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Effects of wettability and thickness on droplet-induced wrinkle flattening
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It has recently been reported that wrinkles on bilayers consisting of a soft substrate and a metal thin film be-
come flattened upon contact with water droplets. Although previous studies have suggested that surface wet-
tability is a factor governing this phenomenon, the underlying mechanism remains unclear. In this study, we
investigate the effects of wettability and film thickness on wrinkle flattening through in situ microscopic ob-
servations using thin metal films formed on elastomer substrates.
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Fig. 1 Microscope image (a) and line profiles (b) of wrinkles
flattened by a water droplet. Scale bar: 20 um.
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Buckling of silver nanowires on elastomer substrates
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Silver nanowires, which have excellent electrical conductivity and optical transparency, are widely used in
stretchable electronic devices. Although they are known to buckle under compression, the underlying
mechanism remains unclear. In this study, we investigate the buckling behavior of silver nanowires on elastomer
substrates through in situ atomic force microscopy observations. Silver nanowires with various diameters were
examined on polydimethylsiloxane (PDMS) substrates with different elastic moduli. The results show that the
wavelength and amplitude of the buckled nanowires depend on the nanowire diameter, compressive strain, and

OABHEEATIARER BANFERES

the elastic modulus of the PDMS substrate.
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Fig. 1 Atomic force microscope image of a buckled silver
nanowire on a PDMS substrate.
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Construction and Implementation of a Surrogate Model
for Non-reciprocal Gels Using Sobolev-trained MLP
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This study aims to construct and implement a multiscale surrogate model capable of reproducing the highly
nonlinear behavior of non-reciprocal materials by linking the microscopic buckling behavior of nanosheets with
the macroscopic mechanical response. Specifically, we construct a Multi-layer Perceptron (MLP) incorporating
Sobolev training, which simultaneously learns stress values and tangent stiffness. The MLP model predicts the
true stress and tangent stiffness from the logarithmic strain of the unit cell. This approach enables the model to
learn the complex tangent stiffness tensor characteristic of non-reciprocal materials. In this paper, we detail the
construction methodology of the proposed model and demonstrate its prediction accuracy and effectiveness
through validation experiments targeting nanosheet-embedded gels.
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Fig. 1 Architecture of Sobolev MLP with Jacobian training.
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Fig. 2 Learning curves for stress and stiffness errors.
(a) Mean squared error of stress and (b) stiffness.
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Information Geometric Analysis of Deformation of Polymers using Affine Network Model
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Elucidating the mechanical properties of polymeric materials is crucial for developing high-performance
materials. However, the affine network model, which describes material deformation through the probability
density function of polymer chains, has not fully utilized this statistical information. In this analysis, the
probability density function representing the state of polymer chains is regarded as information denoting the
microscopic state of the system. Additionally, Wasserstein information geometry, which measures the transport
cost of probability distributions, is introduced onto the statistical manifold formed by these probability density
functions. For the relaxation deformation process of elastomers, the geodesic, representing the shortest path of
information, is compared with the steepest descent curve of the free energy. The results reveal a clear
discrepancy between the two paths, indicating that the spontaneous relaxation process does not necessarily
follow the transport-theoretically optimal route. By evaluating the contribution of thermodynamic forces
resisting path constraints during deformation, based on the difference between this informational shortest path
and the mechanical path, this study aims to clarify the relationship between information and mechanics in the
deformation process.
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Fig. 1 Relaxation deformation process in deformation
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Morphological Analysis of Mechanically Equivalent Crystalline Defect Configurations
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Line defects in crystals are classified into translational-type dislocations and rotational-type disclinations. It is
known that there exist special configurations in which these two kinds of defects exhibit equivalent elastic fields
in their vicinity. To clarify the characteristics of such mechanically equivalent configurations, this study carried
out a kinematic analysis using differential geometry. As a result, it was found that for a single wedge disclination,
two different edge-dislocation configurations can exist. These two types of edge-dislocation configurations are
considered to represent the difference between partial and perfect disclinations.

1. 8

FE IR OB BT AEAE « RIS FRPE ORISR IS D ER
PLERNLIZET D ENTE S, —F, BMCRR5Z
E ORI x LT, REGUIEEDIGS) « O BIGN% L
IR BZEMEENEET D ENMbRTWS., 29 Lz
PRGNS & 72 D R AL E OIRERB & LT, FRERA S
& OB N ZET HD D, flr, Fox ORFZES L
— TIPS S A L & U TS R e o0 g A )
BiaxE WD 2 & T, HRALYI & BINI s~ & BT 2 B %
EFRTDHIENTE, il L Clig O 0%k
OFRLIED, PHEROGOGMMEICETHDL Z LN TED
ZEEWHLMNILE Y. ZOR—RIE, BEFERIIET T 4
UHHE L I A RS A BT AEMEICE TSNS, L
L7 s, Z OB T 20 8E ThbbExs
AT BN & AR AR E 28 & D X 5 R A H o2 T
HLMNMIENTELT, Zhb FEO KIEEEOMOR
—RWNEZETHREMIFNHTH S, Z) Lo mekkE
2T, AW TIIERNT & [T DL « WA ATV, J1%
BT 7R AT - BN ELE DR AR b 52 L& B
BEd 5.

2. BEAE

LA Tk T R MaRR I BBV TIE, K% &rdefks S O
TRRY 7R YAVEZS T AR BE % Riemann—Cartan Z64% R (M, g, V) & H
WCRLRT 5. ZAhUE, RS AT Riemann Fhig,
BLOT 7 4 v ERVERAWT L LZZRTHD. =
DL E, KBTRMWGOZERGAIXT 7 ¢ VHHEVE AW TE
F SN DR 2- A, B KO 2-BR0f 2 v TRH
THIENTE S, FRITHENLIT Weitzenbock BEGEVY, [AIAL
IZ Levi-Civita BEGVEZ W TET Z LN TE S, bR
FAET % & %, RiemannCartan ZEERIZKATHREIND

Cartan DFF— « B & HREEWE T2 L2 I L TRE
THZLENTES.
% = d9” + wf AP (1)
Qf = dwf + o} Awp )

7272 L9%Eg = 6,9% ® 9P A ii/2 9% Riemann—Cartan %
BRIKOERBERILIETH Y, 0flIT 7 4 VBRI 282
Be 1A TH D, FFIZ, Weitzenbock #5E Cliwg = 0& 3
T EMTEB.
INHOHBAICK LT, BMOLBRFET DEM
(*#0) O T TR EME, Zhick-THoITE
Riemann &8 g7:5 Levi-Civita #£fD e 1-TEXwg &R
W, KITCAT B Z & TEZ bS5t d™ 5 [

MDZEMD I RET H N TE S, BE, Wikt
FTAHOF R+ 5353 Riemann FHEglIZDBRKEST 5 Z &
M, T OB O BB EORTR TS IR ISR
N5, Lo T, ZOEEIC K-> CEMARMMES 27>
AL E RN O ERHT A ENTE D, £, Zhew
DOEWHEAEL LT, 1ZUOICENOZEMSHE 5%, £2
T LA IEHIBE A HLEY® 35 X O Weitzenbock H4f5E D92
BHwg = 02 X(ITRAT D Z LT, G2 b
& U CHEM R AL E 2 R 2 2 L TE 5.

3. BMEREEBE

LTI SEMIERTERE - L=
QS(YH@) EETZENTED. 12720, UTEALINTH -
7B R & %720 @ Burgers X7 hLOREX I THY, §i
Dirac 7 /V %, HX Heaviside BA%t T 5. NEH [ OB D
EHIZ LD ZHITHIE T 5 < S ORI = Q6(x)6(y)
LRI ZENTE D, 2T, BB ORGEE (x, y) = (0,0)
WL SCEWER R LT Dk F AR LTV D 2. RICQ) =
Q5(x)8(Y) D < SVEIZIZH L TH(D)-2) % fif< &, Levi-
Civita Bt D Bsfe 1-IlEiTwl = z:rz (—ydx + xdy) £ 72 %.
IhE AT EMELS LWL, 92) = (dx, dy) + wi(—y,x)
LD, ZhUTH LT Weizenbock #Ef5E D TR (ITIUA
T5E, ER2BAIRAEL S ICERFT LR TE D,

€)
4)

T

R, FEHAIZ Burgers X7 kL% D RARIRERNL O H
SAEERLTEY, FWRIEBMY &38R DEE 2R LTV
. Lo T, < SOENLITIE, TR E 72 MRER
AEREN D72 &b ZRRFET 5 EZE2 LD,

TR O FRERAEE T, fETREIR O K
Ao P—IEFE L TIRESNZ b0 EEZ NS, H— -
B ORTIE, F NN S 2 T2 R BEES E S LG,
FNFix =0,y > 0DFEA, (x,y) = (0,0) D) RIFR
RPTEET S, BG4 THE L N iR AL E 1T
G272 SV & [R—OR RS AH L TEY, wIHEE
DRSS NENTELE IS L TS Z L 2R LTV 5.
T2, MRue Y- TEEOBRIY, e e
L EVENLORXRBINARETH D Z L &RB LTV D.
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