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Set-up: working medium = qubit and work repository = rotor

Motivations:
To study/isolate quantum effects in a heat engine by exploiting the
directed motion of rotors and comparing it with a classical rotor
To explore the various definitions of work: (1) ergotropy derived on
axiomatic grounds for quantum states), (2) classical work (force x
displacement) and (3) kinetic energy due to NET motion
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Key results:

£ Quantum engine noisier due to vacuum fluctuations and
measurement-backaction as a result of the angle-dependent
couplings to baths, i.e. an indirect position measurement of rotor
each time a photon is excited/absorbed from the bath
Net KE ~ Ergotropy & Total KE = Classical work + Backaction
heating
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Motivations: To investigate the role of
measurements in quantum thermodynamics and

the associated energy cost due to erasure, non-
ideal measurements etc.

Stella with her supervisor, Professor Valerio Scarani

|| Thermal width:
Tih = coth1/2(hw/2kBTc)
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Achievements Set-up:
= working medium -> qubit and pointer > HO
For her PhD research, Stella Seah focused on guantum T % hot bath couples to qubit and randomly adds 0
thermodynamics and developed models of quantum thermal —o excitation, cold bath couples to HO and o
machines. Specifically, she was invited to contribute to a LW F.o |l resets It to its equilibrium position . .
_ T . demon reads off pointer position to obtain 2
collective book Thermodynamics in the Quantum Regime by S 2 ‘ associated qubit state L>|e) and R>[g) and = 04|
Springer on quantum rotor engines. More recently, she gave performs feedback to extract work when = 02
a contributed talk on a project on an autonomous Maxwell [?E'Tter 'S.S”dthe left, i.e. when qubit is most 0
Demon engine in Finland at the international Quantum ety excite o/ Ten
Thermodynamics Conference. Stella has a strong track record Key results: o .
N ference and has oresented talks at other conferences = Optimum performance at vanishing overlap between L/R pointer steady states = occurs at slow measurement rates when
? con‘ . P . . T noise induced by measurements is minimal
including the Institute of Physics Singapore Meeting in each < NO work-efficiency tradeoff & engine operates beyond Otto window into the gray region where occupation numbers n. > nj

of the past three years, as well as international conferences in
Jeju and Tokyo in 2017 and 2018 respectively.

Set-up of a Quantum Absorption Refrigerator (QAR):

« Unlike conventional refrigerators, heat flow from cold to hot is driven by heat
absorption from a work bath instead of direct work input

« Occurs due to resonant exchange of energies: work qubit supplies energy
together with the cold qubit to excite the hot qubit

kB(Th - Tc)/mc

Motivations: To investigate the performance of QAR beyond weak internal
coupling using an effective master equation valid across arbitrary interaction
strengths

o

Key results:
weak int. = vanishing cooling due to weak transfer of energies between qubits
strong int. 2 uncontrolled heating through global coupling between bath and qubits, i.e. individual
qubits can feel the effects of all the baths through the other qubits
Optimum when int. strength in the order of the effective bath decoherence rate
Shrinking cooling window due to strong int. captured with a valid coarse-grained master equation
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Publications

Peer-reviewed articles

Stella receiving her award from Professor Lu Yixin,
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