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Why measure entropy?
• Distinguish quantum states otherwise similar by their 

conductance for example
• Distinguish non-abelian quasi-particles from abelian ones

• Challenging due to small signal size around kB
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Maxwell relation, where
p : pressure
N : particle number
S : entropy
T : temperature
μ : chemical potential

Paper 1

‘the entropy difference between the N − 1 and N 
electron ground states is measured via the shift 
with temperature in the electrochemical 
potential μN  needed to add the Nth electron to 
the dot’
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Entropy-to-charge conversion in a ‘few-electron GaAs quantum dot’ : Principle
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Shift in Vmid gives 
shift μN which gives S 

Charge sensor  simulation

AC lock-in measurement 
of Vmid(T(Iheat))
(to overcome noise)

Device operation
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Device operation details
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Results Orbital 
degrees of 
freedom
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Results

Paper 1
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More general entropy extraction method

Grand 
potential

Average 
occupation 
of reservoir

Local potential for 
N, or gate-tuned 

QD energy

QD 
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and finally

(Assumes that the 
hamiltonian has a term

)
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Device
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From Eugenia Pyurbeeva and Jan A. Mol, A thermodynamic
approach to measuring entropy in a few-electron nano-
device, Entropy 23, 640 (2021)

Paper 2



11

Charge sensor characterisation

0 to 1 transition in weakly 
coupled regime
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Weak coupling to reservoir Strong coupling to reservoir

Can be fit like 
previous paper

(Two temperature regimes for Anderson impurity model?)
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Experimental implementation

≈
≈
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Verification of new technique in weakly coupled regime
ΔS=kBln(3): three equiprobable macrostates
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Transition from weakly 
coupled to strongly 
coupled regime

NRG = numerical renormalisation group

Broadening by coupling Γ of N = 1 level 
due to hybridisation with continuous 
density of sates in the reservoir

Paper 2
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Kondo effect: quasibound singlet state 
between the localized spin and a cloud of 
delocalized spins in the reservoir at 
temperatures below TK

No magnetic moment and zero entropy 
for a single-election QD, so the measured 
entropy should remain zero for 

However, this is not observed in 
experimental data.

Charge measurements are dephasing the 
Kondo singlet? At least no dependence 
observed when changing the charge 
sensor bias from 300µV to 50µV.

Paper 2



Conclusion and outlook

• Measurement of quantum dot entropy from charge sensor using 
temperature dependence of charge sensor reading (in both DC or AC)

• Entropy changes in kBln(i) where i is an integer show the discrete 
changes in the number of accessible microstates

• Latest approach works even for strong coupling to the environment
• Expected Kondo physics is not showing up in the measurements, what 

could be the reason?
• To what other systems could this kind of entropy measurement be 

applied?

16



17

Extra: On-Chip Maxwell’s Demon as an Information-
Powered Refrigerator, J. V. Koski et al. (2015)

Entropy move from system to demon, cooling (?) the SET
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