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Fibrillar Adhesion: Gecko

K. Autumn, N. Gravish, 
Gecko adhesion: evolutionary 
nanotechnology,
Philosopical Transaction of the 
Royal Society, 2008.

Aristotele, Historia Animalum

“It can run up and down a tree in any way, 
even with the head downwards,

like the gecko-lizard” (Aristotele, 350B.C.)



Bio-inspired Materials

Dry fibrillar adhesives allow gecko-like robots to climb smooth, vertical surfaces. The NanoRobotics Lab 
created a synthetic version of the gecko’s toes, consisting of microscopic fibers with special tips that 
allow them to stick to surfaces (courtesy of Wikimedia Commons).



Cell adhesion 

Xuan Cao et al. Proc Natl Acad Sci U S A. 114 (23): E4549-E4555  (2017)

https://www.ncbi.nlm.nih.gov/pubmed/28468803#


DNA, Proteins unfolding

M. Peyrard, A. R. Bishop, Statistical Mechanics of a Nonlinear Model for DNA Denaturation, 
PHYSICAL REVIEW LETTER 62, 2755 (1989) 



Molecule Unfolding

•Matthias Rief, et al. Reversible Unfolding of Individual Titin Immunoglobulin Domains by AFM Science 276, 1109 (1997) 
• G. Florio, G.P, Unveiling the influence of device stiffness in single macromolecule unfolding. Scientific Reports 9 (2019), p. 4997 
• L. Bellino, G. Florio, G.P, The influence of device handles in single molecule experiments, Soft Matter 15, 8680-8690, 2019
• D. De Tommasi, N. Millardi, GP, G. Saccomandi G. An energetic model for macromolecules unfolding in stretching 

experiments, J R Soc Interface 10, 20130651, 2013 
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<latexit sha1_base64="vdXrfH31/lV6ORQDnh5+YP+j/O4=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIREpSRaCiDRB5SYkXryyaccj5bd2ukyMo30EJFh2j5HAr+Bdu4gISpRjM72t0JYiUtue6nU1lb39jcqm7Xdnb39g/qh0ddGyVGYEdEKjL9ACwqqbFDkhT2Y4MQBgp7wewm93uPaKyM9D3NY/RDmGo5kQIokzrDcUR2VG+4TbcAXyVeSRqsRHtU/8pyIglRk1Bg7cBzY/JTMCSFwkVtmFiMQcxgioOMagjR+mlx7IKfJRYo4jEaLhUvRPydSCG0dh4G2WQI9GCXvVz8zxskNLn2U6njhFCLfBFJhcUiK4zMWkA+lgaJIL8cudRcgAEiNJKDEJmYZLXUsj685e9XSfei6blN7+6y0bosm6myE3bKzpnHrliL3bI26zDBJHtiz+zFmTuvzpvz/jNaccrMMfsD5+Mbn3iTOQ==</latexit><latexit sha1_base64="vdXrfH31/lV6ORQDnh5+YP+j/O4=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIREpSRaCiDRB5SYkXryyaccj5bd2ukyMo30EJFh2j5HAr+Bdu4gISpRjM72t0JYiUtue6nU1lb39jcqm7Xdnb39g/qh0ddGyVGYEdEKjL9ACwqqbFDkhT2Y4MQBgp7wewm93uPaKyM9D3NY/RDmGo5kQIokzrDcUR2VG+4TbcAXyVeSRqsRHtU/8pyIglRk1Bg7cBzY/JTMCSFwkVtmFiMQcxgioOMagjR+mlx7IKfJRYo4jEaLhUvRPydSCG0dh4G2WQI9GCXvVz8zxskNLn2U6njhFCLfBFJhcUiK4zMWkA+lgaJIL8cudRcgAEiNJKDEJmYZLXUsj685e9XSfei6blN7+6y0bosm6myE3bKzpnHrliL3bI26zDBJHtiz+zFmTuvzpvz/jNaccrMMfsD5+Mbn3iTOQ==</latexit><latexit sha1_base64="vdXrfH31/lV6ORQDnh5+YP+j/O4=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIREpSRaCiDRB5SYkXryyaccj5bd2ukyMo30EJFh2j5HAr+Bdu4gISpRjM72t0JYiUtue6nU1lb39jcqm7Xdnb39g/qh0ddGyVGYEdEKjL9ACwqqbFDkhT2Y4MQBgp7wewm93uPaKyM9D3NY/RDmGo5kQIokzrDcUR2VG+4TbcAXyVeSRqsRHtU/8pyIglRk1Bg7cBzY/JTMCSFwkVtmFiMQcxgioOMagjR+mlx7IKfJRYo4jEaLhUvRPydSCG0dh4G2WQI9GCXvVz8zxskNLn2U6njhFCLfBFJhcUiK4zMWkA+lgaJIL8cudRcgAEiNJKDEJmYZLXUsj685e9XSfei6blN7+6y0bosm6myE3bKzpnHrliL3bI26zDBJHtiz+zFmTuvzpvz/jNaccrMMfsD5+Mbn3iTOQ==</latexit><latexit sha1_base64="vdXrfH31/lV6ORQDnh5+YP+j/O4=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIREpSRaCiDRB5SYkXryyaccj5bd2ukyMo30EJFh2j5HAr+Bdu4gISpRjM72t0JYiUtue6nU1lb39jcqm7Xdnb39g/qh0ddGyVGYEdEKjL9ACwqqbFDkhT2Y4MQBgp7wewm93uPaKyM9D3NY/RDmGo5kQIokzrDcUR2VG+4TbcAXyVeSRqsRHtU/8pyIglRk1Bg7cBzY/JTMCSFwkVtmFiMQcxgioOMagjR+mlx7IKfJRYo4jEaLhUvRPydSCG0dh4G2WQI9GCXvVz8zxskNLn2U6njhFCLfBFJhcUiK4zMWkA+lgaJIL8cudRcgAEiNJKDEJmYZLXUsj685e9XSfei6blN7+6y0bosm6myE3bKzpnHrliL3bI26zDBJHtiz+zFmTuvzpvz/jNaccrMMfsD5+Mbn3iTOQ==</latexit> p

<latexit sha1_base64="qSGs4UQL+lTTEXirSeH18bwkoEY=">AAAB83icbVC7SgNBFJ2NrxhfUUubwSBYhV0JaBmwsUzAPCBZwuzkJg6ZnR1m7ghhyRfYamUntn6Qhf/ibtxCE091OOde7rkn0lJY9P1Pr7SxubW9U96t7O0fHB5Vj0+6NnGGQ4cnMjH9iFmQQkEHBUroawMsjiT0otlt7vcewViRqHucawhjNlViIjjDTGrrUbXm1/0l6DoJClIjBVqj6tdwnHAXg0IumbWDwNcYpsyg4BIWlaGzoBmfsSkMMqpYDDZMl0EX9MJZhgnVYKiQdCnC742UxdbO4yibjBk+2FUvF//zBg4nN2EqlHYIiueHUEhYHrLciKwBoGNhAJHlyYEKRTkzDBGMoIzzTHRZJZWsj2D1+3XSvaoHfj1oN2rNRtFMmZyRc3JJAnJNmuSOtEiHcALkiTyTF895r96b9/4zWvKKnVPyB97HN3XbkWs=</latexit><latexit sha1_base64="qSGs4UQL+lTTEXirSeH18bwkoEY=">AAAB83icbVC7SgNBFJ2NrxhfUUubwSBYhV0JaBmwsUzAPCBZwuzkJg6ZnR1m7ghhyRfYamUntn6Qhf/ibtxCE091OOde7rkn0lJY9P1Pr7SxubW9U96t7O0fHB5Vj0+6NnGGQ4cnMjH9iFmQQkEHBUroawMsjiT0otlt7vcewViRqHucawhjNlViIjjDTGrrUbXm1/0l6DoJClIjBVqj6tdwnHAXg0IumbWDwNcYpsyg4BIWlaGzoBmfsSkMMqpYDDZMl0EX9MJZhgnVYKiQdCnC742UxdbO4yibjBk+2FUvF//zBg4nN2EqlHYIiueHUEhYHrLciKwBoGNhAJHlyYEKRTkzDBGMoIzzTHRZJZWsj2D1+3XSvaoHfj1oN2rNRtFMmZyRc3JJAnJNmuSOtEiHcALkiTyTF895r96b9/4zWvKKnVPyB97HN3XbkWs=</latexit><latexit sha1_base64="qSGs4UQL+lTTEXirSeH18bwkoEY=">AAAB83icbVC7SgNBFJ2NrxhfUUubwSBYhV0JaBmwsUzAPCBZwuzkJg6ZnR1m7ghhyRfYamUntn6Qhf/ibtxCE091OOde7rkn0lJY9P1Pr7SxubW9U96t7O0fHB5Vj0+6NnGGQ4cnMjH9iFmQQkEHBUroawMsjiT0otlt7vcewViRqHucawhjNlViIjjDTGrrUbXm1/0l6DoJClIjBVqj6tdwnHAXg0IumbWDwNcYpsyg4BIWlaGzoBmfsSkMMqpYDDZMl0EX9MJZhgnVYKiQdCnC742UxdbO4yibjBk+2FUvF//zBg4nN2EqlHYIiueHUEhYHrLciKwBoGNhAJHlyYEKRTkzDBGMoIzzTHRZJZWsj2D1+3XSvaoHfj1oN2rNRtFMmZyRc3JJAnJNmuSOtEiHcALkiTyTF895r96b9/4zWvKKnVPyB97HN3XbkWs=</latexit><latexit sha1_base64="qSGs4UQL+lTTEXirSeH18bwkoEY=">AAAB83icbVC7SgNBFJ2NrxhfUUubwSBYhV0JaBmwsUzAPCBZwuzkJg6ZnR1m7ghhyRfYamUntn6Qhf/ibtxCE091OOde7rkn0lJY9P1Pr7SxubW9U96t7O0fHB5Vj0+6NnGGQ4cnMjH9iFmQQkEHBUroawMsjiT0otlt7vcewViRqHucawhjNlViIjjDTGrrUbXm1/0l6DoJClIjBVqj6tdwnHAXg0IumbWDwNcYpsyg4BIWlaGzoBmfsSkMMqpYDDZMl0EX9MJZhgnVYKiQdCnC742UxdbO4yibjBk+2FUvF//zBg4nN2EqlHYIiueHUEhYHrLciKwBoGNhAJHlyYEKRTkzDBGMoIzzTHRZJZWsj2D1+3XSvaoHfj1oN2rNRtFMmZyRc3JJAnJNmuSOtEiHcALkiTyTF895r96b9/4zWvKKnVPyB97HN3XbkWs=</latexit>

n
<latexit sha1_base64="hGCb3Upa1qEUTbaa2uv3P8XeJXE=">AAAB83icbVC7TsNAEFyHVwivACXNiQiJKrJRJCgj0VAmEnlIiRWdL5twyvls3a2RIitfQAsVHaLlgyj4F+zgAhKmGs3samcniJW05LqfTmljc2t7p7xb2ds/ODyqHp90bZQYgR0Rqcj0A25RSY0dkqSwHxvkYaCwF8xuc7/3iMbKSN/TPEY/5FMtJ1JwyqS2HlVrbt1dgq0TryA1KNAaVb+G40gkIWoSils78NyY/JQbkkLhojJMLMZczPgUBxnVPETrp8ugC3aRWE4Ri9EwqdhSxN8bKQ+tnYdBNhlyerCrXi7+5w0Smtz4qdRxQqhFfoikwuUhK4zMGkA2lgaJeJ4cmdRMcMOJ0EjGhcjEJKukkvXhrX6/TrpXdc+te+1GrdkominDGZzDJXhwDU24gxZ0QADCEzzDi5M4r86b8/4zWnKKnVP4A+fjG3K9kWk=</latexit><latexit sha1_base64="hGCb3Upa1qEUTbaa2uv3P8XeJXE=">AAAB83icbVC7TsNAEFyHVwivACXNiQiJKrJRJCgj0VAmEnlIiRWdL5twyvls3a2RIitfQAsVHaLlgyj4F+zgAhKmGs3samcniJW05LqfTmljc2t7p7xb2ds/ODyqHp90bZQYgR0Rqcj0A25RSY0dkqSwHxvkYaCwF8xuc7/3iMbKSN/TPEY/5FMtJ1JwyqS2HlVrbt1dgq0TryA1KNAaVb+G40gkIWoSils78NyY/JQbkkLhojJMLMZczPgUBxnVPETrp8ugC3aRWE4Ri9EwqdhSxN8bKQ+tnYdBNhlyerCrXi7+5w0Smtz4qdRxQqhFfoikwuUhK4zMGkA2lgaJeJ4cmdRMcMOJ0EjGhcjEJKukkvXhrX6/TrpXdc+te+1GrdkominDGZzDJXhwDU24gxZ0QADCEzzDi5M4r86b8/4zWnKKnVP4A+fjG3K9kWk=</latexit><latexit sha1_base64="hGCb3Upa1qEUTbaa2uv3P8XeJXE=">AAAB83icbVC7TsNAEFyHVwivACXNiQiJKrJRJCgj0VAmEnlIiRWdL5twyvls3a2RIitfQAsVHaLlgyj4F+zgAhKmGs3samcniJW05LqfTmljc2t7p7xb2ds/ODyqHp90bZQYgR0Rqcj0A25RSY0dkqSwHxvkYaCwF8xuc7/3iMbKSN/TPEY/5FMtJ1JwyqS2HlVrbt1dgq0TryA1KNAaVb+G40gkIWoSils78NyY/JQbkkLhojJMLMZczPgUBxnVPETrp8ugC3aRWE4Ri9EwqdhSxN8bKQ+tnYdBNhlyerCrXi7+5w0Smtz4qdRxQqhFfoikwuUhK4zMGkA2lgaJeJ4cmdRMcMOJ0EjGhcjEJKukkvXhrX6/TrpXdc+te+1GrdkominDGZzDJXhwDU24gxZ0QADCEzzDi5M4r86b8/4zWnKKnVP4A+fjG3K9kWk=</latexit><latexit sha1_base64="hGCb3Upa1qEUTbaa2uv3P8XeJXE=">AAAB83icbVC7TsNAEFyHVwivACXNiQiJKrJRJCgj0VAmEnlIiRWdL5twyvls3a2RIitfQAsVHaLlgyj4F+zgAhKmGs3samcniJW05LqfTmljc2t7p7xb2ds/ODyqHp90bZQYgR0Rqcj0A25RSY0dkqSwHxvkYaCwF8xuc7/3iMbKSN/TPEY/5FMtJ1JwyqS2HlVrbt1dgq0TryA1KNAaVb+G40gkIWoSils78NyY/JQbkkLhojJMLMZczPgUBxnVPETrp8ugC3aRWE4Ri9EwqdhSxN8bKQ+tnYdBNhlyerCrXi7+5w0Smtz4qdRxQqhFfoikwuUhK4zMGkA2lgaJeJ4cmdRMcMOJ0EjGhcjEJKukkvXhrX6/TrpXdc+te+1GrdkominDGZzDJXhwDU24gxZ0QADCEzzDi5M4r86b8/4zWnKKnVP4A+fjG3K9kWk=</latexit> n+ 1

<latexit sha1_base64="c9Fk2yglsDIogEkvgZb2D1pFi0o=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoMgCGFXAnoMePEY0TwgWULvpBOHzM4uM71KWPIJXvXkTbz6PR78F3djDppYp6Kqm66uIFbSkut+OoWV1bX1jeJmaWt7Z3evvH/QslFiBDZFpCLTCcCikhqbJElhJzYIYaCwHYyvcr/9gMbKSN/RJEY/hJGWQymAMulWn3n9csWtujPwZeLNSYXN0eiXv3qDSCQhahIKrO16bkx+CoakUDgt9RKLMYgxjLCbUQ0hWj+dRZ3yk8QCRTxGw6XiMxF/b6QQWjsJg2wyBLq3i14u/ud1Expe+qnUcUKoRX6IpMLZISuMzDpAPpAGiSBPjlxqLsAAERrJQYhMTLJSSlkf3uL3y6R1XvXcqndTq9Rr82aK7Igds1PmsQtWZ9eswZpMsBF7Ys/sxXl0Xp035/1ntODMdw7ZHzgf300Xkdk=</latexit><latexit sha1_base64="c9Fk2yglsDIogEkvgZb2D1pFi0o=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoMgCGFXAnoMePEY0TwgWULvpBOHzM4uM71KWPIJXvXkTbz6PR78F3djDppYp6Kqm66uIFbSkut+OoWV1bX1jeJmaWt7Z3evvH/QslFiBDZFpCLTCcCikhqbJElhJzYIYaCwHYyvcr/9gMbKSN/RJEY/hJGWQymAMulWn3n9csWtujPwZeLNSYXN0eiXv3qDSCQhahIKrO16bkx+CoakUDgt9RKLMYgxjLCbUQ0hWj+dRZ3yk8QCRTxGw6XiMxF/b6QQWjsJg2wyBLq3i14u/ud1Expe+qnUcUKoRX6IpMLZISuMzDpAPpAGiSBPjlxqLsAAERrJQYhMTLJSSlkf3uL3y6R1XvXcqndTq9Rr82aK7Igds1PmsQtWZ9eswZpMsBF7Ys/sxXl0Xp035/1ntODMdw7ZHzgf300Xkdk=</latexit><latexit sha1_base64="c9Fk2yglsDIogEkvgZb2D1pFi0o=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoMgCGFXAnoMePEY0TwgWULvpBOHzM4uM71KWPIJXvXkTbz6PR78F3djDppYp6Kqm66uIFbSkut+OoWV1bX1jeJmaWt7Z3evvH/QslFiBDZFpCLTCcCikhqbJElhJzYIYaCwHYyvcr/9gMbKSN/RJEY/hJGWQymAMulWn3n9csWtujPwZeLNSYXN0eiXv3qDSCQhahIKrO16bkx+CoakUDgt9RKLMYgxjLCbUQ0hWj+dRZ3yk8QCRTxGw6XiMxF/b6QQWjsJg2wyBLq3i14u/ud1Expe+qnUcUKoRX6IpMLZISuMzDpAPpAGiSBPjlxqLsAAERrJQYhMTLJSSlkf3uL3y6R1XvXcqndTq9Rr82aK7Igds1PmsQtWZ9eswZpMsBF7Ys/sxXl0Xp035/1ntODMdw7ZHzgf300Xkdk=</latexit><latexit sha1_base64="c9Fk2yglsDIogEkvgZb2D1pFi0o=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoMgCGFXAnoMePEY0TwgWULvpBOHzM4uM71KWPIJXvXkTbz6PR78F3djDppYp6Kqm66uIFbSkut+OoWV1bX1jeJmaWt7Z3evvH/QslFiBDZFpCLTCcCikhqbJElhJzYIYaCwHYyvcr/9gMbKSN/RJEY/hJGWQymAMulWn3n9csWtujPwZeLNSYXN0eiXv3qDSCQhahIKrO16bkx+CoakUDgt9RKLMYgxjLCbUQ0hWj+dRZ3yk8QCRTxGw6XiMxF/b6QQWjsJg2wyBLq3i14u/ud1Expe+qnUcUKoRX6IpMLZISuMzDpAPpAGiSBPjlxqLsAAERrJQYhMTLJSSlkf3uL3y6R1XvXcqndTq9Rr82aK7Igds1PmsQtWZ9eswZpMsBF7Ys/sxXl0Xp035/1ntODMdw7ZHzgf300Xkdk=</latexit>

� = 0
<latexit sha1_base64="n4a3Nw9MnZTLlOID01iZhjbpPvU=">AAAB+nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQC9CwIvHCOYByRJmJ51kyOyDmV4hrPkJr3ryJl79GQ/+i7vrHjSxTkVVN11dXqSkIdv+tEpr6xubW+Xtys7u3v5B9fCoY8JYC2yLUIW653GDSgbYJkkKe5FG7nsKu97sJvO7D6iNDIN7mkfo+nwSyLEUnFKpNxBTya6ZPazW7Lqdg60SpyA1KNAaVr8Go1DEPgYkFDem79gRuQnXJIXCRWUQG4y4mPEJ9lMacB+Nm+R5F+wsNpxCFqFmUrFcxN8bCfeNmfteOulzmpplLxP/8/oxja/cRAZRTBiI7BBJhfkhI7RMi0A2khqJeJYcmQyY4JoToZaMC5GKcdpMJe3DWf5+lXQu6o5dd+4atWajaKYMJ3AK5+DAJTThFlrQBgEKnuAZXqxH69V6s95/RktWsXMMf2B9fANQyZN+</latexit><latexit sha1_base64="n4a3Nw9MnZTLlOID01iZhjbpPvU=">AAAB+nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQC9CwIvHCOYByRJmJ51kyOyDmV4hrPkJr3ryJl79GQ/+i7vrHjSxTkVVN11dXqSkIdv+tEpr6xubW+Xtys7u3v5B9fCoY8JYC2yLUIW653GDSgbYJkkKe5FG7nsKu97sJvO7D6iNDIN7mkfo+nwSyLEUnFKpNxBTya6ZPazW7Lqdg60SpyA1KNAaVr8Go1DEPgYkFDem79gRuQnXJIXCRWUQG4y4mPEJ9lMacB+Nm+R5F+wsNpxCFqFmUrFcxN8bCfeNmfteOulzmpplLxP/8/oxja/cRAZRTBiI7BBJhfkhI7RMi0A2khqJeJYcmQyY4JoToZaMC5GKcdpMJe3DWf5+lXQu6o5dd+4atWajaKYMJ3AK5+DAJTThFlrQBgEKnuAZXqxH69V6s95/RktWsXMMf2B9fANQyZN+</latexit><latexit sha1_base64="n4a3Nw9MnZTLlOID01iZhjbpPvU=">AAAB+nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQC9CwIvHCOYByRJmJ51kyOyDmV4hrPkJr3ryJl79GQ/+i7vrHjSxTkVVN11dXqSkIdv+tEpr6xubW+Xtys7u3v5B9fCoY8JYC2yLUIW653GDSgbYJkkKe5FG7nsKu97sJvO7D6iNDIN7mkfo+nwSyLEUnFKpNxBTya6ZPazW7Lqdg60SpyA1KNAaVr8Go1DEPgYkFDem79gRuQnXJIXCRWUQG4y4mPEJ9lMacB+Nm+R5F+wsNpxCFqFmUrFcxN8bCfeNmfteOulzmpplLxP/8/oxja/cRAZRTBiI7BBJhfkhI7RMi0A2khqJeJYcmQyY4JoToZaMC5GKcdpMJe3DWf5+lXQu6o5dd+4atWajaKYMJ3AK5+DAJTThFlrQBgEKnuAZXqxH69V6s95/RktWsXMMf2B9fANQyZN+</latexit><latexit sha1_base64="n4a3Nw9MnZTLlOID01iZhjbpPvU=">AAAB+nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQC9CwIvHCOYByRJmJ51kyOyDmV4hrPkJr3ryJl79GQ/+i7vrHjSxTkVVN11dXqSkIdv+tEpr6xubW+Xtys7u3v5B9fCoY8JYC2yLUIW653GDSgbYJkkKe5FG7nsKu97sJvO7D6iNDIN7mkfo+nwSyLEUnFKpNxBTya6ZPazW7Lqdg60SpyA1KNAaVr8Go1DEPgYkFDem79gRuQnXJIXCRWUQG4y4mPEJ9lMacB+Nm+R5F+wsNpxCFqFmUrFcxN8bCfeNmfteOulzmpplLxP/8/oxja/cRAZRTBiI7BBJhfkhI7RMi0A2khqJeJYcmQyY4JoToZaMC5GKcdpMJe3DWf5+lXQu6o5dd+4atWajaKYMJ3AK5+DAJTThFlrQBgEKnuAZXqxH69V6s95/RktWsXMMf2B9fANQyZN+</latexit>

� = 1
<latexit sha1_base64="5aq9cCSX4yyrl7GJoY+tkcH0rhM=">AAAB+nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQC9CwIvHCOYByRJmJ51kyOyDmV4hrPkJr3ryJl79GQ/+i7vrHjSxTkVVN11dXqSkIdv+tEpr6xubW+Xtys7u3v5B9fCoY8JYC2yLUIW653GDSgbYJkkKe5FG7nsKu97sJvO7D6iNDIN7mkfo+nwSyLEUnFKpNxBTya6ZM6zW7Lqdg60SpyA1KNAaVr8Go1DEPgYkFDem79gRuQnXJIXCRWUQG4y4mPEJ9lMacB+Nm+R5F+wsNpxCFqFmUrFcxN8bCfeNmfteOulzmpplLxP/8/oxja/cRAZRTBiI7BBJhfkhI7RMi0A2khqJeJYcmQyY4JoToZaMC5GKcdpMJe3DWf5+lXQu6o5dd+4atWajaKYMJ3AK5+DAJTThFlrQBgEKnuAZXqxH69V6s95/RktWsXMMf2B9fANSWJN/</latexit><latexit sha1_base64="5aq9cCSX4yyrl7GJoY+tkcH0rhM=">AAAB+nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQC9CwIvHCOYByRJmJ51kyOyDmV4hrPkJr3ryJl79GQ/+i7vrHjSxTkVVN11dXqSkIdv+tEpr6xubW+Xtys7u3v5B9fCoY8JYC2yLUIW653GDSgbYJkkKe5FG7nsKu97sJvO7D6iNDIN7mkfo+nwSyLEUnFKpNxBTya6ZM6zW7Lqdg60SpyA1KNAaVr8Go1DEPgYkFDem79gRuQnXJIXCRWUQG4y4mPEJ9lMacB+Nm+R5F+wsNpxCFqFmUrFcxN8bCfeNmfteOulzmpplLxP/8/oxja/cRAZRTBiI7BBJhfkhI7RMi0A2khqJeJYcmQyY4JoToZaMC5GKcdpMJe3DWf5+lXQu6o5dd+4atWajaKYMJ3AK5+DAJTThFlrQBgEKnuAZXqxH69V6s95/RktWsXMMf2B9fANSWJN/</latexit><latexit sha1_base64="5aq9cCSX4yyrl7GJoY+tkcH0rhM=">AAAB+nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQC9CwIvHCOYByRJmJ51kyOyDmV4hrPkJr3ryJl79GQ/+i7vrHjSxTkVVN11dXqSkIdv+tEpr6xubW+Xtys7u3v5B9fCoY8JYC2yLUIW653GDSgbYJkkKe5FG7nsKu97sJvO7D6iNDIN7mkfo+nwSyLEUnFKpNxBTya6ZM6zW7Lqdg60SpyA1KNAaVr8Go1DEPgYkFDem79gRuQnXJIXCRWUQG4y4mPEJ9lMacB+Nm+R5F+wsNpxCFqFmUrFcxN8bCfeNmfteOulzmpplLxP/8/oxja/cRAZRTBiI7BBJhfkhI7RMi0A2khqJeJYcmQyY4JoToZaMC5GKcdpMJe3DWf5+lXQu6o5dd+4atWajaKYMJ3AK5+DAJTThFlrQBgEKnuAZXqxH69V6s95/RktWsXMMf2B9fANSWJN/</latexit><latexit sha1_base64="5aq9cCSX4yyrl7GJoY+tkcH0rhM=">AAAB+nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQC9CwIvHCOYByRJmJ51kyOyDmV4hrPkJr3ryJl79GQ/+i7vrHjSxTkVVN11dXqSkIdv+tEpr6xubW+Xtys7u3v5B9fCoY8JYC2yLUIW653GDSgbYJkkKe5FG7nsKu97sJvO7D6iNDIN7mkfo+nwSyLEUnFKpNxBTya6ZM6zW7Lqdg60SpyA1KNAaVr8Go1DEPgYkFDem79gRuQnXJIXCRWUQG4y4mPEJ9lMacB+Nm+R5F+wsNpxCFqFmUrFcxN8bCfeNmfteOulzmpplLxP/8/oxja/cRAZRTBiI7BBJhfkhI7RMi0A2khqJeJYcmQyY4JoToZaMC5GKcdpMJe3DWf5+lXQu6o5dd+4atWajaKYMJ3AK5+DAJTThFlrQBgEKnuAZXqxH69V6s95/RktWsXMMf2B9fANSWJN/</latexit>

. . .
<latexit sha1_base64="vdXrfH31/lV6ORQDnh5+YP+j/O4=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIREpSRaCiDRB5SYkXryyaccj5bd2ukyMo30EJFh2j5HAr+Bdu4gISpRjM72t0JYiUtue6nU1lb39jcqm7Xdnb39g/qh0ddGyVGYEdEKjL9ACwqqbFDkhT2Y4MQBgp7wewm93uPaKyM9D3NY/RDmGo5kQIokzrDcUR2VG+4TbcAXyVeSRqsRHtU/8pyIglRk1Bg7cBzY/JTMCSFwkVtmFiMQcxgioOMagjR+mlx7IKfJRYo4jEaLhUvRPydSCG0dh4G2WQI9GCXvVz8zxskNLn2U6njhFCLfBFJhcUiK4zMWkA+lgaJIL8cudRcgAEiNJKDEJmYZLXUsj685e9XSfei6blN7+6y0bosm6myE3bKzpnHrliL3bI26zDBJHtiz+zFmTuvzpvz/jNaccrMMfsD5+Mbn3iTOQ==</latexit><latexit sha1_base64="vdXrfH31/lV6ORQDnh5+YP+j/O4=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIREpSRaCiDRB5SYkXryyaccj5bd2ukyMo30EJFh2j5HAr+Bdu4gISpRjM72t0JYiUtue6nU1lb39jcqm7Xdnb39g/qh0ddGyVGYEdEKjL9ACwqqbFDkhT2Y4MQBgp7wewm93uPaKyM9D3NY/RDmGo5kQIokzrDcUR2VG+4TbcAXyVeSRqsRHtU/8pyIglRk1Bg7cBzY/JTMCSFwkVtmFiMQcxgioOMagjR+mlx7IKfJRYo4jEaLhUvRPydSCG0dh4G2WQI9GCXvVz8zxskNLn2U6njhFCLfBFJhcUiK4zMWkA+lgaJIL8cudRcgAEiNJKDEJmYZLXUsj685e9XSfei6blN7+6y0bosm6myE3bKzpnHrliL3bI26zDBJHtiz+zFmTuvzpvz/jNaccrMMfsD5+Mbn3iTOQ==</latexit><latexit sha1_base64="vdXrfH31/lV6ORQDnh5+YP+j/O4=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIREpSRaCiDRB5SYkXryyaccj5bd2ukyMo30EJFh2j5HAr+Bdu4gISpRjM72t0JYiUtue6nU1lb39jcqm7Xdnb39g/qh0ddGyVGYEdEKjL9ACwqqbFDkhT2Y4MQBgp7wewm93uPaKyM9D3NY/RDmGo5kQIokzrDcUR2VG+4TbcAXyVeSRqsRHtU/8pyIglRk1Bg7cBzY/JTMCSFwkVtmFiMQcxgioOMagjR+mlx7IKfJRYo4jEaLhUvRPydSCG0dh4G2WQI9GCXvVz8zxskNLn2U6njhFCLfBFJhcUiK4zMWkA+lgaJIL8cudRcgAEiNJKDEJmYZLXUsj685e9XSfei6blN7+6y0bosm6myE3bKzpnHrliL3bI26zDBJHtiz+zFmTuvzpvz/jNaccrMMfsD5+Mbn3iTOQ==</latexit><latexit sha1_base64="vdXrfH31/lV6ORQDnh5+YP+j/O4=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIREpSRaCiDRB5SYkXryyaccj5bd2ukyMo30EJFh2j5HAr+Bdu4gISpRjM72t0JYiUtue6nU1lb39jcqm7Xdnb39g/qh0ddGyVGYEdEKjL9ACwqqbFDkhT2Y4MQBgp7wewm93uPaKyM9D3NY/RDmGo5kQIokzrDcUR2VG+4TbcAXyVeSRqsRHtU/8pyIglRk1Bg7cBzY/JTMCSFwkVtmFiMQcxgioOMagjR+mlx7IKfJRYo4jEaLhUvRPydSCG0dh4G2WQI9GCXvVz8zxskNLn2U6njhFCLfBFJhcUiK4zMWkA+lgaJIL8cudRcgAEiNJKDEJmYZLXUsj685e9XSfei6blN7+6y0bosm6myE3bKzpnHrliL3bI26zDBJHtiz+zFmTuvzpvz/jNaccrMMfsD5+Mbn3iTOQ==</latexit> n� 1

<latexit sha1_base64="wp+28FCM/3TtDuG61mEz4f6DW2k=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGkaCMREMZBHlIiRWtL5twyvls3a1BkZVPoIWKDtHyPRT8C3ZIAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AVhUUmOTJCnsxAYhDBS2g/FV7rcf0FgZ6TuaxOiHMNJyKAVQJt3qM69frrhVdwa+TLw5qbA5Gv3yV28QiSRETUKBtV3PjclPwZAUCqelXmIxBjGGEXYzqiFE66ezqFN+kligiMdouFR8JuLvjRRCaydhkE2GQPd20cvF/7xuQsNLP5U6Tgi1yA+RVDg7ZIWRWQfIB9IgEeTJkUvNBRggQiM5CJGJSVZKKevDW/x+mbTOq55b9W5qlXpt3kyRHbFjdso8dsHq7Jo1WJMJNmJP7Jm9OI/Oq/PmvP+MFpz5ziH7A+fjG1A3kds=</latexit><latexit sha1_base64="wp+28FCM/3TtDuG61mEz4f6DW2k=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGkaCMREMZBHlIiRWtL5twyvls3a1BkZVPoIWKDtHyPRT8C3ZIAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AVhUUmOTJCnsxAYhDBS2g/FV7rcf0FgZ6TuaxOiHMNJyKAVQJt3qM69frrhVdwa+TLw5qbA5Gv3yV28QiSRETUKBtV3PjclPwZAUCqelXmIxBjGGEXYzqiFE66ezqFN+kligiMdouFR8JuLvjRRCaydhkE2GQPd20cvF/7xuQsNLP5U6Tgi1yA+RVDg7ZIWRWQfIB9IgEeTJkUvNBRggQiM5CJGJSVZKKevDW/x+mbTOq55b9W5qlXpt3kyRHbFjdso8dsHq7Jo1WJMJNmJP7Jm9OI/Oq/PmvP+MFpz5ziH7A+fjG1A3kds=</latexit><latexit sha1_base64="wp+28FCM/3TtDuG61mEz4f6DW2k=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGkaCMREMZBHlIiRWtL5twyvls3a1BkZVPoIWKDtHyPRT8C3ZIAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AVhUUmOTJCnsxAYhDBS2g/FV7rcf0FgZ6TuaxOiHMNJyKAVQJt3qM69frrhVdwa+TLw5qbA5Gv3yV28QiSRETUKBtV3PjclPwZAUCqelXmIxBjGGEXYzqiFE66ezqFN+kligiMdouFR8JuLvjRRCaydhkE2GQPd20cvF/7xuQsNLP5U6Tgi1yA+RVDg7ZIWRWQfIB9IgEeTJkUvNBRggQiM5CJGJSVZKKevDW/x+mbTOq55b9W5qlXpt3kyRHbFjdso8dsHq7Jo1WJMJNmJP7Jm9OI/Oq/PmvP+MFpz5ziH7A+fjG1A3kds=</latexit><latexit sha1_base64="wp+28FCM/3TtDuG61mEz4f6DW2k=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGkaCMREMZBHlIiRWtL5twyvls3a1BkZVPoIWKDtHyPRT8C3ZIAQlTjWZ2tbMTxEpact1Pp7Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AVhUUmOTJCnsxAYhDBS2g/FV7rcf0FgZ6TuaxOiHMNJyKAVQJt3qM69frrhVdwa+TLw5qbA5Gv3yV28QiSRETUKBtV3PjclPwZAUCqelXmIxBjGGEXYzqiFE66ezqFN+kligiMdouFR8JuLvjRRCaydhkE2GQPd20cvF/7xuQsNLP5U6Tgi1yA+RVDg7ZIWRWQfIB9IgEeTJkUvNBRggQiM5CJGJSVZKKevDW/x+mbTOq55b9W5qlXpt3kyRHbFjdso8dsHq7Jo1WJMJNmJP7Jm9OI/Oq/PmvP+MFpz5ziH7A+fjG1A3kds=</latexit>

Helmholtz
<latexit sha1_base64="HC/3RxtdI08X8jnsT+gLO8vHoJQ=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRTZCQBmJJmWQyENKrOh82SSn3NnW3ToiWGn5Clqo6BAt/0HBv2AbF5Aw1WhmVzs7fiSFQcf5tFZW19Y3Nktb5e2d3b19++CwZcJYc2jyUIa64zMDUgTQRIESOpEGpnwJbX9yk/ntKWgjwuAOZxF4io0CMRScYSr1bbuHcI9JHaQahxIf5n274lSdHHSZuAWpkAKNvv3VG4Q8VhAgl8yYrutE6CVMo+AS5uVebCBifMJG0E1pwBQYL8mTz+lpbBiGNAJNhaS5CL83EqaMmSk/nVQMx2bRy8T/vG6Mw2svEUEUIwQ8O4RCQn7IcC3SSoAOhAZEliUHKgLKmWaIoAVlnKdinHZUTvtwF79fJq3zqutU3duLSu2yaKZEjskJOSMuuSI1UicN0iScTMkTeSYv1qP1ar1Z7z+jK1axc0T+wPr4Bjy3mJQ=</latexit><latexit sha1_base64="HC/3RxtdI08X8jnsT+gLO8vHoJQ=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRTZCQBmJJmWQyENKrOh82SSn3NnW3ToiWGn5Clqo6BAt/0HBv2AbF5Aw1WhmVzs7fiSFQcf5tFZW19Y3Nktb5e2d3b19++CwZcJYc2jyUIa64zMDUgTQRIESOpEGpnwJbX9yk/ntKWgjwuAOZxF4io0CMRScYSr1bbuHcI9JHaQahxIf5n274lSdHHSZuAWpkAKNvv3VG4Q8VhAgl8yYrutE6CVMo+AS5uVebCBifMJG0E1pwBQYL8mTz+lpbBiGNAJNhaS5CL83EqaMmSk/nVQMx2bRy8T/vG6Mw2svEUEUIwQ8O4RCQn7IcC3SSoAOhAZEliUHKgLKmWaIoAVlnKdinHZUTvtwF79fJq3zqutU3duLSu2yaKZEjskJOSMuuSI1UicN0iScTMkTeSYv1qP1ar1Z7z+jK1axc0T+wPr4Bjy3mJQ=</latexit><latexit sha1_base64="HC/3RxtdI08X8jnsT+gLO8vHoJQ=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRTZCQBmJJmWQyENKrOh82SSn3NnW3ToiWGn5Clqo6BAt/0HBv2AbF5Aw1WhmVzs7fiSFQcf5tFZW19Y3Nktb5e2d3b19++CwZcJYc2jyUIa64zMDUgTQRIESOpEGpnwJbX9yk/ntKWgjwuAOZxF4io0CMRScYSr1bbuHcI9JHaQahxIf5n274lSdHHSZuAWpkAKNvv3VG4Q8VhAgl8yYrutE6CVMo+AS5uVebCBifMJG0E1pwBQYL8mTz+lpbBiGNAJNhaS5CL83EqaMmSk/nVQMx2bRy8T/vG6Mw2svEUEUIwQ8O4RCQn7IcC3SSoAOhAZEliUHKgLKmWaIoAVlnKdinHZUTvtwF79fJq3zqutU3duLSu2yaKZEjskJOSMuuSI1UicN0iScTMkTeSYv1qP1ar1Z7z+jK1axc0T+wPr4Bjy3mJQ=</latexit><latexit sha1_base64="HC/3RxtdI08X8jnsT+gLO8vHoJQ=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRTZCQBmJJmWQyENKrOh82SSn3NnW3ToiWGn5Clqo6BAt/0HBv2AbF5Aw1WhmVzs7fiSFQcf5tFZW19Y3Nktb5e2d3b19++CwZcJYc2jyUIa64zMDUgTQRIESOpEGpnwJbX9yk/ntKWgjwuAOZxF4io0CMRScYSr1bbuHcI9JHaQahxIf5n274lSdHHSZuAWpkAKNvv3VG4Q8VhAgl8yYrutE6CVMo+AS5uVebCBifMJG0E1pwBQYL8mTz+lpbBiGNAJNhaS5CL83EqaMmSk/nVQMx2bRy8T/vG6Mw2svEUEUIwQ8O4RCQn7IcC3SSoAOhAZEliUHKgLKmWaIoAVlnKdinHZUTvtwF79fJq3zqutU3duLSu2yaKZEjskJOSMuuSI1UicN0iScTMkTeSYv1qP1ar1Z7z+jK1axc0T+wPr4Bjy3mJQ=</latexit>

Gibbs
<latexit sha1_base64="iSnY8koSuI1dc3AJ0bUYcbZbypI=">AAAB/nicbVC7TsNAEDyHVwivACXNiQiJKrIRAspIFFAGiTykxIrOl0045Xw+3a0RkRWJr6CFig7R8isU/Au2cQEJU41mdrWzE2gpLLrup1NaWl5ZXSuvVzY2t7Z3qrt7bRvFhkOLRzIy3YBZkEJBCwVK6GoDLAwkdILJZeZ37sFYEalbnGrwQzZWYiQ4w1Tq9xEeMLkSQWBng2rNrbs56CLxClIjBZqD6ld/GPE4BIVcMmt7nqvRT5hBwSXMKv3YgmZ8wsbQS6liIVg/yTPP6FFsGUZUg6FC0lyE3xsJC62dhkE6GTK8s/NeJv7n9WIcXfiJUDpGUDw7hEJCfshyI9IygA6FAUSWJQcqFOXMMEQwgjLOUzFO26mkfXjz3y+S9kndc+vezWmtcVY0UyYH5JAcE4+ckwa5Jk3SIpxo8kSeyYvz6Lw6b877z2jJKXb2yR84H99FWpZr</latexit><latexit sha1_base64="iSnY8koSuI1dc3AJ0bUYcbZbypI=">AAAB/nicbVC7TsNAEDyHVwivACXNiQiJKrIRAspIFFAGiTykxIrOl0045Xw+3a0RkRWJr6CFig7R8isU/Au2cQEJU41mdrWzE2gpLLrup1NaWl5ZXSuvVzY2t7Z3qrt7bRvFhkOLRzIy3YBZkEJBCwVK6GoDLAwkdILJZeZ37sFYEalbnGrwQzZWYiQ4w1Tq9xEeMLkSQWBng2rNrbs56CLxClIjBZqD6ld/GPE4BIVcMmt7nqvRT5hBwSXMKv3YgmZ8wsbQS6liIVg/yTPP6FFsGUZUg6FC0lyE3xsJC62dhkE6GTK8s/NeJv7n9WIcXfiJUDpGUDw7hEJCfshyI9IygA6FAUSWJQcqFOXMMEQwgjLOUzFO26mkfXjz3y+S9kndc+vezWmtcVY0UyYH5JAcE4+ckwa5Jk3SIpxo8kSeyYvz6Lw6b877z2jJKXb2yR84H99FWpZr</latexit><latexit sha1_base64="iSnY8koSuI1dc3AJ0bUYcbZbypI=">AAAB/nicbVC7TsNAEDyHVwivACXNiQiJKrIRAspIFFAGiTykxIrOl0045Xw+3a0RkRWJr6CFig7R8isU/Au2cQEJU41mdrWzE2gpLLrup1NaWl5ZXSuvVzY2t7Z3qrt7bRvFhkOLRzIy3YBZkEJBCwVK6GoDLAwkdILJZeZ37sFYEalbnGrwQzZWYiQ4w1Tq9xEeMLkSQWBng2rNrbs56CLxClIjBZqD6ld/GPE4BIVcMmt7nqvRT5hBwSXMKv3YgmZ8wsbQS6liIVg/yTPP6FFsGUZUg6FC0lyE3xsJC62dhkE6GTK8s/NeJv7n9WIcXfiJUDpGUDw7hEJCfshyI9IygA6FAUSWJQcqFOXMMEQwgjLOUzFO26mkfXjz3y+S9kndc+vezWmtcVY0UyYH5JAcE4+ckwa5Jk3SIpxo8kSeyYvz6Lw6b877z2jJKXb2yR84H99FWpZr</latexit><latexit sha1_base64="iSnY8koSuI1dc3AJ0bUYcbZbypI=">AAAB/nicbVC7TsNAEDyHVwivACXNiQiJKrIRAspIFFAGiTykxIrOl0045Xw+3a0RkRWJr6CFig7R8isU/Au2cQEJU41mdrWzE2gpLLrup1NaWl5ZXSuvVzY2t7Z3qrt7bRvFhkOLRzIy3YBZkEJBCwVK6GoDLAwkdILJZeZ37sFYEalbnGrwQzZWYiQ4w1Tq9xEeMLkSQWBng2rNrbs56CLxClIjBZqD6ld/GPE4BIVcMmt7nqvRT5hBwSXMKv3YgmZ8wsbQS6liIVg/yTPP6FFsGUZUg6FC0lyE3xsJC62dhkE6GTK8s/NeJv7n9WIcXfiJUDpGUDw7hEJCfshyI9IygA6FAUSWJQcqFOXMMEQwgjLOUzFO26mkfXjz3y+S9kndc+vezWmtcVY0UyYH5JAcE4+ckwa5Jk3SIpxo8kSeyYvz6Lw6b877z2jJKXb2yR84H99FWpZr</latexit>

d
<latexit sha1_base64="F30CRBfRsvZ09N2cmM49MlaGd1g=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKYI4BLx4TMA9IltA76cQhsw9meoSw5Au86smbePWDPPgv7q45aGKdiqpuurqCRElDrvvplDY2t7Z3yruVvf2Dw6Pq8UnXxFYL7IhYxbofgEElI+yQJIX9RCOEgcJeMLvN/d4jaiPj6J7mCfohTCM5kQIok9rjUbXm1t0CfJ14S1JjS7RG1a/hOBY2xIiEAmMGnpuQn4ImKRQuKkNrMAExgykOMhpBiMZPi6ALfmENUMwT1FwqXoj4eyOF0Jh5GGSTIdCDWfVy8T9vYGnS8FMZJZYwEvkhkgqLQ0ZomTWAfCw1EkGeHLmMuAANRKglByEy0WaVVLI+vNXv10n3qu65da99XWs2ls2U2Rk7Z5fMYzesye5Yi3WYYMie2DN7cazz6rw57z+jJWe5c8r+wPn4BmRbkWM=</latexit><latexit sha1_base64="F30CRBfRsvZ09N2cmM49MlaGd1g=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKYI4BLx4TMA9IltA76cQhsw9meoSw5Au86smbePWDPPgv7q45aGKdiqpuurqCRElDrvvplDY2t7Z3yruVvf2Dw6Pq8UnXxFYL7IhYxbofgEElI+yQJIX9RCOEgcJeMLvN/d4jaiPj6J7mCfohTCM5kQIok9rjUbXm1t0CfJ14S1JjS7RG1a/hOBY2xIiEAmMGnpuQn4ImKRQuKkNrMAExgykOMhpBiMZPi6ALfmENUMwT1FwqXoj4eyOF0Jh5GGSTIdCDWfVy8T9vYGnS8FMZJZYwEvkhkgqLQ0ZomTWAfCw1EkGeHLmMuAANRKglByEy0WaVVLI+vNXv10n3qu65da99XWs2ls2U2Rk7Z5fMYzesye5Yi3WYYMie2DN7cazz6rw57z+jJWe5c8r+wPn4BmRbkWM=</latexit><latexit sha1_base64="F30CRBfRsvZ09N2cmM49MlaGd1g=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKYI4BLx4TMA9IltA76cQhsw9meoSw5Au86smbePWDPPgv7q45aGKdiqpuurqCRElDrvvplDY2t7Z3yruVvf2Dw6Pq8UnXxFYL7IhYxbofgEElI+yQJIX9RCOEgcJeMLvN/d4jaiPj6J7mCfohTCM5kQIok9rjUbXm1t0CfJ14S1JjS7RG1a/hOBY2xIiEAmMGnpuQn4ImKRQuKkNrMAExgykOMhpBiMZPi6ALfmENUMwT1FwqXoj4eyOF0Jh5GGSTIdCDWfVy8T9vYGnS8FMZJZYwEvkhkgqLQ0ZomTWAfCw1EkGeHLmMuAANRKglByEy0WaVVLI+vNXv10n3qu65da99XWs2ls2U2Rk7Z5fMYzesye5Yi3WYYMie2DN7cazz6rw57z+jJWe5c8r+wPn4BmRbkWM=</latexit><latexit sha1_base64="F30CRBfRsvZ09N2cmM49MlaGd1g=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKYI4BLx4TMA9IltA76cQhsw9meoSw5Au86smbePWDPPgv7q45aGKdiqpuurqCRElDrvvplDY2t7Z3yruVvf2Dw6Pq8UnXxFYL7IhYxbofgEElI+yQJIX9RCOEgcJeMLvN/d4jaiPj6J7mCfohTCM5kQIok9rjUbXm1t0CfJ14S1JjS7RG1a/hOBY2xIiEAmMGnpuQn4ImKRQuKkNrMAExgykOMhpBiMZPi6ALfmENUMwT1FwqXoj4eyOF0Jh5GGSTIdCDWfVy8T9vYGnS8FMZJZYwEvkhkgqLQ0ZomTWAfCw1EkGeHLmMuAANRKglByEy0WaVVLI+vNXv10n3qu65da99XWs2ls2U2Rk7Z5fMYzesye5Yi3WYYMie2DN7cazz6rw57z+jJWe5c8r+wPn4BmRbkWM=</latexit>

F
<latexit sha1_base64="b/LGz3Egdh/HhdGhePD4XyUae2E=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDEgiMcEzAOSJcxOOnHI7IOZHiGEfIFXPXkTr36QB//F3XUPmlinoqqbrq4gUdKQ6346a+sbm1vbpZ3y7t7+wWHl6LhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqT+d1H1EbG0T3NEvRDPonkWApOqdS6HVaqbs3NwVaJV5AqFGgOK1+DUSxsiBEJxY3pe25C/pxrkkLhojywBhMupnyC/ZRGPETjz/OgC3ZuDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxnV/LqPEEkYiO0RSYX7ICC3TBpCNpEYiniVHJiMmuOZEqCXjQqSiTSspp314y9+vks5lzXNrXuuq2qgXzZTgFM7gAjy4hgbcQRPaIADhCZ7hxbHOq/PmvP+MrjnFzgn8gfPxDTWZkUU=</latexit><latexit sha1_base64="b/LGz3Egdh/HhdGhePD4XyUae2E=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDEgiMcEzAOSJcxOOnHI7IOZHiGEfIFXPXkTr36QB//F3XUPmlinoqqbrq4gUdKQ6346a+sbm1vbpZ3y7t7+wWHl6LhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqT+d1H1EbG0T3NEvRDPonkWApOqdS6HVaqbs3NwVaJV5AqFGgOK1+DUSxsiBEJxY3pe25C/pxrkkLhojywBhMupnyC/ZRGPETjz/OgC3ZuDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxnV/LqPEEkYiO0RSYX7ICC3TBpCNpEYiniVHJiMmuOZEqCXjQqSiTSspp314y9+vks5lzXNrXuuq2qgXzZTgFM7gAjy4hgbcQRPaIADhCZ7hxbHOq/PmvP+MrjnFzgn8gfPxDTWZkUU=</latexit><latexit sha1_base64="b/LGz3Egdh/HhdGhePD4XyUae2E=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDEgiMcEzAOSJcxOOnHI7IOZHiGEfIFXPXkTr36QB//F3XUPmlinoqqbrq4gUdKQ6346a+sbm1vbpZ3y7t7+wWHl6LhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqT+d1H1EbG0T3NEvRDPonkWApOqdS6HVaqbs3NwVaJV5AqFGgOK1+DUSxsiBEJxY3pe25C/pxrkkLhojywBhMupnyC/ZRGPETjz/OgC3ZuDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxnV/LqPEEkYiO0RSYX7ICC3TBpCNpEYiniVHJiMmuOZEqCXjQqSiTSspp314y9+vks5lzXNrXuuq2qgXzZTgFM7gAjy4hgbcQRPaIADhCZ7hxbHOq/PmvP+MrjnFzgn8gfPxDTWZkUU=</latexit><latexit sha1_base64="b/LGz3Egdh/HhdGhePD4XyUae2E=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDEgiMcEzAOSJcxOOnHI7IOZHiGEfIFXPXkTr36QB//F3XUPmlinoqqbrq4gUdKQ6346a+sbm1vbpZ3y7t7+wWHl6LhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqT+d1H1EbG0T3NEvRDPonkWApOqdS6HVaqbs3NwVaJV5AqFGgOK1+DUSxsiBEJxY3pe25C/pxrkkLhojywBhMupnyC/ZRGPETjz/OgC3ZuDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxnV/LqPEEkYiO0RSYX7ICC3TBpCNpEYiniVHJiMmuOZEqCXjQqSiTSspp314y9+vks5lzXNrXuuq2qgXzZTgFM7gAjy4hgbcQRPaIADhCZ7hxbHOq/PmvP+MrjnFzgn8gfPxDTWZkUU=</latexit>

"i
<latexit sha1_base64="OYgG69kEF9p2/4bnCksWZ73PGdM=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIREikj0VAGiTykxIrWl0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLdT6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke7LfrniVt0F+CrxclJhORr98ldvEIkkRE1CgbVdz43JT8GQFApnpV5iMQYxhhF2M6ohROuni9AzfpZYoIjHaLhUfCHi740UQmunYZBNhkD3dtmbi/953YSGNT+VOk4ItZgfIqlwccgKI7M2kA+kQSKYJ0cuNRdggAiN5CBEJiZZPaWsD2/5+1XSuqh6btW7vazUa3kzRXbCTtk589gVq7Mb1mBNJtgDe2LP7MV5dF6dN+f9Z7Tg5DvH7A+cj28Qs5be</latexit><latexit sha1_base64="OYgG69kEF9p2/4bnCksWZ73PGdM=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIREikj0VAGiTykxIrWl0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLdT6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke7LfrniVt0F+CrxclJhORr98ldvEIkkRE1CgbVdz43JT8GQFApnpV5iMQYxhhF2M6ohROuni9AzfpZYoIjHaLhUfCHi740UQmunYZBNhkD3dtmbi/953YSGNT+VOk4ItZgfIqlwccgKI7M2kA+kQSKYJ0cuNRdggAiN5CBEJiZZPaWsD2/5+1XSuqh6btW7vazUa3kzRXbCTtk589gVq7Mb1mBNJtgDe2LP7MV5dF6dN+f9Z7Tg5DvH7A+cj28Qs5be</latexit><latexit sha1_base64="OYgG69kEF9p2/4bnCksWZ73PGdM=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIREikj0VAGiTykxIrWl0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLdT6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke7LfrniVt0F+CrxclJhORr98ldvEIkkRE1CgbVdz43JT8GQFApnpV5iMQYxhhF2M6ohROuni9AzfpZYoIjHaLhUfCHi740UQmunYZBNhkD3dtmbi/953YSGNT+VOk4ItZgfIqlwccgKI7M2kA+kQSKYJ0cuNRdggAiN5CBEJiZZPaWsD2/5+1XSuqh6btW7vazUa3kzRXbCTtk589gVq7Mb1mBNJtgDe2LP7MV5dF6dN+f9Z7Tg5DvH7A+cj28Qs5be</latexit><latexit sha1_base64="OYgG69kEF9p2/4bnCksWZ73PGdM=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIREikj0VAGiTykxIrWl0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLdT6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke7LfrniVt0F+CrxclJhORr98ldvEIkkRE1CgbVdz43JT8GQFApnpV5iMQYxhhF2M6ohROuni9AzfpZYoIjHaLhUfCHi740UQmunYZBNhkD3dtmbi/953YSGNT+VOk4ItZgfIqlwccgKI7M2kA+kQSKYJ0cuNRdggAiN5CBEJiZZPaWsD2/5+1XSuqh6btW7vazUa3kzRXbCTtk589gVq7Mb1mBNJtgDe2LP7MV5dF6dN+f9Z7Tg5DvH7A+cj28Qs5be</latexit>

Vi
<latexit sha1_base64="+x0U7ZT1esN7j+L9OzBChdQpujk=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCImUkGsogyENKrGh92YRTzmfrbg2KonwCLVR0iJbvoeBfsI0LSJhqNLOrnZ0gVtKS6346K6tr6xubpa3y9s7u3n7l4LBto8QIbIlIRaYbgEUlNbZIksJubBDCQGEnmFxlfucBjZWRvqNpjH4IYy1HUgCl0m17IAeVqltzc/Bl4hWkygo0B5Wv/jASSYiahAJre54bkz8DQ1IonJf7icUYxATG2EuphhCtP8ujzvlpYoEiHqPhUvFcxN8bMwitnYZBOhkC3dtFLxP/83oJjer+TOo4IdQiO0RSYX7ICiPTDpAPpUEiyJIjl5oLMECERnIQIhWTtJRy2oe3+P0yaZ/XPLfm3VxUG/WimRI7ZifsjHnskjXYNWuyFhNszJ7YM3txHp1X5815/xldcYqdI/YHzsc30TuSMQ==</latexit><latexit sha1_base64="+x0U7ZT1esN7j+L9OzBChdQpujk=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCImUkGsogyENKrGh92YRTzmfrbg2KonwCLVR0iJbvoeBfsI0LSJhqNLOrnZ0gVtKS6346K6tr6xubpa3y9s7u3n7l4LBto8QIbIlIRaYbgEUlNbZIksJubBDCQGEnmFxlfucBjZWRvqNpjH4IYy1HUgCl0m17IAeVqltzc/Bl4hWkygo0B5Wv/jASSYiahAJre54bkz8DQ1IonJf7icUYxATG2EuphhCtP8ujzvlpYoEiHqPhUvFcxN8bMwitnYZBOhkC3dtFLxP/83oJjer+TOo4IdQiO0RSYX7ICiPTDpAPpUEiyJIjl5oLMECERnIQIhWTtJRy2oe3+P0yaZ/XPLfm3VxUG/WimRI7ZifsjHnskjXYNWuyFhNszJ7YM3txHp1X5815/xldcYqdI/YHzsc30TuSMQ==</latexit><latexit sha1_base64="+x0U7ZT1esN7j+L9OzBChdQpujk=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCImUkGsogyENKrGh92YRTzmfrbg2KonwCLVR0iJbvoeBfsI0LSJhqNLOrnZ0gVtKS6346K6tr6xubpa3y9s7u3n7l4LBto8QIbIlIRaYbgEUlNbZIksJubBDCQGEnmFxlfucBjZWRvqNpjH4IYy1HUgCl0m17IAeVqltzc/Bl4hWkygo0B5Wv/jASSYiahAJre54bkz8DQ1IonJf7icUYxATG2EuphhCtP8ujzvlpYoEiHqPhUvFcxN8bMwitnYZBOhkC3dtFLxP/83oJjer+TOo4IdQiO0RSYX7ICiPTDpAPpUEiyJIjl5oLMECERnIQIhWTtJRy2oe3+P0yaZ/XPLfm3VxUG/WimRI7ZifsjHnskjXYNWuyFhNszJ7YM3txHp1X5815/xldcYqdI/YHzsc30TuSMQ==</latexit><latexit sha1_base64="+x0U7ZT1esN7j+L9OzBChdQpujk=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCImUkGsogyENKrGh92YRTzmfrbg2KonwCLVR0iJbvoeBfsI0LSJhqNLOrnZ0gVtKS6346K6tr6xubpa3y9s7u3n7l4LBto8QIbIlIRaYbgEUlNbZIksJubBDCQGEnmFxlfucBjZWRvqNpjH4IYy1HUgCl0m17IAeVqltzc/Bl4hWkygo0B5Wv/jASSYiahAJre54bkz8DQ1IonJf7icUYxATG2EuphhCtP8ujzvlpYoEiHqPhUvFcxN8bMwitnYZBOhkC3dtFLxP/83oJjer+TOo4IdQiO0RSYX7ICiPTDpAPpUEiyJIjl5oLMECERnIQIhWTtJRy2oe3+P0yaZ/XPLfm3VxUG/WimRI7ZifsjHnskjXYNWuyFhNszJ7YM3txHp1X5815/xldcYqdI/YHzsc30TuSMQ==</latexit>

"u
<latexit sha1_base64="zca/wlWDWc34kG9e/RFDwx+0so0=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIREikj0VAGiTykxIrWl0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLdT6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke4n/XLFrboL8FXi5aTCcjT65a/eIBJJiJqEAmu7nhuTn4IhKRTOSr3EYgxiDCPsZlRDiNZPF6Fn/CyxQBGP0XCp+ELE3xsphNZOwyCbDIHu7bI3F//zugkNa34qdZwQajE/RFLh4pAVRmZtIB9Ig0QwT45cai7AABEayUGITEyyekpZH97y96ukdVH13Kp3e1mp1/JmiuyEnbJz5rErVmc3rMGaTLAH9sSe2Yvz6Lw6b877z2jByXeO2R84H98jZ5bq</latexit><latexit sha1_base64="zca/wlWDWc34kG9e/RFDwx+0so0=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIREikj0VAGiTykxIrWl0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLdT6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke4n/XLFrboL8FXi5aTCcjT65a/eIBJJiJqEAmu7nhuTn4IhKRTOSr3EYgxiDCPsZlRDiNZPF6Fn/CyxQBGP0XCp+ELE3xsphNZOwyCbDIHu7bI3F//zugkNa34qdZwQajE/RFLh4pAVRmZtIB9Ig0QwT45cai7AABEayUGITEyyekpZH97y96ukdVH13Kp3e1mp1/JmiuyEnbJz5rErVmc3rMGaTLAH9sSe2Yvz6Lw6b877z2jByXeO2R84H98jZ5bq</latexit><latexit sha1_base64="zca/wlWDWc34kG9e/RFDwx+0so0=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIREikj0VAGiTykxIrWl0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLdT6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke4n/XLFrboL8FXi5aTCcjT65a/eIBJJiJqEAmu7nhuTn4IhKRTOSr3EYgxiDCPsZlRDiNZPF6Fn/CyxQBGP0XCp+ELE3xsphNZOwyCbDIHu7bI3F//zugkNa34qdZwQajE/RFLh4pAVRmZtIB9Ig0QwT45cai7AABEayUGITEyyekpZH97y96ukdVH13Kp3e1mp1/JmiuyEnbJz5rErVmc3rMGaTLAH9sSe2Yvz6Lw6b877z2jByXeO2R84H98jZ5bq</latexit><latexit sha1_base64="zca/wlWDWc34kG9e/RFDwx+0so0=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIREikj0VAGiTykxIrWl0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLdT6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke4n/XLFrboL8FXi5aTCcjT65a/eIBJJiJqEAmu7nhuTn4IhKRTOSr3EYgxiDCPsZlRDiNZPF6Fn/CyxQBGP0XCp+ELE3xsphNZOwyCbDIHu7bI3F//zugkNa34qdZwQajE/RFLh4pAVRmZtIB9Ig0QwT45cai7AABEayUGITEyyekpZH97y96ukdVH13Kp3e1mp1/JmiuyEnbJz5rErVmc3rMGaTLAH9sSe2Yvz6Lw6b877z2jByXeO2R84H98jZ5bq</latexit>0

<latexit sha1_base64="greL/QMc+JPNvtrkSb4/UaM4U8M=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKYI4BLx4TMA9IltA76cQhsw9meoSw5Au86smbePWDPPgv7q45aGKdiqpuurqCRElDrvvplDY2t7Z3yruVvf2Dw6Pq8UnXxFYL7IhYxbofgEElI+yQJIX9RCOEgcJeMLvN/d4jaiPj6J7mCfohTCM5kQIok9ruqFpz624Bvk68JamxJVqj6tdwHAsbYkRCgTEDz03IT0GTFAoXlaE1mICYwRQHGY0gROOnRdAFv7AGKOYJai4VL0T8vZFCaMw8DLLJEOjBrHq5+J83sDRp+KmMEksYifwQSYXFISO0zBpAPpYaiSBPjlxGXIAGItSSgxCZaLNKKlkf3ur366R7Vffcute+rjUby2bK7Iyds0vmsRvWZHesxTpMMGRP7Jm9ONZ5dd6c95/RkrPcOWV/4Hx8AxNPkS8=</latexit><latexit sha1_base64="greL/QMc+JPNvtrkSb4/UaM4U8M=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKYI4BLx4TMA9IltA76cQhsw9meoSw5Au86smbePWDPPgv7q45aGKdiqpuurqCRElDrvvplDY2t7Z3yruVvf2Dw6Pq8UnXxFYL7IhYxbofgEElI+yQJIX9RCOEgcJeMLvN/d4jaiPj6J7mCfohTCM5kQIok9ruqFpz624Bvk68JamxJVqj6tdwHAsbYkRCgTEDz03IT0GTFAoXlaE1mICYwRQHGY0gROOnRdAFv7AGKOYJai4VL0T8vZFCaMw8DLLJEOjBrHq5+J83sDRp+KmMEksYifwQSYXFISO0zBpAPpYaiSBPjlxGXIAGItSSgxCZaLNKKlkf3ur366R7Vffcute+rjUby2bK7Iyds0vmsRvWZHesxTpMMGRP7Jm9ONZ5dd6c95/RkrPcOWV/4Hx8AxNPkS8=</latexit><latexit sha1_base64="greL/QMc+JPNvtrkSb4/UaM4U8M=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKYI4BLx4TMA9IltA76cQhsw9meoSw5Au86smbePWDPPgv7q45aGKdiqpuurqCRElDrvvplDY2t7Z3yruVvf2Dw6Pq8UnXxFYL7IhYxbofgEElI+yQJIX9RCOEgcJeMLvN/d4jaiPj6J7mCfohTCM5kQIok9ruqFpz624Bvk68JamxJVqj6tdwHAsbYkRCgTEDz03IT0GTFAoXlaE1mICYwRQHGY0gROOnRdAFv7AGKOYJai4VL0T8vZFCaMw8DLLJEOjBrHq5+J83sDRp+KmMEksYifwQSYXFISO0zBpAPpYaiSBPjlxGXIAGItSSgxCZaLNKKlkf3ur366R7Vffcute+rjUby2bK7Iyds0vmsRvWZHesxTpMMGRP7Jm9ONZ5dd6c95/RkrPcOWV/4Hx8AxNPkS8=</latexit><latexit sha1_base64="greL/QMc+JPNvtrkSb4/UaM4U8M=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKYI4BLx4TMA9IltA76cQhsw9meoSw5Au86smbePWDPPgv7q45aGKdiqpuurqCRElDrvvplDY2t7Z3yruVvf2Dw6Pq8UnXxFYL7IhYxbofgEElI+yQJIX9RCOEgcJeMLvN/d4jaiPj6J7mCfohTCM5kQIok9ruqFpz624Bvk68JamxJVqj6tdwHAsbYkRCgTEDz03IT0GTFAoXlaE1mICYwRQHGY0gROOnRdAFv7AGKOYJai4VL0T8vZFCaMw8DLLJEOjBrHq5+J83sDRp+KmMEksYifwQSYXFISO0zBpAPpYaiSBPjlxGXIAGItSSgxCZaLNKKlkf3ur366R7Vffcute+rjUby2bK7Iyds0vmsRvWZHesxTpMMGRP7Jm9ONZ5dd6c95/RkrPcOWV/4Hx8AxNPkS8=</latexit>

Folded

<latexit sha1_base64="X/qee/JcU/FP4/oh97/k67XJrwM=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCQBkJCVEGiTykxIrW50045fzgbo2IrBR8BS1UdIiWT6HgX7CDC0iYajSzq50dL1bSkG1/WguLS8srq6W18vrG5tZ2ZWe3ZaJEC2yKSEW644FBJUNskiSFnVgjBJ7Ctje6yP32PWojo/CGxjG6AQxDOZACKJPcHuEDpZeR8tGf9CtVu2ZPweeJU5AqK9DoV756fiSSAEMSCozpOnZMbgqapFA4KfcSgzGIEQyxm9EQAjRuOg094YeJAYp4jJpLxaci/t5IITBmHHjZZAB0a2a9XPzP6yY0OHdTGcYJYSjyQyQVTg8ZoWXWBnJfaiSCPDlyGXIBGohQSw5CZGKS1VPO+nBmv58nreOaY9ec65Nq/bRopsT22QE7Yg47Y3V2xRqsyQS7Y0/smb1Yj9ar9Wa9/4wuWMXOHvsD6+MbEAiW3A==</latexit><latexit sha1_base64="X/qee/JcU/FP4/oh97/k67XJrwM=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCQBkJCVEGiTykxIrW50045fzgbo2IrBR8BS1UdIiWT6HgX7CDC0iYajSzq50dL1bSkG1/WguLS8srq6W18vrG5tZ2ZWe3ZaJEC2yKSEW644FBJUNskiSFnVgjBJ7Ctje6yP32PWojo/CGxjG6AQxDOZACKJPcHuEDpZeR8tGf9CtVu2ZPweeJU5AqK9DoV756fiSSAEMSCozpOnZMbgqapFA4KfcSgzGIEQyxm9EQAjRuOg094YeJAYp4jJpLxaci/t5IITBmHHjZZAB0a2a9XPzP6yY0OHdTGcYJYSjyQyQVTg8ZoWXWBnJfaiSCPDlyGXIBGohQSw5CZGKS1VPO+nBmv58nreOaY9ec65Nq/bRopsT22QE7Yg47Y3V2xRqsyQS7Y0/smb1Yj9ar9Wa9/4wuWMXOHvsD6+MbEAiW3A==</latexit><latexit sha1_base64="X/qee/JcU/FP4/oh97/k67XJrwM=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCQBkJCVEGiTykxIrW50045fzgbo2IrBR8BS1UdIiWT6HgX7CDC0iYajSzq50dL1bSkG1/WguLS8srq6W18vrG5tZ2ZWe3ZaJEC2yKSEW644FBJUNskiSFnVgjBJ7Ctje6yP32PWojo/CGxjG6AQxDOZACKJPcHuEDpZeR8tGf9CtVu2ZPweeJU5AqK9DoV756fiSSAEMSCozpOnZMbgqapFA4KfcSgzGIEQyxm9EQAjRuOg094YeJAYp4jJpLxaci/t5IITBmHHjZZAB0a2a9XPzP6yY0OHdTGcYJYSjyQyQVTg8ZoWXWBnJfaiSCPDlyGXIBGohQSw5CZGKS1VPO+nBmv58nreOaY9ec65Nq/bRopsT22QE7Yg47Y3V2xRqsyQS7Y0/smb1Yj9ar9Wa9/4wuWMXOHvsD6+MbEAiW3A==</latexit><latexit sha1_base64="X/qee/JcU/FP4/oh97/k67XJrwM=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCQBkJCVEGiTykxIrW50045fzgbo2IrBR8BS1UdIiWT6HgX7CDC0iYajSzq50dL1bSkG1/WguLS8srq6W18vrG5tZ2ZWe3ZaJEC2yKSEW644FBJUNskiSFnVgjBJ7Ctje6yP32PWojo/CGxjG6AQxDOZACKJPcHuEDpZeR8tGf9CtVu2ZPweeJU5AqK9DoV756fiSSAEMSCozpOnZMbgqapFA4KfcSgzGIEQyxm9EQAjRuOg094YeJAYp4jJpLxaci/t5IITBmHHjZZAB0a2a9XPzP6yY0OHdTGcYJYSjyQyQVTg8ZoWXWBnJfaiSCPDlyGXIBGohQSw5CZGKS1VPO+nBmv58nreOaY9ec65Nq/bRopsT22QE7Yg47Y3V2xRqsyQS7Y0/smb1Yj9ar9Wa9/4wuWMXOHvsD6+MbEAiW3A==</latexit>

Unfolded

<latexit sha1_base64="1CP/qAit5HUenxaSwH6WhTiyZyE=">AAACA3icbVC7TsNAEDyHVwiPGChpTkRIVJGNEFBGoqEMEk4iJVZ0vmzCKeezdbdGRFZKvoIWKjpEy4dQ8C/YxgUkTDWa2dXOThBLYdBxPq3Kyura+kZ1s7a1vbNbt/f2OyZKNAePRzLSvYAZkEKBhwIl9GINLAwkdIPpVe5370EbEalbnMXgh2yixFhwhpk0tOsDhAdMPTWO5AhG86HdcJpOAbpM3JI0SIn20P4ajCKehKCQS2ZM33Vi9FOmUXAJ89ogMRAzPmUT6GdUsRCMnxbB5/Q4MQwjGoOmQtJChN8bKQuNmYVBNhkyvDOLXi7+5/UTHF/6qVBxgqB4fgiFhOKQ4VpkjQAdCQ2ILE8OVCjKmWaIoAVlnGdiklVUy/pwF79fJp3Tpus03ZuzRuu8bKZKDskROSEuuSAtck3axCOcJOSJPJMX69F6td6s95/RilXuHJA/sD6+AUCvmAQ=</latexit><latexit sha1_base64="1CP/qAit5HUenxaSwH6WhTiyZyE=">AAACA3icbVC7TsNAEDyHVwiPGChpTkRIVJGNEFBGoqEMEk4iJVZ0vmzCKeezdbdGRFZKvoIWKjpEy4dQ8C/YxgUkTDWa2dXOThBLYdBxPq3Kyura+kZ1s7a1vbNbt/f2OyZKNAePRzLSvYAZkEKBhwIl9GINLAwkdIPpVe5370EbEalbnMXgh2yixFhwhpk0tOsDhAdMPTWO5AhG86HdcJpOAbpM3JI0SIn20P4ajCKehKCQS2ZM33Vi9FOmUXAJ89ogMRAzPmUT6GdUsRCMnxbB5/Q4MQwjGoOmQtJChN8bKQuNmYVBNhkyvDOLXi7+5/UTHF/6qVBxgqB4fgiFhOKQ4VpkjQAdCQ2ILE8OVCjKmWaIoAVlnGdiklVUy/pwF79fJp3Tpus03ZuzRuu8bKZKDskROSEuuSAtck3axCOcJOSJPJMX69F6td6s95/RilXuHJA/sD6+AUCvmAQ=</latexit><latexit sha1_base64="1CP/qAit5HUenxaSwH6WhTiyZyE=">AAACA3icbVC7TsNAEDyHVwiPGChpTkRIVJGNEFBGoqEMEk4iJVZ0vmzCKeezdbdGRFZKvoIWKjpEy4dQ8C/YxgUkTDWa2dXOThBLYdBxPq3Kyura+kZ1s7a1vbNbt/f2OyZKNAePRzLSvYAZkEKBhwIl9GINLAwkdIPpVe5370EbEalbnMXgh2yixFhwhpk0tOsDhAdMPTWO5AhG86HdcJpOAbpM3JI0SIn20P4ajCKehKCQS2ZM33Vi9FOmUXAJ89ogMRAzPmUT6GdUsRCMnxbB5/Q4MQwjGoOmQtJChN8bKQuNmYVBNhkyvDOLXi7+5/UTHF/6qVBxgqB4fgiFhOKQ4VpkjQAdCQ2ILE8OVCjKmWaIoAVlnGdiklVUy/pwF79fJp3Tpus03ZuzRuu8bKZKDskROSEuuSAtck3axCOcJOSJPJMX69F6td6s95/RilXuHJA/sD6+AUCvmAQ=</latexit><latexit sha1_base64="1CP/qAit5HUenxaSwH6WhTiyZyE=">AAACA3icbVC7TsNAEDyHVwiPGChpTkRIVJGNEFBGoqEMEk4iJVZ0vmzCKeezdbdGRFZKvoIWKjpEy4dQ8C/YxgUkTDWa2dXOThBLYdBxPq3Kyura+kZ1s7a1vbNbt/f2OyZKNAePRzLSvYAZkEKBhwIl9GINLAwkdIPpVe5370EbEalbnMXgh2yixFhwhpk0tOsDhAdMPTWO5AhG86HdcJpOAbpM3JI0SIn20P4ajCKehKCQS2ZM33Vi9FOmUXAJ89ogMRAzPmUT6GdUsRCMnxbB5/Q4MQwjGoOmQtJChN8bKQuNmYVBNhkyvDOLXi7+5/UTHF/6qVBxgqB4fgiFhOKQ4VpkjQAdCQ2ILE8OVCjKmWaIoAVlnGdiklVUy/pwF79fJp3Tpus03ZuzRuu8bKZKDskROSEuuSAtck3axCOcJOSJPJMX69F6td6s95/RilXuHJA/sD6+AUCvmAQ=</latexit>

L"m<latexit sha1_base64="0U7yIpdohaupfNBOpjy+pvoAaBA=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCQBmJhoIiSOQhJSZaXzbhlPPZultHiqI0fAUtVHSIlj+h4F+wTQpImGo0s6udnSBW0pLrfjpLyyura+uFjeLm1vbObmlvv2GjxAisi0hFphWARSU11kmSwlZsEMJAYTMYXmV+c4TGykjf0ThGP4SBln0pgFLp/qYzAoOxlSrS3bBbKrsVNwdfJN6MlNkMtW7pq9OLRBKiJqHA2rbnxuRPwJAUCqfFTmIxBjGEAbZTqiFE60/y1FN+nFigiMdouFQ8F/H3xgRCa8dhkE6GQA923svE/7x2Qv1LfyJ1nBBqkR0iqTA/ZIWRaR3Ie9IgEWTJkUvNBRggQiM5CJGKSdpPMe3Dm/9+kTROK55b8W7PytXzWTMFdsiO2Anz2AWrsmtWY3UmmGFP7Jm9OI/Oq/PmvP+MLjmznQP2B87HN7WslzY=</latexit><latexit sha1_base64="0U7yIpdohaupfNBOpjy+pvoAaBA=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCQBmJhoIiSOQhJSZaXzbhlPPZultHiqI0fAUtVHSIlj+h4F+wTQpImGo0s6udnSBW0pLrfjpLyyura+uFjeLm1vbObmlvv2GjxAisi0hFphWARSU11kmSwlZsEMJAYTMYXmV+c4TGykjf0ThGP4SBln0pgFLp/qYzAoOxlSrS3bBbKrsVNwdfJN6MlNkMtW7pq9OLRBKiJqHA2rbnxuRPwJAUCqfFTmIxBjGEAbZTqiFE60/y1FN+nFigiMdouFQ8F/H3xgRCa8dhkE6GQA923svE/7x2Qv1LfyJ1nBBqkR0iqTA/ZIWRaR3Ie9IgEWTJkUvNBRggQiM5CJGKSdpPMe3Dm/9+kTROK55b8W7PytXzWTMFdsiO2Anz2AWrsmtWY3UmmGFP7Jm9OI/Oq/PmvP+MLjmznQP2B87HN7WslzY=</latexit><latexit sha1_base64="0U7yIpdohaupfNBOpjy+pvoAaBA=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCQBmJhoIiSOQhJSZaXzbhlPPZultHiqI0fAUtVHSIlj+h4F+wTQpImGo0s6udnSBW0pLrfjpLyyura+uFjeLm1vbObmlvv2GjxAisi0hFphWARSU11kmSwlZsEMJAYTMYXmV+c4TGykjf0ThGP4SBln0pgFLp/qYzAoOxlSrS3bBbKrsVNwdfJN6MlNkMtW7pq9OLRBKiJqHA2rbnxuRPwJAUCqfFTmIxBjGEAbZTqiFE60/y1FN+nFigiMdouFQ8F/H3xgRCa8dhkE6GQA923svE/7x2Qv1LfyJ1nBBqkR0iqTA/ZIWRaR3Ie9IgEWTJkUvNBRggQiM5CJGKSdpPMe3Dm/9+kTROK55b8W7PytXzWTMFdsiO2Anz2AWrsmtWY3UmmGFP7Jm9OI/Oq/PmvP+MLjmznQP2B87HN7WslzY=</latexit><latexit sha1_base64="0U7yIpdohaupfNBOpjy+pvoAaBA=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCQBmJhoIiSOQhJSZaXzbhlPPZultHiqI0fAUtVHSIlj+h4F+wTQpImGo0s6udnSBW0pLrfjpLyyura+uFjeLm1vbObmlvv2GjxAisi0hFphWARSU11kmSwlZsEMJAYTMYXmV+c4TGykjf0ThGP4SBln0pgFLp/qYzAoOxlSrS3bBbKrsVNwdfJN6MlNkMtW7pq9OLRBKiJqHA2rbnxuRPwJAUCqfFTmIxBjGEAbZTqiFE60/y1FN+nFigiMdouFQ8F/H3xgRCa8dhkE6GQA923svE/7x2Qv1LfyJ1nBBqkR0iqTA/ZIWRaR3Ie9IgEWTJkUvNBRggQiM5CJGKSdpPMe3Dm/9+kTROK55b8W7PytXzWTMFdsiO2Anz2AWrsmtWY3UmmGFP7Jm9OI/Oq/PmvP+MLjmznQP2B87HN7WslzY=</latexit>

↵L"d<latexit sha1_base64="TNgKQPQtrba6ngedO2e4mRa7POI=">AAACCXicbVC7TgJBFJ3FF+ILNVY2E4mJFdk1Ri1JbCwsMJFHAoTcHS4wYXZ3MnOXhGz4Ar/CVis7Y+tXWPgvLiuFgqc6Oefe3HOPr5W05LqfTm5ldW19I79Z2Nre2d0r7h/UbRQbgTURqcg0fbCoZIg1kqSwqQ1C4Cts+KObmd8Yo7EyCh9oorETwCCUfSmAUqlbPGqD0kPgd+0xGNRWqlTtdYslt+xm4MvEm5MSm6PaLX61e5GIAwxJKLC25bmaOgkYkkLhtNCOLWoQIxhgK6UhBGg7SRZ/yk9jCxRxjYZLxTMRf28kEFg7Cfx0MgAa2kVvJv7ntWLqX3cSGeqYMBSzQyQVZoesMDLtBXlPGiSCWXLkMuQCDBChkRyESMU4LaqQ9uEtfr9M6udlzy179xelyuW8mTw7ZifsjHnsilXYLauyGhMsYU/smb04j86r8+a8/4zmnPnOIfsD5+MbOSSaJg==</latexit><latexit sha1_base64="TNgKQPQtrba6ngedO2e4mRa7POI=">AAACCXicbVC7TgJBFJ3FF+ILNVY2E4mJFdk1Ri1JbCwsMJFHAoTcHS4wYXZ3MnOXhGz4Ar/CVis7Y+tXWPgvLiuFgqc6Oefe3HOPr5W05LqfTm5ldW19I79Z2Nre2d0r7h/UbRQbgTURqcg0fbCoZIg1kqSwqQ1C4Cts+KObmd8Yo7EyCh9oorETwCCUfSmAUqlbPGqD0kPgd+0xGNRWqlTtdYslt+xm4MvEm5MSm6PaLX61e5GIAwxJKLC25bmaOgkYkkLhtNCOLWoQIxhgK6UhBGg7SRZ/yk9jCxRxjYZLxTMRf28kEFg7Cfx0MgAa2kVvJv7ntWLqX3cSGeqYMBSzQyQVZoesMDLtBXlPGiSCWXLkMuQCDBChkRyESMU4LaqQ9uEtfr9M6udlzy179xelyuW8mTw7ZifsjHnsilXYLauyGhMsYU/smb04j86r8+a8/4zmnPnOIfsD5+MbOSSaJg==</latexit><latexit sha1_base64="TNgKQPQtrba6ngedO2e4mRa7POI=">AAACCXicbVC7TgJBFJ3FF+ILNVY2E4mJFdk1Ri1JbCwsMJFHAoTcHS4wYXZ3MnOXhGz4Ar/CVis7Y+tXWPgvLiuFgqc6Oefe3HOPr5W05LqfTm5ldW19I79Z2Nre2d0r7h/UbRQbgTURqcg0fbCoZIg1kqSwqQ1C4Cts+KObmd8Yo7EyCh9oorETwCCUfSmAUqlbPGqD0kPgd+0xGNRWqlTtdYslt+xm4MvEm5MSm6PaLX61e5GIAwxJKLC25bmaOgkYkkLhtNCOLWoQIxhgK6UhBGg7SRZ/yk9jCxRxjYZLxTMRf28kEFg7Cfx0MgAa2kVvJv7ntWLqX3cSGeqYMBSzQyQVZoesMDLtBXlPGiSCWXLkMuQCDBChkRyESMU4LaqQ9uEtfr9M6udlzy179xelyuW8mTw7ZifsjHnsilXYLauyGhMsYU/smb04j86r8+a8/4zmnPnOIfsD5+MbOSSaJg==</latexit><latexit sha1_base64="TNgKQPQtrba6ngedO2e4mRa7POI=">AAACCXicbVC7TgJBFJ3FF+ILNVY2E4mJFdk1Ri1JbCwsMJFHAoTcHS4wYXZ3MnOXhGz4Ar/CVis7Y+tXWPgvLiuFgqc6Oefe3HOPr5W05LqfTm5ldW19I79Z2Nre2d0r7h/UbRQbgTURqcg0fbCoZIg1kqSwqQ1C4Cts+KObmd8Yo7EyCh9oorETwCCUfSmAUqlbPGqD0kPgd+0xGNRWqlTtdYslt+xm4MvEm5MSm6PaLX61e5GIAwxJKLC25bmaOgkYkkLhtNCOLWoQIxhgK6UhBGg7SRZ/yk9jCxRxjYZLxTMRf28kEFg7Cfx0MgAa2kVvJv7ntWLqX3cSGeqYMBSzQyQVZoesMDLtBXlPGiSCWXLkMuQCDBChkRyESMU4LaqQ9uEtfr9M6udlzy179xelyuW8mTw7ZifsjHnsilXYLauyGhMsYU/smb04j86r8+a8/4zmnPnOIfsD5+MbOSSaJg==</latexit>

(c)
<latexit sha1_base64="dtmGI3kv70hDosxyqcQFmYSZEXw=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QkAZiYYySOQhxVZ0vmzCKeezuVsjIisFX0ELFR2i5VMo+Bds4wISphrN7Gpnx4+kMGjbn9bC4tLyympprby+sbm1XdnZbZsw1hxaPJSh7vrMgBQKWihQQjfSwAJfQscfX2Z+5x60EaG6wUkEXsBGSgwFZ5hKnntMXYQHTGr8aNqvVO26nYPOE6cgVVKg2a98uYOQxwEo5JIZ03PsCL2EaRRcwrTsxgYixsdsBL2UKhaA8ZI89JQexoZhSCPQVEiai/B7I2GBMZPATycDhrdm1svE/7xejMMLLxEqihEUzw6hkJAfMlyLtA2gA6EBkWXJgQpFOdMMEbSgjPNUjNN6ymkfzuz386R9UnfsunN9Wm2cFc2UyD45IDXikHPSIFekSVqEkzvyRJ7Ji/VovVpv1vvP6IJV7OyRP7A+vgGP6pXq</latexit><latexit sha1_base64="dtmGI3kv70hDosxyqcQFmYSZEXw=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QkAZiYYySOQhxVZ0vmzCKeezuVsjIisFX0ELFR2i5VMo+Bds4wISphrN7Gpnx4+kMGjbn9bC4tLyympprby+sbm1XdnZbZsw1hxaPJSh7vrMgBQKWihQQjfSwAJfQscfX2Z+5x60EaG6wUkEXsBGSgwFZ5hKnntMXYQHTGr8aNqvVO26nYPOE6cgVVKg2a98uYOQxwEo5JIZ03PsCL2EaRRcwrTsxgYixsdsBL2UKhaA8ZI89JQexoZhSCPQVEiai/B7I2GBMZPATycDhrdm1svE/7xejMMLLxEqihEUzw6hkJAfMlyLtA2gA6EBkWXJgQpFOdMMEbSgjPNUjNN6ymkfzuz386R9UnfsunN9Wm2cFc2UyD45IDXikHPSIFekSVqEkzvyRJ7Ji/VovVpv1vvP6IJV7OyRP7A+vgGP6pXq</latexit><latexit sha1_base64="dtmGI3kv70hDosxyqcQFmYSZEXw=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QkAZiYYySOQhxVZ0vmzCKeezuVsjIisFX0ELFR2i5VMo+Bds4wISphrN7Gpnx4+kMGjbn9bC4tLyympprby+sbm1XdnZbZsw1hxaPJSh7vrMgBQKWihQQjfSwAJfQscfX2Z+5x60EaG6wUkEXsBGSgwFZ5hKnntMXYQHTGr8aNqvVO26nYPOE6cgVVKg2a98uYOQxwEo5JIZ03PsCL2EaRRcwrTsxgYixsdsBL2UKhaA8ZI89JQexoZhSCPQVEiai/B7I2GBMZPATycDhrdm1svE/7xejMMLLxEqihEUzw6hkJAfMlyLtA2gA6EBkWXJgQpFOdMMEbSgjPNUjNN6ymkfzuz386R9UnfsunN9Wm2cFc2UyD45IDXikHPSIFekSVqEkzvyRJ7Ji/VovVpv1vvP6IJV7OyRP7A+vgGP6pXq</latexit><latexit sha1_base64="dtmGI3kv70hDosxyqcQFmYSZEXw=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QkAZiYYySOQhxVZ0vmzCKeezuVsjIisFX0ELFR2i5VMo+Bds4wISphrN7Gpnx4+kMGjbn9bC4tLyympprby+sbm1XdnZbZsw1hxaPJSh7vrMgBQKWihQQjfSwAJfQscfX2Z+5x60EaG6wUkEXsBGSgwFZ5hKnntMXYQHTGr8aNqvVO26nYPOE6cgVVKg2a98uYOQxwEo5JIZ03PsCL2EaRRcwrTsxgYixsdsBL2UKhaA8ZI89JQexoZhSCPQVEiai/B7I2GBMZPATycDhrdm1svE/7xejMMLLxEqihEUzw6hkJAfMlyLtA2gA6EBkWXJgQpFOdMMEbSgjPNUjNN6ymkfzuz386R9UnfsunN9Wm2cFc2UyD45IDXikHPSIFekSVqEkzvyRJ7Ji/VovVpv1vvP6IJV7OyRP7A+vgGP6pXq</latexit>

(b)
<latexit sha1_base64="0pALgxf7vIM1DNh7r5pBgDWL+A4=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QkAZiYYySOQhxVZ0vmzCKeezuVsjIisFX0ELFR2i5VMo+Bds4wISphrN7Gpnx4+kMGjbn9bC4tLyympprby+sbm1XdnZbZsw1hxaPJSh7vrMgBQKWihQQjfSwAJfQscfX2Z+5x60EaG6wUkEXsBGSgwFZ5hKnntMXYQHTGr+0bRfqdp1OwedJ05BqqRAs1/5cgchjwNQyCUzpufYEXoJ0yi4hGnZjQ1EjI/ZCHopVSwA4yV56Ck9jA3DkEagqZA0F+H3RsICYyaBn04GDG/NrJeJ/3m9GIcXXiJUFCMonh1CISE/ZLgWaRtAB0IDIsuSAxWKcqYZImhBGeepGKf1lNM+nNnv50n7pO7Ydef6tNo4K5opkX1yQGrEIeekQa5Ik7QIJ3fkiTyTF+vRerXerPef0QWr2Nkjf2B9fAOOWZXp</latexit><latexit sha1_base64="0pALgxf7vIM1DNh7r5pBgDWL+A4=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QkAZiYYySOQhxVZ0vmzCKeezuVsjIisFX0ELFR2i5VMo+Bds4wISphrN7Gpnx4+kMGjbn9bC4tLyympprby+sbm1XdnZbZsw1hxaPJSh7vrMgBQKWihQQjfSwAJfQscfX2Z+5x60EaG6wUkEXsBGSgwFZ5hKnntMXYQHTGr+0bRfqdp1OwedJ05BqqRAs1/5cgchjwNQyCUzpufYEXoJ0yi4hGnZjQ1EjI/ZCHopVSwA4yV56Ck9jA3DkEagqZA0F+H3RsICYyaBn04GDG/NrJeJ/3m9GIcXXiJUFCMonh1CISE/ZLgWaRtAB0IDIsuSAxWKcqYZImhBGeepGKf1lNM+nNnv50n7pO7Ydef6tNo4K5opkX1yQGrEIeekQa5Ik7QIJ3fkiTyTF+vRerXerPef0QWr2Nkjf2B9fAOOWZXp</latexit><latexit sha1_base64="0pALgxf7vIM1DNh7r5pBgDWL+A4=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QkAZiYYySOQhxVZ0vmzCKeezuVsjIisFX0ELFR2i5VMo+Bds4wISphrN7Gpnx4+kMGjbn9bC4tLyympprby+sbm1XdnZbZsw1hxaPJSh7vrMgBQKWihQQjfSwAJfQscfX2Z+5x60EaG6wUkEXsBGSgwFZ5hKnntMXYQHTGr+0bRfqdp1OwedJ05BqqRAs1/5cgchjwNQyCUzpufYEXoJ0yi4hGnZjQ1EjI/ZCHopVSwA4yV56Ck9jA3DkEagqZA0F+H3RsICYyaBn04GDG/NrJeJ/3m9GIcXXiJUFCMonh1CISE/ZLgWaRtAB0IDIsuSAxWKcqYZImhBGeepGKf1lNM+nNnv50n7pO7Ydef6tNo4K5opkX1yQGrEIeekQa5Ik7QIJ3fkiTyTF+vRerXerPef0QWr2Nkjf2B9fAOOWZXp</latexit><latexit sha1_base64="0pALgxf7vIM1DNh7r5pBgDWL+A4=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QkAZiYYySOQhxVZ0vmzCKeezuVsjIisFX0ELFR2i5VMo+Bds4wISphrN7Gpnx4+kMGjbn9bC4tLyympprby+sbm1XdnZbZsw1hxaPJSh7vrMgBQKWihQQjfSwAJfQscfX2Z+5x60EaG6wUkEXsBGSgwFZ5hKnntMXYQHTGr+0bRfqdp1OwedJ05BqqRAs1/5cgchjwNQyCUzpufYEXoJ0yi4hGnZjQ1EjI/ZCHopVSwA4yV56Ck9jA3DkEagqZA0F+H3RsICYyaBn04GDG/NrJeJ/3m9GIcXXiJUFCMonh1CISE/ZLgWaRtAB0IDIsuSAxWKcqYZImhBGeepGKf1lNM+nNnv50n7pO7Ydef6tNo4K5opkX1yQGrEIeekQa5Ik7QIJ3fkiTyTF+vRerXerPef0QWr2Nkjf2B9fAOOWZXp</latexit>
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ui
<latexit sha1_base64="EANlDRY8Rl1Q8qsYzp5ztxx3EVc=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJDJCgj0VAGQUKkxIrOl0045Xy27vZAkZVPoIWKDtHyPRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7Syura+Ud6sbG3v7O5V9w+6JrKaQ4dHMtK9gBmQQkEHBUroxRpYGEi4C6aXmX/3ANqISN3iLAY/ZBMlxoIzTKUbOxTDas2tuznoMvEKUiMF2sPq12AUcRuCQi6ZMX3PjdFPmEbBJcwrA2sgZnzKJtBPqWIhGD/Jo87piTUMIxqDpkLSXITfGwkLjZmFQToZMrw3i14m/uf1LY4v/ESo2CIonh1CISE/ZLgWaQdAR0IDIsuSAxWKcqYZImhBGeepaNNSKmkf3uL3y6TbqHtn9cZ1s9ZqFs2UyRE5JqfEI+ekRa5Im3QIJxPyRJ7Ji/PovDpvzvvPaMkpdg7JHzgf3wHzklA=</latexit>

fe
fe

feu/ud

�1

1

�
<latexit sha1_base64="GoHrpB52bj0sUIR3AmCdFL+BMjE=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRXaIBGUkGsogkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOztFXe3tnd268cHHZMGGuBbRGqUPc8MKhkgG2SpLAXaQTfU9j1pleZ331AbWQY3NIsQteHSSDHUgClUmcwQkUwrFTtmp2DLxOnIFVWoDWsfA1GoYh9DEgoMKbv2BG5CWiSQuG8PIgNRiCmMMF+SgPw0bhJnnbOT2MDFPIINZeK5yL+3kjAN2bme+mkD3RnFr1M/M/rxzS+dBMZRDFhILJDJBXmh4zQMq0B+UhqJIIsOXIZcAEaiFBLDkKkYpz2Uk77cBa/Xyades05r9VvGtVmo2imxI7ZCTtjDrtgTXbNWqzNBLtnT+yZvViP1qv1Zr3/jK5Yxc4R+wPr4xtEZZOX</latexit>

't
<latexit sha1_base64="ssqXDuiCU5iEr7K98hUWnD6mocE=">AAAB+3icbVDLTgJBEJzFF+IL9ehlIjHxRHaRRI8kXjxiIg8DG9I7NDBh9pGZXhJC+AqvevJmvPoxHvwXd9c9KFinSlV3urq8SElDtv1pFTY2t7Z3irulvf2Dw6Py8UnbhLEW2BKhCnXXA4NKBtgiSQq7kUbwPYUdb3qb+p0ZaiPD4IHmEbo+jAM5kgIokR77M9DRRA5oUK7YVTsDXydOTiosR3NQ/uoPQxH7GJBQYEzPsSNyF6BJCoXLUj82GIGYwhh7CQ3AR+MussBLfhEboJBHqLlUPBPx98YCfGPmvpdM+kATs+ql4n9eL6bRjbuQQRQTBiI9RFJhdsgILZMmkA+lRiJIkyOXAReggQi15CBEIsZJNaWkD2f1+3XSrlWdq2rtvl5p1PNmiuyMnbNL5rBr1mB3rMlaTDCfPbFn9mItrVfrzXr/GS1Y+c4p+wPr4xvMvZUI</latexit>

�
<latexit sha1_base64="GoHrpB52bj0sUIR3AmCdFL+BMjE=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRXaIBGUkGsogkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOztFXe3tnd268cHHZMGGuBbRGqUPc8MKhkgG2SpLAXaQTfU9j1pleZ331AbWQY3NIsQteHSSDHUgClUmcwQkUwrFTtmp2DLxOnIFVWoDWsfA1GoYh9DEgoMKbv2BG5CWiSQuG8PIgNRiCmMMF+SgPw0bhJnnbOT2MDFPIINZeK5yL+3kjAN2bme+mkD3RnFr1M/M/rxzS+dBMZRDFhILJDJBXmh4zQMq0B+UhqJIIsOXIZcAEaiFBLDkKkYpz2Uk77cBa/Xyades05r9VvGtVmo2imxI7ZCTtjDrtgTXbNWqzNBLtnT+yZvViP1qv1Zr3/jK5Yxc4R+wPr4xtEZZOX</latexit>ktl

<latexit sha1_base64="WmgucnA23lXWzYFrTIbJ/G9zkjw=">AAAB93icbVC7TsNAEFyHVwivACXNiQiJKrJDJCgj0VAGCYdIiRWdL5twyvmhuzVSZOUbaKGiQ7R8DgX/gm1cQMJUo5ld7ez4sZKGbPvTqqytb2xuVbdrO7t7+wf1w6OeiRIt0BWRinTf5waVDNElSQr7sUYe+Arv/dl17t8/ojYyCu9oHqMX8GkoJ1JwyiR3NiKmRvWG3bQLsFXilKQBJbqj+tdwHIkkwJCE4sYMHDsmL+WapFC4qA0TgzEXMz7FQUZDHqDx0iLsgp0lhlPEYtRMKlaI+Hsj5YEx88DPJgNOD2bZy8X/vEFCkysvlWGcEIYiP0RSYXHICC2zFpCNpUYinidHJkMmuOZEqCXjQmRiktVSy/pwlr9fJb1W07lotm7bjU67bKYKJ3AK5+DAJXTgBrrgggAJT/AML9bcerXerPef0YpV7hzDH1gf3yo1kvE=</latexit>

ui+1
<latexit sha1_base64="ZQEGg9Bz1bkomYH1A+fB+JtJMmM=">AAAB+XicbVDLSsNAFJ3UV62vqks3g0UQhJLUgi4LblxWsA9oQ5lMb+vQySTM3BFK6Ee41ZU7cevXuPBfTGIW2npWh3Pu5Z57glgKg6776ZTW1jc2t8rblZ3dvf2D6uFR10RWc+jwSEa6HzADUijooEAJ/VgDCwMJvWB2k/m9R9BGROoe5zH4IZsqMRGcYSr17CgRF95iVK25dTcHXSVeQWqkQHtU/RqOI25DUMglM2bguTH6CdMouIRFZWgNxIzP2BQGKVUsBOMnedwFPbOGYURj0FRImovweyNhoTHzMEgnQ4YPZtnLxP+8gcXJtZ8IFVsExbNDKCTkhwzXIu0B6FhoQGRZcqBCUc40QwQtKOM8FW1aTCXtw1v+fpV0G3Xvst64a9ZazaKZMjkhp+SceOSKtMgtaZMO4WRGnsgzeXES59V5c95/RktOsXNM/sD5+Aau05PM</latexit>

�
<latexit sha1_base64="GoHrpB52bj0sUIR3AmCdFL+BMjE=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRXaIBGUkGsogkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOztFXe3tnd268cHHZMGGuBbRGqUPc8MKhkgG2SpLAXaQTfU9j1pleZ331AbWQY3NIsQteHSSDHUgClUmcwQkUwrFTtmp2DLxOnIFVWoDWsfA1GoYh9DEgoMKbv2BG5CWiSQuG8PIgNRiCmMMF+SgPw0bhJnnbOT2MDFPIINZeK5yL+3kjAN2bme+mkD3RnFr1M/M/rxzS+dBMZRDFhILJDJBXmh4zQMq0B+UhqJIIsOXIZcAEaiFBLDkKkYpz2Uk77cBa/Xyades05r9VvGtVmo2imxI7ZCTtjDrtgTXbNWqzNBLtnT+yZvViP1qv1Zr3/jK5Yxc4R+wPr4xtEZZOX</latexit>
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't(�) =
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<latexit sha1_base64="AZMhrs4anwKW67tYUYp4tkCBnUc=">AAACH3icbVDLSgNBEJz1GeMr6tHLYBAUIexGQS+C4MVjBBMD2bj0TjpxyMzuMtMrhCUf4Sf4FV715E285uC/uIk5aLRORVU33VVhoqQl1x05c/MLi0vLhZXi6tr6xmZpa7th49QIrItYxaYZgkUlI6yTJIXNxCDoUOFt2L8c+7cPaKyMoxsaJNjW0ItkVwqgXApKR/4DmOReBnTgd1ARHJ77XQMiU7wf0DCrDjn3e6A13FWDUtmtuBPwv8SbkjKbohaUPv1OLFKNEQkF1rY8N6F2BoakUDgs+qnFBEQfetjKaQQabTubhBry/dQCxTxBw6XiExF/bmSgrR3oMJ/UQPd21huL/3mtlLpn7UxGSUoYifEhkgonh6wwMm8LeUcaJILx58hlxAUYIEIjOQiRi2leXzHvw5tN/5c0qhXvuFK9PilfnE2bKbBdtscOmMdO2QW7YjVWZ4I9smf2wl6dJ+fNeXc+vkfnnOnODvsFZ/QFPmyimA==</latexit>

'e(u) =
lke
2

⇥
(1� �(u))u2 + �(u)

⇤
<latexit sha1_base64="k8hvgvdkFCqlRJFQ9nIu91rqBzk="></latexit>

� = �(u) =

(
0, if u  ud, attached fibril

1, if u > ud, detacched fibril
<latexit sha1_base64="gQPUNXkk6p3XE7jU4Ec2+YCgLAw="></latexit>

� = 0
<latexit sha1_base64="6orSU6TccePzWUZMFIAqLtvodYM=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYySOQhJVa0vmySI+eH7tZIwco/0EJFh2j5Gwr+Bdu4gISpRjO72tnxIiUN2fantbS8srq2Xtoob25t7+xW9vZbJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse5PrzG8/oDYyDO5oGqHrwyiQQymAUqnVE2N5afcrVbtm5+CLxClIlRVo9CtfvUEoYh8DEgqM6Tp2RG4CmqRQOCv3YoMRiAmMsJvSAHw0bpKnnfHj2ACFPELNpeK5iL83EvCNmfpeOukDjc28l4n/ed2YhhduIoMoJgxEdoikwvyQEVqmNSAfSI1EkCVHLgMuQAMRaslBiFSM017KaR/O/PeLpHVac+yac3tWrV8VzZTYITtiJ8xh56zObliDNZlg9+yJPbMX69F6td6s95/RJavYOWB/YH18A6Nfkzg=</latexit><latexit sha1_base64="6orSU6TccePzWUZMFIAqLtvodYM=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYySOQhJVa0vmySI+eH7tZIwco/0EJFh2j5Gwr+Bdu4gISpRjO72tnxIiUN2fantbS8srq2Xtoob25t7+xW9vZbJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse5PrzG8/oDYyDO5oGqHrwyiQQymAUqnVE2N5afcrVbtm5+CLxClIlRVo9CtfvUEoYh8DEgqM6Tp2RG4CmqRQOCv3YoMRiAmMsJvSAHw0bpKnnfHj2ACFPELNpeK5iL83EvCNmfpeOukDjc28l4n/ed2YhhduIoMoJgxEdoikwvyQEVqmNSAfSI1EkCVHLgMuQAMRaslBiFSM017KaR/O/PeLpHVac+yac3tWrV8VzZTYITtiJ8xh56zObliDNZlg9+yJPbMX69F6td6s95/RJavYOWB/YH18A6Nfkzg=</latexit><latexit sha1_base64="6orSU6TccePzWUZMFIAqLtvodYM=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYySOQhJVa0vmySI+eH7tZIwco/0EJFh2j5Gwr+Bdu4gISpRjO72tnxIiUN2fantbS8srq2Xtoob25t7+xW9vZbJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse5PrzG8/oDYyDO5oGqHrwyiQQymAUqnVE2N5afcrVbtm5+CLxClIlRVo9CtfvUEoYh8DEgqM6Tp2RG4CmqRQOCv3YoMRiAmMsJvSAHw0bpKnnfHj2ACFPELNpeK5iL83EvCNmfpeOukDjc28l4n/ed2YhhduIoMoJgxEdoikwvyQEVqmNSAfSI1EkCVHLgMuQAMRaslBiFSM017KaR/O/PeLpHVac+yac3tWrV8VzZTYITtiJ8xh56zObliDNZlg9+yJPbMX69F6td6s95/RJavYOWB/YH18A6Nfkzg=</latexit><latexit sha1_base64="6orSU6TccePzWUZMFIAqLtvodYM=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYySOQhJVa0vmySI+eH7tZIwco/0EJFh2j5Gwr+Bdu4gISpRjO72tnxIiUN2fantbS8srq2Xtoob25t7+xW9vZbJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse5PrzG8/oDYyDO5oGqHrwyiQQymAUqnVE2N5afcrVbtm5+CLxClIlRVo9CtfvUEoYh8DEgqM6Tp2RG4CmqRQOCv3YoMRiAmMsJvSAHw0bpKnnfHj2ACFPELNpeK5iL83EvCNmfpeOukDjc28l4n/ed2YhhduIoMoJgxEdoikwvyQEVqmNSAfSI1EkCVHLgMuQAMRaslBiFSM017KaR/O/PeLpHVac+yac3tWrV8VzZTYITtiJ8xh56zObliDNZlg9+yJPbMX69F6td6s95/RJavYOWB/YH18A6Nfkzg=</latexit> � = 1

<latexit sha1_base64="s7uynnc6kadFz97ur8jnmbwXHKQ=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYySOQhJVa0vmySI+eH7tZIwco/0EJFh2j5Gwr+Bdu4gISpRjO72tnxIiUN2fantbS8srq2Xtoob25t7+xW9vZbJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse5PrzG8/oDYyDO5oGqHrwyiQQymAUqnVE2N56fQrVbtm5+CLxClIlRVo9CtfvUEoYh8DEgqM6Tp2RG4CmqRQOCv3YoMRiAmMsJvSAHw0bpKnnfHj2ACFPELNpeK5iL83EvCNmfpeOukDjc28l4n/ed2YhhduIoMoJgxEdoikwvyQEVqmNSAfSI1EkCVHLgMuQAMRaslBiFSM017KaR/O/PeLpHVac+yac3tWrV8VzZTYITtiJ8xh56zObliDNZlg9+yJPbMX69F6td6s95/RJavYOWB/YH18A6Tukzk=</latexit><latexit sha1_base64="s7uynnc6kadFz97ur8jnmbwXHKQ=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYySOQhJVa0vmySI+eH7tZIwco/0EJFh2j5Gwr+Bdu4gISpRjO72tnxIiUN2fantbS8srq2Xtoob25t7+xW9vZbJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse5PrzG8/oDYyDO5oGqHrwyiQQymAUqnVE2N56fQrVbtm5+CLxClIlRVo9CtfvUEoYh8DEgqM6Tp2RG4CmqRQOCv3YoMRiAmMsJvSAHw0bpKnnfHj2ACFPELNpeK5iL83EvCNmfpeOukDjc28l4n/ed2YhhduIoMoJgxEdoikwvyQEVqmNSAfSI1EkCVHLgMuQAMRaslBiFSM017KaR/O/PeLpHVac+yac3tWrV8VzZTYITtiJ8xh56zObliDNZlg9+yJPbMX69F6td6s95/RJavYOWB/YH18A6Tukzk=</latexit><latexit sha1_base64="s7uynnc6kadFz97ur8jnmbwXHKQ=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYySOQhJVa0vmySI+eH7tZIwco/0EJFh2j5Gwr+Bdu4gISpRjO72tnxIiUN2fantbS8srq2Xtoob25t7+xW9vZbJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse5PrzG8/oDYyDO5oGqHrwyiQQymAUqnVE2N56fQrVbtm5+CLxClIlRVo9CtfvUEoYh8DEgqM6Tp2RG4CmqRQOCv3YoMRiAmMsJvSAHw0bpKnnfHj2ACFPELNpeK5iL83EvCNmfpeOukDjc28l4n/ed2YhhduIoMoJgxEdoikwvyQEVqmNSAfSI1EkCVHLgMuQAMRaslBiFSM017KaR/O/PeLpHVac+yac3tWrV8VzZTYITtiJ8xh56zObliDNZlg9+yJPbMX69F6td6s95/RJavYOWB/YH18A6Tukzk=</latexit><latexit sha1_base64="s7uynnc6kadFz97ur8jnmbwXHKQ=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYySOQhJVa0vmySI+eH7tZIwco/0EJFh2j5Gwr+Bdu4gISpRjO72tnxIiUN2fantbS8srq2Xtoob25t7+xW9vZbJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse5PrzG8/oDYyDO5oGqHrwyiQQymAUqnVE2N56fQrVbtm5+CLxClIlRVo9CtfvUEoYh8DEgqM6Tp2RG4CmqRQOCv3YoMRiAmMsJvSAHw0bpKnnfHj2ACFPELNpeK5iL83EvCNmfpeOukDjc28l4n/ed2YhhduIoMoJgxEdoikwvyQEVqmNSAfSI1EkCVHLgMuQAMRaslBiFSM017KaR/O/PeLpHVac+yac3tWrV8VzZTYITtiJ8xh56zObliDNZlg9+yJPbMX69F6td6s95/RJavYOWB/YH18A6Tukzk=</latexit>

� = 1
<latexit sha1_base64="s7uynnc6kadFz97ur8jnmbwXHKQ=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYySOQhJVa0vmySI+eH7tZIwco/0EJFh2j5Gwr+Bdu4gISpRjO72tnxIiUN2fantbS8srq2Xtoob25t7+xW9vZbJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse5PrzG8/oDYyDO5oGqHrwyiQQymAUqnVE2N56fQrVbtm5+CLxClIlRVo9CtfvUEoYh8DEgqM6Tp2RG4CmqRQOCv3YoMRiAmMsJvSAHw0bpKnnfHj2ACFPELNpeK5iL83EvCNmfpeOukDjc28l4n/ed2YhhduIoMoJgxEdoikwvyQEVqmNSAfSI1EkCVHLgMuQAMRaslBiFSM017KaR/O/PeLpHVac+yac3tWrV8VzZTYITtiJ8xh56zObliDNZlg9+yJPbMX69F6td6s95/RJavYOWB/YH18A6Tukzk=</latexit><latexit sha1_base64="s7uynnc6kadFz97ur8jnmbwXHKQ=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYySOQhJVa0vmySI+eH7tZIwco/0EJFh2j5Gwr+Bdu4gISpRjO72tnxIiUN2fantbS8srq2Xtoob25t7+xW9vZbJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse5PrzG8/oDYyDO5oGqHrwyiQQymAUqnVE2N56fQrVbtm5+CLxClIlRVo9CtfvUEoYh8DEgqM6Tp2RG4CmqRQOCv3YoMRiAmMsJvSAHw0bpKnnfHj2ACFPELNpeK5iL83EvCNmfpeOukDjc28l4n/ed2YhhduIoMoJgxEdoikwvyQEVqmNSAfSI1EkCVHLgMuQAMRaslBiFSM017KaR/O/PeLpHVac+yac3tWrV8VzZTYITtiJ8xh56zObliDNZlg9+yJPbMX69F6td6s95/RJavYOWB/YH18A6Tukzk=</latexit><latexit sha1_base64="s7uynnc6kadFz97ur8jnmbwXHKQ=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYySOQhJVa0vmySI+eH7tZIwco/0EJFh2j5Gwr+Bdu4gISpRjO72tnxIiUN2fantbS8srq2Xtoob25t7+xW9vZbJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse5PrzG8/oDYyDO5oGqHrwyiQQymAUqnVE2N56fQrVbtm5+CLxClIlRVo9CtfvUEoYh8DEgqM6Tp2RG4CmqRQOCv3YoMRiAmMsJvSAHw0bpKnnfHj2ACFPELNpeK5iL83EvCNmfpeOukDjc28l4n/ed2YhhduIoMoJgxEdoikwvyQEVqmNSAfSI1EkCVHLgMuQAMRaslBiFSM017KaR/O/PeLpHVac+yac3tWrV8VzZTYITtiJ8xh56zObliDNZlg9+yJPbMX69F6td6s95/RJavYOWB/YH18A6Tukzk=</latexit><latexit sha1_base64="s7uynnc6kadFz97ur8jnmbwXHKQ=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYySOQhJVa0vmySI+eH7tZIwco/0EJFh2j5Gwr+Bdu4gISpRjO72tnxIiUN2fantbS8srq2Xtoob25t7+xW9vZbJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse5PrzG8/oDYyDO5oGqHrwyiQQymAUqnVE2N56fQrVbtm5+CLxClIlRVo9CtfvUEoYh8DEgqM6Tp2RG4CmqRQOCv3YoMRiAmMsJvSAHw0bpKnnfHj2ACFPELNpeK5iL83EvCNmfpeOukDjc28l4n/ed2YhhduIoMoJgxEdoikwvyQEVqmNSAfSI1EkCVHLgMuQAMRaslBiFSM017KaR/O/PeLpHVac+yac3tWrV8VzZTYITtiJ8xh56zObliDNZlg9+yJPbMX69F6td6s95/RJavYOWB/YH18A6Tukzk=</latexit>
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Adhering layer Adhesive fibrils Loading device

adhering vs adhesive loading device vs adhesive
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<latexit sha1_base64="kx0ZJotJ7JA+JtIZMZXTTMBX/AY="></latexit>

Loaded fibrils
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<latexit sha1_base64="L8+8klfGS00lvXqlu2BBxXv5KDk="></latexit><latexit sha1_base64="L8+8klfGS00lvXqlu2BBxXv5KDk="></latexit><latexit sha1_base64="L8+8klfGS00lvXqlu2BBxXv5KDk="></latexit><latexit sha1_base64="L8+8klfGS00lvXqlu2BBxXv5KDk="></latexit>
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… non-dimensional displacements

… boundary conditions

… compatibility conditions

Main non-dimensional parameters



Energy: compact notation

Variational approach: Griffith

f…. Lagrange multiplier, force applied by the loading device (AFM, ancilla molecule, adhering cell,…)



Equilibrium: Euler-Lagrange equations

… adhesive system equilibrium

… action-reaction principle

… equilibrium loading device

+
<latexit sha1_base64="23J/ikU5ZBJnXzrHP9tsPZ2kk2k=">AAAB/nicbVA9SwNBEN3zM8avqKXNYhCswp0IWga1sIxgPiA5wtxmEpfs7R27c4ZwBPwVtlrZia1/xcL/4l1MoYmverw3w7x5QaykJdf9dJaWV1bX1gsbxc2t7Z3d0t5+w0aJEVgXkYpMKwCLSmqskySFrdgghIHCZjC8yv3mAxorI31H4xj9EAZa9qUAyqRO5zoaaTAmGvFit1R2K+4UfJF4M1JmM9S6pa9OLxJJiJqEAmvbnhuTn4IhKRROip3EYgxiCANsZ1RDiNZPp5kn/DixQBGP0XCp+FTE3xsphNaOwyCbDIHu7byXi/957YT6F34qdZwQapEfIqlwesgKI7MykPekQSLIkyOXmgswQIRGchAiE5OsnbwPb/77RdI4rXhuxbs9K1cvZ80U2CE7YifMY+esym5YjdWZYDF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgEqU5XA</latexit><latexit sha1_base64="23J/ikU5ZBJnXzrHP9tsPZ2kk2k=">AAAB/nicbVA9SwNBEN3zM8avqKXNYhCswp0IWga1sIxgPiA5wtxmEpfs7R27c4ZwBPwVtlrZia1/xcL/4l1MoYmverw3w7x5QaykJdf9dJaWV1bX1gsbxc2t7Z3d0t5+w0aJEVgXkYpMKwCLSmqskySFrdgghIHCZjC8yv3mAxorI31H4xj9EAZa9qUAyqRO5zoaaTAmGvFit1R2K+4UfJF4M1JmM9S6pa9OLxJJiJqEAmvbnhuTn4IhKRROip3EYgxiCANsZ1RDiNZPp5kn/DixQBGP0XCp+FTE3xsphNaOwyCbDIHu7byXi/957YT6F34qdZwQapEfIqlwesgKI7MykPekQSLIkyOXmgswQIRGchAiE5OsnbwPb/77RdI4rXhuxbs9K1cvZ80U2CE7YifMY+esym5YjdWZYDF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgEqU5XA</latexit><latexit sha1_base64="23J/ikU5ZBJnXzrHP9tsPZ2kk2k=">AAAB/nicbVA9SwNBEN3zM8avqKXNYhCswp0IWga1sIxgPiA5wtxmEpfs7R27c4ZwBPwVtlrZia1/xcL/4l1MoYmverw3w7x5QaykJdf9dJaWV1bX1gsbxc2t7Z3d0t5+w0aJEVgXkYpMKwCLSmqskySFrdgghIHCZjC8yv3mAxorI31H4xj9EAZa9qUAyqRO5zoaaTAmGvFit1R2K+4UfJF4M1JmM9S6pa9OLxJJiJqEAmvbnhuTn4IhKRROip3EYgxiCANsZ1RDiNZPp5kn/DixQBGP0XCp+FTE3xsphNaOwyCbDIHu7byXi/957YT6F34qdZwQapEfIqlwesgKI7MykPekQSLIkyOXmgswQIRGchAiE5OsnbwPb/77RdI4rXhuxbs9K1cvZ80U2CE7YifMY+esym5YjdWZYDF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgEqU5XA</latexit><latexit sha1_base64="23J/ikU5ZBJnXzrHP9tsPZ2kk2k=">AAAB/nicbVA9SwNBEN3zM8avqKXNYhCswp0IWga1sIxgPiA5wtxmEpfs7R27c4ZwBPwVtlrZia1/xcL/4l1MoYmverw3w7x5QaykJdf9dJaWV1bX1gsbxc2t7Z3d0t5+w0aJEVgXkYpMKwCLSmqskySFrdgghIHCZjC8yv3mAxorI31H4xj9EAZa9qUAyqRO5zoaaTAmGvFit1R2K+4UfJF4M1JmM9S6pa9OLxJJiJqEAmvbnhuTn4IhKRROip3EYgxiCANsZ1RDiNZPp5kn/DixQBGP0XCp+FTE3xsphNaOwyCbDIHu7byXi/957YT6F34qdZwQapEfIqlwesgKI7MykPekQSLIkyOXmgswQIRGchAiE5OsnbwPb/77RdI4rXhuxbs9K1cvZ80U2CE7YifMY+esym5YjdWZYDF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgEqU5XA</latexit>
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<latexit sha1_base64="23J/ikU5ZBJnXzrHP9tsPZ2kk2k=">AAAB/nicbVA9SwNBEN3zM8avqKXNYhCswp0IWga1sIxgPiA5wtxmEpfs7R27c4ZwBPwVtlrZia1/xcL/4l1MoYmverw3w7x5QaykJdf9dJaWV1bX1gsbxc2t7Z3d0t5+w0aJEVgXkYpMKwCLSmqskySFrdgghIHCZjC8yv3mAxorI31H4xj9EAZa9qUAyqRO5zoaaTAmGvFit1R2K+4UfJF4M1JmM9S6pa9OLxJJiJqEAmvbnhuTn4IhKRROip3EYgxiCANsZ1RDiNZPp5kn/DixQBGP0XCp+FTE3xsphNaOwyCbDIHu7byXi/957YT6F34qdZwQapEfIqlwesgKI7MykPekQSLIkyOXmgswQIRGchAiE5OsnbwPb/77RdI4rXhuxbs9K1cvZ80U2CE7YifMY+esym5YjdWZYDF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgEqU5XA</latexit><latexit sha1_base64="23J/ikU5ZBJnXzrHP9tsPZ2kk2k=">AAAB/nicbVA9SwNBEN3zM8avqKXNYhCswp0IWga1sIxgPiA5wtxmEpfs7R27c4ZwBPwVtlrZia1/xcL/4l1MoYmverw3w7x5QaykJdf9dJaWV1bX1gsbxc2t7Z3d0t5+w0aJEVgXkYpMKwCLSmqskySFrdgghIHCZjC8yv3mAxorI31H4xj9EAZa9qUAyqRO5zoaaTAmGvFit1R2K+4UfJF4M1JmM9S6pa9OLxJJiJqEAmvbnhuTn4IhKRROip3EYgxiCANsZ1RDiNZPp5kn/DixQBGP0XCp+FTE3xsphNaOwyCbDIHu7byXi/957YT6F34qdZwQapEfIqlwesgKI7MykPekQSLIkyOXmgswQIRGchAiE5OsnbwPb/77RdI4rXhuxbs9K1cvZ80U2CE7YifMY+esym5YjdWZYDF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgEqU5XA</latexit><latexit sha1_base64="23J/ikU5ZBJnXzrHP9tsPZ2kk2k=">AAAB/nicbVA9SwNBEN3zM8avqKXNYhCswp0IWga1sIxgPiA5wtxmEpfs7R27c4ZwBPwVtlrZia1/xcL/4l1MoYmverw3w7x5QaykJdf9dJaWV1bX1gsbxc2t7Z3d0t5+w0aJEVgXkYpMKwCLSmqskySFrdgghIHCZjC8yv3mAxorI31H4xj9EAZa9qUAyqRO5zoaaTAmGvFit1R2K+4UfJF4M1JmM9S6pa9OLxJJiJqEAmvbnhuTn4IhKRROip3EYgxiCANsZ1RDiNZPp5kn/DixQBGP0XCp+FTE3xsphNaOwyCbDIHu7byXi/957YT6F34qdZwQapEfIqlwesgKI7MykPekQSLIkyOXmgswQIRGchAiE5OsnbwPb/77RdI4rXhuxbs9K1cvZ80U2CE7YifMY+esym5YjdWZYDF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgEqU5XA</latexit><latexit sha1_base64="23J/ikU5ZBJnXzrHP9tsPZ2kk2k=">AAAB/nicbVA9SwNBEN3zM8avqKXNYhCswp0IWga1sIxgPiA5wtxmEpfs7R27c4ZwBPwVtlrZia1/xcL/4l1MoYmverw3w7x5QaykJdf9dJaWV1bX1gsbxc2t7Z3d0t5+w0aJEVgXkYpMKwCLSmqskySFrdgghIHCZjC8yv3mAxorI31H4xj9EAZa9qUAyqRO5zoaaTAmGvFit1R2K+4UfJF4M1JmM9S6pa9OLxJJiJqEAmvbnhuTn4IhKRROip3EYgxiCANsZ1RDiNZPp5kn/DixQBGP0XCp+FTE3xsphNaOwyCbDIHu7byXi/957YT6F34qdZwQapEfIqlwesgKI7MykPekQSLIkyOXmgswQIRGchAiE5OsnbwPb/77RdI4rXhuxbs9K1cvZ80U2CE7YifMY+esym5YjdWZYDF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgEqU5XA</latexit>

di-block solutions
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k
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<latexit sha1_base64="/banyz9Peu2ukLubRoCSvXjQ9SE="></latexit><latexit sha1_base64="/banyz9Peu2ukLubRoCSvXjQ9SE="></latexit><latexit sha1_base64="/banyz9Peu2ukLubRoCSvXjQ9SE="></latexit><latexit sha1_base64="/banyz9Peu2ukLubRoCSvXjQ9SE="></latexit>
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,
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◆
,

cosh

¯� = 1 +

1

2⌫2
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<latexit sha1_base64="K81q8F8uptGm2ALwUd+j9TrwA80="></latexit><latexit sha1_base64="K81q8F8uptGm2ALwUd+j9TrwA80="></latexit><latexit sha1_base64="K81q8F8uptGm2ALwUd+j9TrwA80="></latexit><latexit sha1_base64="K81q8F8uptGm2ALwUd+j9TrwA80="></latexit>

connected detached
segment

… monotonic



Metastable Configurations: Hysteresis

… equilibrium force-displacement relation

… equilibrium energy-displacement relation

… effective global elastic modulus

… attached segment

… detached  segment

… metastability domain



Global minima: reversible adhesion

fM (n)
<latexit sha1_base64="k2Ggw3sT5dFKM34BKpHdZu9elCM=">AAAB+HicbVA9SwNBEJ2LXzF+RS1tFoMQm3AngpZBGxshgvmAJIS9zSSu2ds7dueEeOQ/2GplJ7b+Gwv/i5d4hSa+6vHeDPPm+ZGSllz308ktLa+sruXXCxubW9s7xd29hg1jI7AuQhWals8tKqmxTpIUtiKDPPAVNv3R5dRvPqCxMtS3NI6wG/ChlgMpOKVSY9C7LuvjXrHkVtwZ2CLxMlKCDLVe8avTD0UcoCahuLVtz42om3BDUiicFDqxxYiLER9iO6WaB2i7ySzthB3FllPIIjRMKjYT8fdGwgNrx4GfTgac7uy8NxX/89oxDc67idRRTKjF9BBJhbNDVhiZ1oCsLw0S8WlyZFIzwQ0nQiMZFyIV47SXQtqHN//9ImmcVDy34t2clqoXWTN5OIBDKIMHZ1CFK6hBHQTcwxM8w4vz6Lw6b877z2jOyXb24Q+cj29eS5MM</latexit><latexit sha1_base64="k2Ggw3sT5dFKM34BKpHdZu9elCM=">AAAB+HicbVA9SwNBEJ2LXzF+RS1tFoMQm3AngpZBGxshgvmAJIS9zSSu2ds7dueEeOQ/2GplJ7b+Gwv/i5d4hSa+6vHeDPPm+ZGSllz308ktLa+sruXXCxubW9s7xd29hg1jI7AuQhWals8tKqmxTpIUtiKDPPAVNv3R5dRvPqCxMtS3NI6wG/ChlgMpOKVSY9C7LuvjXrHkVtwZ2CLxMlKCDLVe8avTD0UcoCahuLVtz42om3BDUiicFDqxxYiLER9iO6WaB2i7ySzthB3FllPIIjRMKjYT8fdGwgNrx4GfTgac7uy8NxX/89oxDc67idRRTKjF9BBJhbNDVhiZ1oCsLw0S8WlyZFIzwQ0nQiMZFyIV47SXQtqHN//9ImmcVDy34t2clqoXWTN5OIBDKIMHZ1CFK6hBHQTcwxM8w4vz6Lw6b877z2jOyXb24Q+cj29eS5MM</latexit><latexit sha1_base64="k2Ggw3sT5dFKM34BKpHdZu9elCM=">AAAB+HicbVA9SwNBEJ2LXzF+RS1tFoMQm3AngpZBGxshgvmAJIS9zSSu2ds7dueEeOQ/2GplJ7b+Gwv/i5d4hSa+6vHeDPPm+ZGSllz308ktLa+sruXXCxubW9s7xd29hg1jI7AuQhWals8tKqmxTpIUtiKDPPAVNv3R5dRvPqCxMtS3NI6wG/ChlgMpOKVSY9C7LuvjXrHkVtwZ2CLxMlKCDLVe8avTD0UcoCahuLVtz42om3BDUiicFDqxxYiLER9iO6WaB2i7ySzthB3FllPIIjRMKjYT8fdGwgNrx4GfTgac7uy8NxX/89oxDc67idRRTKjF9BBJhbNDVhiZ1oCsLw0S8WlyZFIzwQ0nQiMZFyIV47SXQtqHN//9ImmcVDy34t2clqoXWTN5OIBDKIMHZ1CFK6hBHQTcwxM8w4vz6Lw6b877z2jOyXb24Q+cj29eS5MM</latexit><latexit sha1_base64="k2Ggw3sT5dFKM34BKpHdZu9elCM=">AAAB+HicbVA9SwNBEJ2LXzF+RS1tFoMQm3AngpZBGxshgvmAJIS9zSSu2ds7dueEeOQ/2GplJ7b+Gwv/i5d4hSa+6vHeDPPm+ZGSllz308ktLa+sruXXCxubW9s7xd29hg1jI7AuQhWals8tKqmxTpIUtiKDPPAVNv3R5dRvPqCxMtS3NI6wG/ChlgMpOKVSY9C7LuvjXrHkVtwZ2CLxMlKCDLVe8avTD0UcoCahuLVtz42om3BDUiicFDqxxYiLER9iO6WaB2i7ySzthB3FllPIIjRMKjYT8fdGwgNrx4GfTgac7uy8NxX/89oxDc67idRRTKjF9BBJhbNDVhiZ1oCsLw0S8WlyZFIzwQ0nQiMZFyIV47SXQtqHN//9ImmcVDy34t2clqoXWTN5OIBDKIMHZ1CFK6hBHQTcwxM8w4vz6Lw6b877z2jOyXb24Q+cj29eS5MM</latexit>

… maximum adhesion force

+
<latexit sha1_base64="23J/ikU5ZBJnXzrHP9tsPZ2kk2k=">AAAB/nicbVA9SwNBEN3zM8avqKXNYhCswp0IWga1sIxgPiA5wtxmEpfs7R27c4ZwBPwVtlrZia1/xcL/4l1MoYmverw3w7x5QaykJdf9dJaWV1bX1gsbxc2t7Z3d0t5+w0aJEVgXkYpMKwCLSmqskySFrdgghIHCZjC8yv3mAxorI31H4xj9EAZa9qUAyqRO5zoaaTAmGvFit1R2K+4UfJF4M1JmM9S6pa9OLxJJiJqEAmvbnhuTn4IhKRROip3EYgxiCANsZ1RDiNZPp5kn/DixQBGP0XCp+FTE3xsphNaOwyCbDIHu7byXi/957YT6F34qdZwQapEfIqlwesgKI7MykPekQSLIkyOXmgswQIRGchAiE5OsnbwPb/77RdI4rXhuxbs9K1cvZ80U2CE7YifMY+esym5YjdWZYDF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgEqU5XA</latexit><latexit sha1_base64="23J/ikU5ZBJnXzrHP9tsPZ2kk2k=">AAAB/nicbVA9SwNBEN3zM8avqKXNYhCswp0IWga1sIxgPiA5wtxmEpfs7R27c4ZwBPwVtlrZia1/xcL/4l1MoYmverw3w7x5QaykJdf9dJaWV1bX1gsbxc2t7Z3d0t5+w0aJEVgXkYpMKwCLSmqskySFrdgghIHCZjC8yv3mAxorI31H4xj9EAZa9qUAyqRO5zoaaTAmGvFit1R2K+4UfJF4M1JmM9S6pa9OLxJJiJqEAmvbnhuTn4IhKRROip3EYgxiCANsZ1RDiNZPp5kn/DixQBGP0XCp+FTE3xsphNaOwyCbDIHu7byXi/957YT6F34qdZwQapEfIqlwesgKI7MykPekQSLIkyOXmgswQIRGchAiE5OsnbwPb/77RdI4rXhuxbs9K1cvZ80U2CE7YifMY+esym5YjdWZYDF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgEqU5XA</latexit><latexit sha1_base64="23J/ikU5ZBJnXzrHP9tsPZ2kk2k=">AAAB/nicbVA9SwNBEN3zM8avqKXNYhCswp0IWga1sIxgPiA5wtxmEpfs7R27c4ZwBPwVtlrZia1/xcL/4l1MoYmverw3w7x5QaykJdf9dJaWV1bX1gsbxc2t7Z3d0t5+w0aJEVgXkYpMKwCLSmqskySFrdgghIHCZjC8yv3mAxorI31H4xj9EAZa9qUAyqRO5zoaaTAmGvFit1R2K+4UfJF4M1JmM9S6pa9OLxJJiJqEAmvbnhuTn4IhKRROip3EYgxiCANsZ1RDiNZPp5kn/DixQBGP0XCp+FTE3xsphNaOwyCbDIHu7byXi/957YT6F34qdZwQapEfIqlwesgKI7MykPekQSLIkyOXmgswQIRGchAiE5OsnbwPb/77RdI4rXhuxbs9K1cvZ80U2CE7YifMY+esym5YjdWZYDF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgEqU5XA</latexit><latexit sha1_base64="23J/ikU5ZBJnXzrHP9tsPZ2kk2k=">AAAB/nicbVA9SwNBEN3zM8avqKXNYhCswp0IWga1sIxgPiA5wtxmEpfs7R27c4ZwBPwVtlrZia1/xcL/4l1MoYmverw3w7x5QaykJdf9dJaWV1bX1gsbxc2t7Z3d0t5+w0aJEVgXkYpMKwCLSmqskySFrdgghIHCZjC8yv3mAxorI31H4xj9EAZa9qUAyqRO5zoaaTAmGvFit1R2K+4UfJF4M1JmM9S6pa9OLxJJiJqEAmvbnhuTn4IhKRROip3EYgxiCANsZ1RDiNZPp5kn/DixQBGP0XCp+FTE3xsphNaOwyCbDIHu7byXi/957YT6F34qdZwQapEfIqlwesgKI7MykPekQSLIkyOXmgswQIRGchAiE5OsnbwPb/77RdI4rXhuxbs9K1cvZ80U2CE7YifMY+esym5YjdWZYDF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgEqU5XA</latexit>

Coherent propagation

+
<latexit sha1_base64="23J/ikU5ZBJnXzrHP9tsPZ2kk2k=">AAAB/nicbVA9SwNBEN3zM8avqKXNYhCswp0IWga1sIxgPiA5wtxmEpfs7R27c4ZwBPwVtlrZia1/xcL/4l1MoYmverw3w7x5QaykJdf9dJaWV1bX1gsbxc2t7Z3d0t5+w0aJEVgXkYpMKwCLSmqskySFrdgghIHCZjC8yv3mAxorI31H4xj9EAZa9qUAyqRO5zoaaTAmGvFit1R2K+4UfJF4M1JmM9S6pa9OLxJJiJqEAmvbnhuTn4IhKRROip3EYgxiCANsZ1RDiNZPp5kn/DixQBGP0XCp+FTE3xsphNaOwyCbDIHu7byXi/957YT6F34qdZwQapEfIqlwesgKI7MykPekQSLIkyOXmgswQIRGchAiE5OsnbwPb/77RdI4rXhuxbs9K1cvZ80U2CE7YifMY+esym5YjdWZYDF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgEqU5XA</latexit><latexit sha1_base64="23J/ikU5ZBJnXzrHP9tsPZ2kk2k=">AAAB/nicbVA9SwNBEN3zM8avqKXNYhCswp0IWga1sIxgPiA5wtxmEpfs7R27c4ZwBPwVtlrZia1/xcL/4l1MoYmverw3w7x5QaykJdf9dJaWV1bX1gsbxc2t7Z3d0t5+w0aJEVgXkYpMKwCLSmqskySFrdgghIHCZjC8yv3mAxorI31H4xj9EAZa9qUAyqRO5zoaaTAmGvFit1R2K+4UfJF4M1JmM9S6pa9OLxJJiJqEAmvbnhuTn4IhKRROip3EYgxiCANsZ1RDiNZPp5kn/DixQBGP0XCp+FTE3xsphNaOwyCbDIHu7byXi/957YT6F34qdZwQapEfIqlwesgKI7MykPekQSLIkyOXmgswQIRGchAiE5OsnbwPb/77RdI4rXhuxbs9K1cvZ80U2CE7YifMY+esym5YjdWZYDF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgEqU5XA</latexit><latexit sha1_base64="23J/ikU5ZBJnXzrHP9tsPZ2kk2k=">AAAB/nicbVA9SwNBEN3zM8avqKXNYhCswp0IWga1sIxgPiA5wtxmEpfs7R27c4ZwBPwVtlrZia1/xcL/4l1MoYmverw3w7x5QaykJdf9dJaWV1bX1gsbxc2t7Z3d0t5+w0aJEVgXkYpMKwCLSmqskySFrdgghIHCZjC8yv3mAxorI31H4xj9EAZa9qUAyqRO5zoaaTAmGvFit1R2K+4UfJF4M1JmM9S6pa9OLxJJiJqEAmvbnhuTn4IhKRROip3EYgxiCANsZ1RDiNZPp5kn/DixQBGP0XCp+FTE3xsphNaOwyCbDIHu7byXi/957YT6F34qdZwQapEfIqlwesgKI7MykPekQSLIkyOXmgswQIRGchAiE5OsnbwPb/77RdI4rXhuxbs9K1cvZ80U2CE7YifMY+esym5YjdWZYDF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgEqU5XA</latexit><latexit sha1_base64="23J/ikU5ZBJnXzrHP9tsPZ2kk2k=">AAAB/nicbVA9SwNBEN3zM8avqKXNYhCswp0IWga1sIxgPiA5wtxmEpfs7R27c4ZwBPwVtlrZia1/xcL/4l1MoYmverw3w7x5QaykJdf9dJaWV1bX1gsbxc2t7Z3d0t5+w0aJEVgXkYpMKwCLSmqskySFrdgghIHCZjC8yv3mAxorI31H4xj9EAZa9qUAyqRO5zoaaTAmGvFit1R2K+4UfJF4M1JmM9S6pa9OLxJJiJqEAmvbnhuTn4IhKRROip3EYgxiCANsZ1RDiNZPp5kn/DixQBGP0XCp+FTE3xsphNaOwyCbDIHu7byXi/957YT6F34qdZwQapEfIqlwesgKI7MykPekQSLIkyOXmgswQIRGchAiE5OsnbwPb/77RdI4rXhuxbs9K1cvZ80U2CE7YifMY+esym5YjdWZYDF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgEqU5XA</latexit>



Maximum delay vs Maxwell conventions

reversible adhesion hysteresis



Adhering stiffness effect
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Hypothesis on gecko adhesion-decohesion asymmetry

P. Russell, Integrative Functional Morphology of the Gekkotan Adhesive System (Reptilia: Gekkota). Integr. Comp. Biol. 42, 1154 (2002). 



Hypothesis on gecko adhesion-decohesion asymmetry

digital hyperextension 

To simplify horizontal walking geckos keep the hyperextended state and start activating the attachment mechanism only 
at sufficiently high slope requiring stronger adhesion 
(A. P. Russell and T. E. Highman, Proc. R. Soc. London, Ser. B 276, 3705 (2009))

geckos (A. P. Russell, Integr. 
Comp. Biol. 42, 1154 (2002))

frogs (G. Hanna and W. 
Barnes, J. Exp. Biol. 155, 103 
(1991)) 

ants (W. Federle and T. 
Endlein, Arthropod Struct. 
Dev. 33, 67 (2004)) also show 
that. 

At  the  macroscale  the  easy 
release  is  achieved  through 
the  localization  of  the 
cohesive region



Hypothesis on gecko adhesion-decohesion asymmetry

external work

elastic energy

dissipation

minimize dissipation !
<latexit sha1_base64="SOZA8FV/t3BmQx9WnTK0eptgJx4=">AAACA3icbVC7TsNAEDzzDOaRACXNiQSJKrIjJCgj0VAGiTykJIrWl01yyvmhuzUoslLyFbRQ0SFaPoSCf8E2KSBhqtHMrnZ2vEhJQ47zaa2tb2xubRd27N29/YNi6fCoZcJYC2yKUIW644FBJQNskiSFnUgj+J7Ctje9zvz2PWojw+COZhH2fRgHciQFUCoNSsVKT8vxhEDr8KFi24NS2ak6OfgqcRekzBZoDEpfvWEoYh8DEgqM6bpORP0ENEmhcG73YoMRiCmMsZvSAHw0/SQPPudnsQEKeYSaS8VzEX9vJOAbM/O9dNIHmphlLxP/87oxja76iQyimDAQ2SGSCvNDRmiZNoJ8KDUSQZYcuQy4AA1EqCUHIVIxTivK+nCXv18lrVrVdaruba1cv1g0U2An7JSdM5ddsjq7YQ3WZILF7Ik9sxfr0Xq13qz3n9E1a7FzzP7A+vgGOW+Wtw==</latexit><latexit sha1_base64="SOZA8FV/t3BmQx9WnTK0eptgJx4=">AAACA3icbVC7TsNAEDzzDOaRACXNiQSJKrIjJCgj0VAGiTykJIrWl01yyvmhuzUoslLyFbRQ0SFaPoSCf8E2KSBhqtHMrnZ2vEhJQ47zaa2tb2xubRd27N29/YNi6fCoZcJYC2yKUIW644FBJQNskiSFnUgj+J7Ctje9zvz2PWojw+COZhH2fRgHciQFUCoNSsVKT8vxhEDr8KFi24NS2ak6OfgqcRekzBZoDEpfvWEoYh8DEgqM6bpORP0ENEmhcG73YoMRiCmMsZvSAHw0/SQPPudnsQEKeYSaS8VzEX9vJOAbM/O9dNIHmphlLxP/87oxja76iQyimDAQ2SGSCvNDRmiZNoJ8KDUSQZYcuQy4AA1EqCUHIVIxTivK+nCXv18lrVrVdaruba1cv1g0U2An7JSdM5ddsjq7YQ3WZILF7Ik9sxfr0Xq13qz3n9E1a7FzzP7A+vgGOW+Wtw==</latexit><latexit sha1_base64="SOZA8FV/t3BmQx9WnTK0eptgJx4=">AAACA3icbVC7TsNAEDzzDOaRACXNiQSJKrIjJCgj0VAGiTykJIrWl01yyvmhuzUoslLyFbRQ0SFaPoSCf8E2KSBhqtHMrnZ2vEhJQ47zaa2tb2xubRd27N29/YNi6fCoZcJYC2yKUIW644FBJQNskiSFnUgj+J7Ctje9zvz2PWojw+COZhH2fRgHciQFUCoNSsVKT8vxhEDr8KFi24NS2ak6OfgqcRekzBZoDEpfvWEoYh8DEgqM6bpORP0ENEmhcG73YoMRiCmMsZvSAHw0/SQPPudnsQEKeYSaS8VzEX9vJOAbM/O9dNIHmphlLxP/87oxja76iQyimDAQ2SGSCvNDRmiZNoJ8KDUSQZYcuQy4AA1EqCUHIVIxTivK+nCXv18lrVrVdaruba1cv1g0U2An7JSdM5ddsjq7YQ3WZILF7Ik9sxfr0Xq13qz3n9E1a7FzzP7A+vgGOW+Wtw==</latexit><latexit sha1_base64="SOZA8FV/t3BmQx9WnTK0eptgJx4=">AAACA3icbVC7TsNAEDzzDOaRACXNiQSJKrIjJCgj0VAGiTykJIrWl01yyvmhuzUoslLyFbRQ0SFaPoSCf8E2KSBhqtHMrnZ2vEhJQ47zaa2tb2xubRd27N29/YNi6fCoZcJYC2yKUIW644FBJQNskiSFnUgj+J7Ctje9zvz2PWojw+COZhH2fRgHciQFUCoNSsVKT8vxhEDr8KFi24NS2ak6OfgqcRekzBZoDEpfvWEoYh8DEgqM6bpORP0ENEmhcG73YoMRiCmMsZvSAHw0/SQPPudnsQEKeYSaS8VzEX9vJOAbM/O9dNIHmphlLxP/87oxja76iQyimDAQ2SGSCvNDRmiZNoJ8KDUSQZYcuQy4AA1EqCUHIVIxTivK+nCXv18lrVrVdaruba1cv1g0U2An7JSdM5ddsjq7YQ3WZILF7Ik9sxfr0Xq13qz3n9E1a7FzzP7A+vgGOW+Wtw==</latexit> horizontal path AB

decohesion: damage, peeling, path ABC

adhesion: metabolic energy, reattachment, path FGH
minimize metabolic energy !

<latexit sha1_base64="SOZA8FV/t3BmQx9WnTK0eptgJx4=">AAACA3icbVC7TsNAEDzzDOaRACXNiQSJKrIjJCgj0VAGiTykJIrWl01yyvmhuzUoslLyFbRQ0SFaPoSCf8E2KSBhqtHMrnZ2vEhJQ47zaa2tb2xubRd27N29/YNi6fCoZcJYC2yKUIW644FBJQNskiSFnUgj+J7Ctje9zvz2PWojw+COZhH2fRgHciQFUCoNSsVKT8vxhEDr8KFi24NS2ak6OfgqcRekzBZoDEpfvWEoYh8DEgqM6bpORP0ENEmhcG73YoMRiCmMsZvSAHw0/SQPPudnsQEKeYSaS8VzEX9vJOAbM/O9dNIHmphlLxP/87oxja76iQyimDAQ2SGSCvNDRmiZNoJ8KDUSQZYcuQy4AA1EqCUHIVIxTivK+nCXv18lrVrVdaruba1cv1g0U2An7JSdM5ddsjq7YQ3WZILF7Ik9sxfr0Xq13qz3n9E1a7FzzP7A+vgGOW+Wtw==</latexit><latexit sha1_base64="SOZA8FV/t3BmQx9WnTK0eptgJx4=">AAACA3icbVC7TsNAEDzzDOaRACXNiQSJKrIjJCgj0VAGiTykJIrWl01yyvmhuzUoslLyFbRQ0SFaPoSCf8E2KSBhqtHMrnZ2vEhJQ47zaa2tb2xubRd27N29/YNi6fCoZcJYC2yKUIW644FBJQNskiSFnUgj+J7Ctje9zvz2PWojw+COZhH2fRgHciQFUCoNSsVKT8vxhEDr8KFi24NS2ak6OfgqcRekzBZoDEpfvWEoYh8DEgqM6bpORP0ENEmhcG73YoMRiCmMsZvSAHw0/SQPPudnsQEKeYSaS8VzEX9vJOAbM/O9dNIHmphlLxP/87oxja76iQyimDAQ2SGSCvNDRmiZNoJ8KDUSQZYcuQy4AA1EqCUHIVIxTivK+nCXv18lrVrVdaruba1cv1g0U2An7JSdM5ddsjq7YQ3WZILF7Ik9sxfr0Xq13qz3n9E1a7FzzP7A+vgGOW+Wtw==</latexit><latexit sha1_base64="SOZA8FV/t3BmQx9WnTK0eptgJx4=">AAACA3icbVC7TsNAEDzzDOaRACXNiQSJKrIjJCgj0VAGiTykJIrWl01yyvmhuzUoslLyFbRQ0SFaPoSCf8E2KSBhqtHMrnZ2vEhJQ47zaa2tb2xubRd27N29/YNi6fCoZcJYC2yKUIW644FBJQNskiSFnUgj+J7Ctje9zvz2PWojw+COZhH2fRgHciQFUCoNSsVKT8vxhEDr8KFi24NS2ak6OfgqcRekzBZoDEpfvWEoYh8DEgqM6bpORP0ENEmhcG73YoMRiCmMsZvSAHw0/SQPPudnsQEKeYSaS8VzEX9vJOAbM/O9dNIHmphlLxP/87oxja76iQyimDAQ2SGSCvNDRmiZNoJ8KDUSQZYcuQy4AA1EqCUHIVIxTivK+nCXv18lrVrVdaruba1cv1g0U2An7JSdM5ddsjq7YQ3WZILF7Ik9sxfr0Xq13qz3n9E1a7FzzP7A+vgGOW+Wtw==</latexit><latexit sha1_base64="SOZA8FV/t3BmQx9WnTK0eptgJx4=">AAACA3icbVC7TsNAEDzzDOaRACXNiQSJKrIjJCgj0VAGiTykJIrWl01yyvmhuzUoslLyFbRQ0SFaPoSCf8E2KSBhqtHMrnZ2vEhJQ47zaa2tb2xubRd27N29/YNi6fCoZcJYC2yKUIW644FBJQNskiSFnUgj+J7Ctje9zvz2PWojw+COZhH2fRgHciQFUCoNSsVKT8vxhEDr8KFi24NS2ak6OfgqcRekzBZoDEpfvWEoYh8DEgqM6bpORP0ENEmhcG73YoMRiCmMsZvSAHw0/SQPPudnsQEKeYSaS8VzEX9vJOAbM/O9dNIHmphlLxP/87oxja76iQyimDAQ2SGSCvNDRmiZNoJ8KDUSQZYcuQy4AA1EqCUHIVIxTivK+nCXv18lrVrVdaruba1cv1g0U2An7JSdM5ddsjq7YQ3WZILF7Ik9sxfr0Xq13qz3n9E1a7FzzP7A+vgGOW+Wtw==</latexit> horizontal path GH

K. Autumn, in Biological Adhesive, edited by A. Smith and  J. Callow (Springer-Verlag, Berlin, 2006).  

geckos in the compliant state have a very low detaching threshold 



Fractal behavior, multiscale modeling

fm ⇠ l�
<latexit sha1_base64="iRAfnZNo/P1Oq+6phgLNQdkSKjU=">AAACB3icbVDLTgJBEJzFF+JrlaOXiWDiiewSEz2SePGIiTwSQNI7NDhhZncz02tCCB/gV3jVkzfj1c/w4L+4ixwUrFOlqjtdXUGspCXP+3Rya+sbm1v57cLO7t7+gXt41LRRYgQ2RKQi0w7AopIhNkiSwnZsEHSgsBWMrzK/9YDGyii8pUmMPQ2jUA6lAEqlvlssD/uad63UXN11AyQoF/puyat4c/BV4i9IiS1Q77tf3UEkEo0hCQXWdnwvpt4UDEmhcFboJhZjEGMYYSelIWi0vek8/IyfJhYo4jEaLhWfi/h7Ywra2okO0kkNdG+XvUz8z+skNLzsTWUYJ4ShyA6RVDg/ZIWRaSvIB9IgEWTJkcuQCzBAhEZyECIVk7SmrA9/+ftV0qxWfK/i31RLtfNFM3l2zE7YGfPZBauxa1ZnDSbYhD2xZ/biPDqvzpvz/jOacxY7RfYHzsc3sRqYCQ==</latexit><latexit sha1_base64="iRAfnZNo/P1Oq+6phgLNQdkSKjU=">AAACB3icbVDLTgJBEJzFF+JrlaOXiWDiiewSEz2SePGIiTwSQNI7NDhhZncz02tCCB/gV3jVkzfj1c/w4L+4ixwUrFOlqjtdXUGspCXP+3Rya+sbm1v57cLO7t7+gXt41LRRYgQ2RKQi0w7AopIhNkiSwnZsEHSgsBWMrzK/9YDGyii8pUmMPQ2jUA6lAEqlvlssD/uad63UXN11AyQoF/puyat4c/BV4i9IiS1Q77tf3UEkEo0hCQXWdnwvpt4UDEmhcFboJhZjEGMYYSelIWi0vek8/IyfJhYo4jEaLhWfi/h7Ywra2okO0kkNdG+XvUz8z+skNLzsTWUYJ4ShyA6RVDg/ZIWRaSvIB9IgEWTJkcuQCzBAhEZyECIVk7SmrA9/+ftV0qxWfK/i31RLtfNFM3l2zE7YGfPZBauxa1ZnDSbYhD2xZ/biPDqvzpvz/jOacxY7RfYHzsc3sRqYCQ==</latexit><latexit sha1_base64="iRAfnZNo/P1Oq+6phgLNQdkSKjU=">AAACB3icbVDLTgJBEJzFF+JrlaOXiWDiiewSEz2SePGIiTwSQNI7NDhhZncz02tCCB/gV3jVkzfj1c/w4L+4ixwUrFOlqjtdXUGspCXP+3Rya+sbm1v57cLO7t7+gXt41LRRYgQ2RKQi0w7AopIhNkiSwnZsEHSgsBWMrzK/9YDGyii8pUmMPQ2jUA6lAEqlvlssD/uad63UXN11AyQoF/puyat4c/BV4i9IiS1Q77tf3UEkEo0hCQXWdnwvpt4UDEmhcFboJhZjEGMYYSelIWi0vek8/IyfJhYo4jEaLhWfi/h7Ywra2okO0kkNdG+XvUz8z+skNLzsTWUYJ4ShyA6RVDg/ZIWRaSvIB9IgEWTJkcuQCzBAhEZyECIVk7SmrA9/+ftV0qxWfK/i31RLtfNFM3l2zE7YGfPZBauxa1ZnDSbYhD2xZ/biPDqvzpvz/jOacxY7RfYHzsc3sRqYCQ==</latexit><latexit sha1_base64="iRAfnZNo/P1Oq+6phgLNQdkSKjU=">AAACB3icbVDLTgJBEJzFF+JrlaOXiWDiiewSEz2SePGIiTwSQNI7NDhhZncz02tCCB/gV3jVkzfj1c/w4L+4ixwUrFOlqjtdXUGspCXP+3Rya+sbm1v57cLO7t7+gXt41LRRYgQ2RKQi0w7AopIhNkiSwnZsEHSgsBWMrzK/9YDGyii8pUmMPQ2jUA6lAEqlvlssD/uad63UXN11AyQoF/puyat4c/BV4i9IiS1Q77tf3UEkEo0hCQXWdnwvpt4UDEmhcFboJhZjEGMYYSelIWi0vek8/IyfJhYo4jEaLhWfi/h7Ywra2okO0kkNdG+XvUz8z+skNLzsTWUYJ4ShyA6RVDg/ZIWRaSvIB9IgEWTJkcuQCzBAhEZyECIVk7SmrA9/+ftV0qxWfK/i31RLtfNFM3l2zE7YGfPZBauxa1ZnDSbYhD2xZ/biPDqvzpvz/jOacxY7RfYHzsc3sRqYCQ==</latexit>

� = 2± 0.5
<latexit sha1_base64="DrE4QFVKu6YdZCw0o3nzF+pP37c=">AAACBXicbVC7TgJBFJ3FF+ILtLSZCCZWZJdotDEhsbHERB4JS8jd4YITZh+ZuashhNqvsNXKztj6HRb+i7u4hYKnOjnn3txzjxcpaci2P63cyura+kZ+s7C1vbO7Vyztt0wYa4FNEapQdzwwqGSATZKksBNpBN9T2PbGV6nfvkdtZBjc0iTCng+jQA6lAEqkfrFUcT0kuKy5kc/t6lml0C+W7ao9B18mTkbKLEOjX/xyB6GIfQxIKDCm69gR9aagSQqFs4IbG4xAjGGE3YQG4KPpTefRZ/w4NkAhj1BzqfhcxN8bU/CNmfheMukD3ZlFLxX/87oxDS96UxlEMWEg0kMkFc4PGaFl0gnygdRIBGly5DLgAjQQoZYchEjEOCkp7cNZ/H6ZtGpVx646N7Vy/TRrJs8O2RE7YQ47Z3V2zRqsyQR7YE/smb1Yj9ar9Wa9/4zmrGzngP2B9fEN+FuWbw==</latexit><latexit sha1_base64="DrE4QFVKu6YdZCw0o3nzF+pP37c=">AAACBXicbVC7TgJBFJ3FF+ILtLSZCCZWZJdotDEhsbHERB4JS8jd4YITZh+ZuashhNqvsNXKztj6HRb+i7u4hYKnOjnn3txzjxcpaci2P63cyura+kZ+s7C1vbO7Vyztt0wYa4FNEapQdzwwqGSATZKksBNpBN9T2PbGV6nfvkdtZBjc0iTCng+jQA6lAEqkfrFUcT0kuKy5kc/t6lml0C+W7ao9B18mTkbKLEOjX/xyB6GIfQxIKDCm69gR9aagSQqFs4IbG4xAjGGE3YQG4KPpTefRZ/w4NkAhj1BzqfhcxN8bU/CNmfheMukD3ZlFLxX/87oxDS96UxlEMWEg0kMkFc4PGaFl0gnygdRIBGly5DLgAjQQoZYchEjEOCkp7cNZ/H6ZtGpVx646N7Vy/TRrJs8O2RE7YQ47Z3V2zRqsyQR7YE/smb1Yj9ar9Wa9/4zmrGzngP2B9fEN+FuWbw==</latexit><latexit sha1_base64="DrE4QFVKu6YdZCw0o3nzF+pP37c=">AAACBXicbVC7TgJBFJ3FF+ILtLSZCCZWZJdotDEhsbHERB4JS8jd4YITZh+ZuashhNqvsNXKztj6HRb+i7u4hYKnOjnn3txzjxcpaci2P63cyura+kZ+s7C1vbO7Vyztt0wYa4FNEapQdzwwqGSATZKksBNpBN9T2PbGV6nfvkdtZBjc0iTCng+jQA6lAEqkfrFUcT0kuKy5kc/t6lml0C+W7ao9B18mTkbKLEOjX/xyB6GIfQxIKDCm69gR9aagSQqFs4IbG4xAjGGE3YQG4KPpTefRZ/w4NkAhj1BzqfhcxN8bU/CNmfheMukD3ZlFLxX/87oxDS96UxlEMWEg0kMkFc4PGaFl0gnygdRIBGly5DLgAjQQoZYchEjEOCkp7cNZ/H6ZtGpVx646N7Vy/TRrJs8O2RE7YQ47Z3V2zRqsyQR7YE/smb1Yj9ar9Wa9/4zmrGzngP2B9fEN+FuWbw==</latexit><latexit sha1_base64="DrE4QFVKu6YdZCw0o3nzF+pP37c=">AAACBXicbVC7TgJBFJ3FF+ILtLSZCCZWZJdotDEhsbHERB4JS8jd4YITZh+ZuashhNqvsNXKztj6HRb+i7u4hYKnOjnn3txzjxcpaci2P63cyura+kZ+s7C1vbO7Vyztt0wYa4FNEapQdzwwqGSATZKksBNpBN9T2PbGV6nfvkdtZBjc0iTCng+jQA6lAEqkfrFUcT0kuKy5kc/t6lml0C+W7ao9B18mTkbKLEOjX/xyB6GIfQxIKDCm69gR9aagSQqFs4IbG4xAjGGE3YQG4KPpTefRZ/w4NkAhj1BzqfhcxN8bU/CNmfheMukD3ZlFLxX/87oxDS96UxlEMWEg0kMkFc4PGaFl0gnygdRIBGly5DLgAjQQoZYchEjEOCkp7cNZ/H6ZtGpVx646N7Vy/TRrJs8O2RE7YQ47Z3V2zRqsyQR7YE/smb1Yj9ar9Wa9/4zmrGzngP2B9fEN+FuWbw==</latexit>

fi = cEl2i
<latexit sha1_base64="4vs36Rsi3PC98lZXUyoTyKLdwJw=">AAACBHicbVDLSsNAFJ3UV62vqEs3g63gqiRF0I1QEMFlBfuANobJ9LYOnTyYuSmU0K1f4VZX7sSt/+HCfzGJWWjrWR3OuZd77vEiKTRa1qdRWlldW98ob1a2tnd298z9g44OY8WhzUMZqp7HNEgRQBsFSuhFCpjvSeh6k6vM705BaREGdziLwPHZOBAjwRmmkmuatZErLjm9ptIV941axTWrVt3KQZeJXZAqKdByza/BMOSxDwFyybTu21aETsIUCi5hXhnEGiLGJ2wM/ZQGzAftJHnyOT2JNcOQRqCokDQX4fdGwnytZ76XTvoMH/Sil4n/ef0YRxdOIoIoRgh4dgiFhPyQ5kqklQAdCgWILEsOVASUM8UQQQnKOE/FOO0o68Ne/H6ZdBp126rbt41q86xopkyOyDE5JTY5J01yQ1qkTTiZkifyTF6MR+PVeDPef0ZLRrFzSP7A+PgGbpKWKQ==</latexit><latexit sha1_base64="4vs36Rsi3PC98lZXUyoTyKLdwJw=">AAACBHicbVDLSsNAFJ3UV62vqEs3g63gqiRF0I1QEMFlBfuANobJ9LYOnTyYuSmU0K1f4VZX7sSt/+HCfzGJWWjrWR3OuZd77vEiKTRa1qdRWlldW98ob1a2tnd298z9g44OY8WhzUMZqp7HNEgRQBsFSuhFCpjvSeh6k6vM705BaREGdziLwPHZOBAjwRmmkmuatZErLjm9ptIV941axTWrVt3KQZeJXZAqKdByza/BMOSxDwFyybTu21aETsIUCi5hXhnEGiLGJ2wM/ZQGzAftJHnyOT2JNcOQRqCokDQX4fdGwnytZ76XTvoMH/Sil4n/ef0YRxdOIoIoRgh4dgiFhPyQ5kqklQAdCgWILEsOVASUM8UQQQnKOE/FOO0o68Ne/H6ZdBp126rbt41q86xopkyOyDE5JTY5J01yQ1qkTTiZkifyTF6MR+PVeDPef0ZLRrFzSP7A+PgGbpKWKQ==</latexit><latexit sha1_base64="4vs36Rsi3PC98lZXUyoTyKLdwJw=">AAACBHicbVDLSsNAFJ3UV62vqEs3g63gqiRF0I1QEMFlBfuANobJ9LYOnTyYuSmU0K1f4VZX7sSt/+HCfzGJWWjrWR3OuZd77vEiKTRa1qdRWlldW98ob1a2tnd298z9g44OY8WhzUMZqp7HNEgRQBsFSuhFCpjvSeh6k6vM705BaREGdziLwPHZOBAjwRmmkmuatZErLjm9ptIV941axTWrVt3KQZeJXZAqKdByza/BMOSxDwFyybTu21aETsIUCi5hXhnEGiLGJ2wM/ZQGzAftJHnyOT2JNcOQRqCokDQX4fdGwnytZ76XTvoMH/Sil4n/ef0YRxdOIoIoRgh4dgiFhPyQ5kqklQAdCgWILEsOVASUM8UQQQnKOE/FOO0o68Ne/H6ZdBp126rbt41q86xopkyOyDE5JTY5J01yQ1qkTTiZkifyTF6MR+PVeDPef0ZLRrFzSP7A+PgGbpKWKQ==</latexit><latexit sha1_base64="4vs36Rsi3PC98lZXUyoTyKLdwJw=">AAACBHicbVDLSsNAFJ3UV62vqEs3g63gqiRF0I1QEMFlBfuANobJ9LYOnTyYuSmU0K1f4VZX7sSt/+HCfzGJWWjrWR3OuZd77vEiKTRa1qdRWlldW98ob1a2tnd298z9g44OY8WhzUMZqp7HNEgRQBsFSuhFCpjvSeh6k6vM705BaREGdziLwPHZOBAjwRmmkmuatZErLjm9ptIV941axTWrVt3KQZeJXZAqKdByza/BMOSxDwFyybTu21aETsIUCi5hXhnEGiLGJ2wM/ZQGzAftJHnyOT2JNcOQRqCokDQX4fdGwnytZ76XTvoMH/Sil4n/ef0YRxdOIoIoRgh4dgiFhPyQ5kqklQAdCgWILEsOVASUM8UQQQnKOE/FOO0o68Ne/H6ZdBp126rbt41q86xopkyOyDE5JTY5J01yQ1qkTTiZkifyTF6MR+PVeDPef0ZLRrFzSP7A+PgGbpKWKQ==</latexit>

Euler buckling 
Selfsimilarity 
contemporary at all the scales

scale-free detachment mechanism 

scale-generic BP model 



Device stiffness effect

⇠

⌫
= 1

<latexit sha1_base64="znTv/eSiyJmbNkW01h9JnMXfhxE=">AAACBXicbVA9SwNBEN2LXzF+JVraLAbBKtyJoI0QtLGMYD4gF8LcZhKX7O0du3NqOFL7K2y1shNbf4eF/8VLTKGJr3q8N8O8eUGspCXX/XRyS8srq2v59cLG5tb2TrG027BRYgTWRaQi0wrAopIa6yRJYSs2CGGgsBkMLyd+8w6NlZG+oVGMnRAGWvalAMqkbrHk9w2I1H+Q49TXyfjc6xbLbsWdgi8Sb0bKbIZat/jl9yKRhKhJKLC27bkxdVIwJIXCccFPLMYghjDAdkY1hGg76TT6mB8mFijiMRouFZ+K+HsjhdDaURhkkyHQrZ33JuJ/Xjuh/lknlTpOCLWYHCKpcHrICiOzTpD3pEEimCRHLjUXYIAIjeQgRCYmWUmFrA9v/vtF0jiueG7Fuz4pVy9mzeTZPjtgR8xjp6zKrliN1Zlg9+yJPbMX59F5dd6c95/RnDPb2WN/4Hx8A28JmKw=</latexit><latexit sha1_base64="znTv/eSiyJmbNkW01h9JnMXfhxE=">AAACBXicbVA9SwNBEN2LXzF+JVraLAbBKtyJoI0QtLGMYD4gF8LcZhKX7O0du3NqOFL7K2y1shNbf4eF/8VLTKGJr3q8N8O8eUGspCXX/XRyS8srq2v59cLG5tb2TrG027BRYgTWRaQi0wrAopIa6yRJYSs2CGGgsBkMLyd+8w6NlZG+oVGMnRAGWvalAMqkbrHk9w2I1H+Q49TXyfjc6xbLbsWdgi8Sb0bKbIZat/jl9yKRhKhJKLC27bkxdVIwJIXCccFPLMYghjDAdkY1hGg76TT6mB8mFijiMRouFZ+K+HsjhdDaURhkkyHQrZ33JuJ/Xjuh/lknlTpOCLWYHCKpcHrICiOzTpD3pEEimCRHLjUXYIAIjeQgRCYmWUmFrA9v/vtF0jiueG7Fuz4pVy9mzeTZPjtgR8xjp6zKrliN1Zlg9+yJPbMX59F5dd6c95/RnDPb2WN/4Hx8A28JmKw=</latexit><latexit sha1_base64="znTv/eSiyJmbNkW01h9JnMXfhxE=">AAACBXicbVA9SwNBEN2LXzF+JVraLAbBKtyJoI0QtLGMYD4gF8LcZhKX7O0du3NqOFL7K2y1shNbf4eF/8VLTKGJr3q8N8O8eUGspCXX/XRyS8srq2v59cLG5tb2TrG027BRYgTWRaQi0wrAopIa6yRJYSs2CGGgsBkMLyd+8w6NlZG+oVGMnRAGWvalAMqkbrHk9w2I1H+Q49TXyfjc6xbLbsWdgi8Sb0bKbIZat/jl9yKRhKhJKLC27bkxdVIwJIXCccFPLMYghjDAdkY1hGg76TT6mB8mFijiMRouFZ+K+HsjhdDaURhkkyHQrZ33JuJ/Xjuh/lknlTpOCLWYHCKpcHrICiOzTpD3pEEimCRHLjUXYIAIjeQgRCYmWUmFrA9v/vtF0jiueG7Fuz4pVy9mzeTZPjtgR8xjp6zKrliN1Zlg9+yJPbMX59F5dd6c95/RnDPb2WN/4Hx8A28JmKw=</latexit><latexit sha1_base64="znTv/eSiyJmbNkW01h9JnMXfhxE=">AAACBXicbVA9SwNBEN2LXzF+JVraLAbBKtyJoI0QtLGMYD4gF8LcZhKX7O0du3NqOFL7K2y1shNbf4eF/8VLTKGJr3q8N8O8eUGspCXX/XRyS8srq2v59cLG5tb2TrG027BRYgTWRaQi0wrAopIa6yRJYSs2CGGgsBkMLyd+8w6NlZG+oVGMnRAGWvalAMqkbrHk9w2I1H+Q49TXyfjc6xbLbsWdgi8Sb0bKbIZat/jl9yKRhKhJKLC27bkxdVIwJIXCccFPLMYghjDAdkY1hGg76TT6mB8mFijiMRouFZ+K+HsjhdDaURhkkyHQrZ33JuJ/Xjuh/lknlTpOCLWYHCKpcHrICiOzTpD3pEEimCRHLjUXYIAIjeQgRCYmWUmFrA9v/vtF0jiueG7Fuz4pVy9mzeTZPjtgR8xjp6zKrliN1Zlg9+yJPbMX59F5dd6c95/RnDPb2WN/4Hx8A28JmKw=</latexit>

⇠

⌫
= 0.05

<latexit sha1_base64="YiYHue8v+1gqeewquJB/cQBpPKc=">AAACFnicbVC7TsMwFHV4U14FRhaLCompShAIFiQECyNIFJCaqroxt2DhOJF9jaii7HwCX8EKExtiZWXgX3BDB15n8dE59+WT5EpaCsP3YGR0bHxicmq6NjM7N79QX1w6tZkzAlsiU5k5T8CikhpbJEnheW4Q0kThWXJ9MPDPbtBYmekT6ufYSeFSy54UQF7q1lfjakaRKIdlEfcMiCK+lZ5qV+6GzXCr7NYb/q3A/5JoSBpsiKNu/SO+yIRLUZNQYG07CnPqFGBICoVlLXYWcxDXcIltTzWkaDtFdUfJ15wFyniOhkvFKxG/dxSQWttPE1+ZAl3Z395A/M9rO+rtdAqpc0eoxWARSYXVIiuM9CEhv5AGiWBwOXKpuQADRGgkByG86HxqNZ9H9Pv3f8npRjMKm9HxZmNvf5jMFFthq2ydRWyb7bFDdsRaTLA79sAe2VNwHzwHL8HrV+lIMOxZZj8QvH0C9jGf+w==</latexit><latexit sha1_base64="YiYHue8v+1gqeewquJB/cQBpPKc=">AAACFnicbVC7TsMwFHV4U14FRhaLCompShAIFiQECyNIFJCaqroxt2DhOJF9jaii7HwCX8EKExtiZWXgX3BDB15n8dE59+WT5EpaCsP3YGR0bHxicmq6NjM7N79QX1w6tZkzAlsiU5k5T8CikhpbJEnheW4Q0kThWXJ9MPDPbtBYmekT6ufYSeFSy54UQF7q1lfjakaRKIdlEfcMiCK+lZ5qV+6GzXCr7NYb/q3A/5JoSBpsiKNu/SO+yIRLUZNQYG07CnPqFGBICoVlLXYWcxDXcIltTzWkaDtFdUfJ15wFyniOhkvFKxG/dxSQWttPE1+ZAl3Z395A/M9rO+rtdAqpc0eoxWARSYXVIiuM9CEhv5AGiWBwOXKpuQADRGgkByG86HxqNZ9H9Pv3f8npRjMKm9HxZmNvf5jMFFthq2ydRWyb7bFDdsRaTLA79sAe2VNwHzwHL8HrV+lIMOxZZj8QvH0C9jGf+w==</latexit><latexit sha1_base64="YiYHue8v+1gqeewquJB/cQBpPKc=">AAACFnicbVC7TsMwFHV4U14FRhaLCompShAIFiQECyNIFJCaqroxt2DhOJF9jaii7HwCX8EKExtiZWXgX3BDB15n8dE59+WT5EpaCsP3YGR0bHxicmq6NjM7N79QX1w6tZkzAlsiU5k5T8CikhpbJEnheW4Q0kThWXJ9MPDPbtBYmekT6ufYSeFSy54UQF7q1lfjakaRKIdlEfcMiCK+lZ5qV+6GzXCr7NYb/q3A/5JoSBpsiKNu/SO+yIRLUZNQYG07CnPqFGBICoVlLXYWcxDXcIltTzWkaDtFdUfJ15wFyniOhkvFKxG/dxSQWttPE1+ZAl3Z395A/M9rO+rtdAqpc0eoxWARSYXVIiuM9CEhv5AGiWBwOXKpuQADRGgkByG86HxqNZ9H9Pv3f8npRjMKm9HxZmNvf5jMFFthq2ydRWyb7bFDdsRaTLA79sAe2VNwHzwHL8HrV+lIMOxZZj8QvH0C9jGf+w==</latexit><latexit sha1_base64="YiYHue8v+1gqeewquJB/cQBpPKc=">AAACFnicbVC7TsMwFHV4U14FRhaLCompShAIFiQECyNIFJCaqroxt2DhOJF9jaii7HwCX8EKExtiZWXgX3BDB15n8dE59+WT5EpaCsP3YGR0bHxicmq6NjM7N79QX1w6tZkzAlsiU5k5T8CikhpbJEnheW4Q0kThWXJ9MPDPbtBYmekT6ufYSeFSy54UQF7q1lfjakaRKIdlEfcMiCK+lZ5qV+6GzXCr7NYb/q3A/5JoSBpsiKNu/SO+yIRLUZNQYG07CnPqFGBICoVlLXYWcxDXcIltTzWkaDtFdUfJ15wFyniOhkvFKxG/dxSQWttPE1+ZAl3Z395A/M9rO+rtdAqpc0eoxWARSYXVIiuM9CEhv5AGiWBwOXKpuQADRGgkByG86HxqNZ9H9Pv3f8npRjMKm9HxZmNvf5jMFFthq2ydRWyb7bFDdsRaTLA79sAe2VNwHzwHL8HrV+lIMOxZZj8QvH0C9jGf+w==</latexit>

⇠

⌫
= 0.01
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Rupture force 〈F*〉 for dissociating P-selectin-PSGL-1 
bond on the stiffness of the transducer 
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Extensions/on going works

• rate effects 

• DNA denaturation 

• multiscale modeling, cerebral damage 

• multiwells energy: partial unfolding, dislocations, phase transitions 

• non local interactions 

• …

Thank you for your attentions


