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Topological Mechanics in
Maxwell Lattices &
Continuum

Xiaoming Mao
Department of Physics, University of Michigan

BSS 2026



Brief Review: Topological Mechanics in Maxwell Lattices

2D lattices:
Topological winding number: Topological polarization
1
n; = 2— dq - Vq lndet(C’(q)) RT = niaq + n-,a,
e C;
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* C. L. Kane and T. C. Lubensky, Nat. Phys. 10, 39 (2014).
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Floppy modes vs. states of self-stress

Programmed locations

nd T. C. Lubensky, Nat. Phys. 10, 39 (2014).

* C.L.Kane a



Brief Review: Topological Mechanics in Maxwell Lattices

Analogy with magnetic polarization: ZM (N pole), SSS (S pole)

Property coming from bulk instead of edge
— Highly robust against damage



Transformable topological
mechanical metamaterials

D. Zeb Rocklin, Shangnan Zhou,
Kai Sun, Xiaoming Mao

University of Michigan
Rigid connector Webpage of video:
Hinge https://sites.lsa.umich.edu/xiaoming-

mao/




Maxwell Topological Mechanics + Nonlinearity

Topological
transitions
y il
' Topologically
- polarized
e ' : B \
k5 Non-polarized E i 932 Nehpilefeed
& a,—a4 -
Dilation ; ; ; Dilatior\ &
: : Op

dominant Y Shear dominaht dominant A 11
’ " y X N e . | Y, ; : s ¢ : \
A 1.0 / 15/ ¢ 2.(\l \ 25 V
L. A

Transforming lattice with uniform soft twisting 0

* D. Z. Rocklin, S. Zhou, K. Sun, X. Mao, Nat. Comm. 8, 14201 (2017).



TTMM + Bistability

Xiu, et al, PNAS 119, €2211725119 (2022)



Realistic Maxwell Lattices

* Non-ideal hinges

e Ball-and-spring providing
model bending stiffness
| >
* Topological edge * Topological edge
modesatw =0 modesatw > 0

* Transport!

w

s san

01 02 03 04 X 01 02 03 04 Oy

Ma, Zhou, Sun, Mao, and Gonella, PRL 121, 094301 (2018)



Experimental Setup

« Material: ABS with reflective paint Floppy side

e Cutting method: waterjet

* Thin sheets: in-plane mechanics

* A point shaker for excitation

* Measurement: 3D Scanning Laser
Doppler Vibrometer

Non-floppy side

Zoome-in figure of the
experimental specimen

Ma, Zhou, Sun, Mao, and Gonella, PRL 121, 094301 (2018)



Observing Topological Edge Modes

Excitation (a) -0.2
fromhard (3
edge

5 ”g 0.2

S il

0

(b)

Excitation 0
from soft

ed = <0.1
ge =

o 02
-0.3

0
X (m)

Time

Ma, Zhou, Sun, Mao, and Gonella, PRL 121, 094301 (2018)
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Zhang and Mao, New Journal of Physics 20, 063034 (2018)



Effects of states of self stress

Gripping Device

(d) . Center Strain Gage: Strain vs. Force @
x1
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Widstrand et al, 1JSS 274, 112268 (2023)
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Effects of states of self stress

This works even when it’s broken!

Widstrand et al, 1JSS 274, 112268 (2023)



From Maxwell |attices to Maxwell continuum

1
Elastic energy in linear materials E:fdrEKijkleijekl \

strain tensor (d X d symmetric)

€;; = (O;u; + 0ju;)/2

d(d+1)/2 B
dr —ﬂ :
] 2 ‘K /
Voigt notation (d(d + 1)/2 vector)

“Maxwell continuum”: (V)
= (€xz, €yy; €ay)
elastic constants 1 V) (V)
T E= [dr=K;c: ¢
{4} =1{44,--,240,---,0} d dim displacement vector u ] Fotut
- Marginal stability:
degrees of freedom = constraints
d positive  d(d —1)/2 g

Mechanism of marginal stability: €

K Sun and X Mao, PRL 124, 207601 (2020)



Classification Based on Soft Strain ¢

Soft twisting Shear dominant Dilation dominant
characteristic deté< 0 deté> 0
Spatially varying ky= A, k+ 0(k?) ky, = Re(A.) k+ ilm(A.) k
floppy modes with 2, € R +0(k?)
Vanishing speed " Positive speed
Bulk phonon spectra | of sound in of sound in
two directions all directions
z—=2d z = 2d z> 2d
Example -
: A_4
lattices b i i 4
T | | SEE | 58
A_4_4 i
Floppy | Frequency w=0 = (0] w = 0(k?)
edge -
phonons 0(k?)
(FEP) | Decay rate _ FEP NOT 0(k) 0(k)
Can be 0 in some teed
cases (bulk phonon) guar?'n ee
to exist . : :
Gan bs FEP appear in pairs at opposite
" FER boloaicall edges and can be described by |
features p?oplgr(i)zgelga y generalized conformal
_A_A_A transformations
A_A_A_A_AL_

A_A A A _A_
A_A_A_A_A

Rocklin et al, Nat Comm 8, 14201 (2017)



Continuum theory

“Long wavelength theory” for topological mechanics

d(d+1)/2 )
/ dr Z —(Muk(?u + MO0+, ...)

+ 0(80u)?, (2)

K Sun and X Mao, PRL 124, 207601 (2020)



Summary
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