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Prerequisites

Some course of introduction to thermodynamics is preferred

Objectives and Contextualisation

1. To understand the conditions of a thermodynamical systems

2. To identify system and environment

3. Distinguish between state variables and process variables

4. To interpret the different kinds of thermal processes

5. To understand the concept of the thermodynamical limit

6. To derive the partition function of a system and find the state equations from it

7. To apply the energy equipartition theorem

8. To distinguish between reversible and irreversible processes

9. To change the fundamental equation of representation

10.To understand the microscopic concept of pressure of a gas

11. Interpret the stability criteria and relate them with the onset of phase ransitions

12. To analyze the first and second order phase transitions. Understand the Landau theory for phase
transitions

13. To construct the Ising model. Apply the mean field approximation, the interactions between nearest
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13. To construct the Ising model. Apply the mean field approximation, the interactions between nearest
neighbours and the method of transfer matrix

14. To distinguish between ideal and real gases. Connect the intermolecular potential with the virial expansion

15. To understand the processes of cooling gases

16. To interpret the electromagnetic radiation as a gas of bosons and obtain the equations of state

Competences

Develop critical thinking and reasoning and know how to communicate effectively both in the first
language(s) and others
Develop independent learning strategies
Develop strategies for analysis, synthesis and communication that allow the concepts of physics to be
transmitted in educational and dissemination-based contexts
Formulate and address physical problems identifying the most relevant principles and using
approximations, if necessary, to reach a solution that must be presented, specifying assumptions and
approximations
Know the fundamentals of the main areas of physics and understand them
Respect the diversity and plurality of ideas, people and situations
Use critical reasoning, show analytical skills, correctly use technical language and develop logical
arguments
Use mathematics to describe the physical world, selecting appropriate tools, building appropriate
models, interpreting and comparing results critically with experimentation and observation

Learning Outcomes

Analyse limits at low and high temperature for any given system.
Analyse the information contained in the distinct phase diagrams in equilibrium.
Calculate the number of microstates for classic and discrete systems.
Calculate the partition function of a system in any group.
Calculate the second virial coefficient from the interaction potential.
Clarify the need for a classic or quantum statistical description for an ideal gas.
Deduce the equations of state within a system from the partition function.
Deduce the fundamental equation in different representations.
Describe the information contained in the different equations of state within a system.
Describe the physical information contained in virial coefficients.
Describe the properties that differentiate real behaviour from ideal in a gas.
Develop critical thinking and reasoning and communicate ideas effectively, both in the mother tongue
and in other languages.
Develop independent learning strategies.
Distinguish between the domains of action in thermodynamics and statistical mechanics.
Establish the thermodynamic variables describing equilibrium states for different systems and propose
the corresponding Gibbs equation.
Physically interpret the partial derivatives of the distinct thermodynamic quantities.
Relate stability criteria to the principles of thermodynamics and verify the stability of a thermodynamic
system.
Respect diversity in ideas, people and situations.
Transmit, orally and in written format, physical concepts of a certain complexity, making them
understandable to non-specialist settings.
Use critical reasoning, show analytical skills, correctly use technical language and develop logical
arguments

Content
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1. Formal structure of Thermodynamics
                                                                1.0. Review of the laws of Thermodynamics
                                                                1.1. The fundamental equation
                                                                1.2. Euler's form of internal energy. Gibbs-Duhem equation
                                                                1.3. Legendre Transform. Thermodynamic potentials
                                                                1.4. Maxwell relations for a fluid
                                                                1.5. Stability conditions
                                                                
2. Microscopic description of macroscopic systems
                                                                2.1. Microstates and Macrostates. Phase space
                                                                2.2. Ensembles
                                                                2.3. Microcanonics ensemble
                                                                2.4 Thermal equilibrium Thermodynamic-Statistical Mechanical Connection
                                                                2.5. Application to the ideal monatomic gas
                                                                2.6. Maxwell-Boltzmann distribution
                                                                2.7. Pressure
                                                                2.8. Effusion
                                                                2.9. Gibbs-Shannon entropy and  Boltzmann 
entropy
                                                                
3. Canonical ensemble
                                                                3.1. Partition function. Degeneration of energy
                                                                3.2. The equipartition of energy theorem. Applications and limitations
                                                                3.3. Systems with discrete energy distributions. Continuous limit
                                                                
                                                                
4. Magnetic systems
                                                                4.1. Thermodynamics and statistical mechanics of magnetic systems
                                                                4.2. Classic paramagnetism
                                                                4.3. Paramagnetism of spin 1/2. Microcanonical and canonical treatments
                                                                4.4. Adiabatic desimanation
                                                                
5. Phase transitions
                                                                5.1. Classification. P- V, P - μ and P - T diagrams. Clapeyron equation
                                                                5.2. Vapour-phase condensed equilibrium
                                                                5.3. The critical point
                                                                5.4. Ising model. Mean field approximation. Transfer Matrix.
                                                                
6. Real gases
                                                                6.1. Compressibility factor. The virial expansions
                                                                6.2. Interaction potential. Configurational partition function
                                                                6.3. The virial second coefficientl. Van der Waals equation
                                                                6.4. Law of corresponding states
                                                                6.5. Expansions of Joule and Joule-Kelvin
                                                                
                                                                
7. Photons
                                                                7.1. Statistics of bosons andfermions
                                                                7.2 Energy density. Degeneration of states
                                                                7.3. Planck distribution
                                                                7.4. Equations of state of the radiation of a gas of photons in equilibrium
                                                                
                                                                
8. Macrocanonical ensemble

                                                                8.1. Partition function
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                                                                8.1. Partition function
                                                                8.2. Connection with thermodynamics

Methodology

Classroom activities

1 Teaching lectures

The lectures will be taught by the theory teacher where the concepts, developments and basic principles of the
subject will be presented.

2 Teaching Problems

The problem's teacher will solve in class some of the problems of the collection that previously the student will
have had to try to solve

Authonomous activities

1 Troubleshooting

The teacher of problems will deliver (will also be posted on the virtual campus) a list of problems and computer
practices that each student must solve individually and deliver it on the established date

2 Study

We have counted that the student must dedicate 2 hours of study for each hour of master class.

Activities

Title Hours ECTS Learning Outcomes

Type: Directed

Problems 30 1.2

Teaching lectures 45 1.8

Type: Autonomous

Problems solving 49 1.96

Study 92 3.68

Assessment

Partial exams and final exam
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Partial exams and final exam
There will be two partial exams. The first one will evaluate the first part of the course while the second will
evaluate the rest. in case the mean of the qualifications is less than 4 the student must do the final exam. To
be examined in the final exam is compulsery to be examend in the first and second partial exams.

Remedial exam

Those who have been evaluated in the partial exams obtaining a qualification lower than 4 (compulsory) or
those who want to improve their marks (optional) may do the remedial exam. In the latter case, the final mark
will be the best of the marks obtained from the remidial and partials examams 

Homework

The homowork problems will be evaluated and their solutions will be published at the virtual campus. This part
cannot be remedied

Final mark

The finals mark will be calculated from the specific weights only if the student has passed the partials or the
final exam. The final mark will be the 70% of the fianl exam/mean of partials plus the 30% of the homework if
the final exam mark is equal or higher than 4. Otherwise, the studend does not pass

Assessment Activities

Title Weighting Hours ECTS Learning Outcomes

Final exam 70% 3 0.12 1, 2, 3, 5, 4, 8, 7, 9, 10, 11, 13, 12, 14, 15, 16, 6, 20, 17, 18, 19

First part exam 35% 3 0.12 3, 4, 8, 7, 9, 11, 12, 14, 15, 16, 6, 17

Homework 30% 0 0 13, 20, 18

Second part exam 35% 3 0.12 1, 2, 5, 10, 11
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