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Giant number fluctuations (GNF)
Anomalously strong dependence of the variance of the number of particles on the mean numberDefinition

“degree of chaos”

equilibrium active
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Giant number fluctuations (GNF)
Anomalously strong dependence of the variance of the number of particles on the mean numberDefinition

Deseigne (2010)Narayan (2007) Schaller (2013) Nishiguchi (2017)
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Measurement GNF in 3D

● Definite measurement of       
○ 0.13 to 0.5
○ Presence of frictional walls 
○ Quantitative understandings

■ Concentration dependence
■ Dimensionality effect
■ ...

10 µm 30 µm

Quasi-2D bacterial suspensions

3D bacterial suspensions

50 µm



6

Measurement GNF in 3D: Beer-Lambert law

https://www.scienceabc.com/pure-sciences/what-is-beers-law.html
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Light attenuation is proportional to 
solution concentration

low concentration

high concentration



7

Concentration and light: quantitative relation

50 μm

Bacterial active turbulence
Different concentration - Same illumination

Volume 
fraction 0.016 0.032 0.048 0.064 0.080

★ A similar idea                    can be found in Wilson (2011) 
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GNF at different concentrations
Volume fraction
              (%)

●      measures the 
magnitude of GNF
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GNF at different concentrations

1.6%

6.4%

No collective motion
Collective motion

Close to the 3D prediction by 
Simha and Ramaswamy (2002) 

Gradual increase 
qualitatively similar to 
simulation results by 
Saintillan and Shelly (2012)

Simha and Ramaswamy (2002); Saintillan and Shelly (2012)



GNF and kinetic energy: global correlation

Kinetic energy:

Particle image velocimetry (PIV)
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GNF and kinetic energy: local correlation
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Conclusions
● 1st measurement of GNF in 3D bacterial suspensions
● Confirmation of theoretical prediction and simulation results
● Coupling between GNF and kinetic energy over different length scales


