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Lifetime of virus-containing droplets diffusing and evaporating in air

Droplet radii produced by humans sneezing, coughing and speaking are between 1 and 500 µm . In fact, 95% of 
all droplets have radii below 50 µm, and most radii are around 5 µm.

A droplet with a radius of 5 m released at an initial height of 2 meters stays suspended in air for 11 minutes 
before it falls to the ground, which is  relevant for viral infection by aerosols.

Evaporation effects can be treated on the level of the diffusion equation in the stagnant approximation, i.e. 
neglecting the flow field around the droplet, and in the diffusion-limited evaporation regime. This approximation is 
accurate for droplet radii in the range 100 nm < R < 60 m. 

The time-dependent shrinking of the radius is given by 
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Here R0 is the initial droplet radius and the numerical prefactor is given by
 = 𝐷𝑤𝑐𝑔𝑣𝑤 = 1.1 × 10−9𝑚2/𝑠 

where  has units of a diffusion constant and the the water diffusion 
constant in air is 𝐷𝑤,  the liquid water molecular volume is 𝑣𝑤 and the 
saturated water vapor concentration is 𝑐𝑔

As a simple analysis shows, droplets smaller than Rcrit= 67 m will dry out before they hit the ground and 
shrink down to a radius that is predominantly determined by the solute content. Depending on the final 
size, they will be floating in air for an extended time.  (R.R. Netz, preprint)



Non-Ergodicity in 2D Diffusion Processes

1. Ergodicity is an essential pillar in the application of Statistical Mechanics
2. Local diffusivity of proteins in bacterial cells shows non-ergodicity

3. In the article, the authors model viral transport via 2D model

𝑚 ሶԦ𝑣(𝑡) = 𝐷 𝑟 𝑊 𝑡 , Ԧ𝑣,𝑊 ∈ ℝ2

4. And they measure the EB (Ergodicity Breaking) parameter

Andrey G. Cherstvy, Aleksei V. Chechkin and Ralf Metzler, Soft Matter, 2014



The Statistical Mechanics of Gelation

1. A gel is a material composed of subunits that are able to bond with
each other

2. The statistical description of gel formation from a polymer system
3. Flory Stockmayer theory to estimate the gel point

Walter H Stockmayer, J. Chem. Phys., 1943



Percolation Theory in Epidemics
1. Model the percolation of a fluid through a random material

2. Estimate statistical quantities of the percolation process
3. Apply your result to the „percolation“ of a disease infecting a 

community

S. R. Broadbent and J. M. Hammersley, Mathematical Proceedings of the Cambridge Philosophical Society, 1957
S. Davis, P. Trapman, H. Leirs, M. Begon and J. A. P. Heesterbeek, Nature, 2008



The Statistical Mechnics of Self-Assemply

1. Self-assembly describes the dynamical processes in which components 
of a system organize themselves, without external direction, into 
ordered patterns or structures.

2. Estimate statistical properties of a toy model analytically.
3. Compare results to a simple simulation of a 2D lattice gas.

James Grant, Robert L. Jack, and Stephen Whitelam, J. Chem. Phys., 2011 



Nonlinear Dynamics
Maximilian Becker











Thermodynamics of small systems: 
Molecular Dynamics simulations of many-particle models

Program/Set up a simulation of a 2D Lennard-Jones particle 
system (Good model for a nobel gas).

• How many particles and simulation steps are necessary to 
obtain the MB distribution?

• How does the radial distribution function (RDF) compares to 
the RDF of real nobel gases?

• How does the RDF change with temperature 
(phase transition)?

Speed distrbution of 
particles is according to the 

Maxwell-Boltzman (MB).





Stat. Mech. Of Cell Migration
Schreiber et. al , Sci. Rep., 6, 26858 (2016) 

• Equation of Motion for migrating cells?

• Difference between Brownian motion of 
“passive” particles vs. “active” motion 
of living cells

• Inferring theories from experimental 
data


