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Figure 1 (Color online) The curves of the heat capacities at constant
volume Cj and at constant pressure Cp of an ideal Bose gas system
varying with the temperature, where T, is the critical temperature of
Bose-Einstein condensation, N is the particle number, and & is the
Boltzmann constant.
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Figure 2 (Color online) The temperature-entropy diagram of a
Brayton refrigeration cycle based on the ideal Fermi gas.
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Figure 3 (Color online) The schematic diagram of a micro/nano-
scaled thermodynamic cycle, where the dotted lines represent permeable
walls between the two tubes.
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Figure 4 (Color online) A two-level system in the presence of a
rotating magnetic field, where By is the magnitude of the magnetic field,
and a is the angle between the magnetic-field vector and axis e..
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Figure 5 (Color online) The schematic diagram of an energy-selective
electron engine.
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Figure 7 (Color online) The schematic diagram of thermal electron-tunneling device. (a) The thermal electron-tunneling devices that can serve dual
purposes of cooling and amplification spontaneously with 7;>7;,>T,; g, is the thermal energy that exits from the hot reservoir at temperature 7, ¢, is
the thermal energy released from the cold reservoir at temperature 7, and g, represents the thermal energy pumped to the median reservoir. (b) For
U1, electron and thermal fluxes flow in the same direction and E,, is the lowest tunnel energy level. (c) For x.<u;, electron and thermal fluxes flow

in opposite directions and E,;, is the highest tunnel energy.
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Figure 11 (Color online) The energy diagram of a quantum dot heat
engine under external magnetic field.
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Figure 12 (Color online) The schematic diagram of thermal diode and
the curve of heat flow varying with the thermal gradient.
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quantum-dot system.
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Thermodynamic characteristics and research progress of
energy-conversion quantum systems

SU ShanHe', ZHANG YanChao'?, PENG WanLi', SU GuoZhen' & CHEN JinCan'

! Department of Physics, College of Physical Science and Technology, Xiamen University, Xiamen 361005, China;
* School of Science, Guangxi University of Science and Technology, Liuzhou 545006, China

Quantum physics is a branch of modern physics for understanding the motion rules of microscopic particles. It is
increasingly interconnected with information, life, chemistry, and other disciplines, triggering many new technological
revolutions and profoundly affecting human life. It has become one of the driving forces of socio-economic development.
At present, the combination of quantum physics with energy subjects is creating a new disciplinary growing point. This
paper mainly outlines the development of various types of energy-conversion quantum systems. Combined with the
current research situation of domestic and overseas, the problems regarding the application of the thermodynamic theory
to study the energy manipulation of quantum systems and the optimal design of microdevices are systematically clarified.
The representative achievements and research progress in the theories and experiments of quantum thermodynamic
cycles, energy-selective electron quantum devices, and quantum dot thermal management devices are summarized. The
new development directions of the intersection fields of quantum physics and energy science are discussed.

quantum device, quantum cycle, quantum working substance, quantum dot, energy selective channel, thermal
management
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