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Polytechnic Institute of Coimbra (P COIMBRA 02) - Coimbra Institute of Engineering - ISEC 

Electrical Engineering Department - Electrical Engineering Bachelor 

 

Electrical Engineering Bachelor 
Old 

Code 
New 
Code 

Title - Portuguese 
Title - English 

ECTS Term 

1.º ano / 1st Year 

 60021872 Análise Matemática I Calculus I 6 Autumn 

 60021894 Álgebra Linear Linear Algebra 5 Autumn 

910903 60021918 Física Geral General Physics 4,5 Autumn 

910904 60021935 Introdução à Programação Introduction to Programming 5 Autumn 

910905 61001012 Eletrotecnia I Electrical Circuit Theory I 5,5 Autumn 

910906 60021971 Aplicacionais para a Engenharia Software Tools for Engineering 4 Autumn 

910907 60021993 Análise Matemática II Calculus II 5 Spring 
910908 61000709 Matemática Aplicada à Eletrotecnia Mathematics Applied to Electrical Engineering 4,5 Spring 
910909 60022033 Sistemas Digitais Digital Electronic Systems 5 Spring 
910910 60022056 Programação de Computadores Computer Programming 5,5 Spring 
910911 61001023 Eletrotecnia II Electrical Circuit Theory II 5 Spring 
910912 60022095 Medidas e Instrumentação Instrumentation and Measurement 5 Spring 

2.º ano / 2nd Year 

910917 60022196 Teoria dos Sistemas Theory of Systems 6,5 Autumn 

910915 60022157 Introdução aos Sistemas de Comunicação Introduction to Communication Systems 6,5 Autumn 

910914 61000653 Eletromagnetismo Electromagnetism 5,5 Autumn 

910913 60022110 Probabilidades e Estatística Probability and Statistics 5 Autumn 

910916 60022179 Microprocessadores * Microprocessors *  6,5 Autumn 

910920 61000664 Eletrónica Electronics I 6,5 Spring 
910919 61000791 Sistemas de Energia Elétrica Electrical Power Systems 5,5 Spring 
910918 61000681 Instalações Elétricas** Electrical Installations I **  5,5 Spring 
910922 61000692 Máquinas Elétricas Electrical Machines I 6,5 Spring 

910921 60022275 Automação Industrial e Robótica Industrial Automation and Robotics 6 Spring 

3.º ano / 3rd Year - Ramo de Sistemas de Energia / Specialization in Power Systems 

910923 61000763 Projeto de Instalações Elétricas ** Design of Electrical Installations** 6 Autumn 

910924 61001001 Eletrónica de Potência Power Electronics 6 Autumn 

910925 61000647 Complementos de Máquinas Elétricas Electrical Machines II 6 Autumn 

910926 61000726 Produção de Energia Elétrica Electrical Power Generation 6 Autumn 

910927 61000625 Análise de Sistemas Elétricos Power Systems Analysis 6 Autumn 

910928 61000715 Organização e Gestão de Empresas Business Planning and Management 5,5 Spring 
910929 61000670  Gestão de Energia Energy Management 6 Spring 
910930 61000774 Qualidade de Serviço em Sistemas de Energia Elétrica Electric Power Systems Quality 5,5 Spring 
910931 61000619 Acionamentos Eletromecânicos *** Electromechanical Drives*** 6 Spring 

910932 61000752 Projeto de Sistemas de Energia Elétrica Electrical Power Systems Project 7 Spring 
3.º ano / 3rd Year - Ramo de Automação / Specialization in Automation 

910955 61000763 Projeto de Instalações Elétricas** Electrical Installations II **  6 Autumn 

910956 61001001 Eletrónica de Potência Power Electronics 6 Autumn 

910957 61000636 Complementos de Eletrónica Electronics II 6 Autumn 

910958 61000647 Complementos de Máquinas Elétricas Electrical Machines II 6 Autumn 

910959 60022546 Controlo de Sistemas *** Systems Control *** 6 Autumn 

910960  61000715  Organização e Gestão de Empresas Business Planning and Management 5,5 Spring 
910961  61000670  Gestão de Energia Energy Management 6 Spring 
910962  61000780 Redes Locais e Industriais Local and Industrial Networks 6 Spring 
910963  60022619 Manutenção e Controlo de Qualidade Maintenance and Quality Control 5,5 Spring 
910964  61000737 Projeto de Automação Automation Project 7 Spring 

3.º ano / 3rd Year - Ramo de Eletrónica e Telecomunicações / Specialization in Electronics and Telecommunications 

910988 61000763 Projeto de Instalações Elétricas** Electrical Installations Design ** 6 Autumn 

910989 61001001 Eletrónica de Potência Power Electronics 6 Autumn 

910990 61000636 Complementos de Eletrónica Electronics II 6 Autumn 

910991 60022692 Processamento de Sinal Signal Processing 6 Autumn 

910992 60022715 Comunicação Analógica e Digital Analog and Digital Communication 6 Autumn 

910993 60022748 Sistemas de Telecomunicações Telecommunication Systems 6 Spring 
910994 61000780 Redes Locais e Industriais Local and Industrial Networks 6 Spring 
910995 60022780 Propagação e antenas Propagation and Antennas 5,5 Spring 
910996 61000748 Projeto de Eletrónica e Telecomunicações Electronics and Telecommunications Project 7 Spring 
910992 61000715  Organização e Gestão de Empresas Business Planning and Management 5,5 Spring 

* Requires knowledge on C – Programing Language  

** These subjects are related to Portuguese Legislation. Not recommended for all nationality’s students (exceptions: Spain, Italy) 

*** This subject is taught just in Portuguese Language 
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Subject Title: Analog and Digital Communication Código: 60022715 

Language: Portuguese ECTS: 6 

Cicle: 1st Cicle Teaching method: Presencial 

Academic Year: 2020/2021  
 

  
Total of working hours: 156 

 
 
Objective 
To acquire knowledge in analogue and digital communications used in nowadays systems. 
Moreover students must understand, analyse (and implement if applicable) analogue and digital 
modulation techniques; line codes and multiple access techniques. Generic skills: Ability to 
analyse and synthesize; ability to develop independent work and work in teams, ability to apply 
technical knowledge to solve specific problems in the area of communication systems, ability to 
communicate verbally and written in Portuguese. Specific Skills: Know and understand nowadays 
analogue and digital communication systems; understand, analyse and implement systems based 
on analogue modulation techniques, understand, analyse and implement systems based on 
digital modulation techniques, know and understand the main line codes; understand and 
perform power balance in communication systems. 
 
Program Contents 
1. Introduction: motivation; historical perspective and social impact of communications. 2. Signal 
Analysis: signals and spectrum; Fourier transform; LTI systems, filters; energy and power. 3. 
Analog Communications: amplitude modulation; DSB-AM; DSB-SC; SSB and VSB modulation. 
Angle modulation: Frequency Modulation (FM); Phase Modulation (PM); spectral analysis; FM 
generation and demodulation. 4. Digital Communications: Digital baseband modulation: NRZ, RZ, 
bipolar AMI, Manchester biphasic; adapted filters and correlators, ISI intersymbol interference; 
Digital modulation: linear binary modulations non binary; nonlinear digital modulations: binary 
modulation; non binary, error probabilities, modulated signals power spectrum. 5. Multiple 
Access Techniques: FDMA, TDMA, CDMA, OFDM and SDMA 6. Nowadays Communication 
Systems: radio and TV broadcasting systems; GSM and UMTS; DVBT; wireless networks WPAN, 
WLAN and WMAN and GPS radio navigation system. 
 
Working hours 
Theoretical: 30 
Theoretical - Practical: 30 
 
 
Teaching Method: 

The lectures are essentially expository. In laboratory classes is privileged direct contact with 

real scenarios and existing technologies. Students must perform in groups, a broad set of 

measurements and simulations covering the following topics: 1) analogue amplitude 

modulation techniques, 2) analogue angle modulation techniques and 3) digital modulation 

techniques. Two Theoretical-practice classes are reserved for exercises resolution. 

  
The curricular unit aims to provide training in the analogue and digital communications area. For 
this purpose in Chapter 2 presents the basic mathematical concepts to the understanding of both 
analogue and digital modulation techniques. Chapter 3 addresses different analogue modulation 
techniques giving students the ability to measure and analyse systems using analogue modulation 



techniques: amplitude and phase. Similarly, chapter 4 gives students the ability to analyse a 
system based on a digital modulation technique. In chapter 5, the multiple access techniques 
used in current communication systems are presented. Chapter 6 covers a variety of 
communication systems and current technologies that exemplify the earlier presented concepts. 
 

The expositive teaching methodology used in lectures allows students to acquire the 

knowledge transmitted by the teacher. Laboratory experiences promote teamwork and 

develop the soft-skills such us: reports writing, independent research, selection of information 

and communication during the oral defence, since student has to justify the selected choices. 

In class reserved for solving practical exercises, the teacher presents the basic fundamentals 

that point to the practical problem resolution by encouraging students to find valid solutions 

and among them select the best possible solution (if applicable). 



 

Subject Title: Introduction to Communication Systems  Código: 60022157 

Language: Portuguese ECTS: 6.5 

Cicle: 1st Cicle Teaching method: Presencial 

Academic Year: 2020/2021  
 

  
Total of working hours: 169 

 
 
Objective: 
To understand the fundamentals of communication systems and to develop the ability to 
calculate and analyse simple analog and digital communication systems, without and with noise 
analysis. Special attention is given to the ITED Project. Skills - To understand: the information 
concept and the representation of information by means of electrical signals; the signal 
representation in time and frequency; the representation of linear systems by the transfer 
function; the nature, representation and effects of noise and interference; the limitations of 
physical channels to the transmission of information signals; (and to know) the baseband 
transmission techniques including examples of interfaces; the principles and the motivations to 
use modulation; (and to know) the more representative analog and digital modulation 
techniques; the principles of light and radio propagation applied to fiber optics and radio 
communications; the advantages and principles of communication networks. 
 
Program Contents 
The information concept Signals and noise representation; Power signals and Fourier Series 
Energy signals and Fourier Transform Transfer function representation of systems Introduction 
and examples of filters Linear and nonlinear distortion Physical transmission media- twisted pair, 
coaxial cable, optical fiber and radio Limitations of physical media Channel bandwidth and 
capacity Baseband transmission Analog modulation techniques Digital modulation techniques 
Fundamentals of radio propagation Power budget and applications Characterization of thermal 
noise and Signal-to-Noise Ration 
 
Working hours 
Practical and Laboratorial:30 
Theoretical: 30 
Theoretical - Practical: 15 
 
 
Teaching Method:  
world problems and systems. Interactive solving of mixed theory-practice exercises in the Tutorial 
Guidance classes, with moderated teacher intervention. Laboratory experiments in the Practical-
Laboratory classes, organized in groups of 2 students with a final per-work, per-group report and 
an individual assessment. Attendance is mandatory in these classes (2 absences maximum). The 
ECTS organization considers 96 semester hours for autonomous student work. Evaluation: final 
written exam: 14 points (70%) - minimum 6. Laboratory experiments, associated reports and 
individual assessment: 6 points (30%) - minimum 4. From the 14 exam points, 2 can be obtained 
from 2 short exams proposed during the semester in the lectures. For the students with Student 
Worker status, and for the components with mandatory attendance and distributed evaluation, 
adjusts to the defined rules are possible. 
 



The elements required to understand the fundamentals of communication systems and to 
develop the ability to calculate and analyze simple communications, are progressively presented. 
The information concept and the information representation by means of electrical signals is 
studied, followed by the application of the mathematical tools required to represent the signals 
in the frequency domain, fundamental in information transmission problems. The transfer 
function of linear systems is studied, allowing a simple analysis of signals through physical 
channels. The main characteristics and limitations of the physical communication media are 
presented, as well as the more representative baseband and modulation transmission 
techniques. A model for power budget calculations is proposed and applied, which includes a 
thermal noise characterization. Application exercises without and with noise are carried out, 
focusing in applications to Telecommunication Infrastructures in Buildings. 
 
To guarantee the learning outcomes and competence acquisition, all topics are coherently 
integrated in the different classes and autonomous study time. Special focus is put on the 
interconnection between the concepts and examples presented in the Lectures, the exercises to 
be solved in the Tutorial Guidance classes and the experimental work to be implemented in the 
Practical Laboratory classes. The sequence is carefully prepared, including practical examples in 
the Lectures in the format that is used in the remaining classes and including a synthesis of the 
theoretical concepts needed in a given exercise or laboratory experiment. This is done using the 
same formal representations and notation, supported by common bibliography that allows a 
uniform view of the concept to be studied. Real systems examples are given, whenever relevant. 
The topics in the Syllabus, presented in the Lectures, are deepened and consolidated in the 
Tutorial Guidance and Practical-Laboratory classes through the partially assisted solving of the 
following Exercise Papers: Signal Classification Phasor representation and Fourier Series Energy 
signals and Fourier Transform Transfer Function and Filters Power budget and noiseless analog 
communication Introduction to thermal noise, Noise Figure and Equivalent Noise Temperature In 
the Practical-Laboratory classes, the students implement simulation and hardware experiments, 
integrating several studied topics and demonstrating their validity and applicability. These 
experiments are prepared and implemented by teams of two students and with a high degree of 
autonomy. The implemented laboratory experiments are the following: Introduction to Matlab 
for signal processing Decomposition and Syntheses of periodic signals using Fourier Series 
Simulation and experimental determination of the transfer function of a filter Analog 
communication without noise Analog communication with thermal noise Design and test of an 
antenna for the WiFi band The non-contact study time reserved for this subject shall be used to 
the study of the theoretical concepts, the resolution of additional exercises and for the 
preparation of the laboratory experiments and associated reports. 
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Program Contents 

 
 

Course Unit 
 
 
 

POWER ELECTRONICS 

Specialization (s) ELECTRICAL ENGINEERING 
 

Subject type   Research Area 
 

 

 
 

Year 3rd  Semester  1st ECTS            6  

 

Working Hours  Unaccompanied Working Hours 

Activity Type 
Working 

Hours Per 
Week 

Total Hours 
 

Activity Type Total Hours 

Theoretical Lectures 2 28  Study 42 
Theoretical-Practical Lectures    Works / Group Works 55 
Practical-Laboratoty Lectures 2 28  Project  
Tutorial Orientation    Evaluation 3 
Project    Additional   

 

Total of Working Hours 156    

 

Lecturer 

Activity Type Name Qualifications Category 

Theoretical Lectures Marina Perdigão/ Teresa Outeiro PhD 
Assistant 
Professor 

Theoretical-Practical Lectures  PhD 
Assistant 
Professor 

Practical-Laboratoty Lectures Teresa Outeiro   

Tutorial Orientation    

Project 
 

   

Responsible(s) Lecturer (s) 
 

Marina Perdigão, PhD; Teresa Outeiro, PhD 

 
 
Goals 

Power electronics systems deal with the process of converting electrical power from one form to another. The syllabus 
reflects the learning objectives of curricular unit.  
This curricular unit will start by remembering the basics of power semiconductor devices. 
The first presented converter will be the rectifier (ac-dc converter). The discussion of line-current harmonic distortion and 
input power factor in nonlinear loads will be an important topic for the students’ curriculum. Then dc-dc converters and 
inverters (dc-ac converters) will be introduced. Throughout the course there will be some classes related to power 
converter modelling, simulation and control, providing to the students basic technical knowledge on the design and 
implementation of power electronic converters. With the knowledge provided in this curricular unit, the students will be able 
to have an integrated view of power generation and conversion systems, particularly from the electronic control point of 
view. 
 
Skills 

The balance between the presentation of theoretical aspects in classroom lectures and the development of knowledge by 
students through practical problem solving as well as the execution of simulation and laboratory works, allows a solid 
learning of the fundamental aspects of the power electronic converters operation, design and control. 
It is expected that, with the acquired knowledge and the possibility of analyzing the operation of real converters, the 
students will be able to understand, design and evaluate the performance of power electronic converters. 

 
 

 
 

Licenciatura – BsC Engenharia Electrotécnica (Português) 

 

Licenciatura – BsC Electrical Engineering (Inglês) 

 
 

Instituto Superior de Engenharia de Coimbra 
www.isec.pt 

http://www.isec.pt/
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Program Contents  

 

1. Overview of Power Electronics Devices : Seminconductor Devices and Passive Components 

2. AC-DC Converters 

2.1. Non-controlled rectifiers (diodes). 

2.2. Semi-controlled and full-controlled rectifiers (diodes and thyristors). 

2.3. Line-current harmonic distortion and input power factor in nonlinear loads. 

3. DC-DC Converters 

3.1. Introduction, technologies, power topologies and power levels 

3.2 Non-isolated topologies 

3.3 Isolated topologies 

4. DC-AC Converters 

4.1. Half-bridge and Full-bridge single-phase Inverter 

4.2. Modulation strategies 

4.3. Full-bridge three-phase, two and multi-level Inverters 

5. Other Converter Topologies 

6. Applications 

7. Power converter modelling, simulation and control basics 

 

Bibliography 
 
Power Electronics, Converters, Applications and Design, Ned Mohan, Tore M. Undeland, William P. Robbins, John Wiley & 
Sons, Inc. 
Power electronics : devices, circuits, and applications by Muhammad H Rashid, Pearson 
 
Access Conditions and Attendance Excuse 
 

For students in special conditions (working students, fireman or others) exceptional actions/evaluation procedures are 
available and defined in the regulation imposed by ISEC-IPC 
 
 
Conditions for Exam Admission  
 

50% average in the Laboratory component 
 
Evaluation Method 
 

Final written exam (70%); Laboratory component: Simulation reports (individual assignments) and a final test regarding the 
knowledge acquired in the lab (30%). Students must have a minimum of 50% in each part to be approved in the subject. 
 
Conditions for Results Improvement  
 

Students can only improve the final written exam 
 

 
 
 

Date Signature from the lecturer responsible for the course 

25/09/2018 
 

 

 

 

 

 

 

 

 

 




































































































































































