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“Hot water can freeze faster than cold water”



E. B. Mpemba and D. G. Osborne, Cool?, 
Phys. Educ. 4, 172 (1969)

C. Q. Sun, Behind the Mpemba paradox,
Temperature 2, 38 (2015)

https://doi.org/10.1088/0031-9120/4/3/312
https://doi.org/10.4161/23328940.2014.974441


Erasto B. Mpemba and Denis G. Osborne in 
London (2013).

Erasto B. Mpemba talking at the 
TEDxDar event (Dar es Salaam,
November 2011)



The fact that the water 
has previously been 
warmed contributes to 
its freezing quickly; for 
so it cools sooner

The problem had been around for millennia, with philosophers 
such as Aristotle, R. Bacon, G. Marliani, F. Bacon, and Descartes 
pondering over it.

Aristotle
(384–322 BC)

Roger Bacon
(1214–1294)

Francis Bacon
(1561–1626)

René Descartes
(1596–1650)

If cold water and hot 
water are poured on 
a cold place, as upon 
ice, the hot water 
freezes more quickly

Water slightly warm 
is more easily frozen 
than quite cold

Experience shows that 
water which has been 
kept for a long time on 
the fire freezes sooner 
than other water



• Scientists have suggested a number of theories (evaporation, 
dissolved gases, convection, supercooling, bonding of water 
molecules, …).

• No full consensus on whether or not the effect might be an 
artifact of the experimental procedures. 

Sci. Rep. 6, 
37665 (2016)

https://doi.org/10.1038/srep37665
https://doi.org/10.1038/srep37665


• Granular gases
• Inertial suspensions
• Spin glasses
• Carbon nanotube resonators
• Clathrate hydrates
• Markovian models
• Active systems
• Ising models
• Non-Markovian mean-field systems
• Colloids (active and passive)
• Polymer crystallization
• Quantum systems
• …
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No memory of the past
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A.S., Phys. Rev. E 109, 044149 (2024)

http://dx.doi.org/10.1103/PhysRevE.109.044149
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No Mpemba effect is posible with a single-quench protocol



Waiting time





Crossover time



Phase
diagram



Cooling/Heating symmetry
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A. J. Kovacs, Transition vitreuse dans les
polymères amorphes. Étude phénoménologique,
Fortschr. Hochpolym.-Forsch. 3, 394 (1963).

https://doi.org/10.1007/BFb0050366
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• The time-delayed Newton's cooling law
provides a simple yet powerful framework
to explain the Mpemba and Kovacs effects,
highlighting the importance of memory
phenomena in thermal processes.

• The presence and strength of both effects
are determined within a two-dimensional
parameter space (delay time and waiting
time), independent of the thermal bath
temperatures.

• These findings may offer a deeper
understanding of thermal dynamics and
could inform research in various fields,
such as materials science and
thermodynamics.

• Further studies could explore the specific
physical mechanisms behind the delay
time and investigate other systems where
the Mpemba and Kovacs effects might
occur.
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