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SUMMARY

Thermodynamics is a compulsory subject of 7.5 ECTS. Given that the concepts and methods of
thermodynamics are applicable to macroscopic systems of any nature, the subject is closely related to
many other subjects of the degree, although its complementarity with the Laboratory of Thermodynamics
and Statistical Physics stands out. It is also basic for the development of the subject Physics of the
Atmosphere.

PREVIOUS KNOWLEDGE

RELATIONSHIP TO OTHER SUBJECTS OF THE SAME DEGREE
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There are no specified enroliment restrictions with other subjects of the curriculum.

OTHER REQUIREMENTS

The following prior knowledge is recommended:

Differential calculus of several variables. Integral calculus of one variable. Units and orders
magnitude of quantity of matter, density, energy, temperature, ... Energy concept. Basic concepts of
elasticity of one-dimensional systems. Basic concpets of electrical and magnetic polarization of materials.

COMPETENCES / LEARNING OUTCOMES

Basic & applied Research: acquire an understanding of the nature and ways of physics research and of how
physics research is applicable to many fields other than physics, e.g. engineering; be able to design
experimental and/or theoretical procedures for: (i) solving current problems in academic or industrial
research; (ii) improving the existing results.

Be able to understand and master the use of the most commonly used mathematical and numerical
methods.

Communication Skills (written and oral): Being able to communicate information, ideas, problems and
solutions through argumentation and reasoning which are characteristic of the scientific activity, using
basic concepts and tools of physics.

Foreign Language skills: Have improved command of English (or other foreign languages of interest)
through: use of the basic literature, written and oral communication (scientific and technical English),
participation in courses, study abroad via exchange programmes, and recognition of credits at foreign
universities or research centres.

Knowledge and understanding of the fundamentals of physics in theoretical and experimental aspects, and
the mathematical background needed for its formulation.

Learning ability: be able to enter new fields through independent study, in physics and science and
technology in general.

Modelling & Problem solving skills: be able to identify the essentials of a process / situation and to set up a
working model of the same; be able to perform the required approximations so as to reduce a problem to
an approachable one. Critical thinking to construct physical models.

Problem solving: be able to evaluate clearly the orders of magnitude in situations which are physically
different, but show analogies, thus allowing the use of known solutions in new problems .

Students must be able to apply their knowledge to their work or vocation in a professional manner and have

acquired the competences required for the preparation and defence of arguments and for problem solving
in their field of study.
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Students must be able to communicate information, ideas, problems and solutions to both expert and lay
audiences.

Students must have acquired knowledge and understanding in a specific field of study, on the basis of
general secondary education and at a level that includes mainly knowledge drawn from advanced
textbooks, but also some cutting-edge knowledge in their field of study.

Students must have developed the learning skills needed to undertake further study with a high degree of
autonomy.

Students must have the ability to gather and interpret relevant data (usually in their field of study) to make
judgements that take relevant social, scientific or ethical issues into consideration.

Theoretical understanding of physical phenomena: have a good understanding of the most important
physical theories (logical and mathematical structure, experimental support, described physical
phenomena).

To know how to apply the knowledge acquired to professional activity, to know how to
solve problems and develop and defend arguments, relying on this knowledge.

DESCRIPTION OF CONTENTS

1. Introduction to thermodynamics

Thermodynamic systems and their interactions. General principle. State quantities. Zeroth law. Internal
energy. Indepependent variables and state functions. Thermodynamic phenomena.

2. The principles of thermodynamics

Thermodynamic processes. Work. First law. Heat. Heat capacity. Entropy of a perfect gas. Second law.
Entropy production in some irreversible processes. Third law.

3. Gibbs, Euler and Gibbs-Duhem equations
Gibbs equations. Equilibrium conditions. Euler and Gibbs-Duhem equations. Differential calculus in

thermodynamics. Thermal and energetic coefficients. Maxwell relations. Thermodynamic stability
conditions.

4. Thermodynamic potentials

tatements of the second law for different constraints. Thermodynamic representations. Gibbs-Helmholtz
equations. Maximum work theorem. Exergy
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5. Statistical thermodynamics applied to some systems

Boltzmann entropy equation. Lattice gas. Thermal radiation. Crystalline solid. Heat capacity of diatomic
and polyatomic gases. Ideal quantum gases.

6. Gases and gas mixtures

Real gas equations of state. Fugacity. Joule-Thomson throttling. Gas mixtures.

7. Phase transitions

Phase diagrams p-v-T. Discontinuous phase transition. Biphasic systems. Clausius-Clapeyron equation.
Continuous phase transitions. Magnetic phase transitions.

8. Thermodynamics of elastic filaments

Thermodynamic description of elastic filaments. Ideal elastic systems. Rubber elasticity. Shape memory
alloys

9. Mixtures and solutions

Binary mixtures. Activity. Mixing and excess quantities. Colligative properties of solutions. Isothermal
liquid-vapour equilibria. Isobaric phase equilibria. Gibbs phase rule. Partial molar quantities.

10. Interfacial thermodynamics

Interfacial excess quantities. Young-Laplace equation. Monocomponent interfacial systems. Kelvin
equation. Gibbs-Thomson-Freundlich equation. Homogenous nucleation. Binary interfacial systems. Gibbs
adsorption equation. Nanothermodynamics.

11. Chemical equilibria

Chemical equilibria in gas phase. Chemical equilibria in solution. Electrochemical processes.

12. Thermodynamics of irreversible processes

Thermodynamics of continuous media. State quantities for non-equilibrium systems. Phenomenological
equations. Heat conduction. Thermoelectric phenomena. Balance equations and conservation equations.
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WORKLOAD
PRESENCIAL ACTIVITIES
Activity Hours
Tutorials 15,00
Theory 60,00
Total hours 75,00
NON PRESENCIAL ACTIVITIES
Activity Hours
Attendance at other activities 0,00
Individual or group project 3,00
Independent study and work 0,00
Preparation of lessons 64,50
Preparation for assessment activities 45,00
Resolution of case studies 0,00
Total hours 112,50

TEACHING METHODOLOGY

In the lectures the syllabus is developed using both the blackboard and the video projector. The material is
presented following a logical, rigorous and well-structured approach that the students should master to
describe accurately the behaviour of macroscopic systems.

In the tutorial sessions, the students may get answers for question on theoretical concepts as well as on
the resolution of exercises.

EVALUATION

Learning is assessed through a written exam (mark EE, between 0 and 10) and continuous assessment
(mark EC, between 0 and 10) through exercises proposed in the lectures.

If EE >= 3.5 and EC >= 3.5, the final grade (between 0 and 10) is F = EE + 0.2EC [1 - (EE/10)"3].

If 3.5 > EE or 3.5 > EC, then F = EE. The requirement to pass the course is F >= 5.

The written exam consists of a theoretical module (60 % weight) and a problem-solving module (40 %). The
first one consists of four questions that can be practical (resolution of a short exercise), conceptual or
numerical (requiring knowledge of conversions of units and typical orders of magnitude) that must be
resolved without notes or books, only calculator. The problem-solving module contains two problems, and
use of a personal collection of formulas (stapled, maximum of 5 double-sided pages or 10 pages on one
side) is allowed.

These evaluation criteria are common to the first and second calls.
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