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The study demonstrates that the perturbative 
technique can measure dielectric permittivity, 
bypassing inaccuracies from hypothesis limitations. 

The electromagnetic study for the design of microwave ovens requires
knowledge of the electric permittivity of materials within the chamber.
In some cases, data can be easily obtained from the literature, as with
PTFE, Mica, and borosilicate glass. However, for more advanced
composite materials, ad-hoc measurements become necessary. This
study investigates the measurement of the dielectric constant using
the perturbative method, leveraging a numerical model to overcome
certain restrictive limitations associated with the small perturbation
hypotheses. Specifically, the model enables optimization of the
resonant chamber geometry for accurate measurement, the

appropriate selection of the base dielectric material, and crucially, it
accounts for the actual launcher within the chamber. By addressing
these factors, the study enhances the precision and reliability of
dielectric constant measurements, providing a comprehensive
approach to improve experimental setups and results in this domain.

Abstract

Methodology

FIGURE 1. Perturbative method, basic theory and general 
formulation of the problem  

It has been proven that the technique is capable to provide higher
accuracy for the dielectric measurement. With this method, the box
used to perform the measurement is designed specifically to satisfy
the requirements of the model. The main consequence is that it is
possible to perform the measurement with less expensive
equipment. Moreover, this technique is highly performing even with
solid materials, which is a typical limitation of other traditional
techniques based on coaxial probes.

Results

FIGURE 2. Left, Scattering parameter of the three cases tested 
at step 1. Right, assessment of the mismatch between 
theoretical and actual frequency shift variation.

1) The disturbed fields 𝐸,𝐻 in the presence of the dielectric to be measured are not too 
different from those of the cavity with only the base dielectric 𝐸0, 𝐻0 respectively

2) The resonance frequency 𝑓 must not deviate too much from 𝑓0after the insertion of the 
dielectric to be measured.
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Hypothesis

Exact formulation (not experimentally usable)

Aproximate formulation (experimentally usable)
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Original problem: 
The perturbative 
method may not fall 
within the model's 
validity assumptions.

1.c) Perform 
experimental 
measurements 
with the box and 
EUT  given the 
perturbative 
method’s 
reliability.

Derived problem:
 How can I assess if the 
approximation is accurate, 
given that the model's 
validity depends on the 
measurement outcome?

Solution:
1.Develop an approximate method to estimate 
permittivity, validated experimentally.
2.Verify the quality of the perturbative 
approximation. If valid, use the model for estimation 
and confirm step 1. If not, repeat step 1.

Step 1: a) Design a radiating element at the desired 
frequency. b) Build a metal structure to hold the 
dielectric. c) Model the radiating element and simulate 
three cases:
1.Free element
2.Element inside a box
3.Element in a box with dielectric d) Measure the 
scattering parameters for all three cases. e) Use 
simulations 1 and 2 for validation. f) Run a parametric 
study on permittivity in model 3, matching experimental 
resonance shift.

Step 2: a) Model a box with two N connectors and a 
bottom sheet of EUT material. b) Adjust geometry 
and material to:
1.Achieve vacuum resonance within VNA 
measurement range at the desired frequency.
2.Simulate with EUT.
3.Check if frequency variations match theoretical 
estimates.
4.If not, return to step 1. c) Perform experimental 
measurements with the box and EUT to confirm the 
perturbative method’s reliability.
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