
Quantum thermodynamics  
Dr Nelly Ng, ANU
Many recent efforts have been made to refine our understanding of 
thermodynamics, in the context of nanoscale quantum systems. The 
need for this is seen in the fact that despite thermal interactions persist 
in all types of physical systems, many assumptions in thermodynamics 
apply only to systems which are bulk material, i.e. consisting a large 
number of microscopic classical particles. In contrast, quantum systems 
are mostly finite-dimensional and their evolution is governed by unitary 
dynamics. In this lecture, we will review the challenges that emerge 
in tailoring thermodynamics for quantum systems, and the different 
approaches in doing so. We shall see how the tools of quantum informa-
tion theory can contribute to this quest. Our renewed understandings 
of thermodynamics can be applied to studying heat engines that oper-
ate in the quantum nano-regime. A few current examples of quantum 
heat engine proposals will be introduced, as we briefly discuss how to 
bridge our theoretical understanding of quantum thermodynamics 
with its experimental realisations.
 
Optomechanics 
Dr Chris Baker, EQuS
In this lecture, we will explore the optomechanical interaction between 
light and a mechanical degree of freedom. We will discuss the concepts 
of radiation pressure, laser-cooling and heating of mechanical resona-
tors, as well as quantum-limited optical measurement. I will present the 
current state-of-the-art in the field, and provide some specific details 
about the fabrication of high-performance optical and mechanical res-
onators. Next, we will discuss the application of these optomechanical 
techniques to the realm of biological systems, covering optical tweezers 
and optomechanical resonators operating in fluidic environments, and 
the associated challenges.

Quantum computation 
Dr Austin Lund, CQC2T
This session will begin with an overview of the concepts and abstrac-
tions utilised in quantum computing as well as contrasting with the 
concepts and abstractions used in classical computing models.  From 
there, particular quantum computing algorithms will be presented with 
a focus on those which have the potential to demonstrate extra com-
putational power over their classical counterparts.  Finally, we will look 
specifically at how quantum computing devices are implemented with 
a focus on devices based on optical, or more generally bosonic, systems.

Experimental techniques 
Dr Tyler Neely, EQuS
Ever been puzzled by discussions of experimental noise, beam aberra-
tions, or homodyne detection? Ever wonder how significant the error 
bars are on that particular Nature paper? This session of the Winter 
School will serve as a brief introduction to the techniques and classes 
of problems that arise in the course of experimental measurements. We 
will develop our discussion by examining several landmark papers in 
the field related to EQuS, with emphasis on the techniques that enabled 
the measurements. Electronic, optical, and statistical methods will be 
examined.
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