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(Never give up, because you don’t know if the next try will be the one that

will work. You never know how strong you are until being strong is your only

option.)
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José Román Campos for his great charisma to awaken in his students love and dedica-

tion without limits to knowledge and science. Thank you for your sincere dedication to the

growth, professional and personal development of his students. For their great wisdom, pa-

tience, unconditional support and dedication presented for the development of this research.

To the ex-professor of the Universidad Nacional de Colombia, Ph.D. John Jairo

Pantoja Acosta for his unconditional friendship, wisdom, support and sincere help in the

face of the greatest adversities that arose at the beginning of this investigation.

To my thesis cosupervisor the Ph.D. Sergio Guti�errez for his unconditional friendship,

wisdom, support and sincere help in the face of the greatest adversities that arose at the end

of this investigation.

To the professor of the Universidad Nacional de Colombia, my great friend M.Sc.

Andr�es Junior Gallego Garc�es , for his sincere, unconditional and honest friendship,

for his constant support to continue advancing in the face of adversity, who in di�cult mo-

ments that I have had for so many years, He has been present always and in this work, He

contributed with his knowledge and wisdom, to advance in the investigation that several

times su�ered many delays and that today culminates. Thank you for being there in the

face of the greatest adversities that arose during the development of this thesis and our time

of friendship.

To the Ponti�cia Universidad Javeriana’s Electronic Engineering Laboratory

for allowing me to use their measurement equipment for the development some parts of this

thesis.

To my friends Oscar Trivi~no, Jorge Rodr��guez, Daniel Rodr��guez, Alejandro

Cristancho, Carlos Rivera, Oscar Urbano, Elkin Moreno, Elkin Muskus, Oscar

Montero, Fernando Albarrac��n, Daniel Arce, Fabi�an Ruiz, Nicol�as Gonzales,

Juli�an Navarrete, Alveiro Erazo, for their great technical and intellectual support for

this work.

To the Electromagnetic Compatibility Research Group of the Universidad Na-

cional de Colombia, my scienti�c family, for their material and intellectual support to

the development of this thesis.

To the Universidad Nacional de Colombia , my home, for welcoming me into its bosom,



x

feeding my mind and spirit, with constant challenges, di�cult trials in all aspects and for

giving me the opportunity to grow day by day, making all my dreams and desires come true.

, delivering my maximum potential, building a country from the classrooms !!!Making our

planet and country a better place to live!!!



xi

Resumen

M�etodo de Medici�on de Permitividad El�ectrica

En esta investigaci�on, se presenta un m�etodo para medir la permitividad el�ectrica, utilizando

t�ecnicas de re
ectometr��a con la ayuda de un analizador de redes vectoriales (VNA) y una

antena tipo Vivaldi desarrollada durante la investigaci�on.

Este m�etodo est�a destinado a ayudar al proceso de identi�caci�on de materiales de forma

inal�ambrica y no invasiva.

El m�etodo se enfoca en la banda de frecuencia UHF porque el equipo de medici�on, tanto en

el Laboratorio de Compatibilidad Electromagn�etica de la Universidad Nacional

de Colombia como en el Laboratorio de Ingenier��a Electr�onica de la Ponti�cia

Universidad Javeriana mostr�o que en esta banda de frecuencia, la medici�on de la per-

mitividad el�ectrica del agua se comporta de manera estable.

Palabras clave: Permitividad el�ectrica, agua, re
ectometr��a, �epsilon relativo, antena

tipo Vivaldi
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Summary

Electrical Permittivity Measurement Method

In this research, a method is presented to measure electrical permittivity, using re
ectom-

etry techniques with the help of a vector network analyzer (VNA) and a Vivaldi type

antenna developed during the investigation.

This method is intended to assist the material identi�cation process wirelessly and non-

invasively.

The method focuses on the UHF frequency band because the measurement equipment,

both in the Electromagnetic Compatibility Laboratory of the Universidad Na-

cional de Colombia as in the Electronic Engineering Laboratory of the Ponti�cia

Universidad Javeriana showed that in this frequency band, the measurement of electri-

cal permittivity of water behaves stably.

Keywords: Electrical permittivity, water, re
ectometry, relative epsilon, Vivaldi an-

tenna
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Resumen
En esta investigaci�on se presenta un m�etodo para medir la permitividad el�ectrica, utilizando

t�ecnicas de re
ectometr��a con la ayuda de un analizador vectorial de redes (VNA) y una

antena tipo Vivaldi desarrollada durante la investigaci�on.

Este m�etodo est�a destinado a ayudar en el proceso de identi�caci�on de materiales de forma

inal�ambrica y no invasiva.

El m�etodo se enfoca en la banda de frecuencia UHF debido a que los equipos de medici�on,

tanto en el Laboratorio de Compatibilidad Electromagn�etica de la Universidad

Nacional de Colombia como en el Laboratorio de Ingenier��a Electr�onica de la

Ponti�cia Universidad Javeriana demostraron que en esta banda de frecuencia, la

medida de la permitividad el�ectrica del agua se comporta de manera estable.

Palabras clave: permitividad el�ectrica, agua, re
ectometr��a, �epsilon relativo, antena

Vivaldi



Contents



List of Figures

1.1 DAK 3.5 probe manufactured by the Swiss company SPEAG. . . . . . . . . 2

1.2 VNA Anritsu Master MS2028C. [Anritsu, 2020] . . . . . . . . . . . . . . . . 3

1.3 Joint measurement system (VNA - Probe) . . . . . . . . . . . . . . . . . . . 4

1.4 Set measurement system calibration (VNA - Probe) open circuit (Open) . . 5

1.5 Set measurement system calibration (VNA - Probe) short circuit (Short) . . 5

1.6 Calibration of the set measurement system (VNA - Probe) reference load (Load) 6

1.7 Water measurement with probe DAK 3.5 manufactured by Speag . The

water is near to 20�C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

1.8 Measurement of electrical permittivity of water with Speag DAK 3.5 probe

(manufactured by Speag) and Anritsu Master MS2028C vector

network analyzer (VNA) . . . . . . . . . . . . . . . . . . . . . . . . . . 7

1.9 Relative permittivity �r as a function of frequency. REC-P-527-3-199203 .

[UIT, 1992] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

1.10 Complex relative permittivity of pure water and seawater as a function of

frequency (T=20�C). REC-P-527-4-201706. [UIT, 2017] . . . . . . . . . 9

3.1 Variations presented in the �nal design. Final antenna design developed dur-

ing the thesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

3.2 Parameter S11 Vivaldi antenna developed in FR4 and pointed to free space

(Aimed at the sky) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

3.3 Far �eld Vivaldi antenna developed for the thesis at 300MHz . . . . . . . . . 22

3.4 Far �eld Vivaldi antenna developed for the thesis at 1.3GHz . . . . . . . . . 23

3.5 Far �eld Vivaldi antenna developed for the thesis at 3GHz . . . . . . . . . . 23

3.6 Vivaldi type antenna built for the experiment . . . . . . . . . . . . . . . . . 23

3.7 Theoretical and experimental values of the Vivaldi-type antenna built for the

experiment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

3.8 Theoretical and experimental values of the Vivaldi-type antenna built for the

experiment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

3.9 CST set up with Vivaldi antenna developed and water block . . . . . . . . . 25

3.10 Epsilon water �nd with equation 2.21 and S11 parameter extaract simulated

at CST 0 - 5GHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

3.11 Electrical permittivity measurement set up of water in Bogot�a, Colombia 28

3.12 SMA Male to SMA Male Cable PE350 coaxial Pasternack. [Pasternack, 2020] 29



xviii List of Figures

3.13 Miny Tiny VNA. [Solutions, 2020] . . . . . . . . . . . . . . . . . . . . . . . . 30

3.14 Measurement Set Up . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

3.15 Standar Deviation of Epsilon water �nd with equation 2.21 and S11 parameter

measurmenet with setup sowed in the Figure 3.10 and 0 - 5GHz . . . . . . . 32

3.16 Standar Deviation of Epsilon water �nd with equation 2.21 and S11 parameter

measurmenet with setup sowed in the Figure 3.10 and 0 - 5GHz . . . . . . . 33

3.17 Standar Deviation S11 water parameter measurment with set-up showed in

the Figure 3.10 and 0 - 5GHz . . . . . . . . . . . . . . . . . . . . . . . . . . 34



List of Tables

2.1 Considerations for calculating the electrical permittivity of water. [Joll, 2009] 17





List of Tables xxi

Introduction
The water, source of life is found in a large part of our planet and has currently aroused the

interest of the scienti�c and monetary community, due to its incursion as an active asset on

the New York (Wall Street) [Escamilla, 2020].

In this master’s thesis, a low-cost, non-invasive method for detecting fresh water is shown,

which could be implemented for the identi�cation of fresh water in some areas of di�cult

access and thus improve the quality of life of people who they cannot access this precious

liquid. Mendoza Escamilla in her article, highlights that in the world, one in three people

does not have access to the precious liquid according to a report presented by UNICEF.

[Escamilla, 2020] [Gutierrez et al., 2018]

Water has an electrical permittivity value close to 80, which is stable at 20C according

to recommendation UIT-REC-P-527-3-199203 . This permittivity value is very high

compared to materials such as metals, ceramics, among others.[UIT, 2017] [Sch�on, 2015]

This is because global freshwater conditions do not vary much, as freshwater is found in

similar conditions in various parts of the world. [Askeland et al., 2017]

The electrical permittivity "r, is one of the fundamental properties of matter that contributes

to the characterization and identi�cation of materials. This can be found using theoreti-

cal models that involve re
ectometry techniques and radiofrequency equipment. Normally,

the measurement of this parameter is carried out by taking samples of the material under

study. That is, implementing invasive methods to determine the electrical permittivity of

the material.[Askeland et al., 2017] [Joll, 2009] [Gutierrez et al., 2018]

When �nding the electrical permittivity of various materials, the main problem with mea-

surement methods is the increase in measurement error, due to not identifying the variables

or situations that make it di�cult to establish a correct measurement. [Askeland et al., 2017]

[Joll, 2009] [Gutierrez et al., 2018]

For this reason, this thesis is aimed at estimating the electrical permittivity of water ,

with radio signals and non-invasive measurement methods identifying the variables or situ-

ations that make it di�cult to establish a correct measurement of this element.

This master’s thesis proposes a new non-invasive and wireless method for measuring

the electrical permittivity of the water , since it will use electromagnetic waves and re-


ectometric techniques to achieve it in the UHF frequencies band. This thesis will have the

support of the Electromagnetic Compatibility Research Group of the Universidad

Nacional de Colombia (EMC-UN)



1 ELECTRICAL PERMITTIVITY

The measurement of the electrical permittivity of materials is of important in �elds such as

studies of historical-artistic heritage, where the presence of humidity and cracks in monu-

ments that have been a�ected by modern architectural constructions is appreciated close.

In the �eld of civil engineering to determine the content of water present in materials used

for �lling soils or the amount of asphalt on roads. In other �elds such as agriculture it is

used to determine the content of water present in the soil or any other substrate, in order to

establish the processes of moistening, desiccation of soils or the presence of surface stones.

[Hipp, 1974] [Mag�an et al., 2001]

The electrical permittivity of a material is the ability to this polarize in the presence of

an electric �eld that passes through it and thus partially annuls the internal electric �eld.

In this case, magnetic permeability is de�ned as the ability of a material to allow magnetic

�elds to pass through it, is given by the relationship between the intensity of the magnetic

�eld and the magnetic induction inside said material. [Joll, 2009]

Electrical permittivity can also be de�ned as the ability of a material to store and release

energy in the form of an electric �eld, which is why its de�nition is normally related to the

concept of capacitance.[Cassidy and Jol, 2009] [Joll, 2009]

Due to the large number of elements that are found in nature and that can be identi�ed

through the measurement of electrical permittivity, in this master’s thesis, fresh water was

chosen as the element to be measured since it is common in several places on the planet, its

permittivity is very high (Close to 80) and the variation in its permittivity value due to

its chemical composition in various places on the planet, is minimal according to the recom-

mendations ITU R-REC-P527-4-201706 and R-REC-P527-3-199203 . [UIT, 1992]

[UIT, 2017] [Sch�on, 2015]

This could also be evidenced in the article Modeling and measurement of complex

permittivity of soils in UHF, where it is appreciated that the value of permittivity

of soils in the models proposed there, depends directly on the water content that presents

the ground. Where the variations of salts and minerals of the soil, do not contribute greatly

to the determination of the value of electrical permittivity of the same. [Pantoja et al., 2019]



2 1 ELECTRICAL PERMITTIVITY

Figure 1.1: DAK 3.5 probe manufactured by the Swiss company SPEAG.

Once it has been clari�ed that the material to be worked on is water , we proceed to use

a device that allows the electrical permittivity of water to be measured. The device to be

used is the probe DAK 3.5 shown in the �gure 1.1, manufactured by the Swiss company

SPEAG. Which can be connected to a vector network analyzer (VNA) and thus obtain

the parameter S11 from the water to 20�C in the city of Bogot�a, Colombia.

This measurement equipment was located at the Ponti�cia Universidad Javeriana

in the city of Bogot�a, Colombia , who facilitated the loan of this equipment for the

development of this thesis.

This probe has the following characteristics:

� Open coaxial type.

� Bandwith: 200MHz a 20GHz

� Probe connector type: 3.5mm male

� Outer conductor inside diameter: 3.5mm

� Inner conductor diameter: 0.93mm

� Flange diameter: 18mm

� Dielectric bead material: Eccostock 0005

� Flange: Stainless steel
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Figure 1.2: VNA Anritsu Master MS2028C. [Anritsu, 2020]

� Immersible length: 50mm

� Robustness: High resistance to corrosive materials

� Operating temperature range: 0�C � 60�C

� High measurement repeatability (typ. within 1%)

� Accuracy: Uncertainty tables based on material properties and frequency are available

upon request

The probe manufacturer establishes within its measurement protocol, to take the tempera-

ture at which the material to be measured is, since this factor is fundamental in the software

to determine the electrical permittivity of the material under test.

This probe was connected to a vector network analyzer (VNA) Anritsu Master MS2028C ,

which works in a bandwidth between 5KHz to 20GHz , as can be seen in the �gure 1.2.

This VNA is connected to a computer, which will receive the measurements from the an-

alyzer (Parameter S11) and with the help of it’s own software Speag (DAK Soft-

ware), the electrical permittivity of the material under test is determined. The measurement

system can be seen in the �gure 1.3.

Due to the working bandwidths of the Vector Network Analyzer (VNA) and Speag’s

DAK 3.5 probe , the measurement was carried out in the frequency range between 200MHz

to 15GHz .
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Figure 1.3: Joint measurement system (VNA - Probe)

To perform the system calibration process, the DAK Veri�cation Kit is used, where

the calibration of the joint equipment (Probe - Analyzer) is performed using the method

traditional (Open circuit [Open] - Short circuit [Short] - Reference load [Load]).

There, the open is taken by leaving the coaxial probe suspended in the air, the short

is taken by placing a copper metal plate that joins the outer and inner conductors of the

probe and the load , is established by taking a reference liquid delivered by the company.

The calibration elements can be seen in the �gures 1.4, 1.5, 1.6.

The DAK 3.5 probe of Speag was immersed in water at an approximate distance of 5cm

as shown in the �gure 1.7, to obtain the parameter S11 of the water at 20�C in the city of

Bogot�a, Colombia .

To measure the electrical permittivity of water , take the assembly of the �gure 1.7

and make 10 measurements throughout the day , where the The water temperature was

over 20�C, since the average temperature at the place of measurement (Bogot�a, Colombia)

is 20�C.

Measurements were made taking into account the measurement protocol established by the

manufacturer.
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Figure 1.4: Set measurement system calibration (VNA - Probe) open circuit (Open)

Figure 1.5: Set measurement system calibration (VNA - Probe) short circuit (Short)




