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Topology protects equilibrium structures in a classical system of interacting lines
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Construction of topologically protected states that arise from the combination of 
strong interactions and thermal fluctuations inherent to soft matter. Consideration 
of fluctuating lines under tension, subject to a class of spatially modulated substrate 
potentials. At equilibrium, the lines acquire a collective tilt proportional to an integer 
topological invariant called the Chern number.
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Active topological metamaterials: fluid within particles, continuous motion. Chirality of flow 
transmitted to density waves? How does the sound move through the net of those? 
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Robust unidirectional sound waveguides: no back-scattering and the wave goes around the 
obstacles (Souslov, van Zuiden, Bartolo, Vitelli Nature Physics 2017). Excite a wave in 
appropriate frequency and it will go around the boundary and around obstacles. Never enters 
the interior of the net.  

 

 

 

 

Chern number: 
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Berry connection 
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Topological gyroscopic metamaterials: Experiment with gyroscopes shows the same property 
that the wave (obtained by poking one of the gyroscopes) goes along the edge only and goes 
around places if gyroscopes are removed. 

 

Movies from the webpage: http://home.uchicago.edu/~vitelli/videos.html 

Topological mechanical metamaterials I: the flipper shows a movable structure that appears 
entirely rigid at first but can be moved locally. The local softness property can be moved to other 
vertices. 

In topological Maxwell lattices the rigidity and the softness can be placed in a particular place 
within the lattice. 

Response to adding topological defects? Placing two topological defects in the structural 
feature in the medium. Is the entire structure rigid or not? At the position of the two defects 
the reaction of the medium is different (soft or rigid), depending on the topological polarization 
(quantity that is +1 or -1). If this number is positive, then the reis a zero mode. When it is 
negative then there is no motion and possibility of stress (state of self-stress). 

Topological band theory of “Phonons”  
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# of degrees of freedom-#of constrains=𝑛௭௠ − 𝑛௦௦==flux polarization(the difference of the 
numbers of zero modes in the matrices) 



Winding numbers:  
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Topological control of material failure: use the state of self-stress (the entire line of it). 3d 
design by stacking layers and creating the entire self-stress region. The 3D printed mode shows 
the localized buckling response. 

Topological patterning of interacting polymers: polymers are fluctuating line that are interacting 
with each other, study the mechanical problem in the presence of strong fluctuation, 
mathematically this is summing over a mini path. Here are interactions of many polymers. 
Polymer lines have a tilt (rational number), which is proportional to Chern number (integer). 
When the noise becomes large then the Chern number jumps. 

 

 


