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Two Classes

Cyclic Engines Thermoelectric Engines
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|. Unified description of cyclic and thermoelectric engines
Il. General trade-off relation between power and efficiency
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Linear response

Jw - LWW,TW + quj:q
Ja = LwqJFq + LaaFq

L. Onsager

Affinities: Fo = (n — pe)/Te
Fa=1/Te=1/Ty reciprocity relations:

Time-reversal symmetry implies

Second law: [
[S:waw‘l‘j:qu 20] [ I—aﬂ[B]:LBa[_B] ]
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PeriOdiC DriVing Affinities & Generalized Fluxes:

Fw=AH/T, Fq=1/T.—1/Ty

E‘T/dt/dxgt P (x)

_T/dt/dxtht )Py (x)
_Q_ _R_ _R_ _Q_ Second law & Reciprocity relations:

p
Working fluid: He(x) = HO + AHg!(x) | 6 = £, 1+ Fulo > 0}
\_
1 T Th 4
Environment: T, = ¢
‘ Th+ (Tc - Th)’)ﬂs1 LaB[Ht’ T, B] - Lﬁa[H—n T 4, —B] }
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Power vs Efficiency
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— _ =P/J
X=1 P chw-]w n / q
. 3 X=2 Po = chquq nc=1- Tc/Th
o X=0
~ X — 00
£27 X = Lwq/Lqw
(o
1| Engines with broken time-reversal
symmetry can apparently reach
Carnot-efficiency at finite power.
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Stochastic Heat Engines

|1 Energy conservation
| & Detailed balance:

L (x)Hi(x) = 0
LI (x)pe(x) = pr(3) LT (x)
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Po =~ nc e )
; Po ~ (H® eq/ Tre Q:;é
Fokker-Planck dynamics: 0~ (H)eq/Trel
8tprC( ) — [L}c“ev (X) + L;lcrl“( )]pfyc( ) 0 02 04 i 06 110s 1Bl

Aalto U it . .
A” sihgo.'l,'f"é’cs.!e,‘,’ce [1] K. Brandner, K. Saito, U. Seifert; Phys. Rev. X 5 031019 (2015)




Multi-Terminal Model S
\ Particle conservation _é_ _R_

f‘i“& & Self-consistency:
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Po = nc yle =
Los = /0 dE hghg (6 — [SE[*)fe Po ~ k&T2/h "
hg =E—p. hg=1 (LR GV e e )
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Conclusions & Perspectives

Thl@ |. Unified framework for mesoscopic  Extensions & Outlook

heat engines
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» Classical engines in
non-linear response [1]

Il. General trade-off relation between
power and efficiency in linear * Quantum engines and the
response role of coherence [2,3]

« Strong coupling

£<1(_£)
T. " Po ~ nc Ule
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