SYLLABUS
2019‑2020

semester 7

Further chemistry-chemical engineering
Alexandre Martinez
Head of theme at École centrale de Marseille

Objectives

In chemistry:
- Know how to deal with a chemical reaction in terms of kinetic or thermodynamic parameters,
charge or orbital aspects, to predict and control the regiochemistry and stereochemistry of
products.
- Learn the properties and reactivity of benzene and its derivatives. Understand the properties
and reactivity of the carbonyl function, a very versatile chemical function in organic chemistry
- Be able to predict the reactivity of an organometallic complex depending on the nature of the
metal and its ligands, foresee the structural and electronic alterations occurring throughout the
catalytic cycle in contact with the reaction medium (substrate, reagents, solvent)
In chemical engineering:
- Acquire knowledge on matter transfer for a continuous medium and near an interface
- Apply this knowledge to liquid-liquid extraction without partial miscibility to scale a range of
mixer-settlers, a plate column and a packed bed column

Crédits ECTS
4

Code de l'UE
ING_2A_S7_CG

Volume horaire (élève) total de l'UE

CM

TD

TP

TA

24

22

8

18

Projets Autres Total
72

Language
French
Team
- Chemistry: Didier Nuel, Laurent Giordano,
Alexandre Martinez, Innocenzo De Riggi
- Chemical engineering: Pierrette Guichardon,
Pascal Denis, René Arnaud

Programme

Organic and organometallic reactivity:
– 1st part: kinetic control, thermodynamic control - orbital control, load control
- 2nd part: benzene and its derivatives: aromatic nature, resonance - reactivity of benzene and
its derivatives: electrophilic aromatic addition (halogenation, nitration, sulfonation - Friedel
Crafts alkylation) - polysubstitution: regioselectivity
- 3rd part: structure and properties of the carbonyl function - preparation of carbonylated
derivatives: oxidation of alcohols, transposition - reactivity of carbonylated derivatives:
nucleophilic water, alcohol, amine attacks, reduction by hydrides and organomagnesium or
organolithium compounds, ylides (Wittig reaction) - ketone oxidation - enols and enolates: Calkylation and O-alkylation, aldol reaction
- 4th part: organometallic chemistry and catalysis, organometallic complexes: electronic
structure of complexes - the metal-ligand bond - reaction mechanisms - ligand substitution oxidative addition - reductive elimination - insertions and eliminations - reactions on coordinated
ligands - general principles of catalysis: hydrogenation - hydroformylation
Matter transfer
- Matter transfer in continuous medium, mechanisms: diffusion and convection
Local mass balance: continuity equation
- Matter transfer at an interface: film model
transfer coefficients
dimensional analysis and main dimensionless numbers
analogy
Liquid-liquid extraction
– Introduction to separation methods
- Theoretical stage
- Cross-current mixer-settler types
- Plate columns
- Packed bed column

Skills
Assessments

- SE Chemistry (2/3) – Chemical Engineering (1/3): 50%
- CA (Tutorial + Practical + Independent work) Chemistry (2/3) - (Tutorial + Independent work)
Chemical Engineering (1/3): 50%

Bibliography

- Online resources on the Ecole Centrale’s teaching portal
- Books (documentation center)
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Further Mathematics, Informatique and Economics
Emmanuelle Sarrouy
Head of theme at École centrale de Marseille

Objectives
Programme

Crédits ECTS
4

Code de l'UE
ING_2A_S7_MIE

Volume horaire (élève) total de l'UE

CM

TD

Skills
Assessments

Language

Bibliography

Team

TP

TA

Projets Autres Total

3

Extended mechanics-physics
Emmanuelle Sarrouy
Head of theme at École centrale de Marseille

Objectives

- Build on the 1st year programme to discover the founding principles
-- in dynamics, for mechanics
-- on image formation and light-based data transmission/collection, for optics
-- on the concept of symmetry and calculus of variations using the Lagrange and Hamilton
formalisms, for quantum physics
-- on fluctuations and critical phenomena, for statistical physics
- Students will learn how to use equations to describe a problem in various tools
- Learn how to theoretically or numerically calculate solutions to the different problems
formulated
- Learn how to analyse the solutions obtained

Programme

The programme is divided into three parts of equivalent volume: mechanics, optics and
physics (quantum and statistical).
- Mechanics:
-- Tools to express a problem as equations:
--- Theorem of virtual powers and how it leads to the finite element method
--- Hamilton principle and Lagrange equations
-- Solving and analysis:
--- Transitory and steady-state regimes
--- Modes
--- Stability and bifurcations
- Optics:
-- Frequency spectrum and Fresnel propagation
-- Matrix-based methods for rays and waves, Collins formula and phase space
-- Afocal and Fourier transform image-formation systems
-- Wave-guides (metallic, dielectric and index gradient)
-- Temporal aspects: phase and group speeds, dispersion, Gaussian pulse propagation
-- Uncertainty relation
-- Lasers: stimulated emission, coherence, cavities, modes, short pulses, chirp amplification
- Quantum physics:
-- Infinitesimal symmetries, Lie algebra of generators: Lorentz groups, spinorial
transformations of the SU2 viewed as a representation of the group of rotations in R3
-- Density matrix for qubits (Bloch vector), coherence and purity of a quantum state, links to
optics
-- Principle of least action
- Statistical physics:
-- Theory of distributions and applications in physics
-- Random fields applied to physics
-- Equilibrium fluctuations and phase transitions

Crédits ECTS
4

Code de l'UE
ING_2A_S7_MP

Volume horaire (élève) total de l'UE

CM

TD

TP

TA

36

18

2

16

Projets Autres Total
0

0

72

Language
French
Team
Mechanics:
– Lectures: Emmanuelle Sarrouy
– Stéphane Bourgeois
– Thierry Désoyer
– Olivier Kimmoun
– Cédric Maury
– Emmanuelle Sarrouy
Optics:
– Lectures: Miguel Alonso
– Miguel Alonso
– Laurent Gallais
– Gaëlle George
– Nicolas Sandeau
Quantum physics:
– Thomas Durt
Statistical physics:
– Lectures: Philippe Réfrégier
– Georges Berardi
– Olivier Kimmoun
– Philippe Réfrégier
– Muriel Roche

Skills

- Students will get to know the links and similarities between different disciplines (C5)
- Learn how to describe a large number of complex systems using equations (C2)
- Learn how to analytically solve a system of equations (C2)
- Learn the basic numerical methods that can be used to solve the systems encountered (C2)
- Learn how to analyse the solutions obtained (C2)

Assessments

– CA1 = 2-h written exam (42%)
– CA2 = 2-h written exam (42%)
– CA3 = mini-tests at start of optics Tutorials (8%)
– CA4 = mini-tests at start of mechanics Tutorials (8%)

Bibliography

- PDF version of course notes
- Physics:
-- D. Griffith, Introduction to Quantum Mechanics, Wiley (available in electronic and paper
versions from the documentation centre)
-- Ph. Réfrégier, Noise theory and application to physics, Springer, 2003
-- J.M. Yeomans, Statistical Mechanics of Phase Transitions, Oxford Science Publications, 1992

4

Power electronics, electrical-drives, robotics
Hassan Akhouayri
Head of theme at École centrale de Marseille

Objectives

Among engineering disciplines, modules on power electronics, electrical-drives and robotics
allows ECM graduates to acquire and become familiar with analytical and synthetic methods
related to complex electronic (or electric) systems and/or command systems. Students are thus
capable of analysing and designing filtering systems and amplifiers for analogue signals from
the physical world. Similarly, they must be able to analyse requirements for interfacing with the
digital world (CAN, CAN). The latter transformation is part of a group of logical systems where the
student must assimilate methods to synthesise automated logical systems (combinatory or
sequential). The structure of microcontrollers is also presented briefly.
The part of the course devoted to linear servo systems allows students to get to grips with the
basic tools required to create a control system complying with specifications. The initial
introduction to the various tools and methods will facilitate the implementation and assimilation
of concepts in robotics.
In complement to the teachings in electronics and robotics, there will be an introduction to
specific electric circuits linked to electric power transport and its “steady state” conversion.

Programme

Analogue and digital electronics, microcontrollers
• Analogue signal, DSP
• Linear transformation
• Theorems, interfaces (input and output impedance)
• Transistors and linear amplifiers
• Comparative characteristics of analogue and digital signals
• Combinatory and sequential digital circuits
• Design of a digital system using state machines
• A/D and D/A converters
• Introduction to microcontrollers, structure and programming
“Linear” robotics
• Introduction to robotics
• Modelling systems: model of knowledge, identification
• Analysis of the behaviour of loop systems, study of stability, precision
• Creating a command based on specifications
Electrical power supply
• General presentation of the issues with electrical power supply, constraints when combining
sources, different means of converting electrical power, components and converters

Crédits ECTS
4

Code de l'UE
ING_2A_S7_3EA

Volume horaire (élève) total de l'UE

CM

TD

TP

TA

32

22

0

18

Projets Autres Total
0

27

99

Language
French
Team
– Lætitia Abel-Tiberini
– Hassan Akhouayri
– Nicolas Bertaux
– Mohamed Boussak
– Thierry Gaidon
– Guillaumme Graton
– Alain Kilidjian
– Fabien Lemarchand
– Contract teaching staff

Skills

- Students will gain the capacity to identify the elements necessary to understand complex
electronic systems (analogue and/or digital), and to deal with all the related scientific and
technical aspects
- Become familiar with analytical and synthesis methods for digital electronic systems
- Become familiar with the basic methods and tools for analysis and synthesis of controllers for
linear servo systems
- Understand the elementary principles and uses of power electronics and AC/DC converters
- Understand all the scientific and technical dimensions of all the elements in a chain to convert
electrical energy defined in specifications

Assessments

Students enrolled in the E3A TU are continuously assessed. These assessments take the form of
written and/or oral supervised exercises during self-directed independent work or Tutorials. A
maximum of 10 continuous assessments will be assigned. Any Practicals are also assessed and
contribute to the final grade.
The final grade awarded corresponds to an average of the grades from the different
assessments.

Bibliography

Course notes and/or handouts, and books recommended by the teachers
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Human and social sciences
Laetitia Piet
Head of theme at École centrale de Marseille

Objectives

- To initiate students to the reasoning and conceptualisation used in social and human sciences,
mainly sociology and psychology
- To develop students’ capacity to analyse complex social and organisational systems by
drawing on concepts and theories from the social sciences, and developing macro and micro
levels of reasoning (societies, organisations, groups, individuals)
- Students will learn how to formulate and prioritise recommendations, define the modalities of
their implementation, on subjects such as conflict management, supporting organisational
transformations, intercultural cooperation, etc.

Programme

Two fields of study are retained in this TU for their links with the professional context in which
general engineers may find themselves. Thus, a first module “Individual, culture and
communication”, raises questions relating to issues with communication, in an intercultural
context and in management situations. A second module “Individual, work and organisation”,
considers the challenges associated with work and the current company evolution profile.
A more detailed breakdown of the lectures, Tutorials and Practicals reads as follows:
– theoretical models of communication;
– issues related to intercultural management;
– culture, identity, diversity: modern issues;
– social influence phenomena;
– psychological determinants of communication;
– conflict management (systemic approach);
– management models: theory and history;
– modern organisational innovations (focus on the liberated company);
– relational dynamics, leadership and management;
– work and mental health (focus on psychosocial hazards);
– quality of life in the workplace: international comparisons;
– organisational models and dynamics of change.

Crédits ECTS
3

Code de l'UE
ING_2A_S7_SHS

Volume horaire (élève) total de l'UE

CM

TD

TP

TA

26

6

4

12

Projets Autres Total
0

0

48

Language
French
Team
– Laetitia Piet (head of TU)
– Florian Magnani
– Maxime Bellego
– Yohann Desbois
– Nicolas Beltou

Skills

– C2: Develop a systemic approach to human organisations, navigate micro and macro scales
when analysing these systems
– C4: Analyse a productive organisational system from all aspects: technical, human, economic
- Design and propose means to manage human resources and organisations that consider
health- and quality of life-related challenges.
- Make recommendations on how to support organisational transformations promoting social
dialogue, skills development, and quality of life in the workplace
– C5: Understand the multiple facets of company culture. Analyse relations between company
strategy and company culture and anticipate the resulting operational break-down

Assessments

100% CA split as follows:
– 40% for CA1 (written case study)
– 30% for CA2 (oral presentation of case study)
– 30% for CA3 (oral presentation of case study)
Validation of the CA will depend on completion of work requested as self-directed independent
work.
For resits: oral (case study)

Bibliography

see course notes available on Moodle
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Languages and international culture
Carole Enoch
Head of theme at École centrale de Marseille

Objectives

Teaching of languages and culture is part of the training to produce internationally aware and
responsible citizens and engineers.
Engineers graduating from the Ecole Centrale de Marseille must be able to precisely and
effectively interact with partners in various languages and/or from different cultures, in particular
in an occupational environment.
Graduates will be capable of mobilising linguistic, conceptual, cultural and communicational
knowledge and skills. To do so, they will acquire information relating to practices, events and/or
historical, cultural, social, economic and political phenomena. They will stimulate their
imagination through cultural exploration and take differences into account by varying their
representations. They will develop their critical faculties.

Programme

L&C teaching includes two distinct branches of teaching: English (LL1) 20 h and another
language 20 h (LL2).
These 40 hours’ on-site lessons are complemented each semester by 10 h of personal work
(independent work, research, exercises, etc.) for each language.
L&C are taught at a volume of 2 hours per week for each language. Students enrolled in English
and Spanish can choose the theme of their lessons (current events, societal challenges,
civilisation, culture, etc.).
For beginner level LL2 students in first year, students will have 10 hours (Italian, Spanish,
Portuguese) or 15 hours (German, Chinese, Japanese, Russian) of complementary remedial
lessons.
N.B. Students cannot start a new language in semester 7.

Crédits ECTS
2

Code de l'UE
ING_2A_S7_LANG

Volume horaire (élève) total de l'UE

CM

TD
40

TP

TA

Projets Autres Total
20

60

Language
Anglais
Team
– German: D. Ortelli-Van-Sloun
– English: J. Airey, P. Atkinson, A. Desbons, V.
Durbec, G. Marquis, M. McKimmie
– Chinese: J. Dong
– Spanish: S. Duran, C. Enoch, E. Muñoz
– French as a foreign language: V. Hamel (+
French as mother tongue)
– Italian: S. Canzonieri, A. Doveri
– Japanese: A. Futamata

Levels and obligatory external certifications to validate the diploma/degree:
- In English and French as a foreign language, the desirable level following the course is C1 on
the CEFRL.
In line with the Regulations of studies, all students must obtain an external certification in
English (minimum level required B2+, or TOEIC 850).
International students must also validate a minimum B2 level on CEFRL in French as a foreign
language (Delf B2 or Dalf C1 C2). Note: other students must validate a level of French as their
native language (Orthodidacte level 3).
– For other languages, the target level is B2, or C1 depending on the student’s academic
trajectory. It is recommended that an external certification be obtained to certify the highest
level obtained at the end of the training.
-> See the descriptors of the different levels in the Common European Framework of Reference
for Languages (CEFRL): https://www.coe.int/en/web/portfolio/self-assessment-grid

Skills

– C1: Production + fluency
– C2: Represent and model + resolve and arbitrate + think and act in an unpredictable and
uncertain environment
– C3: Design a project, a programme + manage, lead
– C4: Generate individual and collective performance + lead transformations of their organisation
(identify needs / hurdles when effecting changes, etc.)
– C5: Anticipate and commit + construct and sustain (analyse an organisation’s strategy with
respect to local, global or other challenges)

Assessments

- The L&C TU is divided into two language courses (CA1 LL1 50% + CA2 LL2 50%). A pass grade of
10/20 is set, with a minimum of 7/20 required to validate the course
Assessment of the five CEFRL skills + assessment of knowledge acquired (lexicon, conjugation,
civilisation, etc.)
Attendance is mandatory (maximum of two absences)

Bibliography

Specific for each language

7

Skills through internships
Guillaume Graton
Head of theme at École centrale de Marseille

Objectives

The “Skills through internships” module aims to train interns to complete a specific mission in a
company, laboratory, start-up or non-profit context. Interns are supervised during their
internship periods by a “career tutor” (company, laboratory, start-up, non-profit) and a “school
tutor”. The objective is to become familiar with a specific setting, adopt the codes of conduct,
understand how the structure functions, and develop innovative solutions to move the project
forward.

Programme

After finding an internship in a company, laboratory, start-up or as part of a non-profit project, the
intern must do their utmost to understand and grasp the environment where they are placed,
delimit their mission and role, and clearly identify their contacts. They must also have regular
contact with their “school tutor”, to keep them informed of the mission and its progression. The
module ends with two assessments: a school assessment in the form of an oral presentation,
and a “career tutor” assessment.
The important points are as follows:
• training (basic knowledge, aptitude for learning, analytical capacity, capacity to summarise,
creativity and level of innovation);
• work and results (based on quality, quantity, efficacy, achievement of objectives, meeting
deadlines, grasp of the subject, mastery of the subject);
• personality (initiative, sociability, contacts established, interests, motivation, sense of
responsibility, method and organisation, communication, open-mindedness, judgement calls
and realism).

Crédits ECTS
5

Code de l'UE
ING_2A_S7_CEA

Volume horaire (élève) total de l'UE

CM

TD

TP

TA

Projets Autres Total
4

4

Language
French
Team
The teaching team is composed of ECM tutors
who attend the oral presentations and help the
interns if any problems arise.

Skills

The oral presentation in semester 7 is a group presentation, it lasts 15 minutes and is held in
January, it relates to:
→ (for new students) presentation of the context, challenges and objectives;
→ progression of the mission;
→ maximising the value of the work performed, added value for the company;
→ SWOT, risk analysis.

Assessments

The module includes an oral presentation by a group of five or six interns and an assessment by
the “career tutor”.
The two assessments are awarded a lettered grade (A: Excellent, B: Very good, C: Good, D: Quite
good, E: Pass, F: Fail).
The final grade is an average of the grades from the two assessments; when the mean is difficult
to determine (e.g. A and B), the assessment by the “career tutor” takes precedence.

Bibliography

As this teaching unit is very specific to each intern, there is no and cannot be any general
bibliography.
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Projets
Head of theme at École centrale de Marseille

Objectives
Programme

Crédits ECTS
4

Code de l'UE
ING_2A_S7_PT

Volume horaire (élève) total de l'UE

CM

TD

Skills
Assessments

Language

Bibliography

Team

TP

TA

Projets Autres Total
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Elective modules

Menu 1 - Analysis and optical imaging of continuous media
Gaelle Georges
Head of theme at École centrale de Marseille

Objectives

- Students will learn how to describe the various possible interactions between a wave and a real
surface:
o Defining a rough interface
o Notions of reflection, diffusion, transmission
o Angular distribution of diffusion and associated macroscopic resolution
- Notions of colour effects
- Become familiar with elements required to solve electromagnetic propagation equations in the
case of rough interfaces and heterogeneous media (simple cases: approximated models, Mie):
o Describing a complex heterogeneous medium
o Describing the equations representing a wave encountering a complex medium: what
becomes of continuity equations, the impact on the form solutions take (there is no need for a
detailed analytical breakdown of the theory)
o Qualitative solution forms for different heterogeneity types
o Effects of the presence of these heterogeneities in various applications
- Become familiar with the issues associated with imaging in diffusive media, in particular in the
case of biological tissues
- Learn how to describe a biological tissue and its specificities with regard to its interaction with
light
- Learn how to describe imaging-related issues in diffusive media
- Get to know some optical imaging systems, their advantages and limitations

Crédits ECTS
5

Code de l'UE
ING_2A_S7_E1_ANA

Volume horaire (élève) total de l'UE

CM

TD

TP

TA

14

16

0

0

Projets Autres Total
0

0

30

Language
French
Team
– Gaëlle Georges
– Carole Deumié
– Gaël Latour

Programme

Light presents numerous advantages when seeking to image and analyse complex media and
biological tissues: it is non-ionising and non-invasive, and the associated techniques do not
require contact. This module will allow students to discover how light can be used to analyse or
image complex media and biological tissues.
The “analysis and imaging of complex media and biological tissues” module is divided into two
parts. The first deals with the interaction between a light wave and a complex medium, and we
show how this interaction can be used to analyse the complex medium. The second part deals
with the specific case of interaction between light and biological tissues and its applications in
biomedical imaging. The course content is presented through the study of two problems (one for
each part). The content and knowledge will be developed based on these two problems, on which
students will work in small groups. These work sessions are complemented by lectures to
provide the necessary theoretical elements. The themes addressed relate to light propagation in
complex media, light diffusion, the optical properties of biological tissues, and optical imaging
issues to take into consideration in biomedical applications.

Skills

- C1 (Scientific and technical innovation): through the working method based on problem solving,
students will propose an analysis of a given issue based on bibliographic research and
information provided during lectures to develop a solution to the problem set.
- C2 (Mastery of the complexity of systems): this course is an application and extension of the
core course relating to complex media and biological tissues.

Assessments

Continuous assessment: each problem will be presented in a write-up or as a report on the
group’s work. This document will be completed by an individual written exam testing the specific
learning objectives for each problem.

Bibliography

– Patrick Callet, Couleur-lumière, couleur-matière: Interaction lumière-matière et synthèse
d’images, 1998
– Mady Elias and Jacques Lafait, La couleur: Lumière, vision et materiaux, 2006
– H.C. van de Hulst, Light Scattering by Small Particles, 2012
– David A. Boas, Constantinos Pitris and Nimmi Ramanujam, Handbook of Biomedical Optics,
2016
– Course notes
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Elective modules
Menu 1 – Mathematical analysis

Magali Tournus
Head of theme at École centrale de Marseille

Objectives
Programme
Skills
Assessments
Bibliography

Crédits ECTS
5

Code de l'UE
ING_2A_S7_E1_ACA

Volume horaire (élève) total de l'UE

CM

TD

TP

TA

Projets Autres Total

Language
Team
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Elective modules
Menu 1 - Biochemistry

Alexandre Martinez
Head of theme at École centrale de Marseille

Objectives
Programme
Skills
Assessments
Bibliography

Crédits ECTS
5

Code de l'UE
ING_2A_S7_E1_BIO

Volume horaire (élève) total de l'UE

CM

TD

TP

TA

Projets Autres Total

Language
Team

12

Elective modules

Menu 1 - State feedback and observer-based control

Objectives
Programme
Skills
Assessments
Bibliography

Crédits ECTS
5

Code de l'UE
ING_2A_S7_E1_STA

Volume horaire (élève) total de l'UE

CM

TD

TP

TA

Projets Autres Total

Language
Team
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Elective modules

Menu 1 - Macroeconomics and Economic Policy
Dominique Henriet
Head of theme at École centrale de Marseille

Objectives
Programme
Skills
Assessments
Bibliography

Crédits ECTS
5

Code de l'UE
ING_2A_S7_E1_MAC

Volume horaire (élève) total de l'UE

CM

TD

TP

TA

Projets Autres Total

Language
Team

14

Elective modules
Menu 1 – Materials

Damien Hérault
Head of theme at École centrale de Marseille

Objectives

This module will allow students to extend their physical chemistry skills and knowledge in the
field of materials science. The principles of synthesis (polymerization, sol gel, etc.) and
characterization of the materials will also be dealt with. The module will be presented through:
- Theoretical aspects of the chemical reactions involved.
- Materials science and physical and chemical characterization: focusing on the structureproperty relationship.
- Review of the potential of materials: from domestic uses to high-tech applications.

Programme

Theoretical aspects:
Structure of solids and defects
The following main families of materials will be studied: organic polymers, inorganic and ceramic
materials, hybrid organic-inorganic materials, and metals.
Organic polymers: polycondensation, chain polymerization. Characterization. Mechanical
properties. From oil to polymer
Inorganic materials, ceramics, glass: Chemical synthesis, physico-chemical synthesis. The sol
gel process.
Hybrid inorganic-organic materials. Synthesis. Characterization. Structure-property
relationships. Fuel cells.
Metals in materials science

Crédits ECTS
5

Code de l'UE
ING_2A_S7_E1_MAT

Volume horaire (élève) total de l'UE

CM

TD

TP

16

6

8

TA

Projets Autres Total
30

Language
French
Team
– Damien Herault
– Bastien Chatelet

Practical sessions:
Synthesis of an adhesive
Synthesis of an organic polymer
Synthesis of a functionalized hybrid material

Skills

- Engineering graduates from Ecoles Centrales create value through scientific and technical
innovation
For a structured holistic approach, focusing on needs, Ecole Centrale engineers develop new
products. To do so, they rely on a large base of scientific and technical knowledge, and on skills
in terms of innovation and creation of activity. Graduates can also exploit the results of scientific
research, which they may have produced themselves.
- Ecole Centrale engineers are familiar with the complexity of the systems studied and the issues
they may encounter.
- Ecole Centrale engineers identify, analyse and solve complex problems through a holistic
approach which allows them to deal with strong interactions between disciplines, professions
and human factors.

Assessments

Final test, 1-h Written exam, 30% final grade
Continuous assessment, Report and multiple choice questionnaire, 70%

Bibliography

Handout to be completed by the student
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Elective modules

Menu 1 - Applied mechanics - Structures, aerodynamics and mechanics of flight
Stéphane Bourgeois
Head of theme at École centrale de Marseille

Crédits ECTS
5

Objectives

Volume horaire (élève) total de l'UE

- Students will acquire the knowledge necessary to understand models of structures
(hypotheses and application context), as well as the associated scaling methods. They will:
-- Learn how to model beam-based structures
-- Become familiar with scaling methods in linear elasticity
-- Learn how to describe and analyse a beam-network scaling problem in finite-element software
- Students will acquire basic notions in aerodynamics, they will:
-- Learn the bases of aerodynamics around variously shaped obstacles
-- Learn how to scale forces on load-bearing profiles
-- Understand the concept of local models in fluid mechanics
- Students will acquire basic notions in meteorology and flight mechanics, they will:
-- Understand the structure of the atmosphere, and the origins of meteorological perturbations
-- Know how to calculate winds from pressure maps
-- Understand the aerodynamics of a plane in flight

Code de l'UE
ING_2A_S7_E1_APP

CM

TD

TP

TA

14

8

8

0

Projets Autres Total
0

0

30

Language
French
Team
– Stéphane Bourgeois
– Olivier Boiron
– Olivier Kimmoun

Programme

– 1st part: Structures
-- Review of three-dimensional elasto-dynamics (kinematics, sthenics, Hooke’s law, local
equations, integral formulations)
-- Beam models:
--- Saint Venant principle
--- Euler-Navier-Bernoulli kinematic hypotheses
--- Establishing the thin beam model
--- Energy theorems (Ménabréa and Castigliano)
--- Scaling
– 2nd part: Aerodynamics
-- Review of mechanics for incompressible fluids
-- Potential flows
-- Aerodynamic coefficients
-- Laminar / turbulent boundary layer
– 3rd part: Flight mechanics
-- Introduction to meteorology
--- Structure of the atmosphere and atmospheric values
--- Geostrophic and local winds
--- Clouds
--- Weather fronts and perturbations
-- Flight mechanics
--- Aerodynamics of a load-bearing profile
--- Wingtip vortices
--- High-lift devices
--- Flaps and controls
--- Straight horizontal flight
--- Ascent and descent: slope and ascension speed
--- Flight stability

Skills

– Become familiar with modelling tools to validate innovative technological solutions (C1)
– Know how to model and analyse complex structures (C2)
– Become familiar with scaling methods (C2)
– Know how to calculate aerodynamic forces on structures (C2)
– Understand the bases of meteorology (C2)
– Grasp the complexity of airplane flight (C2)

Assessments

– SE = 2-h written exam (65%)
– CA = three practical write-ups (35%)– P. Ballard and A. Millard, Poutres et arcs élastiques, École
polytechnique, 2009
– I. Paraschivoiu, Subsonic aerodynamics, École polytechnique de Montréal, 2003
– P.K. Kundu and I.M. Cohen, Fluid mechanics, 4th ed., Elsevier, 2010
– S. Malardel, Fondamentaux de météorologie, 2nd ed., Cépaduès - Météo France, 2008
– S. Bonnet et J. Verrière, Mécanique du vol de l’avion léger, 2nd edition, Cépaduès, 2006
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Elective modules

Menu 1 – Object-oriented programming
Catherine Jazzar
Head of theme at École centrale de Marseille

Objectives

Know how to use object-oriented programming through C++. Students will first need to
understand that a classical and object-oriented program are not approached in the same way.
Then, they will acquire a holistic vision of the breakdown of the program into objects, and use the
concepts behind this type of programming. A student who has completed this course will be
capable of structuring and programming in C++, but also of learning any other object-oriented
language. This type of language is now essential for graduates seeking to work in a software
company: it is found at various levels and for very different programming projects, whether
scientific, management, Web or other.

Programme

Bases: C programming language, from which C++ was developed.
C++: the notion of reference; references in function parameters, references on constant data,
default arguments for methods, overloading functions and methods, inline functions, dynamic
memory allocation, tables, positions and declaration of variables, mandatory prototyping,
inputs/outputs, classes and objects, object tables, attributes and methods and their
accessibility, constructors and destructors, the this pseudo-variable, static members,
inheritance, the super pseudo-variable, chained lists, operator overloading, templates,
exceptions.

Crédits ECTS
5

Code de l'UE
ING_2A_S7_E1_PRO

Volume horaire (élève) total de l'UE

CM

TD

TP

4

8

18

TA

Projets Autres Total
30

Language
French
Team
– Christian Ernst: external presenter
– Catherine Jazzar: Centrale Marseille

Skills

This teaching unit provides the essential programming bases for Ecole Centrale engineers, and
thus the scientific and technical bases needed for scientific and technical innovation (theme 1).
Our engineers will only be able to address complex systems through a structured breakdown of
problems (theme 2): an object-oriented approach allows this.

Assessments

20% of the grade is based on a small project (CA) following a Practical, and the remaining 80% are
awarded for a final project performed by students working in pairs.

Bibliography

- Course notes
– Henri Gareta, Le langage C++
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Elective modules
Menu 1 - Sociology of organisations

Laetitia Piet
Head of theme at École centrale de Marseille

Objectives

An organisation can be defined as a more or less structured group of individuals working together
towards a common goal (produce something, provide a service, work for a cause, etc.). In this
elective module, we will study a few of the real-life issues emerging in organisations, understood
as systems of interdependent stakeholders.
Among the target skills, we include:
- Understanding the reasons for motivations and extrapolating the implications for performance
management
- Getting to know strategic analysis concepts and methods and implementing them as part of
diagnosis of an organisational situation or decision-making process
- Being able to recommend managerial actions to promote cooperation and resolve conflicts
- Getting to know or identify regulatory texts and how to apply them
- Understanding the legal hurdles associated with the life of organisations, in particular in the
context of companies and non-profits
- Understanding the context and means of resolving legal questions

Crédits ECTS
5

Code de l'UE
ING_2A_S7_E1_SOC

Volume horaire (élève) total de l'UE

CM

TD

18

12

TP

TA

Projets Autres Total
30

Language
French
Team
– Laetitia Piet (head of TU)
– Isabelle Vasserot

Programme

This option will involve two aspects:
- Sociology
This part of the module presents the theoretical framework of organisational analysis from three
perspectives: institutional structures and rules; organisational culture, values and standards;
strategic dimensions of behaviour. From these perspectives, the themes dealt with relate more
specifically to motivation, authority and power, conflicts, cooperation, professional identity.
Lectures alternate with case studies for various organisations (companies, non-profit structures,
etc.). Students’ own experience is often called upon (acquired during internships or as part of
non-profit activities) to enrich the discussion.
– Law
This part of the module introduces students to the vocabulary, to legal notions and reasoning
and how they work around realistic potential or real situations. The material law linked to
organisations mainly relates to labour and non-profit regulations, and public law in so far as it
relates to private individuals in their everyday lives. From lectures and analyses of
jurisprudence, students will come to understand how the law structures and frames human
relations through regulations, contracts, judicial principles, and legal resolution of conflicts.

Skills

– C2: Understand organisations as systems of interdependent stakeholders; identify and explain
the mechanisms regulating behaviour within an organisation
– C4: Formulate recommendations on opportunities based on rigorous and structured diagnosis
and the hindrances in the organisation; integrate the organisation, the working conditions, social
dialogue and legal standards in recommendations made; develop cooperation and participation;
design and develop a management approach supporting overall sustainable performance
– C5: Explain the main elements of an organisation’s strategy

Assessments

100% CA split as follows:
– 60% for sociology (written: 0.5 case study; 0.5 course work)
– 40% for law (exam)
For resits: same conditions as for session 1

Bibliography

F. Alexandre-Bailly (dir.), Comportements humains et management, Pearson, 4th édition.
Introduction générale au droit, Dalloz
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Elective modules
Menu 1 - Telecommunications

Salah Bourennane
Head of theme at École centrale de Marseille

Objectives

- Students will learn to select systems, methods and architecture
- They will become familiar with the basic principles of treatment optimisation for
telecommunications
- They will understand notions of information and see how useful they are for coding and
telecommunications
- They will learn how to integrate treatment methods into reliable and economical architectural
materials
- They will develop a strategic vision and know how to implement it

Programme

Technological requirements and economic pressures have led telecommunications systems to
develop and use the most advanced methods in terms of design, function and maintenance. The
shared objective of these methods is to transmit and treat information: these systems can be
classed in multiple categories, more or less close to the final user. The communication of
information has taken precedence in this field - the visible aspect of which is the development of
the Internet and very high throughput communication - but new generations of systems to backup databases should not be neglected. This module mainly aims to extend and describe the
progression of several aspects of telecommunications (information theory, estimation,
detection, among others). It will allow students to understand basic mechanisms in
telecommunications, they will become familiar with the best systems and devices available to
emit, transmit and receive a signal or information, they will learn how to choose the techniques
to treat this signal or information to optimise these operations and how to integrate these
methods into reliable and inexpensive material architectures.

Crédits ECTS
5

Code de l'UE
ING_2A_S7_E1_TEL

Volume horaire (élève) total de l'UE

CM

TD

24

6

TP

TA

Projets Autres Total
30

Language
French
Team
Salah Bourennane

Skills

As part of the general engineering course, students will learn to identify issues which may be
related to signal treatment and information theory for telecommunications, and will acquire the
essential elements in this field, which is a cornerstone of digital technology. Students will also
acquire the principles of a scientific approach as well as learning about new and specific
techniques with expanding industrial and societal applications.

Assessments

Continuous assessment

Bibliography

– L.L. Scharf, Statistical Signal Processing - Detection, Estimation and Time Series Analysis,
Addison-Wesley, 1991
– H. Van Trees, Detection, Estimation and Modulation Theory, John Wiley and Sons, 1968
(volumes 1, 2 and 3)
– G. Battail, Théorie de l’information - Application aux techniques de communication, Masson,
1997
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Elective modules
Menu 1 - Heat transfer

René Arnaud
Head of theme at École centrale de Marseille

Objectives
Programme
Skills
Assessments
Bibliography

Crédits ECTS
5

Code de l'UE
ING_2A_S7_E1_TRA

Volume horaire (élève) total de l'UE

CM

TD

TP

TA

Projets Autres Total

Language
Team
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Elective modules

Menu 2 - Analysis and treatment of biomedical signals
Caroline Fossati
Head of theme at École centrale de Marseille

Objectives

To allow the general engineer to identify issues which may relate to signal and image treatment
in biomedicine, and provide essential elements for the extraction, treatment and representation
of information. Students will acquire the principles of a scientific approach and learn about the
new and specific techniques required to treat biomedical signals.

Programme

The study of signals and biomedical images is a specific field of signal treatment. Treatment of
biomedical signals has developed significantly in recent years. The diagnostic assistance
provided by signal treatment tools plays a key role in medical progress. This course will relate to
the foundational aspects of extraction, treatment and representation of information contained in
signals.
Students will discover certain basic techniques to model and analyse biological signals and
images by drawing on real-world examples of application of these techniques for medical
applications (electro-encephalogram, electrocardiogram, magnetic resonance imaging, nuclear
imaging, etc.). They will use and adapt various techniques, such as filtering, spectral analysis,
time-frequency analysis, estimation, pattern recognition, etc., to exploit them to their full
potential in the target applications.
Tutorial sessions presenting simulation and analysis software will illustrate the theoretical
content of the course through the use of real and/or simulated data.

Crédits ECTS
5

Code de l'UE
ING_2A_S7_E2_TASI

Volume horaire (élève) total de l'UE

CM

TD

24

6

TP

TA

Projets Autres Total
30

Language
French
Team
– C. Fossati
– S. Bourennane

Skills

- Students will learn to reflect on method selection
- Master the basic principles of modelling and analysis
- Understand the complexity of the systems studied and the difficulties that may be
encountered
- They will learn to develop a strategic vision and how to implement it

Assessments

Continuous assessment

Bibliography
Course notes
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Elective modules
Menu 2 - Digital dependence

Alain Kilidjian
Head of theme at École centrale de Marseille

Objectives

This elective is a complement to the teachings on electronics and linear automation, it allows
students to address the study of systems and their digital control.
Students will be capable of contributing to the development of specifications and the design of
systems to control processes (mechanical, electronic, chemical, other) through the
implementation of an algorithm in a calculator.
The student will be able to:
- use the z transform to study the stability of a stable system in a closed loop, or of an unstable
system in an open loop, and interpret the specifications for the steady state and dynamic
constraints;
- write the command algorithm for the system to be controlled.

Programme

Crédits ECTS
5

Code de l'UE
ING_2A_S7_E2_ASS

Volume horaire (élève) total de l'UE

CM

TD

TP

12

6

12

TA

Projets Autres Total
30

Language
French
Team
– Alain Kilidjian
– Guillaume Graton

Objectives of the programme:
Presentation of synthesis methods for digital control laws ensuring the dynamic and steady
state behaviour of a system in line with constraints described in the specifications.
Polynomial methods: methodology and its implementation on a calculator
Description of the programme
The three parts developed are the following:
– general concepts and mathematical tools;
– methods to study stability and precision;
– methods to synthesise digital regulators.
The theoretical concepts will be illustrated in laboratory studies by implementing and simulating
multiphysical systems and their associated controls/commands.

Skills

This module reinforces the “systems” approach in the engineering training, which is essential to:
- develop technical and scientific innovations;
- solve complex, cross-disciplinary problems.
It will be used to assess the student’s capacity to obtain the desired behaviour from a system.
The practical implementation on a simple system makes it possible to achieve this objective by
comparing several approaches in a time-frame compatible with the hours allocated.

Assessments

The assessment carried out during Practicals validates the skills detailed in the description of the
programme for the system studied, modelled, simulated and experimentally tested in the
context of digital control.
Continuous assessment and Practical write-up: 100%

Bibliography

- Course notes
– P. Borne, Analyse et régulation des processus industriels, volume 2
– Roland Longchamp, Commande numérique de systèmes dynamiques
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Elective modules
Menu 2 - General culture

Laetitia Piet
Head of theme at École centrale de Marseille

Objectives

This course covers major contemporary questions in the light of ground-breaking books and
studies (philosophy, sociology, arts, literature). Its objective is to allow students to become
aware of major current debates (on national identity, surrogate pregnancies, the place of art,
antispeciesism, etc.) while also forging a solid background (knowledge of the main writings, key
authors, etc.).
It allows students to develop their capacities to define problems and argue a point.

Programme

The course will be structured around major themes, including the following:
- the family: a social institution facing major changes;
- the media: their place and role in democracy;
- identity.

Crédits ECTS
5

Code de l'UE
ING_2A_S7_E2_CULT

Volume horaire (élève) total de l'UE

CM

TD

20

10

TP

TA

Projets Autres Total
30

Language
French
Team
Lucie Luthereau (Sciences Po Aix-en-Provence)

This course is structured based on the programme proposed at Sciences Po Aix.
Elements of methods relating to dissertation techniques and problem presentation will be
provided to prepare students who would like to take a joint degree with Sciences Po Aix.

Skills

– C2: Complexity. The themes addressed during this elective module link social, political,
economic, legal and cultural dimensions of contemporary phenomena. It contributes to the
development of critical thinking and the capacity to present an argument.
– C5: Vision and strategy. This elective module helps students to gain a better knowledge of the
changes facing the modern world and the major current challenges.

Assessments

100% written: verification of knowledge assimilated

Bibliography

See course notes on Moodle
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Elective modules
Menu 2 - Energy and environment

Pascal Denis
Head of theme at École centrale de Marseille

Objectives

The main objective for students of this module is to get to know and understand how modern
thermal power plants function. The course includes:
- a general introduction to energy needs and in particular to electricity requirements;
- information on the thermodynamic cycles of production and their optimisation;
- information on the mechanisms of gas combustion;
- an introduction to sustainable water management (resources, analysis, verification);
- details on how to manage gases produced during combustion using absorption techniques.

Programme

Introduction to energy
- changes to needs and resources
- environmental impact
- basic information on fuels
- energy production issues
Water management and treatment
- water resources
- prior treatments

Crédits ECTS
5

Code de l'UE
ING_2A_S7_E2_ENV

Volume horaire (élève) total de l'UE

CM

TD

TP

16

12

0

TA

Projets Autres Total
2

30

Language
French
Team
– Pascal Denis (introduction and
thermodynamics) - head of the TU
– Pierre Boivin (combustion)
– Pierrette Guichardon (absorption, gas
treatment)
– Audrey Soric (water management and
sustainable development)

Combustion and pollutants
- homogeneous combustion
- combustion with/without premixing
Absorption
- pollutant types
- main treatment procedures
- isothermal absorption
An excursion to visit the thermal power plant at Martigues will be organised.

Skills

- Students will learn to view the whole picture and understand a problem’s complexity
- Students will learn to model and organise solutions
- Students will learn to develop and understand a scientific and technical project

Assessments

Assessment 100% project-based
Pairs of students will be asked to complete a project to scale a thermal power plant, they will
need to implement all the knowledge and skills acquired during this module.
N.B. For this first year, some tutorial sessions will be specifically adapted to allow for project
follow-up.

Bibliography

– R.H. Perry et D.W. Green, Perry’s chemical engineer’s handbook, 8th ed., vol. 38, No. 2. New
York, NY: McGraw-Hill, 2008
– D.E. Winterbone, Advanced thermodynamics for engineers. London: Arnold; New York: J. Wiley
& Sons, 1997
– K. Dahm and D. Visco, Fundamentals of Chemical Engineering Thermodynamics, Cengage
Learning, 2014
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Elective modules
Menu 2 - Electrical energy

Mohamed Boussak
Head of theme at École centrale de Marseille

Objectives

- Students will learn to analyse balanced and unbalanced single-phase and three-phase
electrical circuits
- Understand the functioning and characteristic mechanisms of component commutation in
power electronics
- Acquire the bases necessary to understand systems converting electrical and
electromechanical energy
- Acquire general knowledge on the functioning and use of electromechanical converters
(rotating structures)
- Become familiar with the elementary properties of the three types of electric machines (AC, DC,
and steppers)
- Grasp the development, structure and different functions of sensors and actuators for electrical
energy conversion systems, as well as their electronic supply
- Grasp the development, structure and different functions making up systems for electrical and
electromechanical energy conversion devices

Crédits ECTS
5

Code de l'UE
ING_2A_S7_E2_ENEL

Volume horaire (élève) total de l'UE

CM

TD

TP

22

4

4

TA

Projets Autres Total
0

30

30

Language
French
Team
Mohamed Boussak

Programme

Lectures (22 h):
• Electric circuits (2 h)
Electricity distribution networks, equivalent networks, power factor, raising the power factor,
balanced and unbalanced systems, power definitions, calculation and measurement
• Steady state conversion of electricity (10 h)
- Single-phase transformer: equivalent electric diagram and determining elements, controlling
transformer, energy balance, raising the power factor
- Power electronics: principles of power electronics, different types of electricity conversion,
power electronics components, basic AC-DC converters, DC-DC converters (Buck and Boost type),
applications of power electronics in industrial and everyday activity sectors
• Electromechanical conversion (10 h)
- Electric, magnetic and mechanical energies, calculating power and coupling
- Direct current machine (DCM): different types of excitation, equations governing the system,
characteristics, energy balance, variable speed drive, universal motor
- Asynchronous machine (ASM): creation of the rotating field, technological aspects, working
principles, single-phase equivalent electric diagram, determining elements of the equivalent
electric diagram, characteristics of the three-phase asynchronous motor, coupling, energy
balance, variable frequency supply
- Synchronous machine (SM): composition, technological aspects, working principles,
description of synchronous machines, calculating power and coupling, variable frequency
supply
- Stepper motor: working principles, different types of stepper motors and how they are
controlled, static and dynamic behaviour, fields of use
Tutorial (4 h)
Two 2-h sessions
Practical (4 h):
One 4-h practical session
Simulation of a direct current machine connected to a Buck DC/DC converter (step-down
chopper) using Matlab-Simuink

Skills

– Capacity to reflect on a “system”
– Understand how the main elements of an electric network function
– Be able to identify the elements necessary to understand electricity-converting systems
– Capacity to understand the elementary principles and uses of power electronics, study and
analysis of Buck and Boost DC/DC converters, and controlled and uncontrolled single-phase
AC/DC converters
– Understand how the main elements of electric motorisation function (e.g. electric traction)
– From a list of specifications, understand all the scientific and technical dimensions of all the
elements in a chain converting electrical and electromechanical energy

Assessments
2-h exam

Bibliography

- Course notes from lectures and Practicals
- Copies of lecture slides
- Books available at the ECM library
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Elective modules

Menu 2 - Challenges for modern chemistry
Didier Nuel
Head of theme at École centrale de Marseille

Objectives

The growing interest in a more responsible chemical industry has led to the development of a
class of chemistry that is commonly known as “green chemistry”.
One aspect of this change relates to catalysis, in particular homogeneous catalysis. This option
presents a novel approach to catalytic synthesis.

Programme

The module starts with an introduction to organometallic chemistry (also known as the
chemistry of transition elements).
Catalytic oxidation reactions and their consequences, reduction reactions will then be
developed.
The Tutorial sessions will be devoted to the study of publications relating to very recent aspects
of these two types of reactions.
Finally, the Practicals will be used to implement catalytic reactions.

Crédits ECTS
5

Code de l'UE
ING_2A_S7_E2_ENJ

Volume horaire (élève) total de l'UE

CM

TD

TP

10

4

16

TA

Projets Autres Total
30

Language
French
Team
– Laurent Giordano
– Didier Nuel

Skills
Assessments

- A report on a novel recent synthesis
- Reports from practical work

Bibliography

– Course notes
– Didier Astruc, Chimie Organometallique, Dunod
– R.H. Crabtree, The Organometallic Chemistry Of The Transition Metals
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Elective modules

Menu 2 - Artificial Intelligence and Games
Thierry Artieres
Head of theme at École centrale de Marseille

Objectives
Programme
Skills
Assessments
Bibliography

Crédits ECTS
5

Code de l'UE
ING_2A_S7_E2_IAJ

Volume horaire (élève) total de l'UE

CM

TD

TP

TA

Projets Autres Total

Language
Team
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Elective modules

Menu 2 - Interactions with ionising matter
Jean Bittebierre
Head of theme at École centrale de Marseille

Objectives

Students will become familiar with the concepts and basic theory behind the main physical
phenomena resulting from interactions between electrons and photonic radiation in matter. They
will be able to illustrate in particular how lasers function and can be used to modify matter
thanks to high-energy laser pulses. These phenomena will be observed in living matter, thanks
to the transition from molecular imaging to medical diagnosis. The course will be extended to the
case of radiation and various particles (neutrons, X-rays, etc.)

Programme

1. Notions on lasers: understand lasers (photons and electrons; absorption, stimulated and
spontaneous emissions; optical pumping; black body). Illustration based on laser materials
linked to atomic physics, and uses of lasers in the remainder of the course
2. Laser-matter interactions: introduction to the various categories of physical phenomena
involved (photo-thermia, photo-ionisation, photomechanical, etc.)
Sample applications in industry (additive or subtractive fabrication, heat treatments), or
medicine (skin treatments, eye surgery). Practical exercises using digital approaches, with
Comsol multiphysics software (e.g. laser soldering)

Crédits ECTS
5

Code de l'UE
ING_2A_S7_E2_INMA

Volume horaire (élève) total de l'UE

CM

TD

22

8

TP

TA

Projets Autres Total
30

Language
French
Team
– Jean Bittebierre
– Laurent Gallais
– Nicolas Sandeau

3. Introduction to biophotonics: applications of light-matter interactions for the study of complex
systems: from cells to tissues. Study of fluorescent imaging and coherent imaging techniques to
understand living organisms or establish early diagnoses
4. Atomic physics: study of the interaction between electrons and photons in polyelectronic
atoms thanks to much finer-grained physical phenomena than those observed in quantum
physics. Probability of transitions between energy levels. Zeeman and Stark effects on external
static fields. Illustration with rare earth ions used in laser amplifiers and optical-fibre-based
telecommunication, atomic clocks, magnetic resonance, etc.
5. Notions on interactions between matter and various particles: X-ray and neutron diffraction
based on the major installations in Grenoble (ESRF and ILL)
• http://www.esrf.eu/
• http://www.giant-grenoble.org/fr/institut-laue-langevin-ill/
6. Oral presentation of students’ work: applications approved by teachers which extend the
information provided during the course

Skills

This TU provides the foundations to truly understand matter-radiation interactions (often used,
but only skimmed over in other application TUs), allowing students to project and innovate rather
than simply remaining users:
– The course draws on multidisciplinary knowledge relating to matter and quantum,
microscopic and macroscopic radiation
– Students will gain a better understanding of the course material through practical
applications and formulation of complex problems, analysing the different orders of magnitude
of the phenomena described
– Students have an opportunity to practise rapidly extending their knowledge of a field while
also grasping all its scientific and technical aspects
– This extension to knowledge, based on bibliographic research, will be presented to other
students to stimulate the emergence of new ideas

Assessments

– Written exam (33%) and continuous assessment (17%) encouraging students to assimilate the
course contents
– Presentation on a selected topic (50%) showing students that they can extend the course to
cover a subject of particular interest or that they need to understand better. These presentations
also complete the course, as students listen to each other’s presentations and can ask
questions.

Bibliography

Course notes; Comsol Multiphysics software
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Elective modules

Menu 2 - The structure of light: Basics and applications
Miguel Alonso
Head of theme at École centrale de Marseille

Objectives

1) To understand the different degrees of freedom of optical fields and their constraints based on
the fundamental laws they satisfy.
2) To understand how these degrees of freedom can be adapted for various applications.
3) To obtain an overview of the physics of wave fields, emphasizing the many analogies between
different physical phenomena.
4) To gain a better understanding of the principles underlying optical techniques including
microscopy, optical tweezers, and metrology.

Programme

During this course, we will study the several degrees of freedom inherent to light: its spatial and
temporal distributions of phase, intensity, polarization and coherence, as well as the
corresponding spectra.
We will explore several geometric descriptions for these degrees of freedom, and the physical
rules governing them.
We will also describe several applications such as:
1) microscopy, where adapting the light distribution can be useful both for illumination of the
sample and to extract information from the image;
2) manipulation of cells and nanoparticles using optical tweezers;
3) metrology, where adjustments to the light used to probe a sample can maximize the data
extracted from it;
4) data transmission, where light can be adapted to allow information multiplexing.
The course will be taught through English and will involve several simulations.

Crédits ECTS
5

Code de l'UE
ING_2A_S7_E1_ACA

Volume horaire (élève) total de l'UE

CM

TD

TP

TA

20

6

4

8

Projets Autres Total
38

Language
English
Team
Miguel A. Alonso

Skills

– C1 Scientific and technical innovation: Extensive insight into physical phenomena is essential
if we are to propose new applications. Similarly, understanding the analogies across different
fields provides inspiration when exchanging ideas between contexts. This was the case, for
example, in the work of Gerard Mourou and Donna Strickland - awarded the 2018 Nobel Prize in
Physics - who adapted an idea from radar to optics, opening the door to ultrafast high power
lasers.
– C2 Mastery of complexity and systems: The course will stress how optics intersects with a
range of other disciplines.

Assessments

– CA1 = written, 25%
– CA2 = written, 25%
– CA3 = oral, 25%
Self-directed independent work = 25%.

Bibliography

A selection of research articles, tutorials and book chapters will be provided.
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Elective modules

Menu 2 - Thermomechanics of continuous media
Olivier Boiron
Head of theme at École centrale de Marseille

Objectives

The course is divided into two distinct parts:
– 1st part: Mechanics of compressible fluids
-- Acquire the knowledge necessary to understand compressible flow
-- Get to know the theoretical bases of compressible aerodynamics
-- Understand the main mechanisms induced by the effects of compressibility
-- Know how to calculate the characteristics of straight or oblique shock waves
-- Know how to calculate flow in Laval nozzles
– 2nd part: Thermomechanical behaviour of solid materials
-- Define the main types of behaviour for solids
-- Understand the underlying thermodynamic context of any behaviour model
-- Know how to use the most common models

Programme

– 1st part: Mechanics of compressible fluids
-- General introduction - examples of manifestations of compressibility in aeronautics/space
travel
-- Review of fluid mechanics
-- Effects of compressibility - Mach waves
-- Energy conservation - Saint-Venant equations
-- Application to the study of a Laval nozzle - Straight shock
-- Oblique and curved shocks
-- Prandtl-Meyer expansion
– 2nd part: Thermomechanical behaviour of solid materials
-- Thermoelasticity
-- Heat exchanger
-- Thermoviscoelasticity
-- Self-heating
-- Elastoplasticity
-- Shaping metals

Crédits ECTS
5

Code de l'UE
ING_2A_S7_E2_THER

Volume horaire (élève) total de l'UE

CM

TD

TP

16

12

2

TA

Projets Autres Total
30

Language
French
Team
– Olivier Boiron
– Thierry Désoyer
– Dominique Eyheramendy
– Yannick Knapp

Skills

- Students will understand the bases of the mechanics of compressible fluids (C2)
- Grasp the effects of compressibility, in particular in aeronautics and thermopropulsion (C2)
- Know how to calculate the characteristics of shock waves (C2)
- Understand the bases of the thermomechanics of solids (C2)
- Understand the main thermomechanical behaviour of solids (C2)

Assessments

– SE = two 1-h Written assessments (85%)
– CA = practical write-up (15%)

Bibliography

– P.K. Kundu and I.M. Cohen, Fluid mechanics, 4th edition, Elsevier, 2010
– W.E. Carscallen and coll., Introduction to compressible fluid flow, CRC Press, 2014
– J. Lemaître and coll., Mécanique des materials solides, ed. Dunod, 2009
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Elective modules
Menu 3 - Advanced signal processing

Antoine Roueff
Head of theme at École centrale de Marseille

Objectives

The aim of this module is to illustrate the methods used in signal and image processing using
several applications (in particular echolocation and high-resolution imaging), and provide an
introduction to careers for engineers.
A significant part of the teaching will take the form of practicals, so that students can tackle the
difficulties and understand the methods used to process signals. Seminars will be organised
with external presenters from major institutions and large companies working in the field to
promote the further understanding of the applications and professions.

Programme

The application context of this course is perception of the environment. The programme aims to
present this issue, then solve problems from the point of view of signal processing to illustrate
the associated methods. For this course, the lectures and practicals are synchronised so that
students can experience the specific difficulties and develop their analytical capacities.
Seminars with external presenters from major institutions and large companies working in the
field will be organised to help develop students’ understanding of applications and career
options. Real-life applications with acoustic signals and a high-resolution imaging technique
used in biology will be implemented.

Crédits ECTS
5

Code de l'UE
ING_2A_S7_E3_APP

Volume horaire (élève) total de l'UE

CM

TD

14

TP
16

TA

Projets Autres Total
30

Language
French
Team
A. Roueff

Skills

The target skills are to develop critical thinking, a capacity to summarise the results of an
experiment (in particular the capacity to take randomness into account), and the capacity to
formalise a problem with a view to solving it.
This module also aims to extend the students’ signal processing skills and knowledge.

Assessments

– Continuous assessment (CA):
– One CA: a robust average grade from 15-min written tests taken during lecture sessions
corresponds to 100% of the final grade

Bibliography

F. Le Chevalier, Principes et traitement des signaux radar et sonar, published by Masson
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Elective modules
Menu 3 - Further signal treatment

Antoine Roueff
Head of theme at École centrale de Marseille

Objectives

The aim of this module is to illustrate the methods used in signal and image treatment through
various applications (in particular echolocation and high-resolution imaging), as well as
presenting a view of potential future engineering careers.
A significant part of the teaching will be practical, so that students can tackle the difficulties and
understand the methods used to treat signals. Seminars will be organised with external
presenters from major institutions and large companies working in the field to enhance students’
understanding of the applications and professions.

Programme

The applicative context of this course is perception of the environment. The programme consists
in presenting this issue, then solving the problems from the point of view of signal treatment, to
illustrate the associated methods.
For this module, lectures and practicals are synchronised so that students can deal with the
difficulties presented by a system and develop their analytical capacities. Seminars will be
organised with external presenters from major institutions and large companies working in the
field to improve students’ understanding of the applications and professions.
Real-life applications with acoustic signals and a high-resolution imaging technique used in
biology will be implemented.

Crédits ECTS
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Code de l'UE
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Language
French
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A. Roueff

Skills

- The target skills are to develop critical thinking, be capable of summarising the results of an
experiment (in particular being able to take randomness into account), and acquire the capacity
to formalise a problem with a view to solving it.
- This module also aims to extend students’ knowledge of and skills in signal processing.

Assessments

A written CA accounts for 100% of the final grade

Bibliography

F. Le Chevalier, Principes et Traitement des Signaux Radar et Sonar, published by Masson
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Elective modules
Menu 3 - Sensors in instrumentation

Alain Kilidjian
Head of theme at École centrale de Marseille

Objectives

This elective is a complement to the teachings on electronics and linear automation, it allows
students to explore the study of systems and their use
This module aims to train engineers to extract relevant criteria to aid in the selection of a sensor
and its electronic environment (conditioner) based on specifications; the environment and use
of sensors will be developed and studied during practical sessions with systems of a different
nature.

Programme

Objectives of the programme
Multiple sensors are used in all fields of measurement and instrumentation. Their diversity often
complicates selection of the most appropriate one. The aim of this elective module is to
investigate how a physical phenomenon can be exploited to generate information that can be
used to control a process.

Crédits ECTS
5

Code de l'UE
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Alain Kilidjian

Description of the programme
Notions addressed:
- Metrological characteristics of sensors (influence quantities, measurement errors, sensor
calibration, limits of applicability, sensitivity, speed, reaction time, etc.)
- The various physical principles used to design sensors
– Passive and active sensors
– Conditioning the signal for passive and active sensors
- Sensors dealt with for different applications (temperature, pressure, position, etc.)
- Practical study of a system including sensors of various natures

Skills

This comprehensive module complements the application of the “systems” approach, which is
essential to:
- developing technical and scientific innovations;
- solving complex, cross-disciplinary problems.
It can be used to assess the student’s capacity to choose the appropriate indicators for a
system, and to exploit them to monitor or control said system.

Assessments

– Individual work: presentation, 25%; written report, 25%
– Project: write-up, 50%

Bibliography

– Manufacturer’s documents
– G. Hasch, Les capteurs en instrumentation industrielle, Dunod
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Elective modules

Menu 3 - Dynamics of continuous media
Fabien Anselmet
Head of theme at École centrale de Marseille

Objectives

Pursue/extend training in mechanics of continuous media by focusing on dynamic movements
and phenomena.
In particular:
- Become familiar with the basic notions used by engineers in the field of dynamics, vibrations
and acoustics in liquids and solids. Based on a series of practical exercises and two foundational
courses dealing only with the essentials, we will present and model several dynamic vibrational
or acoustic phenomena occurring in these media. We will illustrate how engineers can use these
phenomena to design, optimise, monitor or maintain industrial mechanical systems.
- Become familiar with the basic notions and essential properties of turbulence, to be able to deal
with and model the various practical situations that will be encountered in S9 or during
international mobility. The theoretical foundations allowing analysis and modelling of the
phenomena associated with turbulent flow will be presented. These foundations will allow
students to grasp that, in nature and industry, flow is mainly turbulent. Treating these flows
requires specific skills and tools (both analytical and modelling) which are very different to
those used for laminar flows (dealt with during the 1st year).

Programme

Crédits ECTS
5

Code de l'UE
ING_2A_S7_E3_DYN
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8
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TA

Projets Autres Total
30

Language
French
Team
Mechanics teachers from ECM:
– F. Anselmet
– S. Bourgeois
– M. Jaeger
– C. Maury
– D. Mazzoni
– E. Sarrouy

For the part on the dynamics, vibrations and acoustics, a few examples of Practicals which
complement the lectures are:
– Experimental determination of a vibration mode
– Reconstructing movement by modal superposition
– Measuring the acoustic power of a source
– Measuring the absorbent properties of materials
– Audio analysis of acoustic signals, sound levels and indicators
– Numerical calculation of the modes of structures using Abaqus and Matlab software (by the
finite element method and the Ritz method)
For the part of the module relating to how turbulence is initiated in fluid mechanics:
Four lecture sessions are proposed on the following topics:
– The appearance of turbulence, laminar/turbulence transition, the need for statistical treatment
(Reynolds decomposition)
– Balance equations for average values, Reynolds tensors, kinetic energy of turbulence
– Basic modelling (length of mixture, turbulent viscosity), scale characteristics, Kolmogorov
spectrum
- Application to the case of a scalar mixture, turbulent diffusivity, analogy with random processes
(but with characteristic length and speed scales for the flow rather than the fluid like in the
laminar regime)
These four lecture sessions are completed by Tutorial sessions (four 2-h Tutorials), during which
the notions presented in lectures will be extended using a few real-world examples.

Skills

– C1: Scientific and technical innovation:
for example, to prepare for an S8 internship in one of these fields or for an international academic
exchange in a specialisation linked to mechanics where these notions will be covered in much
more detail
– C2: Mastering complexity and systems:
-> Learn to model and analyse a problem, to select the most relevant method and/or level of
modelling (C2)
-> Become familiar with the bases of the digital modelling/simulation methods associated with
this type of situation to, for example, complete their 2nd year internship in one of the associated
fields (C2)
-> Understand how to interpret experimental results (C2)

Assessments

- Five Practical exams will be graded (organisation in pairs or threesomes with a write-up to be
handed in at the end of each session) (50%)
- A 2-hour written exam on turbulence (50%)

Bibliography

M. Abid, F. Anselmet and C. Kharif, Instabilités hydrodynamiques et Turbulence, Cépaduès
Éditions (2017)
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Elective modules

Menu 3 - Hyperfrequencies and radiofrequencies
Jean Bittebierre
Head of theme at École centrale de Marseille

Objectives

After having assimilated a few theoretical bases upon which fast electronics is based, this
module helps students to understand how the hardware in a large number of very topical
applications functions, in the following fields:
– signalling (ADSL, mobile telephones, WIFI, electronic labelling = RFID, remote tolling, radio and
TV);
– measurement (radar, magnetic resonance);
– energy (microwave ovens, drying, safety standards).

Programme

During the limited duration of the course, after presenting the theoretical bases, we will focus on
signalling applications, and heating through its links to safety standards. The other applications
mentioned above will only be developed during students’ presentations as part of the
assessment for this elective module.
Whether wireless or not, hyperfrequencies (Gigahertz) and radiofrequencies (Megahertz) cover
the electromagnetic field between optics and low-frequency electronics. For wireless setups,
antennae are placed in the propagation medium to emit and receive. With wired setups, wires
have been replaced by lines (e.g. coaxial cable) or waveguides (e.g. wave propagation in a metal
tube), which, unlike LF wires, do not behave as a short-circuit! In particular, conductors only
transmit a superficial current and electromagnetic waves into their environment. In both cases,
very specific sources and receivers are used at these frequencies.
The teaching will include digital simulations and practical sessions.

Crédits ECTS
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Code de l'UE
ING_2A_S7_E3_FRE
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TD

TP
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8
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Language
French
Team
– Jean Bittebierre
– Fabien Lemarchand

– Sources and detectors
– Modulation and demodulation
– Propagation across free space:
o Antennae
o Wireless: mobile telephones, WIFI, RFID, remote tolling, radio and TV
– Guided propagation (hyperfrequency circuits):
o Waveguides and cavities (e.g. oven), transmission lines, impedance adaptation, introduction
to a few components
o Digital simulation (multi-station license for Fimmwave high-level software from Photon
Design)
– Heating – micro-wave drying and biological effects (safety standards for mobile telephones)
- Experimental practical work

Skills

– The TU simultaneously addresses circuits and electromagnetic waves (at these frequencies,
superficial current is present in conductors, and electromagnetic waves are emitted into the
surrounding environment). The electromagnetic concepts introduced can be used in other
options (e.g. optical fibres).
– Hyperfrequency heating is a multidisciplinary application (EM, thermal, physical microscopic
wave propagation).
– Digital simulation and experimentation will be covered.
– A discussion of the permissible frequencies and safety standards will allow students to
exercise critical thinking on regulatory aspects and societal challenges.
– The presentation is an opportunity to demonstrate initiative, extend a topic and draw on
students’ own resources to learn more and share knowledge.

Assessments

– Presentation to other students (75%). Extension of an application selected by each student. A
good assimilation of the basic knowledge will allow a more comprehensive presentation
– Experimental Practicals and digital simulations (25% in CA)
– Bonus-points: 0.25 points lost per absence, a maximum of 3 bonus points for active
participation during the course

Bibliography

- Course slides on Moodle
- Multi-station license for Fimmwave professional software from Photon Design
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Elective modules

Menu 3 - Theoretical Computer Science
Pascal Prea
Head of theme at École centrale de Marseille

Objectives
Programme
Skills
Assessments
Bibliography
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Elective modules

Menu 3 - Semi-conductor materials, properties and applications
Laurent Gallais
Head of theme at École centrale de Marseille

Objectives

- Get to know the basic physical processes involved in how semi-conductor components
function (band structure, state densities, distribution of charge carriers, mobility,
generation/recombination, etc.), and how elementary components function (various types of
junction)
- Implement this knowledge to understand and scale applications in the field of photonics taking
scientific, technological and economic considerations into account

Programme

Semi-conductors are found in most electronic and optoelectronic devices. They have a complex
dual mode of functioning, which, depending on the usage conditions, means they have both
conductor and insulator properties. This elective module aims to teach the basic elements of the
physics of semi-conductors, and in particular, the light-matter interactions occurring in these
materials, to address their most frequent applications in the field of light production and
detection (telecommunications, lighting, photovoltaics).

Crédits ECTS
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– Laetitia Abel-Tiberi
– Caroline Fossati
– Laurent Gallais-During (responsable)

The course is split into three parts:
- Part 1: Introduction to semi-conductor materials and basic components
- Part 2: Photon – semi-conductor interactions, electroluminescent diodes
- Part 3: Photovoltaics, from resources to the latest developments

Skills

In the context of the Ecole Centrale framework, the skills and knowledge targeted correspond
mainly to Theme 1 “Scientific and technical innovation”. The module aims to develop students’
grounding in scientific and technical knowledge, in particular in fields related to high-tech with a
strong potential for innovation.

Assessments
2-h exam

Bibliography

B.E.A. Saleh and M.C. Teich, Fundamentals of Photonics, 3rd edition, John Wiley & Sons, Inc.
(2019)
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Menu 3 - Microcontrollers and their environment
Thierry Gaidon
Head of theme at École centrale de Marseille

Objectives

The aim of this course is to present the basic notions needed to understand microprocessors,
and their integration into working systems. Students will be capable of working on and selecting
basic microcontroller systems. Design methods will be implemented to describe the
requirements and translate them into a real physical model. Students will design and produce
real models.

Programme

Progress in microelectronics - thanks in particular to the “VLSI (Large Scale Integration)” concept
which integrates several thousand connections on the same substrate and the maturity of MOS
technology, which is characterised by its low energy consumption - has made it possible to
produce a central computing unit in a single electronic circuit known as a “microprocessor”.
Thanks to progress in integration, performance increases are related to the speed of functioning,
the length of the words treated (8, 16, 32, 64 bits), the number and complexity of operations that
can be performed. This integration also made it possible to combine the microprocessor with
associated elements (memory, input-output devices, etc.) within a single circuit known as a
“microcontroller”. This type of component has become much more common and specialised in a
very large number of fields (telecommunication, multimedia, electronics for the general public,
etc.).

Crédits ECTS
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The aim of this module is to introduce students to how microcontrollers function and their
applications. Microcontrollers are key electronic components that have become essential today.
After describing the components and the basic logic functions for the internal working of a
microprocessor, we will focus on real-world examples of electronic systems implementing
microcontrollers. Peripheral circuits will be studied alongside alternative solutions (DSP, FPGA,
microcontrollers); practical aspects will be addressed.
The practical sessions aim to familiarise students with the structure of microcontrollers and their
programming thanks to an adapted and easy-to-use professional development environment. It
will be possible to produce systems such as motor commands, network control, data
communication, control of robots, etc.

Skills
Assessments

Course notes, manufacturer’s documentation for the components used.

Bibliography

Notes de cours, formulaires constructeurs des composants utilisés
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Elective modules
Menu 3 - Economic philosophy

Laetitia Piet
Head of theme at École centrale de Marseille

Objectives

The objectives of this elective module are to sensitise students to reading responses to social
questions based on the concepts of liberty and equality, and to encourage them to think about
the links between economic and social policies and the potential representations linking
humans and society.
- Students will learn how to analyse the construction of various social justice criteria and
understand the associated models
- Become aware of and understand the links between legal criteria and human and social design
- Learn how to analyse the links between social justice models and economic and social policies.

Programme

Chapter 1: The philosophical-economic approach
Chapter 2: Free will and determinism
Chapter 3: Contingency, need for and economic theory behind rational decisions
Chapter 4: Welfarist ideas of justice
Chapter 5: Post-welfarist ideas of justice
Chapter 6: Critical ideas of justice

Crédits ECTS
5

Code de l'UE
ING_2A_S7_E3_PHI

Volume horaire (élève) total de l'UE

CM

TD

20

10

TP

TA

Projets Autres Total
30

Language
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Philippe Grill (AMSE)

Skills

– C2: Complexity. The themes addressed in this elective module allow students to
link social, political, economic, and normative dimensions of contemporary phenomena. It
contributes to the development of critical thinking and the capacity to present an argument.
– C5: Vision and strategy. This elective module helps students to gain a better knowledge of the
changes facing the modern world and the major current challenges.

Assessments

Five-page (maximum) written report on a theme selected by the student after discussion with
the teacher.

Bibliography

– M. Fleurbaey, Théories économiques de la justice, Economica, 1996
– P. Grill, Enquête sur les libertés et l’égalité, Matériologiques editions, 2016-2018
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Elective modules

Menu 3 - RID (research, identify, distinguish)
Didier Nuel
Head of theme at École centrale de Marseille

Objectives

Distinguishing the components in a mixture, identifying them and quantifying them are daily
issues for synthetic chemists, both in the laboratory and in industry.
This module aims to address the various aspects of this problem in the form of mini-projects,
during which small teams of students will have to determine a method to separate the
components in a mixture to allow their subsequent characterisation, and quantification.

Programme

Most of the sessions will involve the use of a chemistry platform to determine and apply the best
method to separate the components in a (known) mixture.
Then, it will be necessary to quantify and propose methods to identify the components of the
mixture.
The mixtures proposed in previous years included pigments, active ingredients in drugs or
components of food products (e.g. chocolate or tea).
There will also be a few presentations of modern identification and quantification techniques
that can be applied to compounds:
For example:
- Vibrational circular dichroism
- NMR and advanced methods

Crédits ECTS
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– Innocenzo De Riggi
– Didier Nuel

Skills
Assessments

A written report and an oral presentation of the project.

Bibliography

– F. and A. Rouessac, Analyse chimique, Collection Sciences Sup, Dunod
– Skoog, West and Holler, Fundamentals of Analytical Chemistry, De Boeck University
– Skoog, Holler and Nieman, Principles of instrumental analysis, De Boeck University
– Multiple sources detailing the various techniques in “Engineering techniques”
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Elective modules

Menu 3 - Strategy and Industrial Organization
Dominique Henriet
Head of theme at École centrale de Marseille

Objectives
Programme
Skills
Assessments
Bibliography
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Elective modules
Menu 3 - Biosystems and Engineering

Audrey Soric
Head of theme at École centrale de Marseille

Objectives
Programme
Skills
Assessments
Bibliography
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Elective modules

Menu 3 - Hyperbolic systems, theory and applications
Guillaume Chiavassa
Head of theme at École centrale de Marseille

Objectives
Programme
Skills
Assessments
Bibliography
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