





Extended DataFig.1|See next page for caption.
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Extended DataFig.1|Non-Hermitianskineffectand transient dynamicsin
thel2-vertexring onimpact. a, The active projectile withv° < O isvertically
incidentagainstawall.b,c, Theangular deformation of each vertexis plotted as
afunction oftime, revealing a unidirectional wave propagating in the opposite
direction of Fig. 2a. See also Supplementary Video 2. d, The ratio between
incoming and outgoing momentap,,/p;,in the x (round markers) andy (square
markers) directions as a function of the odd ratio v° for aninitial velocity v;, of
0.26 ms™(blue) and 0.34 m s (orange). The data of Fig. 2c is found by averaging
over these twoinitial conditions. e, Inset top, the chainis modelled asa
continuousring (see Supplementary Informationsection 1). Inset bottom,

we evolve equation (M12) ona1D periodicring using the second harmonic as
aninitial condition. Colourindicates deviationin curvature. Main, the flux

W= 6erwithz=Ae (see Supplementary Information section 1B) quantifies

the unidirectionality and amplification of the waves in the experiment. Black
lines show flux values calculated from solutions to equation (M12), calibrated
with experimentally determined parameters for thering described in Methods.
Notethat,intheregime [k%|/k > 0.45, there arelarge error bars. This is most
probably because of the fact that the ring sitsin the unstable regime described
inFig.4a-d,inwhich deformations are large. Note also that we see relatively
good agreement with the prediction based on equation (M12) in spite of the
fact that thismodel assumes small deflection about flat geometry. f,g, Angular
momentum of the odd ring before and afterimpact. Theringislaunched with
no angular momentum but odd response imparts rotational momentum,
which scales with the odd stiffness k. Angular momenta are normalized by the
scale Rv;,,inwhich Ris theradius of the ring and v;, is theincoming velocity.



iSOt ropic a n iSOt ropic Extended DataFig.2|The effect of

anisotropy onodd elastic work cycles.
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\\, parameterizes the symmetric coupling
and thus the measure of anisotropy. The
simple quadratic potential of a passive
/ 1 \ elasticsolid withv°=v¢=0 (a) attains an

shearmodes S;and S, canonlyarisein
elasticsolids with brokenisotropy.
Theshear modes of ananisotropic odd
elastic solid would evolve according

to following equation of motion:
Z=-z+iv°z+ivz*~TIz,inwhichz*isthe
anisotropy axis when v¢becomes non-
zero (b). Anodd elastic solid withv° =0
andv¢=0featuresacurled force field that
doesnotderive fromits potential butis
stillisotropic, evidenced by the rotational
symmetry of the force field (c). When the
symmetric couplingisturned onand
v¢# 0, the anisotropic odd solid will have
adifferentresponse dependingonthe
direction ofanapplied shear strain (d).
Although thelinear, non-reciprocal
constitutive relationship inequation (4)
requiresactivity,asymmetric deflection
canalso occurin passive anisotropic or
chiralmediaor those thatare non-
reciprocal through nonlinearities®®*°.
e-h, Gravity and normal forces arising
fromthe treadmillintroduce an extra
nonlinear termz/|z|. A passive isotropic
solid (v*=v*=0) placed inthis setting
willbeattracted toone of the shear
configurations onthering of fixed points
(e). For apassive anisotropicsolid (v* # 0)
suchasarugby ball, notall orientations
areequipotential and only two fixed
points remain (f). Anisotropy modifies
thelimit cycle exhibited by an odd elastic
solid fromacircular trajectory (g)toa
more elliptically shaped trajectory (h).
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Extended DataFig.3|Acycle of shape changes of increasing frequency drives adaptive locomotion. a, Akymograph of the internal deformations 66, of the
locomoting ring of Fig. 2d during acceleration fromastatic initial condition. b, Cycling frequency of the locomoting ring during the acceleration phase.
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Extended DataFig.4|Benchmark oflocomotion performanceinal2-vertex = multilayer perceptronwithaccesstolocal (top right) and centralized (bottom
ring. a, Asnapshot of simulation of the active solid locomoting on complex right) angle information. ¢, Evolution of the symmetric (shades of green)
terraingenerated fromasumof random Gaussian functions (see Supplementary  and antisymmetric (shades of red) long-range coupling strengths during
Information section4).b, Abenchmark of the locomotion performance of optimization. d, The optimized actuation torque 7;as afunction of neighbouring
thelocalandlinear control scheme (top left) using angle information from angles 66,,, for local feedback (top left) and the local network (top right). For

neighbouring vertices §6,,,to actuate atorque as discussed in the maintext. We  central control (bottom), we find the average output torque 7;over aset of
optimize the long-range interaction strengths given by the dynamical matrixK;  randomized remainingentries of the angleinput vector.
ofacentralized control scheme (bottom left), and the weights and biases of a
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Extended DataFig.5|Post-impact vibrations of the activelattice.a, Apassive  hexagonisplotted. Thetotallengthis. =128 cm.c, The displacementis
projectileislaunched at theactive lattice of Fig. liwithk“ < 0.b, Corresponding  averaged over each columnu,andis shownasafunctionoftimeand the
reconstructions of the wall, for which the vertical displacement u, of each horizontal coordinate x, demonstrating unidirectional wave steering.
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Extended DataFig. 6 | Unidirectional Rayleigh waves. The centre of vibration
¢ (seeequation (M24)) measured as afunctionof the odd ratio v°.Inset top right,
the continuum model analysed in Supplementary Informationsection1A implies
the existence of Rayleigh waves whose vibrational modes grow exponentially

alongthesurface withinverse decay length g, (see Supplementary Information

sectionl).Insetbottom left, we plotg, =g, Lz asafunctionoftheoddratiov®
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predicted by the continuumtheory, in whichwis the frequency of the wave and
Eandparethe Young’s modulus and density of the wall, respectively.





