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Motivation 

• The motivation behind the development of resonant sensors 

is a very well know necessity, elegantly expressed by 

Lord Kelvin  in the 19th century. 



What do we want to know? 

• Materials have distinct electrical characteristics 

which depend on the dielectric properties. 

 



Permittivity  

• Permittivity is a measure of the 

electric flux generated in a medium 

as a result of an applied electric 

field 

– 𝛁 ∙ 𝑫 = 𝝆 

– 𝑫 = 𝜺𝟎𝑬 + 𝑷 

– 𝑷 = 𝜺𝟎𝝌𝑬 

– 𝑫 = 𝜺𝟎 𝟏 + 𝝌 𝑬 = 𝜺𝒓𝜺𝟎𝑬 

– 𝜺𝒓 = 𝟏 + 𝝌  

 

 



Polarization 

• Dielectrics are polarized by sevral mechanisms, such as: 

– Dipolar polarization 

– Atomic and Ionic Polarization 

– Electronic polarization 

 



Ionic conductivity and Dielectric 

Losses 
• Materials can present conductivity (free carriers) 

– 𝑱 = 𝝈𝑬 

• Losses in dielectrics can appear due to colision of friction 

between atoms or molecules excited by an external field.It can 

be model as an imaginary term in the relative permittivity: 

– 𝜺𝒓𝒅=𝜺𝒓𝒅
′ − 𝒋𝜺𝒓𝒅

′′  

• Conductivity and dielectric losses can be combined in the 

permittivity: 

– 𝜺𝒓=𝜺𝒓𝒅
′ − 𝒋 𝜺𝒓𝒅

′′ +
𝝈

𝝎𝜺𝟎
 

 

 

 



Dispersion 

• The permittivity changes with frequency: dispersion 



Dispersion effects of water 

 

http://www1.lsbu.ac.uk/water/magnetic_electric_effects.html 



Losses in salt water 

 

Eduardo Scussiato. Medidor de fração de água para escoamento bifásico (água e óleo) utilizando técnicas de micro-ondas e cavidades 

ressonantes. 2010. Dissertação (Mestrado em Engenharia de Automação e Sistemas) - Universidade Federal de Santa Catarina    



Example of the permittivity of 

materials that form rocks 

 



Typical properties values of materials 

 



Permittivity is affected by temperature 

 



Mawell-Wegner effect 

• Typical in moist wood 



Multi-phase flow measurement 

• The effective permittivity is a function of the ratio of 

flow constituents  



Permittivity measuarement 

• Basically, two kind of 

instruments are used  

(together with appropriate 

interfaces) :  

– Impedance analyzers 

– Network analyzres 



Techniques  to measure the permittivity materials 



Reflection methods 

• This technique is often associated to the change on the 

terminatting impedance of a transmission line 



Transmission/reflection methods 

 



Free space meaurements 

 



Paralell plates 

 



Resonant method 

 



Comparison of the methods 

 



INTRODUCTION TO DESIGN 

Resonant  sensors 



History 

• Resonant sensors have been used for long time ago, e.g., 

microwave heating,   



State-of-the-art 

 



Resonance 

• Resonance is about coherence. In the case of the swig, it 

happens between kinect and potential energy exchanges. 



Transmission lines 

 



Typical transmission lines 

 



Quarter-wave resonator 

 



Waveguide 

 



Propagation modes 

 



Waveguide resonators 

 



Choice of the operating point 

 



Permittivity neasurement for two-

phase 

 



Sensor designed 

 



Sensor measured 

 



Measurements 

 


