Referee Report for "Quantum Thermodynamics" Lecture Notes

The manuscript titled "Quantum Thermodynamics" by Patrick P. Potts offers a comprehensive
introduction to the thermodynamics of small quantum systems. It successfully bridges theoretical
concepts with practical applications, making it a valuable resource for students and researchers in
the field.

The manuscript provides a robust introduction to quantum thermodynamics. With minor
revisions, particularly in the references and grammar, it will serve as an excellent educational
resource. | recommend acceptance with minor revisions.

Content Evaluation

1. Clarity and Structure: The manuscript is well-organized, with a logical flow from basic
quantum mechanics to complex thermodynamic applications. The sections are delineated,
aiding in comprehension and navigation.

2. Relevance: The topics covered are highly relevant to current research interests and
technological advancements in quantum thermodynamics.

3. Depth of Discussion: The author provides a detailed discussion of the theoretical
foundations, supported by equations and illustrative examples, enhancing the lecture
notes' pedagogical value.

Technical Accuracy

1. Equations and Formulas: All equations appear to be correctly derived and are well
integrated into the text.

2. References: Each reference is properly cited within the text.

3. Figures and Tables: The figures and tables are appropriately placed and support the text.
Each is well-captioned and contributes to a deeper understanding of the content.

Pedagogical Value

1. Educational Impact: The lecture notes are structured to enhance learning with clear
explanations and summaries.

2. Examples and Applications: The practical examples are relevant and effectively
demonstrate the theoretical concepts discussed.

3. Accessibility: The material is accessible to readers with a basic background in quantum
mechanics, although some sections might require a more advanced understanding.

Grammar and Style

e The manuscript is generally well-written except for minor grammatical errors and should
be corrected for clarity and professionalism.



Suggestion for Enhancement

Clarification of Equation Derivation:

1. Itis recommended to provide a more detailed explanation of the derivation from Eq. (120)
to (121), specifically addressing how the term Tr{H_tot(t)0 t p tot} vanishes. This
explanation could include a discussion on the commutation relationship between the
Hamiltonian and the density matrix and how equilibrium conditions within the grand
canonical ensemble, as referenced in Eq. (72), imply that the time derivative of the density
matrix vanishes. Incorporating this detailed explanation will help students understand the
underlying physical principles and mathematical steps more effectively, improving their
grasp of quantum thermodynamics.

2. It is recommended that the explanation between Eq. (135) and Eq. (136) be expanded. The
manuscript could greatly benefit from including intermediate steps or underlying
assumptions that lead to this solution.

3. Itis recommended to explicitly state the assumption that the system and the bath are
uncorrelated before introducing Eq.(138).

Inclusion of Additional Resources: To further enhance the understanding and application of
superoperator and projection operator techniques within the lecture notes, it is recommended to
include the following references in the bibliography:
1. Mukamel, S. (1995). "Principles of Nonlinear Optical Spectroscopy," Oxford University
Press.

o This book provides an extensive overview of nonlinear optical
spectroscopy and discusses how projection operator techniques can be
utilized to understand the dynamics of quantum systems. It is a resource
for theoretical foundations and practical applications relevant to the course
material.

2. Levitov, L., Lee, H., and Lesovik, G. B. (1996). "Electron Counting Statistics and Coherent
States of Electric Current," Journal of Mathematical Physics.

o This article explores superoperators and projection operator techniques in
analyzing electron transport statistics and quantum noise. It offers a
detailed examination suitable for advanced studies and research in
quantum mechanics and mesoscopic physics.

Including these references will provide students and readers with additional insights into the
practical applications of the theoretical concepts discussed in the lecture notes. These resources
are particularly valuable for deepening our understanding of quantum dynamical systems and the
mathematical methods used to describe them.



