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Introduction 
The temperature rise in a material modifies its physical properties, particularly 
its dielectric permittivity. In many applications involving relatively high levels 
of power the electrical behavior of the different materials will change as they 
are heated by the radiation. For instance, the numerical codes that simulates the 
behavior of microwave heating processes in order to improve the design of the 
feeding antennas must take into account the load variations with temperature 
[I]. The measurement of the changing dielectric characteristics of materials is 
of great interest for the industry. Previous works used completelly filled 
waveguides near a shorting plate [Z]. The method supplied excellent results at 
low power levels, while the sample was not heated. When the power is risen, 
the field distribution of the TElo mode causes a non-uniform heating of the 
sample and the measured permittivity corresponds to an average value. In order 
to reduce this problem a method using a partially filled waveguide is presented. 
The reduced sample dimensions and its positioning into the waveguide assures 
a near homogeneous power distribution implying a uniform heating. 

The Algorithm 
In partially filled waveguides with the material interference perpendicular to the 
x or y axis the traditional TE' and Th4' modes cannot satisfy the boundary 
conditions of the structure. It can be demonstrated that the field configurations 
that are combinations of TE' and TM' modes can be solutions and satisfy the 
boundary conditions of such partially filled waveguides. The modes are referred 
to as hybrid modes or longitudinal section electric (LSE) or longitudinal section 
magnetic modes [3]. Making use of the transverse resonance method 
(TRM), the cross section of the waveguide is represented as a transmission line 
system. The fields must satisfy the tranverse wave equation (l), and the 
resonances of this transverse network will yield expressions for the propagation 
constants of the waveguide, 'y. Then in each homogeneous section 
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where kx is the propagation constant component in the x direction. As the 
waveguide operates in the TE,o mode, ky =O. The subindex 1 refers to the empty 
part of the guide and the subindex 2 to the filled one. An equivalent 
transmission line model of the transversal section allows obtain equations (2) 
and (3) 

el2 : d 
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Fig. 1 Transversal (a) and longitudinal (b) transmission line models of the partially 

filled waveguide. 

Assuming a symmetrical field distribution excited by a TElo mode, there is a 
field maximum in the center of the waveguide. Then Zz must be infinite if the 
material had no losses. In a more general case, with lossy materials 2 2  should 
present a maximum. For a given geometry and material, the inverse 
transcendental equation (3), combined with (1). can be minimized in order to 
get the propagation constant, y. 

The value of the input impedance at the reference plane, Zi,, can be obtained 
with a transmission line model as it can be seen in Fig. Ib 

z, =EL! tan (J ye - d 2 )  (4) Y 

whith I being the length of the partially filled waveguide when loaded with a 
short circuit at a distance of 144. The reflection coefficient, referred to the 
empty waveguide impedance, can also be computed 
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As the reflection coefficient from a known material and dimensions inside the 
waveguide can be found, an “inverse” procedure can be applied in order to get 
the unknown dielectric constant from a measured reflection coefficient. The 
sequence is the following: first the input impedance at the reference plane is 
computed from the measured reflection coefficient. Second, the propagation 
constant in the filled waveguide is obtained from the impedance. Third and 
final, the unknown permittivity is obtained from the complex propagation 
constant. The steps two and three are solved minimizing the functions obtained 
from the previous transcendent equations [4]. 

Experimental set-up 
Fig. 2 shows the experimental set-up used to measure the dielectric properties 
of the different materials. 

POWER AMP. 
(up to 40 W) 

Fig. 2 Experimental set-up for dielectric measurements. 

A three-screw tuner, placed between the isolator and the directional couplers, is 
used to match the sample and maximize the power transfer from the amplifier. 
The calibration of the measurement system is c a n i d  out with a set of four 
displaced short circuits, which gives better results than the traditional set of 
matched load, short and open circuits. 

Results 
Fig. 3-a shows the measured permittivity of a teflon sample of 10 by 10 mm 
used to validate the behavior of the measurement system. The incident power is 
1 W and the real part of the permittivity, around 2.1, does not change with time. 
The measured real part agrees with the values found in the literature [5 ] .  Fig. 3- 
b presents the permittivity variation of a rubber sample of 19 x 10 mm when the 
incident power is 10 W. The initial temperature of the sample was 5 “C and at 
the end of the heating process 70 “C. As it can be seen, both the real and 
imaginary parts of permittivity change as the temperature rises. A new 
permittivity value is obtained every two seconds. 
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Fig. 3. Dielectric measurements: (a) teflon sample, (b) mbber sample. 

The problem of multiple equivalent solutions is overcomed by the a-priori 
information of the material under test. 

Conclusions 
A measurement system able to characterize the dynamic behavior of materials 
as they absorb RF power has been presented. The small dimensions of the 
sample and its placement where the field has its maximum assures a uniform 
heating. Then the system is able to measure the correct permittivity values 
changing with temperature. The measurement system will be combined with a 
small fiber optic temperature probe placed inside the sample that will allow 
complement the permittivity values with the sample temperature. 
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