sciforum

Abstract
Quasistatic and Quantum-Adiabatic Otto Engine for a

Two-Dimensional Material: The Case of a Graphene
Quantum Dot *

Francisco Pefia, Patricio Vargas and Oscar Negrete

Departamento de Fisica, Universidad Técnica Federico Santa Maria, Valparaiso, Chile
t Presented at the Entropy 2021: The Scientific Tool of the 21st Century, 5-7 May 2021; Available online:
https://sciforum.net/conference/Entropy2021/.

Published: 5 May 2021

The concept of quantum heat engines (QHESs) was introduced by Scovil and Schultz-Dubois in Ref.
[1], in which they demonstrate that a three-level energy maser can be described as a heat engine
operating under a Carnot cycle. This important research gave way to the study of quantum systems
implemented as the working substances of heat machines with the goal of realizing efficient nanoscale
devices. These devices are characterized by the structure of their working substance, the
thermodynamic cycle of operation, and the dynamics that govern the cycle [2,3]. In this study, we
analyze the performance of a quasi-static and quantum-adiabatic magnetic Otto cycle for a two-
dimensional material: the case of a graphene quantum dot [4]. For graphene quantum dots [5,6], the
low-energy approach using the Dirac equation with boundary conditions is an excellent approximation.
Modulating an external/perpendicular magnetic field, in the quasistatic approach, we found behaviors
in the total work extracted that are not present in the quantum-adiabatic formulation. Additionally, we
find that, in the quasi-static approach, the engine yielded a higher performance in terms of total work
extracted and efficiency as compared with its quantum-adiabatic counterpart. In the quasi-static case,
this is due to the working substance being in thermal equilibrium at each point of the cycle, maximizing
the energy extracted in the adiabatic strokes.

References

1. Scovil, H.E.; Schulz-DuBois, E.O. Three-level masers as heat engines. Phys. Rev. Lett. 1959, 2, 262.
Bender, C.M.; Brody, D.C.; Meister, B.K. Entropy and temperature of a quantum Carnot engine. Proc. R. Soc.
Lond. Ser. A Math. Phys. Eng. Sci. 2002, 458, 1519-1526.

3. Feldmann, T.; Geva, E.; Kosloff, R.; Salamon, P. Heat engines in finite time governed by master equations.
Am. ]. Phys. 1996, 64, 485-492.

4.  Pena, F.J.; Zambrano, D.; Negrete, O.; De Chiara, G.; Orellana, P.A.; Vargas, P. Quasistatic and quantum-
adiabatic Otto engine for a two-dimensional material: The case of a graphene quantum dot. Phys. Rev. E 2020,
101, 012116.

5. Gruji¢; M; Zarenia, M.; Chaves, A.; Tadi¢; M; Farias, G.A.; Peeters, F.M. Electronic and optical properties of a
circular graphene quantum dot in a magnetic field: influence of the boundary conditions. Phys. Rev. B 2011,
84, 205441.

6. Thomsen, M.R.; Pedersen, T.G. Analytical Dirac model of graphene rings, dots, and antidots in magnetic
fields. Phys. Rev. B 2017, 95, 235427.

© 2021 by the authors. Licensee MDP], Basel, Switzerland. This article is an open access article
@ @ \ distributed under the terms and conditions of the Creative Commons Attribution (CC BY)

license (http://creativecommons.org/licenses/by/4.0/).

Entropy 2021: The Scientific Tool of the 21st Century



