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8 Clalms
Lhis i tion relates to  high-frequency appa-
ratus ‘and” moré 'particulariy ‘to apparatus for

heatmg dielé rlc

er ‘object is: to reduce the standing
high-

Fhe foregomg and other obJects of the inven—
tion “will’be ‘bést’ ‘understosd from” the following
‘description of Some éxémplifica lons thereof; ret-
P beinghad to‘ “acc
Wherein' R R Lonnninn

“Fig. 1 is an exploded isometric view of one em-
bodiment of the inventions -

g2 i an top plan view with the load Te-
moved of the'dssembled ‘device of Fig 15

- Fig: 31§'a front elevation ‘6f Flg 2 the device
being shown in’ise’ £y heating;® -

i o T 4 isia’ front elevation of: the device lookmg
at &n angle of 45 from Pig') 3

- PgF 5718 4! Vettor diagram-useful in explaining k

the operation of the device;

" Figl 61 4 top plan view: with the load removed
of another embodiment ‘of the mVentmn :
RO 7S 8 front: ‘elevation” of Fig: 6, the device
bEmg shown in vse for Hedting: and

"Fig 848a front’ elevation of: the device of Fig 6
ldoking 4t an’ angle of'45° from’ F1g T

In describifig My nveéntion; hich involves the
use of” elliptically po’larized ‘afid moré particular-
1y circillarly polarxzed Waves for: 'dielectric’ héat-
*‘ing, ‘Twill first deﬁne What is meant by circular
bolarlzetion An eIectrical wavé is'safd to'be cir—
-‘fcularly polanzed when the ﬂe]d thereof ca,n be
B .1 i

(CL. 219—47)
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“are not” of eqial’ amphtude or if the timi
“erice bétwesin them is other than 90° e
said to bé elliptically polarized: in‘the pex
“In which' th ¢ tinde phase ati "le reduces t 2

2

linear polarlzation and mrcular polarization can
‘bé Tooked Wpbi as spécidl ¢ases of elhptical polari-

‘Zatioh. ' This'1dst statement can be demonstrated
'mat ems3 tically ag Tollows:
B Flrst, we start w1th two electric vectors 90°

_apart in spaceé wtih ahi arbitrary phase d1fference
A These Vectors may b represented as’ follows

Ey~B C0S (wi—BT-L5) ¢
Ez=A'C08- (wt—ﬁa:) (2)

Substituting u_wt—-ﬁx m the expresswns for Ex

Erx=4 cos u 3)
Ey=B cos (u+8) —B(cos 3 cos 6—sin ] sin @
From (3) ‘
E:
eos u=: =
from which 1t follows that
| sin u—\/ ( A A(5)
Substltuting for cos u and sin ¢ in (4)
= (6)
Squarmg both smles and s1mplify1ng,

Thisis the equation of an elhpse ‘and the wave
is said to be ell1ptically polarized B
If-

_(components 90° apert in time phase) and A=B

’(components of equal amphtude) [¢D] reduces to

E 2+ E 2— Az
which is the equation of a cncle

(8)

The wave 1s

’ then cxrcularly wpolarlzed

of: phase) Equatlon T'becories' that of a straight

»hne ‘and the'wave'is Hngarly” polarized

Thus we' see that; mathematmally, ell1pt1cal PO~
larization 1s ‘tive ‘gerieral case when two 'waves are

‘combined’ and that ciréufdr and lineai polariza-
ftlon re speoial ases* this is similar to the: Situa-

“elementary geometry in “which

tis démotistrateq that the circle and the' sti aight
“HA R

re the limiting forms of an ‘ellipse.

‘Referrlng, now, to Fig 1;an exploded view of a
de fce “for converting ‘a’ linedrly-polarized Wwave
subs’tantialfy-circulerly-polarized waveis
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ghown, 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 metaliic wave guide 3, also open
at both ends. The guide 3 is rotated substan-
tially 45° with respect to guide I, so that the
walls of guide 3 lie at an angle of substantially
45° to the respective walls of guide I, 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 § by dielectric spacing means such as
1, has its outer conductor 6 attached to the ex-
terior central portion of one of the wider side
walls of guide I' near the closed end of said guide,
the coaxial line extending at right angles fo 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, 2 wave having a TEe,: mode is
set up in said guide. With such a wave, the elec-
tric vector E, at the output end A of guide 1, 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 1, now appears across diagonal corners
of the substantially square guide 3. Of course,

because guide 8§ is not exactly square, variation §

of the relative angle of rotation of guides | 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 8, one characterized by an electric
vector Ex perpendicular to one pair of opposite
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walls of said guide and the other, Ey, perpendicu-
1ar 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 $=0.
The only other condition to satisfy for circular
polarization is to make §=90" or 270°, either
value reducing (7) to the equation of a circle.

In the discussion above, the nearly square guide
2 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
Hy. Therefore, their velocities of propagation
are scmewhat different, and in the passage from
B down the nearly square guide 3 the phase angle
§ between Ex and Ey 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
2 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

j that, in order for the component vectors Ex and

By 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 80° 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
) 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 frue
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
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, adiacent the free end of wave
guide or horn 3. A metallic cover 10, which acts
as & refleetor of electromagnetic ‘waves, is placed
adjacent material 8, on the side thereof -opposite
from guide 3.
" The material 8, together with cover 40, 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 Hnear polarization, when the energy. is used
for heating a partially absorbing and a partially
refleeting medium. When the standing wave ra-
tiein a high-frequency feed line is low, a maxi-~
wmum 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.

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

| - % co8. (et — Bi2), ©)

and

- Fy=L cos (ot~ ) (10)
=35 ot (ot

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: Bx suffers a progressive
phase change of 2r from B to C, and that
Ba=Yip1.

Pherefore at ¢, the-wave has the components
Ez=‘7%"cos~‘(wt—21r) - (1Y)

ang .

E”;%, €os (wt—giw) (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 ‘phage 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-
bose here that the time phase of each com-
ponentis shifted on reflection hy an arbitrary
angle ¢.
" Then, the reflected wave ‘may be written as
follows where a=per cent reflection’ of the in-
cident wave:

EZ‘:% cos (wt—2r+¢+ Bi2) (13)

EF;‘—%’ cos (wt——g'lr-hb—l— ﬂgz) BT

By the:time the reflected wave has arrived at
B, it ‘has again been retarded as before (Ey re-
tarded: by 2r .and Ey by %), so at B, the re-
flected wave has the components:

Ez=;x/—§ cos (wi—4r4¢) 15y
E“=.:/—% cos (wt—3x+9) (16)
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which may be written

E,»=j,—%’ é08 (wb4-4) {n

E;#% €05 (wl i @) = —'-:‘/—% cos.- (@i 4) (18)

The minus sign for Ey 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 haek in time phase) is at right
angles to the initial vector E,

If the wave guide t has a cross-section of 1%,
inches by 3 inches, the eritical wavelength for a
TEs: wavVe whose electric vector is perpendicular
to the 3-ihch side is 2X3, or 6 inches, which is
approximately 15 centimeters; the critical wave-
length for a TRy wave whose electric vector is
berpendicular to the 1% inch side is 2 X1V, or 3
inches, which is approXximately 7% centimeters.
This is true because, g3 1% well<kmown to those
skilled in the art to which this invention relates;
the critical wavelength: for a: TEa: (or Hé1) wave
being transmitted: through g rectangular wave
suide is equal-to twice the dimension of the guide
to which: the electrie vector of the’ wave Is’ per-
pendicular. In other words, the longest: wave
that can be transmitted in the' waveguide t has
& half-wavelerigth in ajr equal to-or less than the
dimension of the guide normial to the direction
of the electric vector of the wave. Therefore, &
wave whose wavelength s greater than 15 cm,;
will not be propagated in guide | at all; one
whose wavelength: lies hetween % and 15 c¢m:
will be propagated in said- guide when the elec~
tric-vector thereof is perpendicular to the wider
face of the guide but not when the electric vector
is- perpendicular to the harrower face of the
guide; one whose wavelength is less: than 7% em:
will be propagated in said guide when- its: elec-
trie vector is' perpendicwlar to either the wide or
the narrow faces-of the guide 1. As long as the
dimension ¢ normal to the direction of-the elec-
tric vector is-equal to or greater than the half-
wavelength-in-air, the “characteristic” impedanee
of the guide is real and: bositive, & necessary con-
dition for the propagation of wave energy, This
Is-expressed by the equation for the characteristic
impedance Z for-the THy mode:

z=\/2~\~/~1;—_1(T (188)

Sinece -

y
€

isreal and positive, then Z is real and positive as
longas x<2q,’ ) ) .

If a guide-capable of supporting the TEo; mods
Is joined ‘to-a guide whose dimension @ normat
to the direction of the electric vector is tco small
to" support propagation of ‘energy at the wave-
length being used, or-in which >2q, theh 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 trie-because the termy
Ag

2a -
n"Equation 18a becomies greater than one, and
the: entire’ expression ‘hecomes imaginary, In

other words, the wave strikes an ‘extreme - im-
pedance discontinuity and is reflected.
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As stated above, a wave having a wavelength
%o of ten centimeters is used in this invention,
which means that a>2a when the electric vector
is perpendicular to the shorter or 1lz-inch side
of the rectangular guide f. Therefore, this wave
is -eapable of heing propagated in- guide | only
when the electric vector thereof is perpendicular
to the wider face of said guide, as is vector E in
Pig, 1; if said vector is at right angles to E in
Fig. 1, the wave is not capable of propagation in
guide I, 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 18a.

‘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 I; 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 :gbove 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.’

- 1t is asswumed that there is a 180° phase shift
in the wave during the passage of said wave from
point €, through load 8 to reflector 18 and back
through load 8 to point C, so that¢= in Equa-
tions 17 and 18.  Therefore, from said equations,
at point B the reflected wave has the components:

Ez=:‘/__2__ cos (wt+1r),=“:/_§_ cos ot (19)

E : : E
Ey=:x—/‘§:cos (witmt+w) =%/—§ cos ot - (20)

The wave represented by components Ex and
¥y is applied to the load 8, being attenuated
thereby, from whence it passes to the reflector
10, 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 difierence 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 | 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
i 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 th
component directions Ey’’ and Ex"’, and again
passes through load or body 8 to reflector 10,
from which the remaining unattenuated portion
of the wave is reflected back toward the source,
through point C, as components Ex""" and By,
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 i, proceeding to and
beyond point A of guide I 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 §; 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

10 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 Ey 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 ahove 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 substantia] degree of elliptical
Polarization are used, due to the two roundtrips
of such waves (or a portion thereof) through the
10ad.

" 'In the preceding discussion, it has been ag-
sumed that there is a phase shift of 180° in the
load, material, or body 8. Tt will pe apparent
that, if this load phase shift differs from 180°,
the wave may be reflected back and forth through
the load 8 three, four, or even more times hefore
" 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 wused. The

standing wave voltage ratio, for linear polariza-
tion, is
_14a

For cireular polarization, this becomes

14a?

l1—a?

8. W.V.R.=

(22)

For example, if «=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, particutarly for large values
of « which occur in heating work. By the re-
duction of the standing wave ratio in g 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 alsoisa 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 ig bassed through the di-
eleciric body to be heated, the attenuation of said
wave by said body serving to heat said body. A
hollow rectangular metallic wave guide 11, open
at one end, has its open end directly and rigidly
joined to a horn 12, said horn comprising g hol-
low substantially square metallic wave guide open
at one end ang having an opening at its opposite
end of the same area as the open end of guide
1, said opening matching said open end. The
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-of the horn

guide or horn 12 is rotsted substantially 45° with
respect to guide 11, so that the walls of guide 12
lie gt an angle of substantially 45° to the respec-
tive walls of guide H, the center lines of said
guides being collinear (or said two guides being
loined axially to each other) ; guides 11 and 12
are of constant cross-section throughout their
lengths. - One cross-sectional dimension of guide
11 may, for example, be twice the other; for ex-
ample, guide Il 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 1, has
its outer conductor 6 attached to the exterior cen-
tral portion of one of the wider side walls of guide
11 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 11 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 g high-fre.
quency wave whose wavelength is on the order of
10 cm., for example, is supplied to guide i by
means of line 4, a linearly-polarizeq wave having
a TEo,1 (or Ho:) mode is set up in said guide. As
described above, in connection with PFig..'1, in
order to convert g, 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

3 split, or resolved into two components at 90° to

each other, at the plane of the junction between
the two guides i1 and 12, which plane would cor-
respond to point B in Pig. 1. This splitting is
caused by the substantially 45° rotation of guide
12 with respect to guide 1, together with the sub.
stantially square cross-section of guide 12, so that
the original electric vector lies along the diagonal
of guide 12. Then, as the wave travels to the end
or phasing section 12, 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 12 remote from guide I, a
circularly-polarizeq wave appears. This phase
shift along guide 12 is in accordance with the
principles stated above for the phasing section
or substantially square wave guide 3 of PFig. 1.

Here, as in Pig. 1, the length and the cross-sec-
tional dimensions of the substantially square
Wwave guide are made such that the phase change
between the two components Ex and Ey (from end
to end of the guide) is 00° or 270°, and such that
the two components Ex and Ey are Substantially
equal in magnitude.

In the device as used for dielectric heating, ag
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 10, which acts ag a
reflector of electromagnetic waves, is placed ad-
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sdacent: materials8,con: $hersiderthereof-ppposite
sfrompguide 42,
“Fhe -operation -of:this: embddiment: is« exactly
wsimilar tothat:deseribed in detaikabove: with-réef-
serence:to:Figss1-H +by:utilizing substantially-cir-
scularly=polarized wayes for the-energy:applied to
<thet body:$o:ber heated,:therincident-waves pass
sthroughthe:material:8:atleast twiee before: they
-gan-enten the rectangularn wave:guide {{—=thatis,
<themwaves make:at Jeast two complete roundtrips’

through material .8i:before:they:get:back: tol.the
ssouree. “Puringthesecomplete roundtrips;a large
wproportion:of the: energy-content:ofithe original
wwave ist abstractedsfromsdt,ssor that:a-maximum

<heating:6f:bodyc8 4s-accomplished; togetherswith

sarreduction «of: theramplitudesofs the:starding
wwaves: seb up:instherhighsfrequency fedd:line be-~
scausecof therreduction: ofamplitude:of: the wave
rreflectedback:inta.the source.
= Therpperationsof:the modification of:Figs.: 6=8
is-exactly:similar in all:respects to:that-of:Figs.
1154, except that -intthermodification of {Pigs.: 68
sactransttion:member-ismobmsed betweent thevrec-
stanguiar wave:guide:andcthe substantiglly square
awave rguide; © both smodifications :are ridielectric
heating devices in which a linearly=polarized
wwave ds-converted-$oza; tircularly=polarized:wave,
son4o-onethaving:a:substantial degree of:élliptical
apblarization;beforeé.being applied tothe:dielectric

-material, ; the ~wave . after i:its ~conversion vheing ¢

npassed through thematerial to:heat thesame;and
¢sald wavermaking.atleast two' roundtrips.through
sspid:materialzbefore-said:wave getsiback: to:the
+feediline from: the:high=frequency:source.

. Althoughruse=of:thezapparabus: for: -ofily:the
rheating:andodefrostingcofrfoodsrhas beenmen-
s#iohed zit-will:bezappreciated . that the: apparatus
wdx applicable:tor otheruses; for-exampleto: thera-
npeuties.

sAlthough the-structuressillustratéd sreprefer-
..ably-made from:sheet:copper; thesdnside suifaces
.ofthe:devices:may~be silversplatéd if-desired;:s0
;that:the rlossesmay be ‘réduced; - silver:doss s
ssmaler than:copper loss.

- ©f coursesitistto berunderstood:that:this in-
+yention dsnot:limited:to the particularidetdils:as
described above :asmany. equivalents will'suggest
sthemselves:to: those skilled in thesarf. Ittis-ae-
scordingly -desired :that: thesappended selaims be
. givenia broad interpretation:commensurateswith
tthe scope :0f; this invention:within: the art.

“What ds;claimedeis:
A ‘high=frequency:heating:system ‘compuis-
.4pg4n combinationzashollow:wave guidezavhorn
~coupled:to-oneendof:saidt-wave:ghidemeans for
cprovidingsat:said ronecendrofssaid ‘wave:zgaidesa
dinearlyzpolarized chigh-freguency —wave, said
thorn being constructed:and arranged- focconvert
saaididinearty=polarized: wave: infoza wave~having
sassubstantial-degrees6f «€lliptical -polatrization,a -
bady:6f dieleetricomaterial-coupléd-toithe output
«end =of ssaid vhorn 1o :receive :said : eHiptically-
spolarized swave, 2and ran electromagnétic-wave-
srefletting :surfaceson sthe: side~of-sald bddy-ep-
npesiterfrom saidrhorn,swhereby electromagnetic -
senergyis-refieétéd backthrough:said body.
9. sA “high-frequency * heating +system ~compris-
ing, in combination, a hollow:wave-guideza"horn
zeoupleéd-to onesend of said-wave ghide,; means-for
csupplying za shighéfrequency waverto: said wave
aguide::sai:d‘:horh?;being»za;da;ptedif‘tO»‘~pro'duce=in—'rcu-
dar-polarization:-6fzsaid:wave,a-hody of ‘Gielectric
smaterial:coupledito: thesoutput-end-of said*horn
to-xeceiversaid-circularlyspolaiizéd wave,-axd-an
-electromagreticswavesreflecting ssutface “on *the
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s slde bfisaid:body: opposite fromasald horn;where-
by =electromagnetic -renergy »is ~reflected “haek

= 4hrough: said:body. -
3.  A-high-frequency: heating: system compris-
.ing, in-combination,: a hollow:rectangular «wave
- guidesa;substantially square wave guide:toupled
to one- end- of -said-rectangular-guide, the -walls
- of rsaid -substantially - square:guide Jying:atsan
~angle-of substantially 45" to the respective walls
10.of-said rectangular.guide-and: the-center:lines
:of-said-guides being. collinear,~-means: for supply-
1ing~a- high-frequency -wave to-said -rectangular
-guide, :a:body of dielectric ‘material -coupled-to
-the.: free-end- of -said- substantially -zquare~guide
15 4o receive. wave -energy. therefrom, and:an-elee-
. fromagnetic-wave-reflecting: surface on the side
. of ,said body ..oppesite : from -said- substantially
square guide, said reflecting surface being: sub~
_stantially . perpendicular to -the sides ~of -sald

c:O(\squa-reaguide. .

‘4. 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

o5--BUide with. the relectric. 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
+n 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
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
13 when the electric. vector.thereof extends at other
“than a right angle to said longer side, means.for
produeing a substantial degree of elliptical polar-
ization .of said .wave, a dielectric -body fo he
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,
-anid means. for reflecting the.unattenuated.en-
ergy .6f 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

30 wave.of a.predetermined.energy content in-said
guide with. the.électric vector.thereof sextending
-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

55 when the electric vector thereof extends.at other
“than-a right angle to said.longeér. side, means.for
~producing.a substantial degree of .elliptieal  po-
‘Jarization ‘of said wave,.a dielectric:body to.be
“heated coupled to said last-named means. to re-

70 ~ceive- said. élliptically-polarized wave.and-toat-
“tenuate the same as. it passes through said body,
-and ‘means “for réflecting the unattenuated.en-
-ergy of ‘said’ wave back toward said.waveguide,
“the-electric vector of said reflected wave-extend-

76 “ing at-other ‘than a-right angle to said longer
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13
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 bropagation in said guide
when the electric vector thereof extends at other
than a right angle to said longer side, means for
producing a substantia] 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-

electric vector of said rereflected wave after its
second roundtrip bassage through saidq body ex-
tending at substantially g 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
predetermined energy content in said

10
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other than a right angle to said longer side,
means for producing g substantial degree of
elliptical polarization of said wave, s 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

guide but is reflected therefrom back toward said
body to again pass therethrough, said reflecting
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