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In this talk I will present very recent theoretical and ex-

perimental results about the relaxation of systems subject to

one or several quenched. In particular, I will show that dur-

ing the transient evolutions, before reaching an equilibrium

or stationary state and under some particular conditions, the

studied systems show surprising and counterintuitive effects.

Namely, the Mpemba effect [3, 2, 1], the Kovacs effect [4]

and an asymmetry between equidistant and symmetric heat-

ing and cooling processes. The ME happens when two iden-

tical systems, but with different initial temperatures, are put

instantly in contact with a heat bath at a colder-than-both

temperature, and the system that is further from equilibrium

reaches it faster than the system that is initially closer to

equilibrium and the opposite, the Inverse Mpemba effect,

the cooler heats up before the heater and the Kovacs effect

can take place when a thermalization process is suddenly in-

terrupted by a change of the bath temperature, leading to a

nonmonotonic evolution of the energy of the system. Finally

we will show that heating was predicted to be faster than

cooling, which we experimentally confirmed using an opti-

cally trapped colloidal particle. More strikingly, we show

with both experiments and theory that between any pair of

temperatures, heating is not only faster than cooling but the

respective processes in fact evolve along fundamentally dis-

tinct pathways, which we explain with a new theoretical

framework we coin ”thermal kinematics” [5].
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