedeis: 1. A high-frequency: heatings.system complis 

iggin combinationitarhollow:wave guide, a horn 
scoupled to:one end of: said:waveguide; means for 
Sp:Oviding at: said one end of: said wave:guideia 
alia early spolarized high-frequency wave, said 
thorn being constructed; and arranged to convert 
&said:linearlyspolarized wave; if to:a, Wave? having 
as substantial degrees of selliptical polarization, sa, 
bddye of dielectric::material coupled to the output 
:ed:0f SSaid horn to receive: said : elliptically 
Eppialized SWave, and an electromagneticwave 
Sreflecting surface:on the: side of said:bddy-ep 
rposite? from said:horn,' whereby electromagnetic 
& energyi is reflected back through said body. 

:2. A high-frequency sheating's system compris 
ing, in combination, a hollow wave-guideia horn 
ecoupled to one':end of said-wave guide, means for 
ssupplying gia, Sihigh-frequency wavetto said “wave 
guide Said hornbeing adapted to produce circu 
arpolarizatient:6fi said:wave, a body of dielectric 
raaterialscottpled to the soutputiend of said horn 
storeceive: said:circularly polarized wave, and an 
selectromagnetic waves reflecting surface con the 

12 
sside of said: body opposite from said horn; where 
by selectromagnetic :energy is "reflected back 

: through said: body. 
3. A high-frequency heating: system compris 

5 ing, in combination, a hollowirectangular wave 
is guide; a Substantially Square wave guide. Coupled 
to ones end of said "rectangular: guide, the walls 

s of said substantially square guide lying: at an 
gangle of substantially 45. to the respective Walls 

10 of said rectangular guide, and: the centerlines 
: of said guides being. collinear, means for Supply 
ings; a high-frequency wave to said, rectangular 
guide, a body of dielectric material coupled to 
the free. end of said substantially - square guide 

15 to receive wave energy, therefrom, and an elec 
stromagnetic-wave-reflectings surface on the side 
s of said ibody-opposite from saids substantially 
square guide, said reflecting surface being sub 
stantially perpendicular to the sides of said 

gos Squaree guide. 
4.- A dielectric heating system comprising, in 

combination, a hollow rectangular waveguide, 
means for setting up a transverse electric. node 

... Wave of...a predetermined energy content. in said 
guide with the electric vector thereof.-extending 
at right angles to the longer side of said guide, 

... the...Wavelength of Said wave being such...that said 
wave is incapable of propagation: in said guide 
when the electric vector thereof extends at other 
than a right angle to said longer side, means for 
producing a substantial. degree, of elliptical po 
larization of said wave, a dielectric body, to be 
heated...coupled to Said last-named means to re 
ceive Said elliptically-polarized wave and: to at 
tenuate the same as it passes through said body, 
and means for reflecting the unattenuated en 
ergy of Said Wave back toward said waveguide. 

5. A dielectric heating system comprising, in 
combination, a hollow rectangular waveguide, 
means for setting up a transverse electric mode 

A wave of a predetermined energy content in said 
guide with the electric vector thereof extending 
at right angles...tosthe longer-side of said guide, 

: the wavelength of said wave being such that said 
wave is incapable of propagation in said guide 

to when the electric vector.thereof extends at other 
than a...right angle to said longer side, means for 
producing a substantial. degree of elliptical polar 
ization of said wave, a dielectric body to be 
heated coupled to said last-named means to re 
ceive said elliptically-polarized. Wave and to at 
tenuate the same as it passes... through said body, 
and means for reflecting the unattenuated en 
ergy of said wave back toward-said waveguide, 
the electric vector of said reflected wave extend 

55'ing at other than a right angle to said longer 
side. - 

6. A dielectric heating system comprising, in 
"combination, a hollow rectangular waveguide, 
means for setting up a transverse electric mode 

60 wave of a predetermined- energy content in-said 
guide with the electric vector thereof:extending 
at right angles to the longer side of said, guide, 
the Wavelength of said wave being such that said 
"Wave is incapable of propagation in...said: guide 

65 when the electric vector thereof. extends at other 
than a right angle to said.longer side, means for 
producing. a substantial degree of elliptical po 
larization of said wave, a dielectric body to be 
heated coupled to said last-named means to re 

70 ceive Said, elliptically-polarized wave and to at 
tenuate the same as it passes through said body, 
and means for reflecting the unattenuated en 
ergy of said wave back toward said waveguide, 
the-electric vector of said reflected wave extend 

35ing at other than a right angle to said longer 

O 
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side so that it cannot enter said waveguide but 
is reflected therefrom back toward said body. 

7. A dielectric heating system comprising, in 
combination, a hollow rectangular waveguide, 
means for setting up a transverse electric mode 
wave of a predetermined energy content in said 
guide with the electric vector thereof extending 
at right angles to the longer side of said guide, the 
wavelength of Said wave being such that said 
wave is incapable of propagation in Said guide 
when the electric vector thereof extends at other 
than a right angle to said longer side, means for 
producing a substantial degree of elliptical polar 
ization of said Wave, a dielectric body to be 
heated coupled to said last-named means to re 
ceive said elliptically-polarized wave and to at 
tenuate the same as it passes through said body, 
and means for reflecting the unattenuated en 
ergy of Said wave back toward said waveguide, 
the electric vector of Said reflected wave extend 
ing at other than a right angle to said longer 
side so that it cannot enter said waveguide but 
is reflected therefrom back toward said body to 
again pass therethrough, said reflecting means 
acting to rereflect the remaining unattenuated 
energy of said wave back toward said guide, the 
electric vector of said rereflected wave after its 
Second roundtrip passage through said body ex 
tending at substantially a right angle to said longer side. 

8. A dielectric heating system comprising, in 
Combination, a hollow rectangular waveguide, 
means for setting up a transverse electric mode 
wave of a predetermined energy content in said 
guide with the electric vector thereof extending 
at right angles to the longer side of said guide, 
the wavelength of said wave being such that 
said wave is incapable of propagation in said 
guide when the electric vector thereof extends at 
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14 
other than a right angle to said longer side, 
means for producing a substantial degree of 
elliptical polarization of said wave, a dielectric 
body to be heated coupled to said last-named 
means to receive said elliptically-polarized wave 
and to attenuate the same as it passes through 
Said body, and means for reflecting the unat 
tenuated energy of said wave back toward said 
Waveguide, the electric vector of said reflected 
wave extending at other than a right angle to 
Said longer side So that it cannot enter said wave 
guide but is reflected therefrom back toward said 
body to again pass therethrough, said reflecting 
means acting to rereflect the remaining unat 
tenuated energy of said wave back toward said 
guide, the electric vector of said rereflected wave 
after its second roundtrip passage through said 
body extending at substantially a right angle to 
said longer side, substantially all of the energy 
content of said wave being absorbed by said body 
in the two roundtrip passages of said wave 
through said body, said energy serving to heat said body. 
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