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ABSTRACT OF THE DISCLOSURE 
A stacked array of rectangular waveguides open at 

one end and short-circuited at the other are excited with 
an Ho wave from a coaxial transmission line through 
a loop coupling passing from the inner conductor of the 
transmission line through openings in the outer conduc 
tor and the short circuiting plate of each rectangular 
waveguide. Material to be heated is passed across the 
plane embracing the open ends of the rectangular wave 
guides to provide a system for uniformly and efficiently 
heating the material over a wide range of microwave fre quencies. 

l-arasamar-H 

The invention relates to a transverse radiator device for 
heating non-metallic materials in an electromagnetic 
radiation field, more particularly for microwave con 
tinuous throughput installations. 
A segment antenna has been proposed, having a rec 

tilinear excitation element and two secondary radiators 
arranged symmetrically to the axis of the antenna. The 
amplitude distribution at the aperture along the broad 
side of the antenna fluctuates very considerably and as a 
result of this the antenna is unsuitable for use in uniform 
heating of material by the radiation. Moreover, the large 
structural height of the antenna is disadvantageous. A 
parabolic horn has been proposed, the amplitude varia 
tion of the radiation of which extends approximately 
sinusoidally over the aperture. As a result of this, it is 
unsuitable for use as a radiator for installations having 
a large throughput width. Both radiators have consider 
able disadvantages with regard to requirements of broad 
band width and tolerance to mismatching under condi 
tions of highly fluctuating loading by the material passing 
by, this being connected with large fluctuations of the 
radiation wave amplitude in dependence on frequency. 

It is an object of the invention to provide a transverse 
radiator device which has a relatively homogeneous wave 
amplitude distribution over the aperture. 

According to the invention the transverse radiator de 
vice comprises a group of discrete radiator elements in 
the form of short circuited E-sector horns the dimension 
of which in the wave propagation direction is smaller 
than two wavelengths in free space, and which are ar 
ranged for being excited into Ho oscillation, the horns 
being araringed in a row with their broad sides extending 
perpendicularly to the polarisation direction, the polarisa 
tion direction in the aperture of all horns being the same. 
Accordingly, in longitudinal direction of the transverse 
radiator device, a homogeneous amplitude distribution is 
achieved, so that the material which moves past the aper 
ture perpendicularly to the longitudinal direction of the 
radiators is uniformly heated. For feeding the individual 
radiator elements, a wave guide, preferably a coaxial line, 
may be provided, which has coupling openings at periodic 
spacings, preferably at half wavelength intervals of the 
wave guide, to which the radiator elements are coupled in 
known manner. Coupling loops of the radiator elements, 
which excite the rectangular wave guide or the E-sector 
horn into Ho oscillation can extend through these open 
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2 
ings into the coaxial line and can be capacitively or con 
ductively coupled there by known means. 

In addition to the advantage of uniform energy distribu 
tion in the longitudinal direction of the transverse radia 
tor, mentioned above, the transverse radiator has a series 
of other advantages compared with known radiators. The 
wave amplitude course has a considerably lower fre 
quency dependence, so that it satisfies an important re 
quirement, namely that generators with any frequency 
lying within a predetermined frequency band can be con 
nected, without the energy distribution fluctuating es sentially. 
The matching of the transverse radiator to loading con 

ditions, imposed by the material, fluctuating considerably, 
is very much better than with known radiators. As a 
further advantage, any desired radiator length can be 
produced by adding further radiator elements on the 
building block principle. Furthermore, the structural 
height of the radiator device of the invention is small. 
The generator can be directly connected with the feed 
line, and simple compensation can be achieved with 
compensation means. 

In order to make the invention clearly understood, 
reference will now be made to the accompanying draw 
ings which are given by way of example and in which: 

FIG. 1 is a perspective view of a conventional E-sector 
horn; 

FIG. 2 shows the wave amplitude course for the aper 
ture of the horn of FIG. 1, with vertical polarisation; 

FIG. 3 is a perspective view of an embodiment of the 
transverse radiator according to the invention; 
FIG. 4 shows the wave amplitude course for the aper 

ture of the radiator of FIG. 3, with vertical polarisation 
of the radiator elements; 

FIG. 5 is a longitudinal section of the transverse radia 
tor of FIG. 3; and 
FIG. 6 is a fragmentary sectional view of the coupling 

system of the radiator of FIG. 5. 
In FIG. 1, a conventional E-sector horn 1 is illustrated 

which is excited from a coupling opening 2 by a coupling 
loop 3. If this horn is excited with an Ho wave 4, then 
the amplitude distribution 5, 6, is produced, which is indi 
cated by the shaded surfaces in FIG. 2, for the aperture 
7 with the rectangular sides a and b of this E-sector horn 
1. In the vertical plane 5 the distribution is homogeneous 
and in the horizontal plane 6 the distribution is sinusoidal. 
In FIG. 3, which shows an embodiment of the transverse 
radiator according to the invention, the serial arrangement 
of a plurality of E-sector horns (or open rectangular hol 
low guides) 8, 9, 10, 11, 12 and the excitation from a co 
axial feed line 13 by known coupling elements 14, 15 is 
illustrated. The coupling loops in successive radiator ele 
ments are displaced through 180 relative to each other 
in order that the polarisation of all radiator elements has 
the same direction. If the individual radiator elements 8 
to 12 are excited in the same phase by coupling elements 
14, 15 having the abovementioned 180 displacement, 
then an amplitude distribution 16, 17, is given as shown 
in FIG. 4, for the aperture 18 having the rectangular 
sides a' and b', this being indicated by the shaded sur 
faces. 

In FIG. 5, the construction of the transverse radiator 
and the generator 19 connected therewith, with the com 
pensation line 20 disposed therebetween can be seen. A 
part of the wave coming from the generator is coupled 
from the coupling pin 21 into the E-sector horn 22, which 
is excited into Ho oscillation by the inductive loop 23. 
The radiation wave is transferred from the aperture 18 
to the goods 24 being heated. The remaining part of the 
wave is further propagated to the next coupling opening 
25, where again a part of the wave is coupled out, the 
coupling loop 26 in the E-sector horn 27 being displaced 
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through 180° relative to the first coupling 23. The co 
axial line is terminated with a short circuit 28, which is 
spaced by one quarter or one half wavelength from the 
last coupling opening 29. The coupling is so adjusted that 
the amplitude distribution 16, 17 over the aperture 18 
of the transverse radiator is homogeneous. The necessary 
penetration depth of the coupling pin 21 into the coaxial 
line 13 can be adjusted by the screw connection 30 illus 
trated in FIG. 6. 
The coaxial line has the same cross section as the 

output coupling of the microwave generator 19 con 
nected thereto. For compensation of mismatching of the 
transverse radiator, known compensation means, for ex 
ample pins or plates, are provided between the generator 
and the transverse radiator. 

I claim: 
1. Microwave heating apparatus comprising, 
means defining a contiguous array of hollow conduct 

ing waveguides dimensioned to propagate the H10 
mode between an input surface and an output sur 
face separated from the output surface by a distance 
that is less than two wavelengths of exciting micro 
wave energy in air, 

said waveguides being open at said output surface, 
conducting means in said input surface for short cir 

cuiting said conducting waveguides at said input 
Surface, 

an input waveguide adjacent to said input surface for 
carrying said exciting microwave heating energy, 

means for coupling said exciting microwave heating 
energy from said input waveguide through said con 
ducting means to each of said hollow conducting 
waveguides for cophasally and codirectionally 
exciting the mouths of each of the latter Waveguides 
with said exciting microwave heating energy, 

and means for establishing relative movement between 
dissipative material adjacent to said output Surface 
and said mouths in a direction across the latter for 
heating said material with said exciting microwave 
energy. 

2. Microwave heating apparatus in accordance with 
claim 1 wherein said input and output surfaces are 
parallel planes. 

3. Microwave heating apparatus in accordance with 
claim 2 wherein said hollow conducting waveguides are 
rectangular. 

4. Microwave heating apparatus in accordance with 
claim 2 wherein said hollow conducting waveguides are 
Square. 

5. Microwave heating apparatus in accordance with 
claim 1 wherein said input waveguide is a coaxial trans 
mission line having its outer conductor adjacent to said 
input surface. 

6, Microwave heating apparatus in accordance with 
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4. 
claim 5 wherein said means for coupling comprises 
coupling loops including a conducting link extending 
from the coaxial transmission line inner conductor to a 
conducting wall common to a contiguous waveguide 
Whereby alternate common conducting walls have two 
of such conducting links while the remaining common 
conducting Walls have none to thereby cophasally and 
codirectionally excite the mouths of each hollow con 
ducting Waveguide with said exciting microwave heating 
energy. 

7. Apparatus for heating non-metallic materials in an 
electromagnet radiation field comprising, 

a plurality of side-by-side waveguide radiators having 
individual open ends which together form a common 
elongated aperture, 

a common feed waveguide coupled to said plurality 
of Waveguides for coupling energy to said plurality 
of Waveguides through coupling holes in each, 

said common feed waveguide being arranged for 
establishing standing wave conditions, 

Said coupling holes being spaced substantially a half 
wavelength apart in said common feed waveguide, 

and means for establishing a phase reversal between 
energy coupled through adjacent ones of said cou 
pling holes. 

8. Apparatus in accordance with claim 7 and further 
comprising short circuiting means for establishing said 
standing wave conditions. 

9. Apparatus in accordance with claim 7 and further 
comprising a corresponding plurality of coupling loops 
extending through said coupling holes into said common 
feed Waveguide for establishing reactive coupling between 
said common feed waveguide and each of said plurality 
of Waveguides whereby coupling loops of an adjacent 
pair of said plurality of waveguides are relatively dis 
placed by substantially 180. 
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