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Nobel Prize in Physics 2021
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‘’ No single prediction of  anything can be taken as unassailable 
truth, and without understanding the origins of  variability we 
cannot understand the behavior of  any system. ‘’ 


‘’ The emergence of  disorder from order, and with it multiple scales 
in space and time, is a characteristic of  complex systems. ‘’


John  Wettlaufer, 

Member of  the Nobel committee, and Professor at Nordita, 
Stockholm University and Yale University. 
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Flow past a cylinder: transition from laminar to turbulence
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Turbulent thermal convection
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Loren(t)z disambiguation
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Lorentz transformation in special relativity 
Lorentz force in electromagnetism

Ludvig Lorenz (Danish), contemporary of  Lorentz.

Known for the Lorenz gauge condition
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Hendrik Lorentz (Dutch): 1902 Nobel 
Laureate with Zeeman, for the Zeeman effect. 
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Loren(t)z disambiguation
Edward Lorenz (American, died in 2008): 
mathematician and meteorologist.

Known for the discovery of  CHAOS = 
sensitivity to initial condition. 
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Toy model for convection in atmosphere: 
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Lorenz Strange attractor 

In the phase space (x, y, z) trajectories are confined in a fractal set:

- It is bounded. 

- Two neighboring trajectories separate exponentially fast. 

- It has zero volume. 

- It has dimension 2.05. 
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A piece of  Climate Science 

- Stefan-Boltzmann law 

- Solar constant 

- Albedo

- Green-house effect 
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Earth’s climate: a complex system 

- The albedo depends on cloud cover and the amount of  ice/snow.

- Radiation is latitude and day/night dependent.  

- There are seasonal variations because the axis of  rotation is tilted 

and the orbit around the Sun is elliptic.

- Effect of  convection: temperature is altitude dependent.

- Evaporation of  oceans and lakes, condensation of  water vapor in 

clouds. Latent heat affects the temperature gradient (lapse rate).

- Horizontal gradients: winds, ocean currents 

How to understand its variability ? 
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Climate sensitivity 

How much does the surface temperature increase 
when the concentration of  C02 is doubled ?  
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Water vapor is the most powerful greenhouse gas, 
but we don’t control the hydrological cycle. 
However, we can regulate CO2 emissions !
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Manabe’s solution: numerical climate model
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Manabe’s solution: numerical climate model
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Hasselmann's solution: Brownian motion

Climate is the signal, weather is the noise! 

Walk your dog!  
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Global warming is due to human activity 


