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Plan of  the lecture
Euler rules
Topological charge in 2D 
Topological Gauss Theorem in 2D
Foam topology: how to characterize?
Experiments: From Matzke to now what do we measure?
Average topological quantities
Measurable topological quantities
Topological Distribution functions
Maximum Entropy models (possibly reached in coarsening, 

see next lecture) 



Euler’s Rules for convex
polyhedra
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Euler’s Rules for a two
dimensional tiling:

1 polyhedron, F →∞
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Why three folded
vertices



Euler’s Rules for tiling 3D spaces

2=+− FEV
Apply for 
isolated
bubbles: 

3V=2E



Coxeter identity
• 3v=2e for each, isolated bubble.
• v-e+f=2 3f-e=6
• e is the number of edges of a bubble
• in a bubble each edge belongs to 2 faces
• the average number <n> of edges per face is  

<n>= 2e/f;  
• 3f-e=6 6f-<n>f=12
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Relation between two
quantities



Topological
Charge in 2D
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Gauss Theorem in 2D
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Other contours
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Extending to  3D

• Consider a face of n edges.

where θ0=109.47o and K is the Gaussian
curvature:
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Why is it important?

• 2D:  The law of Laplace gives the
curvature in terms of pressure difference

• 3D: ?? 
The law of Laplace gives the mean

curvature Km in terms of pressure
difference!

21

11
rr

Km +=



Measuring: Matzke

• E.Matzke, American Journal of Botany 33, 58-80 
(1945))

• E Matzke and J Nestler (American Journal of 
Botany 33, 130-144 (1946))

• Using a serynge put thousands of monodisperse
or bidisperse bubbles by hand.

• Using a binocular stereoscope observed and
measured the system. Photographs and
drawings.



Matzke Results:

600 bubbles in the
bulk:    <f>~13.70
400 bubbles in the
boundary: 
<f>~11.0
No exception to 
Plateau’s rules.
No Kelvin cell

• More frequent cells
:13 faces

4 faces:1, 5 faces:10 , 
6 faces:2.
• Faces with 4,5 ou 6 

edges



Direct images and
optical tomography

in 2D

• In two dimensions the
foam is put between
two plexiglass plates: 
Films, photographs, 
etc

• Good for coarsening
investigation.



What about 3D?
• To look inside a froth

it must be very dry!
• Light scattering,then?
• Dry cases: how to 

deal with so much
information?

• Numerical treatment.







Statistics

• What variables define the state of a froth?
• Vertices, edges and faces position.
• 3D: Center of mass position, volume, 

surface area, number of faces, number
and length of edges...and correlations.

• 2D: Center of mass position, area, 
perimeter, number of edges...and
correlations!



Statistics
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Statistics: 2D
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µ2 and m(n)
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Time evolution
• Foams certainly evolve in 

time.
• Dynamics reflects in bubbles

shapes.
• It is worth simulating!
• Is there a scale invariant

regime?
Distributions of non-
dimensional quantities
should not vary in time.

Yes in 2D
?? It seems yes in 3D.



Next talks

• Topology and geometry
• Topology, geometry, and coarsening


