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Abstract
 Quantum Otto Cycle with single spin-1/2 has the same 
properties of the classical Otto Cycle

 Quantum Otto Cycle with two coupled spins-1/2 has 
efficiency gain that in many previous works has been related 
to quantum correlations

 We show that
 Efficiency gain is due to the energy level structure: the 
fact that one level does not couple to the external work 
source

 Efficiency gain happens when the energy flux in this level 
is from the cold to the hot bath

 The engine may operate even when we exchange the hot 
and cold bath role

 The engine may cease to operate if the cold (hot) bath 
become to cold (hot)

 Efficiency may increase when bath T difference decreases
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η = 1 – (1 / r γ-1) , r = V1 / V3
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Engine: T3 > T2  =  T1 r γ-1 

Ref. T2  > T3  > T1 
Acc : T1  > T3 

Coupled Spins Otto Cycle
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Quantum Adiabatic
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Aproach a 
magnet: W>0

For J>0 system is out of equilibrium

Single Spin-1/2 Otto Cycle

 hb = 1, ha  = 2

Heat Flow and Efficiency 

Counter Intuitive Properties 

 Interpret heat as the sum of heat 
exchanged with each llvel

 Increase in eff is due to the flux via 
the -8J level being from the cold to 
the hot bath

 Can operate in both directions in the 
Sxh diagram: Ta > Tb or Ta < Tb 

Level -8J does 
not vary with 
external field and 
does not 
contribute to work

Efficiency can increase with decrease in bath 
T difference

Effects also valid in more general models

Efficiency can be boosted further if the hot 
bath is replaced by a quantum measurement 
[4]

Effects robust to non-adiabaticity [3]
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