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Drying pine cones
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Bilayers

<latexit sha1_base64="Gz1674Mx2IUJyHIf3OJpHRNK8yo=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjHqRgBePCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/4yRZIYoWNBRV3XR3ebHgStv2p5VbWV1b38hvFra2d3b3ivsHLRUlkmGTRSKSHY8qFDzEpuZaYCeWSANPYNsb38z89gNKxaPwTk9idAM6DLnPGdVGaoz6xZJdtucgS+Tcdq6qDnEypQQZ6v3iR28QsSTAUDNBleo6dqzdlErNmcBpoZcojCkb0yF2DQ1pgMpN54dOyYlRBsSPpKlQk7m6PJHSQKlJ4JnOgOqR+u3NxL+8bqL9SzflYZxoDNlikZ8IoiMy+5oMuESmxcQQyiQ3txI2opIybbIpmBC+PyX/k9ZZ2amWK41KqXadxZGHIziGU3DgAmpwC3VoAgOER3iGF+veerJerbdFa87KZg7hB6z3L+7BjQc=</latexit>

h
<latexit sha1_base64="Gz1674Mx2IUJyHIf3OJpHRNK8yo=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjHqRgBePCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/4yRZIYoWNBRV3XR3ebHgStv2p5VbWV1b38hvFra2d3b3ivsHLRUlkmGTRSKSHY8qFDzEpuZaYCeWSANPYNsb38z89gNKxaPwTk9idAM6DLnPGdVGaoz6xZJdtucgS+Tcdq6qDnEypQQZ6v3iR28QsSTAUDNBleo6dqzdlErNmcBpoZcojCkb0yF2DQ1pgMpN54dOyYlRBsSPpKlQk7m6PJHSQKlJ4JnOgOqR+u3NxL+8bqL9SzflYZxoDNlikZ8IoiMy+5oMuESmxcQQyiQ3txI2opIybbIpmBC+PyX/k9ZZ2amWK41KqXadxZGHIziGU3DgAmpwC3VoAgOER3iGF+veerJerbdFa87KZg7hB6z3L+7BjQc=</latexit>

h
<latexit sha1_base64="NUQ7Iw29DX27nuQaB7uPz02hAME=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8lKrXqRghcPHiraD2iXkk2zbWg2uyRZoSz9CV48KOLVX+TNf2ParlBFHww83pthZp4fC64Nxp9Obml5ZXUtv17Y2Nza3inu7jV1lCjKGjQSkWr7RDPBJWsYbgRrx4qR0Bes5Y+upn7rgSnNI3lvxjHzQjKQPOCUGCvd3fRwr1jCZTwDWiCn2L2ousjNlBJkqPeKH91+RJOQSUMF0brj4th4KVGGU8EmhW6iWUzoiAxYx1JJQqa9dHbqBB1ZpY+CSNmSBs3UxYmUhFqPQ992hsQM9W9vKv7ldRITnHspl3FimKTzRUEikInQ9G/U54pRI8aWEKq4vRXRIVGEGptOwYbw/Sn6nzRPym61XLmtlGqXWRx5OIBDOAYXzqAG11CHBlAYwCM8w4sjnCfn1Xmbt+acbGYffsB5/wLn3Y2O</latexit>

L0

<latexit sha1_base64="wiNHY6lNUtf72oFwjEy4M6yRd9o=">AAAB9HicdVBNS8NAEN3Ur1q/qh69LBahIpREatWLFLx48FDBfkAbymS7aZduNnF3Uyihv8OLB0W8+mO8+W/cthGq6IOBx3szzMzzIs6Utu1PK7O0vLK6ll3PbWxube/kd/caKowloXUS8lC2PFCUM0HrmmlOW5GkEHicNr3h9dRvjqhULBT3ehxRN4C+YD4joI3kFp2TDvBoAMe3XbubL9glewa8QM5s57LiYCdVCihFrZv/6PRCEgdUaMJBqbZjR9pNQGpGOJ3kOrGiEZAh9GnbUAEBVW4yO3qCj4zSw34oTQmNZ+riRAKBUuPAM50B6IH67U3Fv7x2rP0LN2EiijUVZL7IjznWIZ4mgHtMUqL52BAgkplbMRmABKJNTjkTwven+H/SOC05lVL5rlyoXqVxZNEBOkRF5KBzVEU3qIbqiKAH9Iie0Ys1sp6sV+tt3pqx0pl99APW+xcR9JEB</latexit>

(1 + ↵)L0

<latexit sha1_base64="vy4aJH9M4wCYZ/XBlNxWZ6wz3UI=">AAAB83icdVBNSwMxEJ2tX7V+VT16CRbBU92VWvWgFLx4rGJtobuUbJq2odlsSLJCWfo3vHhQxKt/xpv/xrRdoYo+GHi8N8PMvFBypo3rfjq5hcWl5ZX8amFtfWNzq7i9c6/jRBHaIDGPVSvEmnImaMMww2lLKoqjkNNmOLya+M0HqjSLxZ0ZSRpEuC9YjxFsrOTfogvkHflDLCXuFEtu2Z0CzZET1zuvesjLlBJkqHeKH343JklEhSEca932XGmCFCvDCKfjgp9oKjEZ4j5tWypwRHWQTm8eowOrdFEvVraEQVN1fiLFkdajKLSdETYD/dubiH957cT0zoKUCZkYKshsUS/hyMRoEgDqMkWJ4SNLMFHM3orIACtMjI2pYEP4/hT9T+6Py161XLmplGqXWRx52IN9OAQPTqEG11CHBhCQ8AjP8OIkzpPz6rzNWnNONrMLP+C8fwFqa5Cl</latexit>

R = 1/?
<latexit sha1_base64="9gRb85NVqW7crGOd7d+bGIflhfg=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgKexKjHpQAoJ4jGAekixhdjKbDJmZXWZ6xbDkK7x4UMSrn+PNv3HyEKJoQUNR1U13VxALbsB1P53MwuLS8kp2Nbe2vrG5ld/eqZso0ZTVaCQi3QyIYYIrVgMOgjVjzYgMBGsEg8ux37hn2vBI3cIwZr4kPcVDTglY6e6qk7IHGJ27nXzBLboT4Dly7HpnZQ97M6WAZqh28h/tbkQTyRRQQYxpeW4Mfko0cCrYKNdODIsJHZAea1mqiGTGTycHj/CBVbo4jLQtBXiizk+kRBozlIHtlAT65rc3Fv/yWgmEp37KVZwAU3S6KEwEhgiPv8ddrhkFMbSEUM3trZj2iSYUbEY5G8L3p/h/Uj8qeuVi6aZUqFzM4siiPbSPDpGHTlAFXaMqqiGKJHpEz+jF0c6T8+q8TVszzmxmF/2A8/4FnNaQSg==</latexit>

F
ext

= 0
<latexit sha1_base64="5G2+MlRr/Vu4rJtDg0jM1D5i3Xg=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgqiSiVRdKwY0boYJ9QBvCZDpph04mYWYihhB/xY0LRdz6Ie78GydthCp6YOBwzr3cM8eLGJXKsj6N0sLi0vJKebWytr6xuWVu73RkGAtM2jhkoeh5SBJGOWkrqhjpRYKgwGOk600uc797R4SkIb9VSUScAI049SlGSkuuWR0ESI0xYul15qbkXmXnlmvWrLo1BZwjx5Z91rChXSg1UKDlmh+DYYjjgHCFGZKyb1uRclIkFMWMZJVBLEmE8ASNSF9TjgIinXQaPoP7WhlCPxT6cQWn6vxGigIpk8DTk3lU+dvLxb+8fqz8UyelPIoV4Xh2yI8ZVCHMm4BDKghWLNEEYUF1VojHSCCsdF8VXcL3T+H/pHNYtxv1o5ujWvOiqKMMdsEeOAA2OAFNcAVaoA0wSMAjeAYvxoPxZLwab7PRklHsVMEPGO9fH3eVFA==</latexit>

M
ext

= 0



Superposition

<latexit sha1_base64="Gz1674Mx2IUJyHIf3OJpHRNK8yo=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjHqRgBePCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/4yRZIYoWNBRV3XR3ebHgStv2p5VbWV1b38hvFra2d3b3ivsHLRUlkmGTRSKSHY8qFDzEpuZaYCeWSANPYNsb38z89gNKxaPwTk9idAM6DLnPGdVGaoz6xZJdtucgS+Tcdq6qDnEypQQZ6v3iR28QsSTAUDNBleo6dqzdlErNmcBpoZcojCkb0yF2DQ1pgMpN54dOyYlRBsSPpKlQk7m6PJHSQKlJ4JnOgOqR+u3NxL+8bqL9SzflYZxoDNlikZ8IoiMy+5oMuESmxcQQyiQ3txI2opIybbIpmBC+PyX/k9ZZ2amWK41KqXadxZGHIziGU3DgAmpwC3VoAgOER3iGF+veerJerbdFa87KZg7hB6z3L+7BjQc=</latexit>

h
<latexit sha1_base64="Gz1674Mx2IUJyHIf3OJpHRNK8yo=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjHqRgBePCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/4yRZIYoWNBRV3XR3ebHgStv2p5VbWV1b38hvFra2d3b3ivsHLRUlkmGTRSKSHY8qFDzEpuZaYCeWSANPYNsb38z89gNKxaPwTk9idAM6DLnPGdVGaoz6xZJdtucgS+Tcdq6qDnEypQQZ6v3iR28QsSTAUDNBleo6dqzdlErNmcBpoZcojCkb0yF2DQ1pgMpN54dOyYlRBsSPpKlQk7m6PJHSQKlJ4JnOgOqR+u3NxL+8bqL9SzflYZxoDNlikZ8IoiMy+5oMuESmxcQQyiQ3txI2opIybbIpmBC+PyX/k9ZZ2amWK41KqXadxZGHIziGU3DgAmpwC3VoAgOER3iGF+veerJerbdFa87KZg7hB6z3L+7BjQc=</latexit>

h
<latexit sha1_base64="NUQ7Iw29DX27nuQaB7uPz02hAME=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8lKrXqRghcPHiraD2iXkk2zbWg2uyRZoSz9CV48KOLVX+TNf2ParlBFHww83pthZp4fC64Nxp9Obml5ZXUtv17Y2Nza3inu7jV1lCjKGjQSkWr7RDPBJWsYbgRrx4qR0Bes5Y+upn7rgSnNI3lvxjHzQjKQPOCUGCvd3fRwr1jCZTwDWiCn2L2ousjNlBJkqPeKH91+RJOQSUMF0brj4th4KVGGU8EmhW6iWUzoiAxYx1JJQqa9dHbqBB1ZpY+CSNmSBs3UxYmUhFqPQ992hsQM9W9vKv7ldRITnHspl3FimKTzRUEikInQ9G/U54pRI8aWEKq4vRXRIVGEGptOwYbw/Sn6nzRPym61XLmtlGqXWRx5OIBDOAYXzqAG11CHBlAYwCM8w4sjnCfn1Xmbt+acbGYffsB5/wLn3Y2O</latexit>

L0

<latexit sha1_base64="wiNHY6lNUtf72oFwjEy4M6yRd9o=">AAAB9HicdVBNS8NAEN3Ur1q/qh69LBahIpREatWLFLx48FDBfkAbymS7aZduNnF3Uyihv8OLB0W8+mO8+W/cthGq6IOBx3szzMzzIs6Utu1PK7O0vLK6ll3PbWxube/kd/caKowloXUS8lC2PFCUM0HrmmlOW5GkEHicNr3h9dRvjqhULBT3ehxRN4C+YD4joI3kFp2TDvBoAMe3XbubL9glewa8QM5s57LiYCdVCihFrZv/6PRCEgdUaMJBqbZjR9pNQGpGOJ3kOrGiEZAh9GnbUAEBVW4yO3qCj4zSw34oTQmNZ+riRAKBUuPAM50B6IH67U3Fv7x2rP0LN2EiijUVZL7IjznWIZ4mgHtMUqL52BAgkplbMRmABKJNTjkTwven+H/SOC05lVL5rlyoXqVxZNEBOkRF5KBzVEU3qIbqiKAH9Iie0Ys1sp6sV+tt3pqx0pl99APW+xcR9JEB</latexit>

(1 + ↵)L0

<latexit sha1_base64="9gRb85NVqW7crGOd7d+bGIflhfg=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgKexKjHpQAoJ4jGAekixhdjKbDJmZXWZ6xbDkK7x4UMSrn+PNv3HyEKJoQUNR1U13VxALbsB1P53MwuLS8kp2Nbe2vrG5ld/eqZso0ZTVaCQi3QyIYYIrVgMOgjVjzYgMBGsEg8ux37hn2vBI3cIwZr4kPcVDTglY6e6qk7IHGJ27nXzBLboT4Dly7HpnZQ97M6WAZqh28h/tbkQTyRRQQYxpeW4Mfko0cCrYKNdODIsJHZAea1mqiGTGTycHj/CBVbo4jLQtBXiizk+kRBozlIHtlAT65rc3Fv/yWgmEp37KVZwAU3S6KEwEhgiPv8ddrhkFMbSEUM3trZj2iSYUbEY5G8L3p/h/Uj8qeuVi6aZUqFzM4siiPbSPDpGHTlAFXaMqqiGKJHpEz+jF0c6T8+q8TVszzmxmF/2A8/4FnNaQSg==</latexit>

F
ext

= 0
<latexit sha1_base64="zxrRsms4BzkR+spXPfjgN12jgA0=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBahIpREatWLFLx48FDBfkATymY7aZduNmF3I5TQv+HFgyJe/TPe/Ddu2whV9MHA470ZZub5MWdK2/anlVtaXlldy68XNja3tneKu3stFSWSQpNGPJIdnyjgTEBTM82hE0sgoc+h7Y+up377AaRikbjX4xi8kAwECxgl2khu2TlxfdDk+LZn94olu2LPgBfIme1c1hzsZEoJZWj0ih9uP6JJCEJTTpTqOnasvZRIzSiHScFNFMSEjsgAuoYKEoLy0tnNE3xklD4OImlKaDxTFydSEio1Dn3TGRI9VL+9qfiX1010cOGlTMSJBkHni4KEYx3haQC4zyRQzceGECqZuRXTIZGEahNTwYTw/Sn+n7ROK06tUr2rlupXWRx5dIAOURk56BzV0Q1qoCaiKEaP6Bm9WIn1ZL1ab/PWnJXN7KMfsN6/AEgPkI0=</latexit>

(1 + �)L0

<latexit sha1_base64="cDcoGtzXF9D4sRSExYRrLozLgf0=">AAAB83icdVDLSsNAFL2pr1pfVZduBovgxpJIrbqRghs3QgX7gCaUyXTSDp1MwsxEKKG/4caFIm79GXf+jZM2QhU9MHA4517umePHnClt259WYWl5ZXWtuF7a2Nza3inv7rVVlEhCWyTikez6WFHOBG1ppjntxpLi0Oe044+vM7/zQKVikbjXk5h6IR4KFjCCtZHcEzfEekQwT2+n/XLFrtozoAVyZjuXdQc5uVKBHM1++cMdRCQJqdCEY6V6jh1rL8VSM8LptOQmisaYjPGQ9gwVOKTKS2eZp+jIKAMURNI8odFMXdxIcajUJPTNZBZR/fYy8S+vl+jgwkuZiBNNBZkfChKOdISyAtCASUo0nxiCiWQmKyIjLDHRpqaSKeH7p+h/0j6tOvVq7a5WaVzldRThAA7hGBw4hwbcQBNaQCCGR3iGFyuxnqxX620+WrDynX34Aev9Cw58kbU=</latexit>

�M

<latexit sha1_base64="sBH78xHCl6yw4Co+Lc6cpW/bM2E=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KjNSq26k4MaNUME+YDqUTJq2oZlkSO4IZehnuHGhiFu/xp1/Y6YdQUUPBA7n3EvOPWEsuAHX/XAKS8srq2vF9dLG5tb2Tnl3r21UoilrUSWU7obEMMElawEHwbqxZiQKBeuEk6vM79wzbbiSdzCNWRCRkeRDTglYye9FBMaUiPRm1i9X3Ko7B/5GTl3vou5hL1cqKEezX37vDRRNIiaBCmKM77kxBCnRwKlgs1IvMSwmdEJGzLdUkoiZIJ1HnuEjqwzwUGn7JOC5+n0jJZEx0yi0k1lE89vLxL88P4HheZByGSfAJF18NEwEBoWz+/GAa0ZBTC0hVHObFdMx0YSCbalkS/i6FP9P2idVr16t3dYqjcu8jiI6QIfoGHnoDDXQNWqiFqJIoQf0hJ4dcB6dF+d1MVpw8p199APO2yejUpF+</latexit>

M

internal stress

no internal stress
<latexit sha1_base64="zxrRsms4BzkR+spXPfjgN12jgA0=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBahIpREatWLFLx48FDBfkATymY7aZduNmF3I5TQv+HFgyJe/TPe/Ddu2whV9MHA470ZZub5MWdK2/anlVtaXlldy68XNja3tneKu3stFSWSQpNGPJIdnyjgTEBTM82hE0sgoc+h7Y+up377AaRikbjX4xi8kAwECxgl2khu2TlxfdDk+LZn94olu2LPgBfIme1c1hzsZEoJZWj0ih9uP6JJCEJTTpTqOnasvZRIzSiHScFNFMSEjsgAuoYKEoLy0tnNE3xklD4OImlKaDxTFydSEio1Dn3TGRI9VL+9qfiX1010cOGlTMSJBkHni4KEYx3haQC4zyRQzceGECqZuRXTIZGEahNTwYTw/Sn+n7ROK06tUr2rlupXWRx5dIAOURk56BzV0Q1qoCaiKEaP6Bm9WIn1ZL1ab/PWnJXN7KMfsN6/AEgPkI0=</latexit>

(1 + �)L0

+



Superposition

<latexit sha1_base64="Gz1674Mx2IUJyHIf3OJpHRNK8yo=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjHqRgBePCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/4yRZIYoWNBRV3XR3ebHgStv2p5VbWV1b38hvFra2d3b3ivsHLRUlkmGTRSKSHY8qFDzEpuZaYCeWSANPYNsb38z89gNKxaPwTk9idAM6DLnPGdVGaoz6xZJdtucgS+Tcdq6qDnEypQQZ6v3iR28QsSTAUDNBleo6dqzdlErNmcBpoZcojCkb0yF2DQ1pgMpN54dOyYlRBsSPpKlQk7m6PJHSQKlJ4JnOgOqR+u3NxL+8bqL9SzflYZxoDNlikZ8IoiMy+5oMuESmxcQQyiQ3txI2opIybbIpmBC+PyX/k9ZZ2amWK41KqXadxZGHIziGU3DgAmpwC3VoAgOER3iGF+veerJerbdFa87KZg7hB6z3L+7BjQc=</latexit>

h
<latexit sha1_base64="Gz1674Mx2IUJyHIf3OJpHRNK8yo=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjHqRgBePCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/4yRZIYoWNBRV3XR3ebHgStv2p5VbWV1b38hvFra2d3b3ivsHLRUlkmGTRSKSHY8qFDzEpuZaYCeWSANPYNsb38z89gNKxaPwTk9idAM6DLnPGdVGaoz6xZJdtucgS+Tcdq6qDnEypQQZ6v3iR28QsSTAUDNBleo6dqzdlErNmcBpoZcojCkb0yF2DQ1pgMpN54dOyYlRBsSPpKlQk7m6PJHSQKlJ4JnOgOqR+u3NxL+8bqL9SzflYZxoDNlikZ8IoiMy+5oMuESmxcQQyiQ3txI2opIybbIpmBC+PyX/k9ZZ2amWK41KqXadxZGHIziGU3DgAmpwC3VoAgOER3iGF+veerJerbdFa87KZg7hB6z3L+7BjQc=</latexit>

h
<latexit sha1_base64="NUQ7Iw29DX27nuQaB7uPz02hAME=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8lKrXqRghcPHiraD2iXkk2zbWg2uyRZoSz9CV48KOLVX+TNf2ParlBFHww83pthZp4fC64Nxp9Obml5ZXUtv17Y2Nza3inu7jV1lCjKGjQSkWr7RDPBJWsYbgRrx4qR0Bes5Y+upn7rgSnNI3lvxjHzQjKQPOCUGCvd3fRwr1jCZTwDWiCn2L2ousjNlBJkqPeKH91+RJOQSUMF0brj4th4KVGGU8EmhW6iWUzoiAxYx1JJQqa9dHbqBB1ZpY+CSNmSBs3UxYmUhFqPQ992hsQM9W9vKv7ldRITnHspl3FimKTzRUEikInQ9G/U54pRI8aWEKq4vRXRIVGEGptOwYbw/Sn6nzRPym61XLmtlGqXWRx5OIBDOAYXzqAG11CHBlAYwCM8w4sjnCfn1Xmbt+acbGYffsB5/wLn3Y2O</latexit>

L0

<latexit sha1_base64="wiNHY6lNUtf72oFwjEy4M6yRd9o=">AAAB9HicdVBNS8NAEN3Ur1q/qh69LBahIpREatWLFLx48FDBfkAbymS7aZduNnF3Uyihv8OLB0W8+mO8+W/cthGq6IOBx3szzMzzIs6Utu1PK7O0vLK6ll3PbWxube/kd/caKowloXUS8lC2PFCUM0HrmmlOW5GkEHicNr3h9dRvjqhULBT3ehxRN4C+YD4joI3kFp2TDvBoAMe3XbubL9glewa8QM5s57LiYCdVCihFrZv/6PRCEgdUaMJBqbZjR9pNQGpGOJ3kOrGiEZAh9GnbUAEBVW4yO3qCj4zSw34oTQmNZ+riRAKBUuPAM50B6IH67U3Fv7x2rP0LN2EiijUVZL7IjznWIZ4mgHtMUqL52BAgkplbMRmABKJNTjkTwven+H/SOC05lVL5rlyoXqVxZNEBOkRF5KBzVEU3qIbqiKAH9Iie0Ys1sp6sV+tt3pqx0pl99APW+xcR9JEB</latexit>

(1 + ↵)L0

<latexit sha1_base64="9gRb85NVqW7crGOd7d+bGIflhfg=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgKexKjHpQAoJ4jGAekixhdjKbDJmZXWZ6xbDkK7x4UMSrn+PNv3HyEKJoQUNR1U13VxALbsB1P53MwuLS8kp2Nbe2vrG5ld/eqZso0ZTVaCQi3QyIYYIrVgMOgjVjzYgMBGsEg8ux37hn2vBI3cIwZr4kPcVDTglY6e6qk7IHGJ27nXzBLboT4Dly7HpnZQ97M6WAZqh28h/tbkQTyRRQQYxpeW4Mfko0cCrYKNdODIsJHZAea1mqiGTGTycHj/CBVbo4jLQtBXiizk+kRBozlIHtlAT65rc3Fv/yWgmEp37KVZwAU3S6KEwEhgiPv8ddrhkFMbSEUM3trZj2iSYUbEY5G8L3p/h/Uj8qeuVi6aZUqFzM4siiPbSPDpGHTlAFXaMqqiGKJHpEz+jF0c6T8+q8TVszzmxmF/2A8/4FnNaQSg==</latexit>

F
ext

= 0
<latexit sha1_base64="zxrRsms4BzkR+spXPfjgN12jgA0=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBahIpREatWLFLx48FDBfkATymY7aZduNmF3I5TQv+HFgyJe/TPe/Ddu2whV9MHA470ZZub5MWdK2/anlVtaXlldy68XNja3tneKu3stFSWSQpNGPJIdnyjgTEBTM82hE0sgoc+h7Y+up377AaRikbjX4xi8kAwECxgl2khu2TlxfdDk+LZn94olu2LPgBfIme1c1hzsZEoJZWj0ih9uP6JJCEJTTpTqOnasvZRIzSiHScFNFMSEjsgAuoYKEoLy0tnNE3xklD4OImlKaDxTFydSEio1Dn3TGRI9VL+9qfiX1010cOGlTMSJBkHni4KEYx3haQC4zyRQzceGECqZuRXTIZGEahNTwYTw/Sn+n7ROK06tUr2rlupXWRx5dIAOURk56BzV0Q1qoCaiKEaP6Bm9WIn1ZL1ab/PWnJXN7KMfsN6/AEgPkI0=</latexit>

(1 + �)L0

<latexit sha1_base64="cDcoGtzXF9D4sRSExYRrLozLgf0=">AAAB83icdVDLSsNAFL2pr1pfVZduBovgxpJIrbqRghs3QgX7gCaUyXTSDp1MwsxEKKG/4caFIm79GXf+jZM2QhU9MHA4517umePHnClt259WYWl5ZXWtuF7a2Nza3inv7rVVlEhCWyTikez6WFHOBG1ppjntxpLi0Oe044+vM7/zQKVikbjXk5h6IR4KFjCCtZHcEzfEekQwT2+n/XLFrtozoAVyZjuXdQc5uVKBHM1++cMdRCQJqdCEY6V6jh1rL8VSM8LptOQmisaYjPGQ9gwVOKTKS2eZp+jIKAMURNI8odFMXdxIcajUJPTNZBZR/fYy8S+vl+jgwkuZiBNNBZkfChKOdISyAtCASUo0nxiCiWQmKyIjLDHRpqaSKeH7p+h/0j6tOvVq7a5WaVzldRThAA7hGBw4hwbcQBNaQCCGR3iGFyuxnqxX620+WrDynX34Aev9Cw58kbU=</latexit>

�M

internal stress

<latexit sha1_base64="j8zRCus0/3lrTYRw8Zqx1KiozHY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjHqRgBePCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/4yRZIYoWNBRV3XR3ebHgStv2p5VbWV1b38hvFra2d3b3ivsHLRUlkmGTRSKSHY8qFDzEpuZaYCeWSANPYNsb38z89gNKxaPwTk9idAM6DLnPGdVGakz6xZJdtucgS+Tcdq6qDnEypQQZ6v3iR28QsSTAUDNBleo6dqzdlErNmcBpoZcojCkb0yF2DQ1pgMpN54dOyYlRBsSPpKlQk7m6PJHSQKlJ4JnOgOqR+u3NxL+8bqL9SzflYZxoDNlikZ8IoiMy+5oMuESmxcQQyiQ3txI2opIybbIpmBC+PyX/k9ZZ2amWK41KqXadxZGHIziGU3DgAmpwC3VoAgOER3iGF+veerJerbdFa87KZg7hB6z3LwiUjRg=</latexit>y
<latexit sha1_base64="PGtB4I6kGuqSpIBXSBngbnevTm0=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjHqRgBePCZgYSJYwO+lNxsw+mJkVw5Iv8OJBEa9+kjf/xkmyQhQtaCiquunu8mLBlbbtTyu3tLyyupZfL2xsbm3vFHf3WipKJMMmi0Qk2x5VKHiITc21wHYskQaewFtvdDX1b+9RKh6FN3ocoxvQQch9zqg2UuOhVyzZZXsGskBObeei6hAnU0qQod4rfnT7EUsCDDUTVKmOY8faTanUnAmcFLqJwpiyER1gx9CQBqjcdHbohBwZpU/8SJoKNZmpixMpDZQaB57pDKgeqt/eVPzL6yTaP3dTHsaJxpDNF/mJIDoi069Jn0tkWowNoUxycythQyop0yabggnh+1PyP2mdlJ1qudKolGqXWRx5OIBDOAYHzqAG11CHJjBAeIRneLHurCfr1Xqbt+asbGYffsB6/wIHEI0X</latexit>

x

<latexit sha1_base64="ap2U+bEjS/KAgIDLwhCQqKYwXbU=">AAACAXicdVDLSgMxFM34rPU16kZwEyyCqzIjtepCKbhxWcE+oDOUTHqnDc08SDKlZagbf8WNC0Xc+hfu/BvTdoQqeuDCyTn3knuPF3MmlWV9GguLS8srq7m1/PrG5ta2ubNbl1EiKNRoxCPR9IgEzkKoKaY4NGMBJPA4NLz+9cRvDEBIFoV3ahSDG5BuyHxGidJS29x3BkRALBnXr3Q4HONL7HigSNssWEVrCjxHTi37omxjO1MKKEO1bX44nYgmAYSKciJly7Zi5aZEKEY5jPNOIiEmtE+60NI0JAFIN51eMMZHWulgPxK6QoWn6vxESgIpR4GnOwOievK3NxH/8lqJ8s/dlIVxoiCks4/8hGMV4UkcuMMEUMVHmhAqmN4V0x4RhCodWl6H8H0p/p/UT4p2uVi6LRUqV1kcOXSADtExstEZqqAbVEU1RNE9ekTP6MV4MJ6MV+Nt1rpgZDN76AeM9y+7f5cR</latexit>

"
xx

= �
<latexit sha1_base64="rGzOTVPkYwbNzpxvFk93B77pSYQ=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEV2VGatWFUhDBZQX7gM4wZNJMG5pkhiQjLUPBX3HjQhG3foc7/8b0IVTRAxcO59zLvfeECaNKO86nlVtYXFpeya8W1tY3Nrfs7Z2GilOJSR3HLJatECnCqCB1TTUjrUQSxENGmmH/auw374lUNBZ3epgQn6OuoBHFSBspsPc8RbscBdlgMIIX0AuJRvA6sItOyZkAzpETxz2vuNCdKUUwQy2wP7xOjFNOhMYMKdV2nUT7GZKaYkZGBS9VJEG4j7qkbahAnCg/m5w/godG6cAolqaEhhN1fiJDXKkhD00nR7qnfntj8S+vnerozM+oSFJNBJ4uilIGdQzHWcAOlQRrNjQEYUnNrRD3kERYm8QKJoTvT+H/pHFcciul8m25WL2cxZEH++AAHAEXnIIquAE1UAcYZOARPIMX68F6sl6tt2lrzprN7IIfsN6/AHJNlSY=</latexit>

�
xx

= �E

<latexit sha1_base64="5ZSgU5eE/kBYuo+iCZs1tDjc4vw="></latexit>

"
xx

=
(1 + �)L0 � (1 + ↵)L0

(1 + �)L0
' (� � ↵)

<latexit sha1_base64="uuYiwFmRciBXxNvVf8jUFEj4Pao=">AAACB3icdVDLSgNBEJyNrxhfqx4FGQxCPBh2JUY9KAERPEYwD8iG0DuZJENmH8zMSsKSmxd/xYsHRbz6C978GyfJClG0oKGo6qa7yw05k8qyPo3U3PzC4lJ6ObOyura+YW5uVWUQCUIrJOCBqLsgKWc+rSimOK2HgoLnclpz+5djv3ZHhWSBf6uGIW160PVZhxFQWmqZu45kXQ9a8WAwwuc457hUwaEDPOzBAb5qmVkrb02AZ8ixZZ8VbWwnShYlKLfMD6cdkMijviIcpGzYVqiaMQjFCKejjBNJGgLpQ5c2NPXBo7IZT/4Y4X2ttHEnELp8hSfq7EQMnpRDz9WdHqie/O2Nxb+8RqQ6p82Y+WGkqE+mizoRxyrA41BwmwlKFB9qAkQwfSsmPRBAlI4uo0P4/hT/T6pHebuYL9wUsqWLJI402kF7KIdsdIJK6BqVUQURdI8e0TN6MR6MJ+PVeJu2poxkZhv9gPH+BWysmGA=</latexit>

�
xx

= (� � ↵)E

(hyp: same Poisson ratio)

<latexit sha1_base64="Ae2GFK8HgkrpbJxoGUbs8B88bjU=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4scxIrbqRghuXFewD2rFk0ts2NJMZk4wyDP0PNy4Uceu/uPNvTKcjVNED93I4515yc7yQM6Vt+9PKLSwuLa/kVwtr6xubW8XtnaYKIkmhQQMeyLZHFHAmoKGZ5tAOJRDf49DyxpdTv3UPUrFA3Og4BNcnQ8EGjBJtpNujUZfDHY7TbveKJbtsp8Bz5MR2zqsOdjKlhDLUe8WPbj+gkQ9CU06U6jh2qN2ESM0oh0mhGykICR2TIXQMFcQH5Sbp1RN8YJQ+HgTSlNA4Vec3EuIrFfuemfSJHqnf3lT8y+tEenDmJkyEkQZBZw8NIo51gKcR4D6TQDWPDSFUMnMrpiMiCdUmqIIJ4fun+H/SPC471XLlulKqXWRx5NEe2keHyEGnqIauUB01EEUSPaJn9GI9WE/Wq/U2G81Z2c4u+gHr/Qt7jZHb</latexit>

�h  y  0

<latexit sha1_base64="wqe2wA6PVjPnjIQ+hy9MP3doGsY=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwVRKpVTdScOOygn1AG8pketMOnUzSmUkhhH6HGxeKuPVj3Pk3TtMIKnrgXg7n3MvcOV7EmdK2/WEVVlbX1jeKm6Wt7Z3dvfL+QVuFsaTQoiEPZdcjCjgT0NJMc+hGEkjgceh4k5uF35mBVCwU9zqJwA3ISDCfUaKN5Np9DlOcZH08KFfsqp0BfyPntnNVd7CTKxWUozkov/eHIY0DEJpyolTPsSPtpkRqRjnMS/1YQUTohIygZ6ggASg3zY6e4xOjDLEfSlNC40z9vpGSQKkk8MxkQPRY/fYW4l9eL9b+pZsyEcUaBF0+5Mcc6xAvEsBDJoFqnhhCqGTmVkzHRBKqTU4lE8LXT/H/pH1WderV2l2t0rjO4yiiI3SMTpGDLlAD3aImaiGKpugBPaFna2Y9Wi/W63K0YOU7h+gHrLdPDXSRpA==</latexit>

0  y  h



Superposition

<latexit sha1_base64="Gz1674Mx2IUJyHIf3OJpHRNK8yo=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjHqRgBePCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/4yRZIYoWNBRV3XR3ebHgStv2p5VbWV1b38hvFra2d3b3ivsHLRUlkmGTRSKSHY8qFDzEpuZaYCeWSANPYNsb38z89gNKxaPwTk9idAM6DLnPGdVGaoz6xZJdtucgS+Tcdq6qDnEypQQZ6v3iR28QsSTAUDNBleo6dqzdlErNmcBpoZcojCkb0yF2DQ1pgMpN54dOyYlRBsSPpKlQk7m6PJHSQKlJ4JnOgOqR+u3NxL+8bqL9SzflYZxoDNlikZ8IoiMy+5oMuESmxcQQyiQ3txI2opIybbIpmBC+PyX/k9ZZ2amWK41KqXadxZGHIziGU3DgAmpwC3VoAgOER3iGF+veerJerbdFa87KZg7hB6z3L+7BjQc=</latexit>

h
<latexit sha1_base64="Gz1674Mx2IUJyHIf3OJpHRNK8yo=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjHqRgBePCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/4yRZIYoWNBRV3XR3ebHgStv2p5VbWV1b38hvFra2d3b3ivsHLRUlkmGTRSKSHY8qFDzEpuZaYCeWSANPYNsb38z89gNKxaPwTk9idAM6DLnPGdVGaoz6xZJdtucgS+Tcdq6qDnEypQQZ6v3iR28QsSTAUDNBleo6dqzdlErNmcBpoZcojCkb0yF2DQ1pgMpN54dOyYlRBsSPpKlQk7m6PJHSQKlJ4JnOgOqR+u3NxL+8bqL9SzflYZxoDNlikZ8IoiMy+5oMuESmxcQQyiQ3txI2opIybbIpmBC+PyX/k9ZZ2amWK41KqXadxZGHIziGU3DgAmpwC3VoAgOER3iGF+veerJerbdFa87KZg7hB6z3L+7BjQc=</latexit>

h
<latexit sha1_base64="NUQ7Iw29DX27nuQaB7uPz02hAME=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8lKrXqRghcPHiraD2iXkk2zbWg2uyRZoSz9CV48KOLVX+TNf2ParlBFHww83pthZp4fC64Nxp9Obml5ZXUtv17Y2Nza3inu7jV1lCjKGjQSkWr7RDPBJWsYbgRrx4qR0Bes5Y+upn7rgSnNI3lvxjHzQjKQPOCUGCvd3fRwr1jCZTwDWiCn2L2ousjNlBJkqPeKH91+RJOQSUMF0brj4th4KVGGU8EmhW6iWUzoiAxYx1JJQqa9dHbqBB1ZpY+CSNmSBs3UxYmUhFqPQ992hsQM9W9vKv7ldRITnHspl3FimKTzRUEikInQ9G/U54pRI8aWEKq4vRXRIVGEGptOwYbw/Sn6nzRPym61XLmtlGqXWRx5OIBDOAYXzqAG11CHBlAYwCM8w4sjnCfn1Xmbt+acbGYffsB5/wLn3Y2O</latexit>

L0

<latexit sha1_base64="wiNHY6lNUtf72oFwjEy4M6yRd9o=">AAAB9HicdVBNS8NAEN3Ur1q/qh69LBahIpREatWLFLx48FDBfkAbymS7aZduNnF3Uyihv8OLB0W8+mO8+W/cthGq6IOBx3szzMzzIs6Utu1PK7O0vLK6ll3PbWxube/kd/caKowloXUS8lC2PFCUM0HrmmlOW5GkEHicNr3h9dRvjqhULBT3ehxRN4C+YD4joI3kFp2TDvBoAMe3XbubL9glewa8QM5s57LiYCdVCihFrZv/6PRCEgdUaMJBqbZjR9pNQGpGOJ3kOrGiEZAh9GnbUAEBVW4yO3qCj4zSw34oTQmNZ+riRAKBUuPAM50B6IH67U3Fv7x2rP0LN2EiijUVZL7IjznWIZ4mgHtMUqL52BAgkplbMRmABKJNTjkTwven+H/SOC05lVL5rlyoXqVxZNEBOkRF5KBzVEU3qIbqiKAH9Iie0Ys1sp6sV+tt3pqx0pl99APW+xcR9JEB</latexit>

(1 + ↵)L0

<latexit sha1_base64="9gRb85NVqW7crGOd7d+bGIflhfg=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgKexKjHpQAoJ4jGAekixhdjKbDJmZXWZ6xbDkK7x4UMSrn+PNv3HyEKJoQUNR1U13VxALbsB1P53MwuLS8kp2Nbe2vrG5ld/eqZso0ZTVaCQi3QyIYYIrVgMOgjVjzYgMBGsEg8ux37hn2vBI3cIwZr4kPcVDTglY6e6qk7IHGJ27nXzBLboT4Dly7HpnZQ97M6WAZqh28h/tbkQTyRRQQYxpeW4Mfko0cCrYKNdODIsJHZAea1mqiGTGTycHj/CBVbo4jLQtBXiizk+kRBozlIHtlAT65rc3Fv/yWgmEp37KVZwAU3S6KEwEhgiPv8ddrhkFMbSEUM3trZj2iSYUbEY5G8L3p/h/Uj8qeuVi6aZUqFzM4siiPbSPDpGHTlAFXaMqqiGKJHpEz+jF0c6T8+q8TVszzmxmF/2A8/4FnNaQSg==</latexit>

F
ext

= 0
<latexit sha1_base64="zxrRsms4BzkR+spXPfjgN12jgA0=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBahIpREatWLFLx48FDBfkATymY7aZduNmF3I5TQv+HFgyJe/TPe/Ddu2whV9MHA470ZZub5MWdK2/anlVtaXlldy68XNja3tneKu3stFSWSQpNGPJIdnyjgTEBTM82hE0sgoc+h7Y+up377AaRikbjX4xi8kAwECxgl2khu2TlxfdDk+LZn94olu2LPgBfIme1c1hzsZEoJZWj0ih9uP6JJCEJTTpTqOnasvZRIzSiHScFNFMSEjsgAuoYKEoLy0tnNE3xklD4OImlKaDxTFydSEio1Dn3TGRI9VL+9qfiX1010cOGlTMSJBkHni4KEYx3haQC4zyRQzceGECqZuRXTIZGEahNTwYTw/Sn+n7ROK06tUr2rlupXWRx5dIAOURk56BzV0Q1qoCaiKEaP6Bm9WIn1ZL1ab/PWnJXN7KMfsN6/AEgPkI0=</latexit>

(1 + �)L0

<latexit sha1_base64="cDcoGtzXF9D4sRSExYRrLozLgf0=">AAAB83icdVDLSsNAFL2pr1pfVZduBovgxpJIrbqRghs3QgX7gCaUyXTSDp1MwsxEKKG/4caFIm79GXf+jZM2QhU9MHA4517umePHnClt259WYWl5ZXWtuF7a2Nza3inv7rVVlEhCWyTikez6WFHOBG1ppjntxpLi0Oe044+vM7/zQKVikbjXk5h6IR4KFjCCtZHcEzfEekQwT2+n/XLFrtozoAVyZjuXdQc5uVKBHM1++cMdRCQJqdCEY6V6jh1rL8VSM8LptOQmisaYjPGQ9gwVOKTKS2eZp+jIKAMURNI8odFMXdxIcajUJPTNZBZR/fYy8S+vl+jgwkuZiBNNBZkfChKOdISyAtCASUo0nxiCiWQmKyIjLDHRpqaSKeH7p+h/0j6tOvVq7a5WaVzldRThAA7hGBw4hwbcQBNaQCCGR3iGFyuxnqxX620+WrDynX34Aev9Cw58kbU=</latexit>

�M

internal stress

<latexit sha1_base64="j8zRCus0/3lrTYRw8Zqx1KiozHY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjHqRgBePCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/4yRZIYoWNBRV3XR3ebHgStv2p5VbWV1b38hvFra2d3b3ivsHLRUlkmGTRSKSHY8qFDzEpuZaYCeWSANPYNsb38z89gNKxaPwTk9idAM6DLnPGdVGakz6xZJdtucgS+Tcdq6qDnEypQQZ6v3iR28QsSTAUDNBleo6dqzdlErNmcBpoZcojCkb0yF2DQ1pgMpN54dOyYlRBsSPpKlQk7m6PJHSQKlJ4JnOgOqR+u3NxL+8bqL9SzflYZxoDNlikZ8IoiMy+5oMuESmxcQQyiQ3txI2opIybbIpmBC+PyX/k9ZZ2amWK41KqXadxZGHIziGU3DgAmpwC3VoAgOER3iGF+veerJerbdFa87KZg7hB6z3LwiUjRg=</latexit>y
<latexit sha1_base64="PGtB4I6kGuqSpIBXSBngbnevTm0=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjHqRgBePCZgYSJYwO+lNxsw+mJkVw5Iv8OJBEa9+kjf/xkmyQhQtaCiquunu8mLBlbbtTyu3tLyyupZfL2xsbm3vFHf3WipKJMMmi0Qk2x5VKHiITc21wHYskQaewFtvdDX1b+9RKh6FN3ocoxvQQch9zqg2UuOhVyzZZXsGskBObeei6hAnU0qQod4rfnT7EUsCDDUTVKmOY8faTanUnAmcFLqJwpiyER1gx9CQBqjcdHbohBwZpU/8SJoKNZmpixMpDZQaB57pDKgeqt/eVPzL6yTaP3dTHsaJxpDNF/mJIDoi069Jn0tkWowNoUxycythQyop0yabggnh+1PyP2mdlJ1qudKolGqXWRx5OIBDOAYHzqAG11CHJjBAeIRneLHurCfr1Xqbt+asbGYffsB6/wIHEI0X</latexit>

x

<latexit sha1_base64="OlFl5ykrVmxhRkAoY7GAgAR4WzU="></latexit>

F
ext

= 0 )
Z

h

�h

�
xx

(y) dy = 0

<latexit sha1_base64="ljyn47DHxHcgPqKnwnTmGA8tOjc=">AAACBnicdVDLSgMxFM3UV62vUZciBItQEcuM1KoLpSAFlxXsA9pS7qRpJzTzIMkIZejKjb/ixoUibv0Gd/6NaTtCFT1w4eSce8m9xwk5k8qyPo3U3PzC4lJ6ObOyura+YW5u1WQQCUKrJOCBaDggKWc+rSqmOG2EgoLncFp3Bldjv35HhWSBf6uGIW170PdZjxFQWuqYu+Vcy6EKjlrAQxcO3MPy5I1dfIGtjpm18tYEeIacWPZ50cZ2omRRgkrH/Gh1AxJ51FeEg5RN2wpVOwahGOF0lGlFkoZABtCnTU198Khsx5MzRnhfK13cC4QuX+GJOjsRgyfl0HN0pwfKlb+9sfiX14xU76wdMz+MFPXJ9KNexLEK8DgT3GWCEsWHmgARTO+KiQsCiNLJZXQI35fi/0ntOG8X84WbQrZ0mcSRRjtoD+WQjU5RCV2jCqoigu7RI3pGL8aD8WS8Gm/T1pSRzGyjHzDevwA2o5cK</latexit>

E(� � ↵)h+ E�h = 0
<latexit sha1_base64="V/yt231OMgWwzNme3eowx/oF8/I=">AAAB+nicdVDLSgNBEJyNrxhfGz16GQyCp7gbYtSDEvDiMYJ5QHYJvZPZZMjsg5lZJaz5FC8eFPHql3jzb5wkK0TRgoaiqpvuLi/mTCrL+jRyS8srq2v59cLG5tb2jlncbckoEYQ2ScQj0fFAUs5C2lRMcdqJBYXA47Ttja6mfvuOCsmi8FaNY+oGMAiZzwgoLfXMouNRBRhfYAd4PITjSs8sWWVrBrxATiz7vGZjO1NKKEOjZ344/YgkAQ0V4SBl17Zi5aYgFCOcTgpOImkMZAQD2tU0hIBKN52dPsGHWuljPxK6QoVn6uJECoGU48DTnQGoofztTcW/vG6i/DM3ZWGcKBqS+SI/4VhFeJoD7jNBieJjTYAIpm/FZAgCiNJpFXQI35/i/0mrUrZr5epNtVS/zOLIo310gI6QjU5RHV2jBmoigu7RI3pGL8aD8WS8Gm/z1pyRzeyhHzDevwBeUZLI</latexit>

� = ↵/2



<latexit sha1_base64="Gz1674Mx2IUJyHIf3OJpHRNK8yo=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjHqRgBePCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/4yRZIYoWNBRV3XR3ebHgStv2p5VbWV1b38hvFra2d3b3ivsHLRUlkmGTRSKSHY8qFDzEpuZaYCeWSANPYNsb38z89gNKxaPwTk9idAM6DLnPGdVGaoz6xZJdtucgS+Tcdq6qDnEypQQZ6v3iR28QsSTAUDNBleo6dqzdlErNmcBpoZcojCkb0yF2DQ1pgMpN54dOyYlRBsSPpKlQk7m6PJHSQKlJ4JnOgOqR+u3NxL+8bqL9SzflYZxoDNlikZ8IoiMy+5oMuESmxcQQyiQ3txI2opIybbIpmBC+PyX/k9ZZ2amWK41KqXadxZGHIziGU3DgAmpwC3VoAgOER3iGF+veerJerbdFa87KZg7hB6z3L+7BjQc=</latexit>

h
<latexit sha1_base64="Gz1674Mx2IUJyHIf3OJpHRNK8yo=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjHqRgBePCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/4yRZIYoWNBRV3XR3ebHgStv2p5VbWV1b38hvFra2d3b3ivsHLRUlkmGTRSKSHY8qFDzEpuZaYCeWSANPYNsb38z89gNKxaPwTk9idAM6DLnPGdVGaoz6xZJdtucgS+Tcdq6qDnEypQQZ6v3iR28QsSTAUDNBleo6dqzdlErNmcBpoZcojCkb0yF2DQ1pgMpN54dOyYlRBsSPpKlQk7m6PJHSQKlJ4JnOgOqR+u3NxL+8bqL9SzflYZxoDNlikZ8IoiMy+5oMuESmxcQQyiQ3txI2opIybbIpmBC+PyX/k9ZZ2amWK41KqXadxZGHIziGU3DgAmpwC3VoAgOER3iGF+veerJerbdFa87KZg7hB6z3L+7BjQc=</latexit>

h
<latexit sha1_base64="NUQ7Iw29DX27nuQaB7uPz02hAME=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8lKrXqRghcPHiraD2iXkk2zbWg2uyRZoSz9CV48KOLVX+TNf2ParlBFHww83pthZp4fC64Nxp9Obml5ZXUtv17Y2Nza3inu7jV1lCjKGjQSkWr7RDPBJWsYbgRrx4qR0Bes5Y+upn7rgSnNI3lvxjHzQjKQPOCUGCvd3fRwr1jCZTwDWiCn2L2ousjNlBJkqPeKH91+RJOQSUMF0brj4th4KVGGU8EmhW6iWUzoiAxYx1JJQqa9dHbqBB1ZpY+CSNmSBs3UxYmUhFqPQ992hsQM9W9vKv7ldRITnHspl3FimKTzRUEikInQ9G/U54pRI8aWEKq4vRXRIVGEGptOwYbw/Sn6nzRPym61XLmtlGqXWRx5OIBDOAYXzqAG11CHBlAYwCM8w4sjnCfn1Xmbt+acbGYffsB5/wLn3Y2O</latexit>

L0

<latexit sha1_base64="wiNHY6lNUtf72oFwjEy4M6yRd9o=">AAAB9HicdVBNS8NAEN3Ur1q/qh69LBahIpREatWLFLx48FDBfkAbymS7aZduNnF3Uyihv8OLB0W8+mO8+W/cthGq6IOBx3szzMzzIs6Utu1PK7O0vLK6ll3PbWxube/kd/caKowloXUS8lC2PFCUM0HrmmlOW5GkEHicNr3h9dRvjqhULBT3ehxRN4C+YD4joI3kFp2TDvBoAMe3XbubL9glewa8QM5s57LiYCdVCihFrZv/6PRCEgdUaMJBqbZjR9pNQGpGOJ3kOrGiEZAh9GnbUAEBVW4yO3qCj4zSw34oTQmNZ+riRAKBUuPAM50B6IH67U3Fv7x2rP0LN2EiijUVZL7IjznWIZ4mgHtMUqL52BAgkplbMRmABKJNTjkTwven+H/SOC05lVL5rlyoXqVxZNEBOkRF5KBzVEU3qIbqiKAH9Iie0Ys1sp6sV+tt3pqx0pl99APW+xcR9JEB</latexit>

(1 + ↵)L0

<latexit sha1_base64="9gRb85NVqW7crGOd7d+bGIflhfg=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgKexKjHpQAoJ4jGAekixhdjKbDJmZXWZ6xbDkK7x4UMSrn+PNv3HyEKJoQUNR1U13VxALbsB1P53MwuLS8kp2Nbe2vrG5ld/eqZso0ZTVaCQi3QyIYYIrVgMOgjVjzYgMBGsEg8ux37hn2vBI3cIwZr4kPcVDTglY6e6qk7IHGJ27nXzBLboT4Dly7HpnZQ97M6WAZqh28h/tbkQTyRRQQYxpeW4Mfko0cCrYKNdODIsJHZAea1mqiGTGTycHj/CBVbo4jLQtBXiizk+kRBozlIHtlAT65rc3Fv/yWgmEp37KVZwAU3S6KEwEhgiPv8ddrhkFMbSEUM3trZj2iSYUbEY5G8L3p/h/Uj8qeuVi6aZUqFzM4siiPbSPDpGHTlAFXaMqqiGKJHpEz+jF0c6T8+q8TVszzmxmF/2A8/4FnNaQSg==</latexit>

F
ext

= 0
<latexit sha1_base64="zxrRsms4BzkR+spXPfjgN12jgA0=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBahIpREatWLFLx48FDBfkATymY7aZduNmF3I5TQv+HFgyJe/TPe/Ddu2whV9MHA470ZZub5MWdK2/anlVtaXlldy68XNja3tneKu3stFSWSQpNGPJIdnyjgTEBTM82hE0sgoc+h7Y+up377AaRikbjX4xi8kAwECxgl2khu2TlxfdDk+LZn94olu2LPgBfIme1c1hzsZEoJZWj0ih9uP6JJCEJTTpTqOnasvZRIzSiHScFNFMSEjsgAuoYKEoLy0tnNE3xklD4OImlKaDxTFydSEio1Dn3TGRI9VL+9qfiX1010cOGlTMSJBkHni4KEYx3haQC4zyRQzceGECqZuRXTIZGEahNTwYTw/Sn+n7ROK06tUr2rlupXWRx5dIAOURk56BzV0Q1qoCaiKEaP6Bm9WIn1ZL1ab/PWnJXN7KMfsN6/AEgPkI0=</latexit>

(1 + �)L0

<latexit sha1_base64="cDcoGtzXF9D4sRSExYRrLozLgf0=">AAAB83icdVDLSsNAFL2pr1pfVZduBovgxpJIrbqRghs3QgX7gCaUyXTSDp1MwsxEKKG/4caFIm79GXf+jZM2QhU9MHA4517umePHnClt259WYWl5ZXWtuF7a2Nza3inv7rVVlEhCWyTikez6WFHOBG1ppjntxpLi0Oe044+vM7/zQKVikbjXk5h6IR4KFjCCtZHcEzfEekQwT2+n/XLFrtozoAVyZjuXdQc5uVKBHM1++cMdRCQJqdCEY6V6jh1rL8VSM8LptOQmisaYjPGQ9gwVOKTKS2eZp+jIKAMURNI8odFMXdxIcajUJPTNZBZR/fYy8S+vl+jgwkuZiBNNBZkfChKOdISyAtCASUo0nxiCiWQmKyIjLDHRpqaSKeH7p+h/0j6tOvVq7a5WaVzldRThAA7hGBw4hwbcQBNaQCCGR3iGFyuxnqxX620+WrDynX34Aev9Cw58kbU=</latexit>

�M

internal stress

<latexit sha1_base64="j8zRCus0/3lrTYRw8Zqx1KiozHY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjHqRgBePCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/4yRZIYoWNBRV3XR3ebHgStv2p5VbWV1b38hvFra2d3b3ivsHLRUlkmGTRSKSHY8qFDzEpuZaYCeWSANPYNsb38z89gNKxaPwTk9idAM6DLnPGdVGakz6xZJdtucgS+Tcdq6qDnEypQQZ6v3iR28QsSTAUDNBleo6dqzdlErNmcBpoZcojCkb0yF2DQ1pgMpN54dOyYlRBsSPpKlQk7m6PJHSQKlJ4JnOgOqR+u3NxL+8bqL9SzflYZxoDNlikZ8IoiMy+5oMuESmxcQQyiQ3txI2opIybbIpmBC+PyX/k9ZZ2amWK41KqXadxZGHIziGU3DgAmpwC3VoAgOER3iGF+veerJerbdFa87KZg7hB6z3LwiUjRg=</latexit>y
<latexit sha1_base64="PGtB4I6kGuqSpIBXSBngbnevTm0=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjHqRgBePCZgYSJYwO+lNxsw+mJkVw5Iv8OJBEa9+kjf/xkmyQhQtaCiquunu8mLBlbbtTyu3tLyyupZfL2xsbm3vFHf3WipKJMMmi0Qk2x5VKHiITc21wHYskQaewFtvdDX1b+9RKh6FN3ocoxvQQch9zqg2UuOhVyzZZXsGskBObeei6hAnU0qQod4rfnT7EUsCDDUTVKmOY8faTanUnAmcFLqJwpiyER1gx9CQBqjcdHbohBwZpU/8SJoKNZmpixMpDZQaB57pDKgeqt/eVPzL6yTaP3dTHsaJxpDNF/mJIDoi069Jn0tkWowNoUxycythQyop0yabggnh+1PyP2mdlJ1qudKolGqXWRx5OIBDOAYHzqAG11CHJjBAeIRneLHurCfr1Xqbt+asbGYffsB6/wIHEI0X</latexit>

x

<latexit sha1_base64="eZjdwgD8Ctltjvu5izAufxNHYjE="></latexit>
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Superposition



Superposition

<latexit sha1_base64="sBH78xHCl6yw4Co+Lc6cpW/bM2E=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KjNSq26k4MaNUME+YDqUTJq2oZlkSO4IZehnuHGhiFu/xp1/Y6YdQUUPBA7n3EvOPWEsuAHX/XAKS8srq2vF9dLG5tb2Tnl3r21UoilrUSWU7obEMMElawEHwbqxZiQKBeuEk6vM79wzbbiSdzCNWRCRkeRDTglYye9FBMaUiPRm1i9X3Ko7B/5GTl3vou5hL1cqKEezX37vDRRNIiaBCmKM77kxBCnRwKlgs1IvMSwmdEJGzLdUkoiZIJ1HnuEjqwzwUGn7JOC5+n0jJZEx0yi0k1lE89vLxL88P4HheZByGSfAJF18NEwEBoWz+/GAa0ZBTC0hVHObFdMx0YSCbalkS/i6FP9P2idVr16t3dYqjcu8jiI6QIfoGHnoDDXQNWqiFqJIoQf0hJ4dcB6dF+d1MVpw8p199APO2yejUpF+</latexit>

M

no internal stress
<latexit sha1_base64="zxrRsms4BzkR+spXPfjgN12jgA0=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBahIpREatWLFLx48FDBfkATymY7aZduNmF3I5TQv+HFgyJe/TPe/Ddu2whV9MHA470ZZub5MWdK2/anlVtaXlldy68XNja3tneKu3stFSWSQpNGPJIdnyjgTEBTM82hE0sgoc+h7Y+up377AaRikbjX4xi8kAwECxgl2khu2TlxfdDk+LZn94olu2LPgBfIme1c1hzsZEoJZWj0ih9uP6JJCEJTTpTqOnasvZRIzSiHScFNFMSEjsgAuoYKEoLy0tnNE3xklD4OImlKaDxTFydSEio1Dn3TGRI9VL+9qfiX1010cOGlTMSJBkHni4KEYx3haQC4zyRQzceGECqZuRXTIZGEahNTwYTw/Sn+n7ROK06tUr2rlupXWRx5dIAOURk56BzV0Q1qoCaiKEaP6Bm9WIn1ZL1ab/PWnJXN7KMfsN6/AEgPkI0=</latexit>

(1 + �)L0

neutral line:
<latexit sha1_base64="zxrRsms4BzkR+spXPfjgN12jgA0=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBahIpREatWLFLx48FDBfkATymY7aZduNmF3I5TQv+HFgyJe/TPe/Ddu2whV9MHA470ZZub5MWdK2/anlVtaXlldy68XNja3tneKu3stFSWSQpNGPJIdnyjgTEBTM82hE0sgoc+h7Y+up377AaRikbjX4xi8kAwECxgl2khu2TlxfdDk+LZn94olu2LPgBfIme1c1hzsZEoJZWj0ih9uP6JJCEJTTpTqOnasvZRIzSiHScFNFMSEjsgAuoYKEoLy0tnNE3xklD4OImlKaDxTFydSEio1Dn3TGRI9VL+9qfiX1010cOGlTMSJBkHni4KEYx3haQC4zyRQzceGECqZuRXTIZGEahNTwYTw/Sn+n7ROK06tUr2rlupXWRx5dIAOURk56BzV0Q1qoCaiKEaP6Bm9WIn1ZL1ab/PWnJXN7KMfsN6/AEgPkI0=</latexit>

(1 + �)L0

<latexit sha1_base64="VmzUCtKRnKwRw1unU9RHkP6MbdI=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjHqRgBePiRgTSJYwO+lNxsw+mJkVwpIv8OJBEa9+kjf/xkmyQhQtaCiquunu8mLBlbbtTyu3tLyyupZfL2xsbm3vFHf37lSUSIZNFolItj2qUPAQm5prge1YIg08gS1vdDX1Ww8oFY/CWz2O0Q3oIOQ+Z1QbqXHTK5bssj0DWSCntnNRdYiTKSXIUO8VP7r9iCUBhpoJqlTHsWPtplRqzgROCt1EYUzZiA6wY2hIA1RuOjt0Qo6M0id+JE2FmszUxYmUBkqNA890BlQP1W9vKv7ldRLtn7spD+NEY8jmi/xEEB2R6dekzyUyLcaGUCa5uZWwIZWUaZNNwYTw/Sn5n9ydlJ1qudKolGqXWRx5OIBDOAYHzqAG11CHJjBAeIRneLHurSfr1Xqbt+asbGYffsB6/wLNaYzx</latexit>

R

<latexit sha1_base64="j8zRCus0/3lrTYRw8Zqx1KiozHY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjHqRgBePCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/4yRZIYoWNBRV3XR3ebHgStv2p5VbWV1b38hvFra2d3b3ivsHLRUlkmGTRSKSHY8qFDzEpuZaYCeWSANPYNsb38z89gNKxaPwTk9idAM6DLnPGdVGakz6xZJdtucgS+Tcdq6qDnEypQQZ6v3iR28QsSTAUDNBleo6dqzdlErNmcBpoZcojCkb0yF2DQ1pgMpN54dOyYlRBsSPpKlQk7m6PJHSQKlJ4JnOgOqR+u3NxL+8bqL9SzflYZxoDNlikZ8IoiMy+5oMuESmxcQQyiQ3txI2opIybbIpmBC+PyX/k9ZZ2amWK41KqXadxZGHIziGU3DgAmpwC3VoAgOER3iGF+veerJerbdFa87KZg7hB6z3LwiUjRg=</latexit>y
<latexit sha1_base64="PGtB4I6kGuqSpIBXSBngbnevTm0=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjHqRgBePCZgYSJYwO+lNxsw+mJkVw5Iv8OJBEa9+kjf/xkmyQhQtaCiquunu8mLBlbbtTyu3tLyyupZfL2xsbm3vFHf3WipKJMMmi0Qk2x5VKHiITc21wHYskQaewFtvdDX1b+9RKh6FN3ocoxvQQch9zqg2UuOhVyzZZXsGskBObeei6hAnU0qQod4rfnT7EUsCDDUTVKmOY8faTanUnAmcFLqJwpiyER1gx9CQBqjcdHbohBwZpU/8SJoKNZmpixMpDZQaB57pDKgeqt/eVPzL6yTaP3dTHsaJxpDNF/mJIDoi069Jn0tkWowNoUxycythQyop0yabggnh+1PyP2mdlJ1qudKolGqXWRx5OIBDOAYHzqAG11CHJjBAeIRneLHurCfr1Xqbt+asbGYffsB6/wIHEI0X</latexit>

x

<latexit sha1_base64="KSKcvrTB2PIs93112etLWt+xRKk=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWvUiBS8eK9oPaJeSTbNtaJJdkqywLP0JXjwo4tVf5M1/Y9quoKIPBh7vzTAzL4g508Z1P5zC0vLK6lpxvbSxubW9U97da+soUYS2SMQj1Q2wppxJ2jLMcNqNFcUi4LQTTK5mfueeKs0ieWfSmPoCjyQLGcHGSrfpQA7KFbfqzoG+kVPXu6h7yMuVCuRoDsrv/WFEEkGlIRxr3fPc2PgZVoYRTqelfqJpjMkEj2jPUokF1X42P3WKjqwyRGGkbEmD5ur3iQwLrVMR2E6BzVj/9mbiX14vMeG5nzEZJ4ZKslgUJhyZCM3+RkOmKDE8tQQTxeytiIyxwsTYdEo2hK9P0f+kfVL16tXaTa3SuMzjKMIBHMIxeHAGDbiGJrSAwAge4AmeHe48Oi/O66K14OQz+/ADztsninKN+Q==</latexit>yn

<latexit sha1_base64="jJo5CinJG/X4XQ+Eh81h9lNzwHE=">AAAB/HicdVDLSgMxFL1TX7W+Rrt0EyyCqzIjtepCKbhxWcE+oB1KJs20oZkHSaZ0GOqvuHGhiFs/xJ1/Y9qOUEUPXDg5515y73EjzqSyrE8jt7K6tr6R3yxsbe/s7pn7B00ZxoLQBgl5KNoulpSzgDYUU5y2I0Gx73Lackc3M781pkKyMLhXSUQdHw8C5jGClZZ6ZrE7xoJGknH9SieTKbqyembJKltzoCVyZtmXVRvZmVKCDPWe+dHthyT2aaAIx1J2bCtSToqFYoTTaaEbSxphMsID2tE0wD6VTjpffoqOtdJHXih0BQrN1eWJFPtSJr6rO32shvK3NxP/8jqx8i6clAVRrGhAFh95MUcqRLMkUJ8JShRPNMFEML0rIkMsMFE6r4IO4ftS9D9pnpbtarlyVynVrrM48nAIR3ACNpxDDW6hDg0gkMAjPMOL8WA8Ga/G26I1Z2QzRfgB4/0L9QmU9w==</latexit>

"
xx

= 0

<latexit sha1_base64="QGx/weq1uBDM1vxlYBwmdkj9/O8=">AAACC3icdVDLSsNAFJ34rPUVdelmaBHcWBKpVRdKwY3LKvYBTSiT6aQdOpmEmUlpCNm78VfcuFDErT/gzr9x+hCq6IELZ865l7n3eBGjUlnWp7GwuLS8sppby69vbG5tmzu7DRnGApM6DlkoWh6ShFFO6ooqRlqRICjwGGl6g6ux3xwSIWnI71QSETdAPU59ipHSUscsOEMkSCQp0690NMrgBXR8gXCaHCUdnqW3WccsWiVrAjhHTiz7vGJDe6YUwQy1jvnhdEMcB4QrzJCUbduKlJsioShmJMs7sSQRwgPUI21NOQqIdNPJLRk80EoX+qHQxRWcqPMTKQqkTAJPdwZI9eVvbyz+5bVj5Z+5KeVRrAjH04/8mEEVwnEwsEsFwYolmiAsqN4V4j7SSSgdX16H8H0p/J80jkt2pVS+KRerl7M4cmAfFMAhsMEpqIJrUAN1gME9eATP4MV4MJ6MV+Nt2rpgzGb2wA8Y71/2Epuj</latexit>

"
xx

=
y � y

n

R
<latexit sha1_base64="OlFl5ykrVmxhRkAoY7GAgAR4WzU="></latexit>

F
ext

= 0 )
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�h
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(y) dy = 0
<latexit sha1_base64="b+r86mcT1mj1MqxOGibZkJu166s="></latexit>Z h

�h
(y � yn) dy = 0 ) yn = 0



Superposition

<latexit sha1_base64="sBH78xHCl6yw4Co+Lc6cpW/bM2E=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KjNSq26k4MaNUME+YDqUTJq2oZlkSO4IZehnuHGhiFu/xp1/Y6YdQUUPBA7n3EvOPWEsuAHX/XAKS8srq2vF9dLG5tb2Tnl3r21UoilrUSWU7obEMMElawEHwbqxZiQKBeuEk6vM79wzbbiSdzCNWRCRkeRDTglYye9FBMaUiPRm1i9X3Ko7B/5GTl3vou5hL1cqKEezX37vDRRNIiaBCmKM77kxBCnRwKlgs1IvMSwmdEJGzLdUkoiZIJ1HnuEjqwzwUGn7JOC5+n0jJZEx0yi0k1lE89vLxL88P4HheZByGSfAJF18NEwEBoWz+/GAa0ZBTC0hVHObFdMx0YSCbalkS/i6FP9P2idVr16t3dYqjcu8jiI6QIfoGHnoDDXQNWqiFqJIoQf0hJ4dcB6dF+d1MVpw8p199APO2yejUpF+</latexit>

M

no internal stress
<latexit sha1_base64="zxrRsms4BzkR+spXPfjgN12jgA0=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBahIpREatWLFLx48FDBfkATymY7aZduNmF3I5TQv+HFgyJe/TPe/Ddu2whV9MHA470ZZub5MWdK2/anlVtaXlldy68XNja3tneKu3stFSWSQpNGPJIdnyjgTEBTM82hE0sgoc+h7Y+up377AaRikbjX4xi8kAwECxgl2khu2TlxfdDk+LZn94olu2LPgBfIme1c1hzsZEoJZWj0ih9uP6JJCEJTTpTqOnasvZRIzSiHScFNFMSEjsgAuoYKEoLy0tnNE3xklD4OImlKaDxTFydSEio1Dn3TGRI9VL+9qfiX1010cOGlTMSJBkHni4KEYx3haQC4zyRQzceGECqZuRXTIZGEahNTwYTw/Sn+n7ROK06tUr2rlupXWRx5dIAOURk56BzV0Q1qoCaiKEaP6Bm9WIn1ZL1ab/PWnJXN7KMfsN6/AEgPkI0=</latexit>

(1 + �)L0

neutral line:
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Superposition
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no internal stress
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general case
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and more complex if
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Also at small scale
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Supplementary Figure 11 : Schematic decomposition of the cross-section of a NPL into 3 layers:  

inorganic core (CdSe), anchoring layer (S) and aliphatic chain layer of respective thicknesses H, h and 

ln. Mismatches between the layers in the [110] direction of the zinc blende crystal structure 

(corresponding to vector u) induce residual stresses that result into bending. Ligands from the outer 

face are not considered as they induce stresses in the orthogonal direction (direction v) and do not 

participate to bending. 

 As previously, the stresses are written as follows while neglecting the Poisson effect: 

𝜎𝑠 = 𝐸𝑠𝜀𝑠 = 𝐸𝑠(𝛼 − 𝜅(𝑧 − 𝑑)) 

𝜎𝑑 = 𝐸𝑑𝜀𝑑 = 𝐸𝑑(𝛼 − Δ𝜀 − 𝜅(𝑧 − 𝑑)) 

𝜎𝑙 = 𝐸𝑙𝜀𝑙 = 𝐸𝑙(𝛼 − Δ𝜀" − 𝜅(𝑧 − 𝑑)) 

And, the force (per unit width) is simply given by: 

𝑓 = ∫ 𝜎𝑠𝑑𝑧 +
0

−𝐻
∫ 𝜎𝑑

ℎ

0
𝑑𝑧 + ∫ 𝜎𝑙

ℎ+𝑙𝑛

ℎ
𝑑𝑧

= 𝛼𝐸𝑠𝐻 + (𝛼 − Δ𝜀)𝐸𝑑ℎ + (𝛼 − Δ𝜀")𝐸𝑙𝑙𝑛  

−
𝜅
2

(−𝐸𝑠(𝐻2 + 2𝐻𝑑) + 𝐸𝑑(ℎ2 − 2ℎ𝑑) + 𝐸𝑙(𝑙𝑛(𝑙𝑛 + 2ℎ) − 2𝑙𝑛𝑑)) = 0 

We deduce the position of the neutral axis: 

𝑑 =
𝐸𝑑ℎ2 + 𝐸𝑙𝑙𝑛(𝑙𝑛 + 2ℎ) − 𝐸𝑠𝐻2

2(𝐻𝐸𝑠 + ℎ𝐸𝑑 + 𝑙𝑛𝐸𝑙)  

As well as the effective strain: 

𝛼 =
𝐸𝑑ℎΔ𝜀 + 𝐸𝑙𝑙𝑛∆𝜀"
𝐸𝑠𝐻 + 𝐸𝑑ℎ + 𝐸𝑙𝑙𝑛

 

And, the moment corresponding to the stress distribution calculated with respect to any 
position (e.g., with respect to z = 0) is:  

nanoparticles (bending dominated regime) and helices for extended ones (stretching dominated 
regime)24 as in this work (Figure 1b). Besides, a distinction is made following the nature of the stress. 
For a NPL under compressive stress (resp. tensile stress), the applied direction is perpendicular (resp. 
parallel) to the helix axis on the inner surface of the helix while it is parallel (resp. perpendicular) to 
the helix axis on the outer surface. Thus, an exchange between ligands inducing opposite stresses on 
a NPL should be accompanied by an inversion of the handedness of the helix. 

 

Figure 1 Folding of nanoplatelets: (a) CdSe zinc blende crystal structure in a 3 ML CdSe NPL, the arrows show 

the compressive stress brought by ethanethiolates ligands. The presence of a 4̅ axis along the NPL thickness 

induces compressive stress on top and bottom wide facets oriented at 90° from each other. To minimize the 

internal elastic energies, the large lateral sizes NPL fold as a helix. This latter is defined by its radius R and its 

axis is tilted by an angle of I�to the plane normal (b) Absorption spectra of 3 ML CdSe NPLs capped with 

Acetate/Oleate, and CnS ligands (where Cn : CnH2n+1S- and n=2, 4, 8, 12, 18). (c), (d) and (e) TEM images of 3 ML 

CdSe NPLs capped with Acetate/Oleate (purple frame), with C4H9S- (blue frame) and with C18H37S- (black frame). 

Scale bar: 200 nm 

CdSe NPLs with thickness ranging from 3 to 7 MLs have been synthesized.25 The syntheses 
have been adapted to reach large lateral dimensions and then colloidal atomic layer deposition has 
been used to grow the NPLs in their thickness with CdSe or CdS.26 A further annealing step allowing a 
reorganization of the surface and the ligands is highlighted by the narrow optical transitions in 
absorption. Then, a two-steps process of ligand exchange is performed to ensure a complete surface 
chemistry change (Supplementary note 1). The Figure 1c to e show the absorption spectra and the 
TEM images of 3 ML CdSe NPLs with carboxylates ligands and CnH2n+1S ligands (n= 4 and 18). In 
absorption, the 3 ML CdSe NPLs passivated by carboxylates ligands present two transitions attributed 

nanoparticles (bending dominated regime) and helices for extended ones (stretching dominated 
regime)24 as in this work (Figure 1b). Besides, a distinction is made following the nature of the stress. 
For a NPL under compressive stress (resp. tensile stress), the applied direction is perpendicular (resp. 
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the helix axis on the outer surface. Thus, an exchange between ligands inducing opposite stresses on 
a NPL should be accompanied by an inversion of the handedness of the helix. 
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Supplementary Figure 11 : Schematic decomposition of the cross-section of a NPL into 3 layers:  

inorganic core (CdSe), anchoring layer (S) and aliphatic chain layer of respective thicknesses H, h and 

ln. Mismatches between the layers in the [110] direction of the zinc blende crystal structure 

(corresponding to vector u) induce residual stresses that result into bending. Ligands from the outer 

face are not considered as they induce stresses in the orthogonal direction (direction v) and do not 

participate to bending. 

 As previously, the stresses are written as follows while neglecting the Poisson effect: 

𝜎𝑠 = 𝐸𝑠𝜀𝑠 = 𝐸𝑠(𝛼 − 𝜅(𝑧 − 𝑑)) 

𝜎𝑑 = 𝐸𝑑𝜀𝑑 = 𝐸𝑑(𝛼 − Δ𝜀 − 𝜅(𝑧 − 𝑑)) 

𝜎𝑙 = 𝐸𝑙𝜀𝑙 = 𝐸𝑙(𝛼 − Δ𝜀" − 𝜅(𝑧 − 𝑑)) 

And, the force (per unit width) is simply given by: 

𝑓 = ∫ 𝜎𝑠𝑑𝑧 +
0

−𝐻
∫ 𝜎𝑑

ℎ

0
𝑑𝑧 + ∫ 𝜎𝑙

ℎ+𝑙𝑛

ℎ
𝑑𝑧

= 𝛼𝐸𝑠𝐻 + (𝛼 − Δ𝜀)𝐸𝑑ℎ + (𝛼 − Δ𝜀")𝐸𝑙𝑙𝑛  

−
𝜅
2

(−𝐸𝑠(𝐻2 + 2𝐻𝑑) + 𝐸𝑑(ℎ2 − 2ℎ𝑑) + 𝐸𝑙(𝑙𝑛(𝑙𝑛 + 2ℎ) − 2𝑙𝑛𝑑)) = 0 

We deduce the position of the neutral axis: 

𝑑 =
𝐸𝑑ℎ2 + 𝐸𝑙𝑙𝑛(𝑙𝑛 + 2ℎ) − 𝐸𝑠𝐻2

2(𝐻𝐸𝑠 + ℎ𝐸𝑑 + 𝑙𝑛𝐸𝑙)  

As well as the effective strain: 

𝛼 =
𝐸𝑑ℎΔ𝜀 + 𝐸𝑙𝑙𝑛∆𝜀"
𝐸𝑠𝐻 + 𝐸𝑑ℎ + 𝐸𝑙𝑙𝑛

 

And, the moment corresponding to the stress distribution calculated with respect to any 
position (e.g., with respect to z = 0) is:  

CdSe nanoplatelets + ligands ⇒ surface stress
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Thin bilayer: frustrated rolling

M.Pezzulla, P. Nardinocchi & D.Holmes (2016)
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<latexit sha1_base64="j1Cgua0paZ6uSs9QDOkGocRQNHs=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKeyGGPUiAS8e4yMPSJYwO5lNhszOLDOzQljyCV48KOLVL/Lm3zhJVlDRgoaiqpvuriDmTBvX/XByS8srq2v59cLG5tb2TnF3r6VloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjC9nfvueKs2kuDOTmPoRHgoWMoKNlW5v+pV+seSW3TnQN3Lieuc1D3mZUoIMjX7xvTeQJImoMIRjrbueGxs/xcowwum00Es0jTEZ4yHtWipwRLWfzk+doiOrDFAolS1h0Fz9PpHiSOtJFNjOCJuR/u3NxL+8bmLCMz9lIk4MFWSxKEw4MhLN/kYDpigxfGIJJorZWxEZYYWJsekUbAhfn6L/SatS9mrl6nW1VL/I4sjDARzCMXhwCnW4ggY0gcAQHuAJnh3uPDovzuuiNedkM/vwA87bJ/QJjZY=</latexit>

R2

<latexit sha1_base64="GDbdCUS82JdK0ASdd7gNR6e3zQU=">AAAB6nicdVDLSgNBEOyJrxhfUY9eBoPgKexKjHqRgBeP8ZEHJEuYncwmQ2Znl5lZISz5BC8eFPHqF3nzb5wkK0TRgoaiqpvuLj8WXBvH+US5peWV1bX8emFjc2t7p7i719RRoihr0EhEqu0TzQSXrGG4EawdK0ZCX7CWP7qa+q0HpjSP5L0Zx8wLyUDygFNirHR323N7xZJTdmbAC+TUcS+qLnYzpQQZ6r3iR7cf0SRk0lBBtO64Tmy8lCjDqWCTQjfRLCZ0RAasY6kkIdNeOjt1go+s0sdBpGxJg2fq4kRKQq3HoW87Q2KG+rc3Ff/yOokJzr2UyzgxTNL5oiAR2ER4+jfuc8WoEWNLCFXc3orpkChCjU2nYEP4/hT/T5onZbdartxUSrXLLI48HMAhHIMLZ1CDa6hDAygM4BGe4QUJ9IRe0du8NYeymX34AfT+BfKFjZU=</latexit>

R1

<latexit sha1_base64="j1Cgua0paZ6uSs9QDOkGocRQNHs=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKeyGGPUiAS8e4yMPSJYwO5lNhszOLDOzQljyCV48KOLVL/Lm3zhJVlDRgoaiqpvuriDmTBvX/XByS8srq2v59cLG5tb2TnF3r6VloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjC9nfvueKs2kuDOTmPoRHgoWMoKNlW5v+pV+seSW3TnQN3Lieuc1D3mZUoIMjX7xvTeQJImoMIRjrbueGxs/xcowwum00Es0jTEZ4yHtWipwRLWfzk+doiOrDFAolS1h0Fz9PpHiSOtJFNjOCJuR/u3NxL+8bmLCMz9lIk4MFWSxKEw4MhLN/kYDpigxfGIJJorZWxEZYYWJsekUbAhfn6L/SatS9mrl6nW1VL/I4sjDARzCMXhwCnW4ggY0gcAQHuAJnh3uPDovzuuiNedkM/vwA87bJ/QJjZY=</latexit>

R2

<latexit sha1_base64="GDbdCUS82JdK0ASdd7gNR6e3zQU=">AAAB6nicdVDLSgNBEOyJrxhfUY9eBoPgKexKjHqRgBeP8ZEHJEuYncwmQ2Znl5lZISz5BC8eFPHqF3nzb5wkK0TRgoaiqpvuLj8WXBvH+US5peWV1bX8emFjc2t7p7i719RRoihr0EhEqu0TzQSXrGG4EawdK0ZCX7CWP7qa+q0HpjSP5L0Zx8wLyUDygFNirHR323N7xZJTdmbAC+TUcS+qLnYzpQQZ6r3iR7cf0SRk0lBBtO64Tmy8lCjDqWCTQjfRLCZ0RAasY6kkIdNeOjt1go+s0sdBpGxJg2fq4kRKQq3HoW87Q2KG+rc3Ff/yOokJzr2UyzgxTNL5oiAR2ER4+jfuc8WoEWNLCFXc3orpkChCjU2nYEP4/hT/T5onZbdartxUSrXLLI48HMAhHIMLZ1CDa6hDAygM4BGe4QUJ9IRe0du8NYeymX34AfT+BfKFjZU=</latexit>

R1

<latexit sha1_base64="H/yjelBWcxTU54uTWa14+BgUfbI=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0lKrXpQCl48VrEf2Iay2W7apZtN2J0IIfRfePGgiFf/jTf/jds2QhV9MPB4b4aZeV4kuAbb/rRyS8srq2v59cLG5tb2TnF3r6XDWFHWpKEIVccjmgkuWRM4CNaJFCOBJ1jbG19N/fYDU5qH8g6SiLkBGUruc0rASPe3/cpFj0sfkn6xZJftGfACObGd85qDnUwpoQyNfvGjNwhpHDAJVBCtu44dgZsSBZwKNin0Ys0iQsdkyLqGShIw7aaziyf4yCgD7IfKlAQ8UxcnUhJonQSe6QwIjPRvbyr+5XVj8M/clMsoBibpfJEfCwwhnr6PB1wxCiIxhFDFza2YjogiFExIBRPC96f4f9KqlJ1auXpTLdUvszjy6AAdomPkoFNUR9eogZqIIoke0TN6sbT1ZL1ab/PWnJXN7KMfsN6/ADQOkJ8=</latexit>

R2 = 1

K = 0

distances preserved



Shihira-Ishikawa   
 paleopolis.rederis.es

5 mm

Challenging Gauß theorem ?

the cap of acetabularia



Dervaux & Ben Amar PRL (2008)

fast growth
slow growth

Non uniform/isotropic growth

Serikawa & Monadoli Planta (1998)

non uniform growth non isotropic growth

leaf growth: Arezki Boudaoud



Inflatable rubber patches

Top view

Side view

Siéfert et al., Nature Materials (2018)

1 cm



Inflatable rubber patches



Inflatable rubber patches



Inflating a tube

�zz

�✓✓

h

R
P



�zz

h

R

P

<latexit sha1_base64="0N0QiREJG7ga9faqP8KaX6WcC58=">AAACC3icdVDLSsNAFJ3UV62vqEs3Q4vgQkpSatWFUnDjsop9QBPDZDpph04ezEyENnTvxl9x40IRt/6AO//GaRqhih64cOace5l7jxsxKqRhfGq5hcWl5ZX8amFtfWNzS9/eaYkw5pg0cchC3nGRIIwGpCmpZKQTcYJ8l5G2O7yY+u07wgUNgxs5iojto35APYqRVJKjF62IwuvbCmzAM1hJH3BgHUJL0L6PnGQ8njh6ySgbKeAcOTLM05oJzUwpgQwNR/+weiGOfRJIzJAQXdOIpJ0gLilmZFKwYkEihIeoT7qKBsgnwk7SWyZwXyk96IVcVSBhqs5PJMgXYuS7qtNHciB+e1PxL68bS+/ETmgQxZIEePaRFzMoQzgNBvYoJ1iykSIIc6p2hXiAOMJSxVdQIXxfCv8nrUrZrJWrV9VS/TyLIw/2QBEcABMcgzq4BA3QBBjcg0fwDF60B+1Je9XeZq05LZvZBT+gvX8Btu2Y/w==</latexit>

⇡R2P = 2⇡Rh�zz

<latexit sha1_base64="UNxccMeTdIjmPaZtplwO/Tr9nmY=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWvUiBS8eq9gPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW1XqKIPBh7vzTAzL4g508Z1P53c0vLK6lp+vbCxubW9U9zda2qZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo6up33qgSjMp7sw4pn6EB4KFjGBjpeawyzm67RVLbtmdAS2QU9e7qHrIy5QSZKj3ih/dviRJRIUhHGvd8dzY+ClWhhFOJ4VuommMyQgPaMdSgSOq/XR27QQdWaWPQqlsCYNm6uJEiiOtx1FgOyNshvq3NxX/8jqJCc/9lIk4MVSQ+aIw4chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLAhfH+K/ifNk7JXLVduKqXaZRZHHg7gEI7BgzOowTXUoQEE7uERnuHFkc6T8+q8zVtzTjazDz/gvH8BLNGO3w==</latexit>

h ⌧ R
h

<latexit sha1_base64="VmzUCtKRnKwRw1unU9RHkP6MbdI=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjHqRgBePiRgTSJYwO+lNxsw+mJkVwpIv8OJBEa9+kjf/xkmyQhQtaCiquunu8mLBlbbtTyu3tLyyupZfL2xsbm3vFHf37lSUSIZNFolItj2qUPAQm5prge1YIg08gS1vdDX1Ww8oFY/CWz2O0Q3oIOQ+Z1QbqXHTK5bssj0DWSCntnNRdYiTKSXIUO8VP7r9iCUBhpoJqlTHsWPtplRqzgROCt1EYUzZiA6wY2hIA1RuOjt0Qo6M0id+JE2FmszUxYmUBkqNA890BlQP1W9vKv7ldRLtn7spD+NEY8jmi/xEEB2R6dekzyUyLcaGUCa5uZWwIZWUaZNNwYTw/Sn5n9ydlJ1qudKolGqXWRx5OIBDOAYHzqAG11CHJjBAeIRneLHurSfr1Xqbt+asbGYffsB6/wLNaYzx</latexit>

R

<latexit sha1_base64="ihBXEqKw+8EMq+Ky3OJjJOX7E0I="></latexit>

�zz =
R

2h
P � �rr

P
<latexit sha1_base64="o58PsTHrAFBcU67VqXANR0g72jQ=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCq5JIrbqRghuXFewDmhAm02k7dDIJMzdCiV34K25cKOLW33Dn3zhtI1TRA/dyOOde5s4JE8E1OM6ntbC4tLyyWlgrrm9sbm3bO7tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK37pjSPJa3MEqYH5G+5D1OCRgpsPc9zfsRCTIPBgzIrI9xYJecsjMFniOnjntRdbGbKyWUox7YH143pmnEJFBBtO64TgJ+RhRwKti46KWaJYQOSZ91DJUkYtrPpveP8ZFRurgXK1MS8FSd38hIpPUoCs1kRGCgf3sT8S+vk0Lv3M+4TFJgks4e6qUCQ4wnYeAuV4yCGBlCqOLmVkwHRBEKJrKiCeH7p/h/0jwpu9Vy5aZSql3mcRTQATpEx8hFZ6iGrlEdNRBF9+gRPaMX68F6sl6tt9nogpXv7KEfsN6/AIBklmo=</latexit>�✓✓

<latexit sha1_base64="O5vPqcqcdBri5tLCUkFOe3cagCc=">AAACBnicdVDLSgMxFM34rPVVdSlCsAgupMyUWnWhFNy4rGIf0BmGTJrphGYeJHeEMnTlxl9x40IRt36DO//G9CFU0QP3cjjnXpJ7vERwBab5aczNLywuLedW8qtr6xubha3tpopTSVmDxiKWbY8oJnjEGsBBsHYiGQk9wVpe/3Lkt+6YVDyObmGQMCckvYj7nBLQklvYK9/YR/XzcmAr3guJm9kQMCCTPnQLRbNkjoFnyLFpnVUtbE2VIpqi7hY+7G5M05BFQAVRqmOZCTgZkcCpYMO8nSqWENonPdbRNCIhU042PmOID7TSxX4sdUWAx+rsRkZCpQahpydDAoH67Y3Ev7xOCv6pk/EoSYFFdPKQnwoMMR5lgrtcMgpioAmhkuu/YhoQSSjo5PI6hO9L8f+kWS5Z1VLlulKsXUzjyKFdtI8OkYVOUA1doTpqIIru0SN6Ri/Gg/FkvBpvk9E5Y7qzg37AeP8C1rqYww==</latexit>

2RP = 2h�✓✓

<latexit sha1_base64="y7R0gpKbcCUk7sxdtIGEC6GqbE0="></latexit>

�✓✓ = 2�zz =
R

h
P � �rr

Inflating a tube

P
<latexit sha1_base64="suGfcoXT3y+hA+mhy/rZZZvO3ys=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8lKrXpQCl48VrQf0C4lm2bb0Gx2SbJCWfoTvHhQxKu/yJv/xrRdoYo+GHi8N8PMPD8WXBuMP53c0vLK6lp+vbCxubW9U9zda+ooUZQ1aCQi1faJZoJL1jDcCNaOFSOhL1jLH11P/dYDU5pH8t6MY+aFZCB5wCkxVrqrX+JesYTLeAa0QE6xe1F1kZspJchQ7xU/uv2IJiGThgqidcfFsfFSogyngk0K3USzmNARGbCOpZKETHvp7NQJOrJKHwWRsiUNmqmLEykJtR6Hvu0MiRnq395U/MvrJCY491Iu48QwSeeLgkQgE6Hp36jPFaNGjC0hVHF7K6JDogg1Np2CDeH7U/Q/aZ6U3Wq5clsp1a6yOPJwAIdwDC6cQQ1uoA4NoDCAR3iGF0c4T86r8zZvzTnZzD78gPP+BbpLjXA=</latexit>

P = 0

<latexit sha1_base64="CnU3N8drrX/ifvDmBxm01NMNJf4=">AAACAXicdVDLSgMxFM3UV62vqhvBTbAIrsqM1KobKbhxWcE+oDOUTJppQ5PMmGSEMq0bf8WNC0Xc+hfu/Bsz7QhV9EDgcM653NzjR4wqbdufVm5hcWl5Jb9aWFvf2Nwqbu80VRhLTBo4ZKFs+0gRRgVpaKoZaUeSIO4z0vKHl6nfuiNS0VDc6FFEPI76ggYUI22kbnHPdhm5HbuK9jnqJlJOxqkA691iyS7bU8A5cmI751UHOplSAhlM/sPthTjmRGjMkFIdx460lyCpKWZkUnBjRSKEh6hPOoYKxInykukFE3holB4MQmme0HCqzk8kiCs14r5JcqQH6reXin95nVgHZ15CRRRrIvBsURAzqEOY1gF7VBKs2cgQhCU1f4V4gCTC2pRWMCV8Xwr/J83jslMtV64rpdpFVkce7IMDcAQccApq4ArUQQNgcA8ewTN4sR6sJ+vVeptFc1Y2swt+wHr/AusTlzI=</latexit>

0  |�rr|  P



"zz =
1

E
(�zz � ⌫�✓✓) = 0

(⌫ ' 0.5)

Hook’s law for linear elasticity:

"✓✓ =
1

E
(�✓✓ � ⌫�zz) =

3

4

R

Eh
P

<latexit sha1_base64="T5PLqghKQtq4oWhIcgsOTjsxXHI="></latexit> for rubber

+  permutations

with "ij =
1

2

✓
@ui

@xj
+

@uj

@xi

◆

<latexit sha1_base64="1baED49wUYoSuNJnXBBAkDiSQso="></latexit><latexit sha1_base64="1baED49wUYoSuNJnXBBAkDiSQso="></latexit><latexit sha1_base64="1baED49wUYoSuNJnXBBAkDiSQso="></latexit><latexit sha1_base64="1baED49wUYoSuNJnXBBAkDiSQso="></latexit>

Inflating a tube

<latexit sha1_base64="g/F+daQhd8dP0BfkbpXYcN9bxu0="></latexit>

"11 =
1

E
[�11 � ⌘(�22 + �33)]

<latexit sha1_base64="jydJ3l0oLRc7PyEQiIPKWvSyGqs=">AAACF3icdVDLSgNBEJyNrxhfUY9eBoMgCGE3xNdBCYjgUcEkQjaE3klvMmT2wcysEJb9Cy/+ihcPinjVm3/jJEaIogUNNVXdTHd5seBK2/aHlZuZnZtfyC8WlpZXVteK6xsNFSWSYZ1FIpI3HigUPMS65lrgTSwRAk9g0xucjfzmLUrFo/BaD2NsB9ALuc8ZaCN1imX3FiTGigvzSp1KRk+o60tgqbPnooYsPc9cxXsBjN1OsWSX7THoFNm3neMDhzoTpUQmuOwU391uxJIAQ80EKNVy7Fi3U5CaM4FZwU0UxsAG0MOWoSEEqNrp+K6M7hilS/1Imgo1HavTEykESg0Dz3QGoPvqtzcS//JaifaP2ikP40RjyL4+8hNBdURHIdEul8i0GBoCTHKzK2V9MKloE2XBhPB9Kf2fNCpl56BcvaqWaqeTOPJki2yTXeKQQ1IjF+SS1Akjd+SBPJFn6956tF6s16/WnDWZ2SQ/YL19AsQan64=</latexit>

"12 =
1 + ⌘

E
�12

<latexit sha1_base64="G3ucjXWm9fj7RtNQnjq5vbFRrMQ=">AAAB8HicdVBNSwMxEJ31s9avqkcvwSJ4KGW31qoXKXjxWMF+SLuUbJptQ5PskmSFUvorvHhQxKs/x5v/xrRdoYo+GHi8N8PMvCDmTBvX/XSWlldW19YzG9nNre2d3dzefkNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg99ZsPVGkWyTsziqkvcF+ykBFsrHTvFTqFkq3Tbi7vFt0Z0AI5c73Lioe8VMlDilo399HpRSQRVBrCsdZtz42NP8bKMMLpJNtJNI0xGeI+bVsqsaDaH88OnqBjq/RQGClb0qCZujgxxkLrkQhsp8BmoH97U/Evr52Y8MIfMxknhkoyXxQmHJkITb9HPaYoMXxkCSaK2VsRGWCFibEZZW0I35+i/0mjVPQqxfJtOV+9SuPIwCEcwQl4cA5VuIEa1IGAgEd4hhdHOU/Oq/M2b11y0pkD+AHn/QuFnY7t</latexit>

1, 2, 3



Pipe failure

�zz

�✓✓

<latexit sha1_base64="y7R0gpKbcCUk7sxdtIGEC6GqbE0="></latexit>

�✓✓ = 2�zz =
R

h
P � �rr



Top view

Side view

Siéfert et al., Nature Materials (2018)

1 cm

extension ~ P 

pressure 

Inflatable rubber patches



Geometrical limit  
(bending negligible)

↵
<latexit sha1_base64="ESIiXHsZ7quY+ysag7g6kYhg2AM=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU9kVvwoeCl48VnDbQruUbJptY7PJkmSFsvQ/ePGg4tUf5M1/Y9quUEUfDDzem2FmXphwpo3rfjqFpeWV1bXiemljc2t7p7y719QyVYT6RHKp2iHWlDNBfcMMp+1EURyHnLbC0fXUbz1QpZkUd2ac0CDGA8EiRrCxUrOLeTLEvXLFrbozoAVy5nq1cw95uVKBHI1e+aPblySNqTCEY607npuYIMPKMMLppNRNNU0wGeEB7VgqcEx1kM2unaAjq/RRJJUtYdBMXZzIcKz1OA5tZ4zNUP/2puJfXic10WWQMZGkhgoyXxSlHBmJpq+jPlOUGD62BBPF7K2IDLHCxNiASjaE70/R/8Q/qdaq3u1ppX6Vp1GEAziEY/DgAupwAw3wgcA9PMIzvDjSeXJenbd5a8HJZ/bhB5z3LxUijvw=</latexit><latexit sha1_base64="ESIiXHsZ7quY+ysag7g6kYhg2AM=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU9kVvwoeCl48VnDbQruUbJptY7PJkmSFsvQ/ePGg4tUf5M1/Y9quUEUfDDzem2FmXphwpo3rfjqFpeWV1bXiemljc2t7p7y719QyVYT6RHKp2iHWlDNBfcMMp+1EURyHnLbC0fXUbz1QpZkUd2ac0CDGA8EiRrCxUrOLeTLEvXLFrbozoAVy5nq1cw95uVKBHI1e+aPblySNqTCEY607npuYIMPKMMLppNRNNU0wGeEB7VgqcEx1kM2unaAjq/RRJJUtYdBMXZzIcKz1OA5tZ4zNUP/2puJfXic10WWQMZGkhgoyXxSlHBmJpq+jPlOUGD62BBPF7K2IDLHCxNiASjaE70/R/8Q/qdaq3u1ppX6Vp1GEAziEY/DgAupwAw3wgcA9PMIzvDjSeXJenbd5a8HJZ/bhB5z3LxUijvw=</latexit><latexit sha1_base64="ESIiXHsZ7quY+ysag7g6kYhg2AM=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU9kVvwoeCl48VnDbQruUbJptY7PJkmSFsvQ/ePGg4tUf5M1/Y9quUEUfDDzem2FmXphwpo3rfjqFpeWV1bXiemljc2t7p7y719QyVYT6RHKp2iHWlDNBfcMMp+1EURyHnLbC0fXUbz1QpZkUd2ac0CDGA8EiRrCxUrOLeTLEvXLFrbozoAVy5nq1cw95uVKBHI1e+aPblySNqTCEY607npuYIMPKMMLppNRNNU0wGeEB7VgqcEx1kM2unaAjq/RRJJUtYdBMXZzIcKz1OA5tZ4zNUP/2puJfXic10WWQMZGkhgoyXxSlHBmJpq+jPlOUGD62BBPF7K2IDLHCxNiASjaE70/R/8Q/qdaq3u1ppX6Vp1GEAziEY/DgAupwAw3wgcA9PMIzvDjSeXJenbd5a8HJZ/bhB5z3LxUijvw=</latexit><latexit sha1_base64="ESIiXHsZ7quY+ysag7g6kYhg2AM=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU9kVvwoeCl48VnDbQruUbJptY7PJkmSFsvQ/ePGg4tUf5M1/Y9quUEUfDDzem2FmXphwpo3rfjqFpeWV1bXiemljc2t7p7y719QyVYT6RHKp2iHWlDNBfcMMp+1EURyHnLbC0fXUbz1QpZkUd2ac0CDGA8EiRrCxUrOLeTLEvXLFrbozoAVy5nq1cw95uVKBHI1e+aPblySNqTCEY607npuYIMPKMMLppNRNNU0wGeEB7VgqcEx1kM2unaAjq/RRJJUtYdBMXZzIcKz1OA5tZ4zNUP/2puJfXic10WWQMZGkhgoyXxSlHBmJpq+jPlOUGD62BBPF7K2IDLHCxNiASjaE70/R/8Q/qdaq3u1ppX6Vp1GEAziEY/DgAupwAw3wgcA9PMIzvDjSeXJenbd5a8HJZ/bhB5z3LxUijvw=</latexit>

L
<latexit sha1_base64="XEXOw3hZrRnCR18GvajCIB59Y9U=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgKeyKr4CHgBcPHhJwTSBZwuykNxmdfTAzK4QlX+DFg4pXf8mbf+MkWSGKFjQUVd10d/mJ4Erb9qdVWFhcWl4prpbW1jc2t8rbO7cqTiVDl8Uilm2fKhQ8QldzLbCdSKShL7Dl319O/NYDSsXj6EaPEvRCOoh4wBnVRmpe98oVu2pPQebIie3UTh3i5EoFcjR65Y9uP2ZpiJFmgirVcexEexmVmjOB41I3VZhQdk8H2DE0oiEqL5seOiYHRumTIJamIk2m6vxERkOlRqFvOkOqh+q3NxH/8jqpDs69jEdJqjFis0VBKoiOyeRr0ucSmRYjQyiT3NxK2JBKyrTJpmRC+P6U/E/co2qt6jSPK/WLPI0i7ME+HIIDZ1CHK2iACwwQHuEZXqw768l6td5mrQUrn9mFH7DevwAvRYy0</latexit><latexit sha1_base64="XEXOw3hZrRnCR18GvajCIB59Y9U=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgKeyKr4CHgBcPHhJwTSBZwuykNxmdfTAzK4QlX+DFg4pXf8mbf+MkWSGKFjQUVd10d/mJ4Erb9qdVWFhcWl4prpbW1jc2t8rbO7cqTiVDl8Uilm2fKhQ8QldzLbCdSKShL7Dl319O/NYDSsXj6EaPEvRCOoh4wBnVRmpe98oVu2pPQebIie3UTh3i5EoFcjR65Y9uP2ZpiJFmgirVcexEexmVmjOB41I3VZhQdk8H2DE0oiEqL5seOiYHRumTIJamIk2m6vxERkOlRqFvOkOqh+q3NxH/8jqpDs69jEdJqjFis0VBKoiOyeRr0ucSmRYjQyiT3NxK2JBKyrTJpmRC+P6U/E/co2qt6jSPK/WLPI0i7ME+HIIDZ1CHK2iACwwQHuEZXqw768l6td5mrQUrn9mFH7DevwAvRYy0</latexit><latexit sha1_base64="XEXOw3hZrRnCR18GvajCIB59Y9U=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgKeyKr4CHgBcPHhJwTSBZwuykNxmdfTAzK4QlX+DFg4pXf8mbf+MkWSGKFjQUVd10d/mJ4Erb9qdVWFhcWl4prpbW1jc2t8rbO7cqTiVDl8Uilm2fKhQ8QldzLbCdSKShL7Dl319O/NYDSsXj6EaPEvRCOoh4wBnVRmpe98oVu2pPQebIie3UTh3i5EoFcjR65Y9uP2ZpiJFmgirVcexEexmVmjOB41I3VZhQdk8H2DE0oiEqL5seOiYHRumTIJamIk2m6vxERkOlRqFvOkOqh+q3NxH/8jqpDs69jEdJqjFis0VBKoiOyeRr0ucSmRYjQyiT3NxK2JBKyrTJpmRC+P6U/E/co2qt6jSPK/WLPI0i7ME+HIIDZ1CHK2iACwwQHuEZXqw768l6td5mrQUrn9mFH7DevwAvRYy0</latexit><latexit sha1_base64="XEXOw3hZrRnCR18GvajCIB59Y9U=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgKeyKr4CHgBcPHhJwTSBZwuykNxmdfTAzK4QlX+DFg4pXf8mbf+MkWSGKFjQUVd10d/mJ4Erb9qdVWFhcWl4prpbW1jc2t8rbO7cqTiVDl8Uilm2fKhQ8QldzLbCdSKShL7Dl319O/NYDSsXj6EaPEvRCOoh4wBnVRmpe98oVu2pPQebIie3UTh3i5EoFcjR65Y9uP2ZpiJFmgirVcexEexmVmjOB41I3VZhQdk8H2DE0oiEqL5seOiYHRumTIJamIk2m6vxERkOlRqFvOkOqh+q3NxH/8jqpDs69jEdJqjFis0VBKoiOyeRr0ucSmRYjQyiT3NxK2JBKyrTJpmRC+P6U/E/co2qt6jSPK/WLPI0i7ME+HIIDZ1CHK2iACwwQHuEZXqw768l6td5mrQUrn9mFH7DevwAvRYy0</latexit>

(1 + "r)L
<latexit sha1_base64="kh2T33Buee2yr2DRiiFZypXkIk4=">AAAB+nicdZDLSsNAFIZPvNZ6i3XpZrAIFaEk4q3gouDGhYsKxhbaUCbTSTt0Mgkzk2IpfRU3LlTc+iTufBunbYQq+sPAz3fO4Zz5g4QzpR3n01pYXFpeWc2t5dc3Nre27Z3CvYpTSahHYh7LRoAV5UxQTzPNaSORFEcBp/WgfzWp1wdUKhaLOz1MqB/hrmAhI1gb1LYLJfeoNcCSJopxA+ThTdsuOmVnKjRnTh23cuYiNyNFyFRr2x+tTkzSiApNOFaq6TqJ9kdYakY4HedbqaIJJn3cpU1jBY6o8kfT28fowJAOCmNpntBoSucnRjhSahgFpjPCuqd+1ybwr1oz1eGFP2IiSTUVZLYoTDnSMZoEgTpMUqL50BhMJDO3ItLDEhNt4sqbEL5/iv433nG5UnZvT4rVyyyNHOzBPpTAhXOowjXUwAMCD/AIz/Bija0n69V6m7UuWNnMLvyQ9f4FjYmTrA==</latexit><latexit sha1_base64="kh2T33Buee2yr2DRiiFZypXkIk4=">AAAB+nicdZDLSsNAFIZPvNZ6i3XpZrAIFaEk4q3gouDGhYsKxhbaUCbTSTt0Mgkzk2IpfRU3LlTc+iTufBunbYQq+sPAz3fO4Zz5g4QzpR3n01pYXFpeWc2t5dc3Nre27Z3CvYpTSahHYh7LRoAV5UxQTzPNaSORFEcBp/WgfzWp1wdUKhaLOz1MqB/hrmAhI1gb1LYLJfeoNcCSJopxA+ThTdsuOmVnKjRnTh23cuYiNyNFyFRr2x+tTkzSiApNOFaq6TqJ9kdYakY4HedbqaIJJn3cpU1jBY6o8kfT28fowJAOCmNpntBoSucnRjhSahgFpjPCuqd+1ybwr1oz1eGFP2IiSTUVZLYoTDnSMZoEgTpMUqL50BhMJDO3ItLDEhNt4sqbEL5/iv433nG5UnZvT4rVyyyNHOzBPpTAhXOowjXUwAMCD/AIz/Bija0n69V6m7UuWNnMLvyQ9f4FjYmTrA==</latexit><latexit sha1_base64="kh2T33Buee2yr2DRiiFZypXkIk4=">AAAB+nicdZDLSsNAFIZPvNZ6i3XpZrAIFaEk4q3gouDGhYsKxhbaUCbTSTt0Mgkzk2IpfRU3LlTc+iTufBunbYQq+sPAz3fO4Zz5g4QzpR3n01pYXFpeWc2t5dc3Nre27Z3CvYpTSahHYh7LRoAV5UxQTzPNaSORFEcBp/WgfzWp1wdUKhaLOz1MqB/hrmAhI1gb1LYLJfeoNcCSJopxA+ThTdsuOmVnKjRnTh23cuYiNyNFyFRr2x+tTkzSiApNOFaq6TqJ9kdYakY4HedbqaIJJn3cpU1jBY6o8kfT28fowJAOCmNpntBoSucnRjhSahgFpjPCuqd+1ybwr1oz1eGFP2IiSTUVZLYoTDnSMZoEgTpMUqL50BhMJDO3ItLDEhNt4sqbEL5/iv433nG5UnZvT4rVyyyNHOzBPpTAhXOowjXUwAMCD/AIz/Bija0n69V6m7UuWNnMLvyQ9f4FjYmTrA==</latexit><latexit sha1_base64="kh2T33Buee2yr2DRiiFZypXkIk4=">AAAB+nicdZDLSsNAFIZPvNZ6i3XpZrAIFaEk4q3gouDGhYsKxhbaUCbTSTt0Mgkzk2IpfRU3LlTc+iTufBunbYQq+sPAz3fO4Zz5g4QzpR3n01pYXFpeWc2t5dc3Nre27Z3CvYpTSahHYh7LRoAV5UxQTzPNaSORFEcBp/WgfzWp1wdUKhaLOz1MqB/hrmAhI1gb1LYLJfeoNcCSJopxA+ThTdsuOmVnKjRnTh23cuYiNyNFyFRr2x+tTkzSiApNOFaq6TqJ9kdYakY4HedbqaIJJn3cpU1jBY6o8kfT28fowJAOCmNpntBoSucnRjhSahgFpjPCuqd+1ybwr1oz1eGFP2IiSTUVZLYoTDnSMZoEgTpMUqL50BhMJDO3ItLDEhNt4sqbEL5/iv433nG5UnZvT4rVyyyNHOzBPpTAhXOowjXUwAMCD/AIz/Bija0n69V6m7UuWNnMLvyQ9f4FjYmTrA==</latexit>

L
<latexit sha1_base64="XEXOw3hZrRnCR18GvajCIB59Y9U=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgKeyKr4CHgBcPHhJwTSBZwuykNxmdfTAzK4QlX+DFg4pXf8mbf+MkWSGKFjQUVd10d/mJ4Erb9qdVWFhcWl4prpbW1jc2t8rbO7cqTiVDl8Uilm2fKhQ8QldzLbCdSKShL7Dl319O/NYDSsXj6EaPEvRCOoh4wBnVRmpe98oVu2pPQebIie3UTh3i5EoFcjR65Y9uP2ZpiJFmgirVcexEexmVmjOB41I3VZhQdk8H2DE0oiEqL5seOiYHRumTIJamIk2m6vxERkOlRqFvOkOqh+q3NxH/8jqpDs69jEdJqjFis0VBKoiOyeRr0ucSmRYjQyiT3NxK2JBKyrTJpmRC+P6U/E/co2qt6jSPK/WLPI0i7ME+HIIDZ1CHK2iACwwQHuEZXqw768l6td5mrQUrn9mFH7DevwAvRYy0</latexit><latexit sha1_base64="XEXOw3hZrRnCR18GvajCIB59Y9U=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgKeyKr4CHgBcPHhJwTSBZwuykNxmdfTAzK4QlX+DFg4pXf8mbf+MkWSGKFjQUVd10d/mJ4Erb9qdVWFhcWl4prpbW1jc2t8rbO7cqTiVDl8Uilm2fKhQ8QldzLbCdSKShL7Dl319O/NYDSsXj6EaPEvRCOoh4wBnVRmpe98oVu2pPQebIie3UTh3i5EoFcjR65Y9uP2ZpiJFmgirVcexEexmVmjOB41I3VZhQdk8H2DE0oiEqL5seOiYHRumTIJamIk2m6vxERkOlRqFvOkOqh+q3NxH/8jqpDs69jEdJqjFis0VBKoiOyeRr0ucSmRYjQyiT3NxK2JBKyrTJpmRC+P6U/E/co2qt6jSPK/WLPI0i7ME+HIIDZ1CHK2iACwwQHuEZXqw768l6td5mrQUrn9mFH7DevwAvRYy0</latexit><latexit sha1_base64="XEXOw3hZrRnCR18GvajCIB59Y9U=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgKeyKr4CHgBcPHhJwTSBZwuykNxmdfTAzK4QlX+DFg4pXf8mbf+MkWSGKFjQUVd10d/mJ4Erb9qdVWFhcWl4prpbW1jc2t8rbO7cqTiVDl8Uilm2fKhQ8QldzLbCdSKShL7Dl319O/NYDSsXj6EaPEvRCOoh4wBnVRmpe98oVu2pPQebIie3UTh3i5EoFcjR65Y9uP2ZpiJFmgirVcexEexmVmjOB41I3VZhQdk8H2DE0oiEqL5seOiYHRumTIJamIk2m6vxERkOlRqFvOkOqh+q3NxH/8jqpDs69jEdJqjFis0VBKoiOyeRr0ucSmRYjQyiT3NxK2JBKyrTJpmRC+P6U/E/co2qt6jSPK/WLPI0i7ME+HIIDZ1CHK2iACwwQHuEZXqw768l6td5mrQUrn9mFH7DevwAvRYy0</latexit><latexit sha1_base64="XEXOw3hZrRnCR18GvajCIB59Y9U=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgKeyKr4CHgBcPHhJwTSBZwuykNxmdfTAzK4QlX+DFg4pXf8mbf+MkWSGKFjQUVd10d/mJ4Erb9qdVWFhcWl4prpbW1jc2t8rbO7cqTiVDl8Uilm2fKhQ8QldzLbCdSKShL7Dl319O/NYDSsXj6EaPEvRCOoh4wBnVRmpe98oVu2pPQebIie3UTh3i5EoFcjR65Y9uP2ZpiJFmgirVcexEexmVmjOB41I3VZhQdk8H2DE0oiEqL5seOiYHRumTIJamIk2m6vxERkOlRqFvOkOqh+q3NxH/8jqpDs69jEdJqjFis0VBKoiOyeRr0ucSmRYjQyiT3NxK2JBKyrTJpmRC+P6U/E/co2qt6jSPK/WLPI0i7ME+HIIDZ1CHK2iACwwQHuEZXqw768l6td5mrQUrn9mFH7DevwAvRYy0</latexit>

"✓ ' 0
<latexit sha1_base64="eV0m09mcuhVkVxoYNd6EI2CohbM=">AAACA3icdVDLSgNBEJz1GeNr1WMug0HwFHbFV8BDwIvHCK4JZEOYnXSSIbMPZ3oDIeTgxV/x4kHFqz/hzb9xkqwQRQsaaqq6me4KEik0Os6ntbC4tLyymlvLr29sbm3bO7u3Ok4VB4/HMlb1gGmQIgIPBUqoJwpYGEioBf3LiV8bgNIijm5wmEAzZN1IdARnaKSWXfAHTEGihTQvH3uAjPpahHBHnZZddErOFHSOnDhu+dSlbqYUSYZqy/7w2zFPQ4iQS6Z1w3USbI6YQsEljPN+qiFhvM+60DA0YiHo5mh6xJgeGKVNO7EyFSGdqvMTIxZqPQwD0xky7Onf3kT8y2uk2DlvjkSUpAgRn33USSXFmE4SoW2hgKMcGsK4EmZXyntMMY4mt7wJ4ftS+j/xjkrlknt9XKxcZGnkSIHsk0PikjNSIVekSjzCyT15JM/kxXqwnqxX623WumBlM3vkB6z3Ly49l/g=</latexit><latexit sha1_base64="eV0m09mcuhVkVxoYNd6EI2CohbM=">AAACA3icdVDLSgNBEJz1GeNr1WMug0HwFHbFV8BDwIvHCK4JZEOYnXSSIbMPZ3oDIeTgxV/x4kHFqz/hzb9xkqwQRQsaaqq6me4KEik0Os6ntbC4tLyymlvLr29sbm3bO7u3Ok4VB4/HMlb1gGmQIgIPBUqoJwpYGEioBf3LiV8bgNIijm5wmEAzZN1IdARnaKSWXfAHTEGihTQvH3uAjPpahHBHnZZddErOFHSOnDhu+dSlbqYUSYZqy/7w2zFPQ4iQS6Z1w3USbI6YQsEljPN+qiFhvM+60DA0YiHo5mh6xJgeGKVNO7EyFSGdqvMTIxZqPQwD0xky7Onf3kT8y2uk2DlvjkSUpAgRn33USSXFmE4SoW2hgKMcGsK4EmZXyntMMY4mt7wJ4ftS+j/xjkrlknt9XKxcZGnkSIHsk0PikjNSIVekSjzCyT15JM/kxXqwnqxX623WumBlM3vkB6z3Ly49l/g=</latexit><latexit sha1_base64="eV0m09mcuhVkVxoYNd6EI2CohbM=">AAACA3icdVDLSgNBEJz1GeNr1WMug0HwFHbFV8BDwIvHCK4JZEOYnXSSIbMPZ3oDIeTgxV/x4kHFqz/hzb9xkqwQRQsaaqq6me4KEik0Os6ntbC4tLyymlvLr29sbm3bO7u3Ok4VB4/HMlb1gGmQIgIPBUqoJwpYGEioBf3LiV8bgNIijm5wmEAzZN1IdARnaKSWXfAHTEGihTQvH3uAjPpahHBHnZZddErOFHSOnDhu+dSlbqYUSYZqy/7w2zFPQ4iQS6Z1w3USbI6YQsEljPN+qiFhvM+60DA0YiHo5mh6xJgeGKVNO7EyFSGdqvMTIxZqPQwD0xky7Onf3kT8y2uk2DlvjkSUpAgRn33USSXFmE4SoW2hgKMcGsK4EmZXyntMMY4mt7wJ4ftS+j/xjkrlknt9XKxcZGnkSIHsk0PikjNSIVekSjzCyT15JM/kxXqwnqxX623WumBlM3vkB6z3Ly49l/g=</latexit><latexit sha1_base64="eV0m09mcuhVkVxoYNd6EI2CohbM=">AAACA3icdVDLSgNBEJz1GeNr1WMug0HwFHbFV8BDwIvHCK4JZEOYnXSSIbMPZ3oDIeTgxV/x4kHFqz/hzb9xkqwQRQsaaqq6me4KEik0Os6ntbC4tLyymlvLr29sbm3bO7u3Ok4VB4/HMlb1gGmQIgIPBUqoJwpYGEioBf3LiV8bgNIijm5wmEAzZN1IdARnaKSWXfAHTEGihTQvH3uAjPpahHBHnZZddErOFHSOnDhu+dSlbqYUSYZqy/7w2zFPQ4iQS6Z1w3USbI6YQsEljPN+qiFhvM+60DA0YiHo5mh6xJgeGKVNO7EyFSGdqvMTIxZqPQwD0xky7Onf3kT8y2uk2DlvjkSUpAgRn33USSXFmE4SoW2hgKMcGsK4EmZXyntMMY4mt7wJ4ftS+j/xjkrlknt9XKxcZGnkSIHsk0PikjNSIVekSjzCyT15JM/kxXqwnqxX623WumBlM3vkB6z3Ly49l/g=</latexit>

cos↵ =

1

(1 + "r)
<latexit sha1_base64="7aLr6IORICjpe5FxcTRdjrKauf0=">AAACEHicdVDLSsNAFJ34rPUVdelmsAgVoSTiq6BQcOOygrGFJpSb6aQdOnkwMymUkF9w46+4caHi1qU7/8bpQ6iiBwYO55zLnXv8hDOpLOvTmJtfWFxaLqwUV9fWNzbNre07GaeCUIfEPBZNHyTlLKKOYorTZiIohD6nDb9/NfIbAyoki6NbNUyoF0I3YgEjoLTUNssuiaULPOkBvsRuIIBkdp6V7UN3AIImknEdEwd52yxZFWsMPENOLLt6amN7qpTQFPW2+eF2YpKGNFKEg5Qt20qUl4FQjHCaF91U0gRIH7q0pWkEIZVeNr4ox/ta6eAgFvpFCo/V2YkMQimHoa+TIaie/O2NxL+8VqqCcy9jUZIqGpHJoiDlWMV4VA/uMEGJ4kNNgAim/4pJD3QrSpdY1CV8X4r/J85RpVqxb45LtYtpGwW0i/ZQGdnoDNXQNaojBxF0jx7RM3oxHown49V4m0TnjOnMDvoB4/0LNNWc1Q==</latexit><latexit sha1_base64="7aLr6IORICjpe5FxcTRdjrKauf0=">AAACEHicdVDLSsNAFJ34rPUVdelmsAgVoSTiq6BQcOOygrGFJpSb6aQdOnkwMymUkF9w46+4caHi1qU7/8bpQ6iiBwYO55zLnXv8hDOpLOvTmJtfWFxaLqwUV9fWNzbNre07GaeCUIfEPBZNHyTlLKKOYorTZiIohD6nDb9/NfIbAyoki6NbNUyoF0I3YgEjoLTUNssuiaULPOkBvsRuIIBkdp6V7UN3AIImknEdEwd52yxZFWsMPENOLLt6amN7qpTQFPW2+eF2YpKGNFKEg5Qt20qUl4FQjHCaF91U0gRIH7q0pWkEIZVeNr4ox/ta6eAgFvpFCo/V2YkMQimHoa+TIaie/O2NxL+8VqqCcy9jUZIqGpHJoiDlWMV4VA/uMEGJ4kNNgAim/4pJD3QrSpdY1CV8X4r/J85RpVqxb45LtYtpGwW0i/ZQGdnoDNXQNaojBxF0jx7RM3oxHown49V4m0TnjOnMDvoB4/0LNNWc1Q==</latexit><latexit sha1_base64="7aLr6IORICjpe5FxcTRdjrKauf0=">AAACEHicdVDLSsNAFJ34rPUVdelmsAgVoSTiq6BQcOOygrGFJpSb6aQdOnkwMymUkF9w46+4caHi1qU7/8bpQ6iiBwYO55zLnXv8hDOpLOvTmJtfWFxaLqwUV9fWNzbNre07GaeCUIfEPBZNHyTlLKKOYorTZiIohD6nDb9/NfIbAyoki6NbNUyoF0I3YgEjoLTUNssuiaULPOkBvsRuIIBkdp6V7UN3AIImknEdEwd52yxZFWsMPENOLLt6amN7qpTQFPW2+eF2YpKGNFKEg5Qt20qUl4FQjHCaF91U0gRIH7q0pWkEIZVeNr4ox/ta6eAgFvpFCo/V2YkMQimHoa+TIaie/O2NxL+8VqqCcy9jUZIqGpHJoiDlWMV4VA/uMEGJ4kNNgAim/4pJD3QrSpdY1CV8X4r/J85RpVqxb45LtYtpGwW0i/ZQGdnoDNXQNaojBxF0jx7RM3oxHown49V4m0TnjOnMDvoB4/0LNNWc1Q==</latexit><latexit sha1_base64="7aLr6IORICjpe5FxcTRdjrKauf0=">AAACEHicdVDLSsNAFJ34rPUVdelmsAgVoSTiq6BQcOOygrGFJpSb6aQdOnkwMymUkF9w46+4caHi1qU7/8bpQ6iiBwYO55zLnXv8hDOpLOvTmJtfWFxaLqwUV9fWNzbNre07GaeCUIfEPBZNHyTlLKKOYorTZiIohD6nDb9/NfIbAyoki6NbNUyoF0I3YgEjoLTUNssuiaULPOkBvsRuIIBkdp6V7UN3AIImknEdEwd52yxZFWsMPENOLLt6amN7qpTQFPW2+eF2YpKGNFKEg5Qt20qUl4FQjHCaF91U0gRIH7q0pWkEIZVeNr4ox/ta6eAgFvpFCo/V2YkMQimHoa+TIaie/O2NxL+8VqqCcy9jUZIqGpHJoiDlWMV4VA/uMEGJ4kNNgAim/4pJD3QrSpdY1CV8X4r/J85RpVqxb45LtYtpGwW0i/ZQGdnoDNXQNaojBxF0jx7RM3oxHown49V4m0TnjOnMDvoB4/0LNNWc1Q==</latexit>



Radial channels





fabric coated with thermo-sealable polymer 

Siéfert et al., Soft Matter (2020)
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Inflatable fabrics



Inflatable fabrics

fabric coated with thermo-sealable polymer 

Siéfert et al., Soft Matter (2020)
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Inflatable fabrics

fabric coated with thermo-sealable polymer 

Siéfert et al., Soft Matter (2020)

x

<latexit sha1_base64="X571S6Kvgms9vVkNszjdqT2tbYM=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKezG90UCXjwmYBIhWcLspDcZM/tgZlYMS77AiwdFvPpJ3vwbJ8kKUbSgoajqprvLiwVX2rY/rdzC4tLySn61sLa+sblV3N5pqiiRDBssEpG89ahCwUNsaK4F3sYSaeAJbHnDq4nfukepeBTe6FGMbkD7Ifc5o9pI9YdusWSX7SnIHDmxnYtThziZUoIMtW7xo9OLWBJgqJmgSrUdO9ZuSqXmTOC40EkUxpQNaR/bhoY0QOWm00PH5MAoPeJH0lSoyVSdn0hpoNQo8ExnQPVA/fYm4l9eO9H+uZvyME40hmy2yE8E0RGZfE16XCLTYmQIZZKbWwkbUEmZNtkUTAjfn5L/SbNSdo7KlfpxqXqZxZGHPdiHQ3DgDKpwDTVoAAOER3iGF+vOerJerbdZa87KZnbhB6z3LwVwjRI=</latexit>

y
<latexit sha1_base64="XnZgWL34r5gca/w4COJTpNvYgXI=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjNxv0jAi8cEzALJEHo6NUmbnoXuHiEM+QIvHhTx6id582/sJCNE0QcFj/eqqKrnxYIrbdufVm5peWV1Lb9e2Njc2t4p7u41VZRIhg0WiUi2PapQ8BAbmmuB7VgiDTyBLW90M/VbDygVj8I7PY7RDegg5D5nVBupPu4VS3bZnoEskDPbuTp3iJMpJchQ6xU/uv2IJQGGmgmqVMexY+2mVGrOBE4K3URhTNmIDrBjaEgDVG46O3RCjozSJ34kTYWazNTFiZQGSo0Dz3QGVA/Vb28q/uV1Eu1fuikP40RjyOaL/EQQHZHp16TPJTItxoZQJrm5lbAhlZRpk03BhPD9KfmfNCtl56RcqZ+WqtdZHHk4gEM4BgcuoAq3UIMGMEB4hGd4se6tJ+vVepu35qxsZh9+wHr/Agb0jRM=</latexit>

1
2

seam line



P = 0
<latexit sha1_base64="ZoZu19KP2bDx4j9JTHsdvB7uGWw=">AAAB6nicdVDLSgNBEOyJrxhfUY9eBoPgKezG90EJePEY0TwgWcLsZDYZMju7zMwKYcknePGgiFe/yJt/4yRZIYoWNBRV3XR3+bHg2jjOJ8otLC4tr+RXC2vrG5tbxe2dho4SRVmdRiJSLZ9oJrhkdcONYK1YMRL6gjX94fXEbz4wpXkk780oZl5I+pIHnBJjpbvapdMtlpyyMwWeIyeOe3HqYjdTSpCh1i1+dHoRTUImDRVE67brxMZLiTKcCjYudBLNYkKHpM/alkoSMu2l01PH+MAqPRxEypY0eKrOT6Qk1HoU+rYzJGagf3sT8S+vnZjg3Eu5jBPDJJ0tChKBTYQnf+MeV4waMbKEUMXtrZgOiCLU2HQKNoTvT/H/pFEpu0flyu1xqXqVxZGHPdiHQ3DhDKpwAzWoA4U+PMIzvCCBntArepu15lA2sws/gN6/ALirjWs=</latexit>

top view

cross section

<latexit sha1_base64="SNWIuBncGMdOJRGWywJiUHppyiM=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU8mKVXsrePFYxW0L7VKyabYNzWaXJCuUpb/BiwdFvPqDvPlvTNsVquiDgcd7M8zMCxLBtcH40ymsrK6tbxQ3S1vbO7t75f2Dlo5TRZlHYxGrTkA0E1wyz3AjWCdRjESBYO1gfD3z2w9MaR7LezNJmB+RoeQhp8RYyeslHN31yxVcxXOgJVLDbv3CRW6uVCBHs1/+6A1imkZMGiqI1l0XJ8bPiDKcCjYt9VLNEkLHZMi6lkoSMe1n82On6MQqAxTGypY0aK4uT2Qk0noSBbYzImakf3sz8S+vm5rwys+4TFLDJF0sClOBTIxmn6MBV4waMbGEUMXtrYiOiCLU2HxKNoTvT9H/pHVWdWtVfHteadTzOIpwBMdwCi5cQgNuoAkeUODwCM/w4kjnyXl13hatBSefOYQfcN6/AGabjmQ=</latexit>

⇡R

Inflatable fabrics



P = 0
<latexit sha1_base64="ZoZu19KP2bDx4j9JTHsdvB7uGWw=">AAAB6nicdVDLSgNBEOyJrxhfUY9eBoPgKezG90EJePEY0TwgWcLsZDYZMju7zMwKYcknePGgiFe/yJt/4yRZIYoWNBRV3XR3+bHg2jjOJ8otLC4tr+RXC2vrG5tbxe2dho4SRVmdRiJSLZ9oJrhkdcONYK1YMRL6gjX94fXEbz4wpXkk780oZl5I+pIHnBJjpbvapdMtlpyyMwWeIyeOe3HqYjdTSpCh1i1+dHoRTUImDRVE67brxMZLiTKcCjYudBLNYkKHpM/alkoSMu2l01PH+MAqPRxEypY0eKrOT6Qk1HoU+rYzJGagf3sT8S+vnZjg3Eu5jBPDJJ0tChKBTYQnf+MeV4waMbKEUMXtrZgOiCLU2HQKNoTvT/H/pFEpu0flyu1xqXqVxZGHPdiHQ3DhDKpwAzWoA4U+PMIzvCCBntArepu15lA2sws/gN6/ALirjWs=</latexit>

P > 0
<latexit sha1_base64="za8bbBEwFTPqbMHZR1Yd7j2bWoY=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKczG9yUEvHiMaB6QLGF2MpsMmZ1dZmaFsOQTvHhQxKtf5M2/cZKsEEULGoqqbrq7/FhwbTD+dHJLyyura/n1wsbm1vZOcXevqaNEUdagkYhU2yeaCS5Zw3AjWDtWjIS+YC1/dD31Ww9MaR7JezOOmReSgeQBp8RY6a5exb1iCZfxDGiBnGH36txFbqaUIEO9V/zo9iOahEwaKojWHRfHxkuJMpwKNil0E81iQkdkwDqWShIy7aWzUyfoyCp9FETKljRopi5OpCTUehz6tjMkZqh/e1PxL6+TmODSS7mME8MknS8KEoFMhKZ/oz5XjBoxtoRQxe2tiA6JItTYdAo2hO9P0f+kWSm7J+XK7WmpVs3iyMMBHMIxuHABNbiBOjSAwgAe4RleHOE8Oa/O27w152Qz+/ADzvsXujCNbA==</latexit>

top view

cross section

<latexit sha1_base64="OJh4uIEodNkDA4LQ+OgbVUuuIN8=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbBU9ktVu2t4MVjLfYD2qVk02wbmk2WJCuUpf/AiwdFvPqPvPlvTNsVquiDgcd7M8zMC2LOtHHdTye3tr6xuZXfLuzs7u0fFA+P2lomitAWkVyqboA15UzQlmGG026sKI4CTjvB5Gbudx6o0kyKezONqR/hkWAhI9hYqVlpDoolt+wugFZI1fVqlx7yMqUEGRqD4kd/KEkSUWEIx1r3PDc2foqVYYTTWaGfaBpjMsEj2rNU4IhqP11cOkNnVhmiUCpbwqCFujqR4kjraRTYzgibsf7tzcW/vF5iwms/ZSJODBVkuShMODISzd9GQ6YoMXxqCSaK2VsRGWOFibHhFGwI35+i/0m7UvaqZffuolSvZXHk4QRO4Rw8uII63EIDWkAghEd4hhdn4jw5r87bsjXnZDPH8APO+xc7OY0j</latexit>

2R
<latexit sha1_base64="SNWIuBncGMdOJRGWywJiUHppyiM=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU8mKVXsrePFYxW0L7VKyabYNzWaXJCuUpb/BiwdFvPqDvPlvTNsVquiDgcd7M8zMCxLBtcH40ymsrK6tbxQ3S1vbO7t75f2Dlo5TRZlHYxGrTkA0E1wyz3AjWCdRjESBYO1gfD3z2w9MaR7LezNJmB+RoeQhp8RYyeslHN31yxVcxXOgJVLDbv3CRW6uVCBHs1/+6A1imkZMGiqI1l0XJ8bPiDKcCjYt9VLNEkLHZMi6lkoSMe1n82On6MQqAxTGypY0aK4uT2Qk0noSBbYzImakf3sz8S+vm5rwys+4TFLDJF0sClOBTIxmn6MBV4waMbGEUMXtrYiOiCLU2HxKNoTvT9H/pHVWdWtVfHteadTzOIpwBMdwCi5cQgNuoAkeUODwCM/w4kjnyXl13hatBSefOYQfcN6/AGabjmQ=</latexit>

⇡R

Inflatable fabrics

contraction 



Inflatable fabrics



Inflatable fabrics

contraction

no change



Different morphing strategies

channels direction



zig-zags

orientation 
+ 

contraction ratio

Zigzags



Reverse engineering

collaboration Julian Panetta & Mark Pauly (EPFL)

Panetta et al., ACM Transactions on Graphics (2021)

Reverse engineering?



Large scales



Large scales



<latexit sha1_base64="+VaX8LElwGgeTP5Tw7GSBMAIp4M=">AAAB8nicdVDLSgMxFL1TX7W+qi7dBIvgqsyIVt1IwY0boYJ9wHQomTRtQzPJkGSEMvQz3LhQxK1f486/MdOOUEUPBA7n3EvOPWHMmTau++kUlpZXVteK66WNza3tnfLuXkvLRBHaJJJL1QmxppwJ2jTMcNqJFcVRyGk7HF9nfvuBKs2kuDeTmAYRHgo2YAQbK/ndCJsRwTy9nfbKFbfqzoAWyJnrXdY85OVKBXI0euWPbl+SJKLCEI619j03NkGKlWGE02mpm2gaYzLGQ+pbKnBEdZDOIk/RkVX6aCCVfcKgmbq4keJI60kU2sksov7tZeJfnp+YwUWQMhEnhgoy/2iQcGQkyu5HfaYoMXxiCSaK2ayIjLDCxNiWSraE70vR/6R1UvVqVe/utFK/yusowgEcwjF4cA51uIEGNIGAhEd4hhfHOE/Oq/M2Hy04+c4+/IDz/gWiXJF7</latexit>

M

But failure for

<latexit sha1_base64="+VaX8LElwGgeTP5Tw7GSBMAIp4M=">AAAB8nicdVDLSgMxFL1TX7W+qi7dBIvgqsyIVt1IwY0boYJ9wHQomTRtQzPJkGSEMvQz3LhQxK1f486/MdOOUEUPBA7n3EvOPWHMmTau++kUlpZXVteK66WNza3tnfLuXkvLRBHaJJJL1QmxppwJ2jTMcNqJFcVRyGk7HF9nfvuBKs2kuDeTmAYRHgo2YAQbK/ndCJsRwTy9nfbKFbfqzoAWyJnrXdY85OVKBXI0euWPbl+SJKLCEI619j03NkGKlWGE02mpm2gaYzLGQ+pbKnBEdZDOIk/RkVX6aCCVfcKgmbq4keJI60kU2sksov7tZeJfnp+YwUWQMhEnhgoy/2iQcGQkyu5HfaYoMXxiCSaK2ayIjLDCxNiWSraE70vR/6R1UvVqVe/utFK/yusowgEcwjF4cA51uIEGNIGAhEd4hhfHOE/Oq/M2Hy04+c4+/IDz/gWiXJF7</latexit>

M

Stiffness

<latexit sha1_base64="Gz1674Mx2IUJyHIf3OJpHRNK8yo=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjHqRgBePCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/4yRZIYoWNBRV3XR3ebHgStv2p5VbWV1b38hvFra2d3b3ivsHLRUlkmGTRSKSHY8qFDzEpuZaYCeWSANPYNsb38z89gNKxaPwTk9idAM6DLnPGdVGaoz6xZJdtucgS+Tcdq6qDnEypQQZ6v3iR28QsSTAUDNBleo6dqzdlErNmcBpoZcojCkb0yF2DQ1pgMpN54dOyYlRBsSPpKlQk7m6PJHSQKlJ4JnOgOqR+u3NxL+8bqL9SzflYZxoDNlikZ8IoiMy+5oMuESmxcQQyiQ3txI2opIybbIpmBC+PyX/k9ZZ2amWK41KqXadxZGHIziGU3DgAmpwC3VoAgOER3iGF+veerJerbdFa87KZg7hB6z3L+7BjQc=</latexit>

h
<latexit sha1_base64="WZaM6zC/EMmro6l6Rwi/Uu9qCi8=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgqe5KrXqRghePFewHtEuZTbNtaDYbk6xQlv4JLx4U8erf8ea/MW1XqKIPBh7vzTAzL5CcaeO6n05uaXlldS2/XtjY3NreKe7uNXWcKEIbJOaxagegKWeCNgwznLalohAFnLaC0fXUbz1QpVks7sxYUj+CgWAhI2Cs1PZOuiOQEnrFklt2Z8AL5Mz1Lqse9jKlhDLUe8WPbj8mSUSFIRy07niuNH4KyjDC6aTQTTSVQEYwoB1LBURU++ns3gk+skofh7GyJQyeqYsTKURaj6PAdkZghvq3NxX/8jqJCS/8lAmZGCrIfFGYcGxiPH0e95mixPCxJUAUs7diMgQFxNiICjaE70/x/6R5Wvaq5cptpVS7yuLIowN0iI6Rh85RDd2gOmoggjh6RM/oxbl3npxX523emnOymX30A877F5TSj64=</latexit>

1/

<latexit sha1_base64="d/18girnJMGu0bDQqgw/fazNPTQ=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1gEVyWRWnUjBTcuK9gHNCFMppN26MwkzEyENhT8FTcuFHHrd7jzb5y2EarogQuHc+7l3nvChFGlHefTKiwtr6yuFddLG5tb2zv27l5LxanEpIljFstOiBRhVJCmppqRTiIJ4iEj7XB4PfXb90QqGos7PUqIz1Ff0IhipI0U2Aeeon2Ogmw8nniMKKUoh05gl52KMwNcIGeOe1lzoZsrZZCjEdgfXi/GKSdCY4aU6rpOov0MSU0xI5OSlyqSIDxEfdI1VCBOlJ/Nzp/AY6P0YBRLU0LDmbo4kSGu1IiHppMjPVC/van4l9dNdXThZ1QkqSYCzxdFKYM6htMsYI9KgjUbGYKwpOZWiAdIIqxNYiUTwven8H/SOq24tUr1tlquX+VxFMEhOAInwAXnoA5uQAM0AQYZeATP4MV6sJ6sV+tt3lqw8pl98APW+xe9Z5X8</latexit>

�zz . 0

<latexit sha1_base64="s6OSvCo+uIHQ3uw91mrn4U+imm8=">AAAB/3icdVDLSgMxFM34rPU1KrhxEyyCqzIjtepCKYigC6GCfUBnKHfStA3NPEgyQhm78FfcuFDErb/hzr8x045QRQ8EDufcyz05XsSZVJb1aczMzs0vLOaW8ssrq2vr5sZmXYaxILRGQh6KpgeSchbQmmKK02YkKPgepw1vcJ76jTsqJAuDWzWMqOtDL2BdRkBpqW1uOz6oPgGeXI/wKb64cgYQRdA2C1bRGgNPkUPLPinb2M6UAspQbZsfTicksU8DRThI2bKtSLkJCMUIp6O8E0saARlAj7Y0DcCn0k3G+Ud4Tysd3A2FfoHCY3V6IwFfyqHv6ck0rfztpeJfXitW3WM3YUEUKxqQyaFuzLEKcVoG7jBBieJDTYAIprNi0gcBROnK8rqE75/i/0n9oGiXi6WbUqFyltWRQztoF+0jGx2hCrpEVVRDBN2jR/SMXowH48l4Nd4mozNGtrOFfsB4/wIucJWR</latexit>

M = EI

<latexit sha1_base64="SBPxF4vAstmK/QHywJoS8Ff147w="></latexit>

I =
⇡

4
(Rt + h)4 � ⇡

4
R4

t ' ⇡R3
th

<latexit sha1_base64="bPCLiqjQ42qEg6w5htk+cmKMzIQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4CjMSo14k4MVjXLJAMoSeTk/SpGehu0YIQz7BiwdFvPpF3vwbO8kIUfRBweO9KqrqebEUGm3708otLa+sruXXCxubW9s7xd29po4SxXiDRTJSbY9qLkXIGyhQ8nasOA08yVve6Grqtx640iIK73Ecczegg1D4glE00t1tD3vFkl22ZyAL5NR2LqoOcTKlBBnqveJHtx+xJOAhMkm17jh2jG5KFQom+aTQTTSPKRvRAe8YGtKAazednTohR0bpEz9SpkIkM3VxIqWB1uPAM50BxaH+7U3Fv7xOgv65m4owTpCHbL7ITyTBiEz/Jn2hOEM5NoQyJcythA2pogxNOgUTwven5H/SPCk71XLlplKqXWZx5OEADuEYHDiDGlxDHRrAYACP8AwvlrSerFfrbd6as7KZffgB6/0LWCCN2A==</latexit>

Rt

<latexit sha1_base64="cFyxOd0kluuRKWb11dMiRO29umU=">AAACDnicdVDLSsNAFJ3UV62vqEs3g6XgxpKUWnUjBRFcVrEPaEqYTCft0JkkzkyEEvIFbvwVNy4UcevanX/jtI1QRQ9cOJxzL/fe40WMSmVZn0ZuYXFpeSW/Wlhb39jcMrd3WjKMBSZNHLJQdDwkCaMBaSqqGOlEgiDuMdL2RucTv31HhKRhcKPGEelxNAioTzFSWnLNkuMLhJNrV6VJZZg2Di80dUYoipCLoSMpJ7fQcs2iVbamgHPkyLJPaza0M6UIMjRc88PphzjmJFCYISm7thWpXoKEopiRtODEkkQIj9CAdDUNECeyl0zfSWFJK33oh0JXoOBUnZ9IEJdyzD3dyZEayt/eRPzL68bKP+klNIhiRQI8W+THDKoQTrKBfSoIVmysCcKC6lshHiKdj9IJFnQI35/C/0mrUrZr5epVtVg/y+LIgz2wDw6ADY5BHVyCBmgCDO7BI3gGL8aD8WS8Gm+z1pyRzeyCHzDevwCtOpvc</latexit>

Rt

2h
P � ERtc ' 0

<latexit sha1_base64="vobkAyH99WQ9taDCo0kHwI6wbEw=">AAACD3icdVDLSsNAFJ3UV62vqEs3g0VxVZJSq26kIILLCvYBTQiT6aQdOpnEmYlQQv7Ajb/ixoUibt2682+cthGq6IELh3Pu5d57/JhRqSzr0ygsLC4trxRXS2vrG5tb5vZOW0aJwKSFIxaJro8kYZSTlqKKkW4sCAp9Rjr+6GLid+6IkDTiN2ocEzdEA04DipHSkmceOiMUx8jD0JE0JLdOIBBO7SytDrMZb2bpZeaZZatiTQHnyLFln9VtaOdKGeRoeuaH049wEhKuMENS9mwrVm6KhKKYkazkJJLECI/QgPQ05Sgk0k2n/2TwQCt9GERCF1dwqs5PpCiUchz6ujNEaih/exPxL6+XqODUTSmPE0U4ni0KEgZVBCfhwD4VBCs21gRhQfWtEA+RTkHpCEs6hO9P4f+kXa3Y9UrtulZunOdxFMEe2AdHwAYnoAGuQBO0AAb34BE8gxfjwXgyXo23WWvByGd2wQ8Y71/kr504</latexit>

c '
1

2h

P

E

<latexit sha1_base64="n/mfPa1H/4nH8FJDXevM8g4WiBk=">AAACD3icdVDLSsNAFJ3UV62vqEs3g0VxVZJaq26k4MaNUMW2QhPDZDpph04ezkyEEvIHbvwVNy4UcevWnX/jpI1QRQ9cOJxzL/fe40aMCmkYn1phZnZufqG4WFpaXlld09c32iKMOSYtHLKQX7tIEEYD0pJUMnIdcYJ8l5GOOzzN/M4d4YKGwZUcRcT2UT+gHsVIKsnRdy0fyQFGLDlPHWwJ6pNbaHkc4cSKaJpU00snutl39LJRMcaAU+TAMI/rJjRzpQxyNB39w+qFOPZJIDFDQnRNI5J2grikmJG0ZMWCRAgPUZ90FQ2QT4SdjP9J4Y5SetALuapAwrE6PZEgX4iR76rO7Hrx28vEv7xuLL0jO6FBFEsS4MkiL2ZQhjALB/YoJ1iykSIIc6puhXiAVBhSRVhSIXx/Cv8n7WrFrFdqF7Vy4ySPowi2wDbYAyY4BA1wBpqgBTC4B4/gGbxoD9qT9qq9TVoLWj6zCX5Ae/8Cv/OdGw==</latexit>

Mc '
⇡

2
R3

p

inflation bending


