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Simple models can explain the behavior of thousands of interacting organisms.

www.ted.com/talks/steven_strogatz_on_sync
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“More”

is 

Different

1972



“Physics of
Bacterial 
Behavior”
Nature, doi:10.1038/nature20817

Hugues Chaté 
“Seemingly uncoordinated motions 
of individual bacteria can add up 
to synchronized oscillations at 
large scales!”

Wu Lab: www.phy.cuhk.edu.hk/ylwu/ 

http://www.nature.com/nature/journal/v542/n7640/full/nature20817.html
http://www.nature.com/nature/journal/v542/n7640/full/nature20817.html
http://www.phy.cuhk.edu.hk/ylwu/


Active Matter

Simple mathematical rules governing 
interactions between individual 
units, each harnessing energy and 
moving on its own, can give rise to 
large-scale order!

www.brandeis.edu/departments/physics/hagan/research/images/starlings.jpg
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Active Matter

● To An early 20th-century biologist:
- the birds might share some 

sort of “group soul.”

● To physicists:

- such collective behavior 
evokes not souls but phase 
transitions



http://www.nature.com/news/biology-needs-more-staff-scientists-1.21991?WT.mc_id=TWT_NatureNews&sf79459703=1&sf80096092=1

Wait a second! 
Nature: May, 16, 2017 

http://www.nature.com/news/biology-needs-more-staff-scientists-1.21991?WT.mc_id=TWT_NatureNews&sf79459703=1&sf80096092=1
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the Physics of Phase Transitions
This diagram shows the nomenclature for 
the different phase transitions. 
@wikipedia 



the Physics of Phase Transitions

➀ Below the magnetization compensation 
point, ferrimagnetic material is 
magnetic.

➁ At the compensation point, the 
magnetic components cancel each other 
and the total magnetic moment is zero.

➂ Above the Curie point, the material 
loses magnetism.

@wikipedia 

https://en.wikipedia.org/wiki/Curie_temperature
https://en.wikipedia.org/wiki/Curie_temperature


Active VS Passive matter
“On the surface of Earth, almost everything is 
nonequilibrium, You just cannot solve them without 
computers.”  Tamás Vicsek 
hal.elte.hu/~vicsek/

https://hal.elte.hu/~vicsek/
https://hal.elte.hu/~vicsek/


Vicsek Model for “flocking” 1995



Vicsek Model for “flocking” 1995

Flocking is due to the 
combination of any kind of 
self propulsion and of 
effective alignment.

en.wikipedia.org/wiki/Vicsek_model
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Model for “flocking” 1996

Swirls & colonies:
“a few natural extensions”:

1. Bacterial chemistry
2. Bacteria reproduce

en.wikipedia.org/wiki/Vicsek_model
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Model for “flocking” 1996

Swirls & colonies:
“a few natural extensions”:

1. Bacterial chemistry
2. Bacteria reproduce



Model for “flocking” 1996



Model for “flocking” 2004

Raymond Goldstein
Sriram Ramaswamy

Bacteria in 3d droplets:
● Jets
● Swirls

- Solution?

“Fluid dynamics + Vicsek’s model”

http://www.damtp.cam.ac.uk/user/gold/
http://www.damtp.cam.ac.uk/user/gold/
http://www.physics.iisc.ernet.in/%7Esriram/
http://www.physics.iisc.ernet.in/%7Esriram/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.93.098103
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.93.098103
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.93.098103
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.93.098103


Model for “flocking” 2010



Model for “flocking” 2013



Why Bacteria Team Up?
Do they help bacteria survive and reproduce, or are they mere byproducts of 

bacteria’s basic biology, rather like magnetism, which could be considered a byproduct 
of quantum mechanics?



Why do collective behaviors exist at all?

Evolution’s handiwork:

“Since the laws of physics allow you to essentially get 
patterns for free, it’s attractive to think that biology 
could take advantage of this.It seems like in some instances 
or maybe even many instances, they are at least partially 
taking advantage of it.”

Joshua Shaevitz, a biophysicist at Princeton University who studies myxobacteria. 



Why do collective behaviors exist at all?

Evolution’s handiwork:

Vicsek, 1996:

- Swirls could help bacteria concentrate nutrients. 

Goldstein’s group:

- Biofilms: large groups of bacteria can transition from 
free-swimming individuals to a much less mobile collective 
state. (The analogy to a phase transition is almost irresistible.)
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Why do collective behaviors exist at all?

“It’s up to the physicists to show that there is something 
here that biologists should pay more attention to. Whenever 
we see a pattern, we’re intrigued by patterns, and we 
immediately assign some kind of meaning … but that doesn’t 
necessarily mean that it’s something functional.”

Gürol Süel, a molecular biologist at the University of California, San Diego



Let’s think again;

What is Science?
What is Physics?
Who is a wise policy maker?!



Thank You :D
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