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The knowledge of statistical mechanics is provided in the lectures. The application to quantum
statistical mechanics and solid state physics will be also discussed.
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The knowledge of statistical mechanics is understood. The student understands how the quantum

statistical mechanics is used for explaining realistic phenomena.
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The object of learning is to learn the way of thinking in the statistical mechanics and understand
typical phenomena in the framework of statistical mechanics. On elemental topics of quantum
statistical mechanics, by evaluating the partition function and free energy, students get the
relationship with the thermodynamics and understand the importance in the quantum statistical
mechanics.
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1st lecture: basic of statistical mechanics 1 (probability and maximization)

2nd lecture: basic of statistical mechanics 2 (probability of energy partitioning)

3rd lecture: micro-canonical distribution and entropyl (principle of equal a priori probabilities,
entropy and temperature, ergodic hypothesis)

4th lecture: micro-canonical distribution and entropy 2 (quantum state of free particle, the number of
quantum states in many-particle system)

5th lecture: micro-canonical distribution and entropy 3 (Coarse-grained distribution of one-particle
states, entropy in an ideal gas, entropy of two-level system)

6th lecture: canonical distribution and free energy 1 (partition function, thermal reservoir, Helmholtz’s
free energy, energy fluctuation)

7th lecture: canonical distribution and free energy 2 (Gibb’s free energy, free energy of ideal gas)

8th lecture: classical statistic mechanics and quantum effect 1 (the thermodynamic 3rd law, low
temperature and high-density, free energy of realistic gas)

9th lecture: midterm exam
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10th lecture: classical statistic mechanics and quantum effect 2 (heat capacity of lattice vibration)
11th lecture: open systems and chemical potential (grand canonical distribution, grand partition
function)

12th lecture: Fermi statistic and Bose statistic 1 (indistinguishable particle, wave function)

13th lecture: Fermi statistic and Bose statistic 1 (one-particle distribution)

14th lecture: ideal quantum gases (Fermi gas, Fermi degeneracy, heat capacity of Fermi gas, Bose gas,
Bose-Einstein condensation)

15th lecture: 2nd phase transition (Ising model, ordered-disordered phase transition, spontaneous
symmetry breaking)

Students are required to review the contents of the previous class and the related part of the textbook.
They should prepare before each class for at least 90 minutes, review after each class for at least 30
minutes. Eventually, it is necessary for them to study themselves for total 30 hours through the end of

this course including the time of preparation and review on each week.
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Comprehensible evaluation by report, questions in the lectures.
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Basic knowledge of classical mechanics, electromagnetism, and thermodynamics is assumed.
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