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Motivation: experiments
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• Recent experiments [Fernández-Rico et al., Nat. Mater. 2023]
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Modeling in 1D



Preliminaries

• Variable definition
- Local volume fraction of oil    ,                                                                 (initial value      )
- Rescaled local volume fraction                    ,                                           (initial value                 )
- Phase-field variable  (initial value             )

<latexit sha1_base64="pEI2fE5QpQSULF9Dr6uXClqa4Do=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYCJ4CrsBH8eAF48RzAOSNcxOZpMhM7PLzGwkLPkPLx4U8eq/ePNvnE32oIkFDUVVN91dQcyZNq777aytb2xubRd2irt7+weHpaPjlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Dbz2xOqNIvkg5nG1Bd4KFnICDZWeqz0JljFI9ZP3Vml2C+V3ao7B1olXk7KkKPRL331BhFJBJWGcKx113Nj46dYGUY4nRV7iaYxJmM8pF1LJRZU++n86hk6t8oAhZGyJQ2aq78nUiy0norAdgpsRnrZy8T/vG5iwhs/ZTJODJVksShMODIRyiJAA6YoMXxqCSaK2VsRGWGFibFBZSF4yy+vklat6l1VL+9r5Xotj6MAp3AGF+DBNdThDhrQBAIKnuEV3pwn58V5dz4WrWtOPnMCf+B8/gBhoZG9</latexit>ω0
<latexit sha1_base64="DkmJRxOEC28DURRRtJgTiZz5WYs=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBhPBU9gN+DgGvHiMYB6YLGF2MpsMmZldZmYDYclfePGgiFf/xpt/42yyB00saCiquunuCmLOtHHdb6ewsbm1vVPcLe3tHxwelY9P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek7vM70yp0iySj2YWU1/gkWQhI9hY6anan2IVj1m1NChX3Jq7AFonXk4qkKM5KH/1hxFJBJWGcKx1z3Nj46dYGUY4nZf6iaYxJhM8oj1LJRZU++ni4jm6sMoQhZGyJQ1aqL8nUiy0nonAdgpsxnrVy8T/vF5iwls/ZTJODJVkuShMODIRyt5HQ6YoMXxmCSaK2VsRGWOFibEhZSF4qy+vk3a95l3Xrh7qlUY9j6MIZ3AOl+DBDTTgHprQAgISnuEV3hztvDjvzseyteDkM6fwB87nD2t7kA4=</latexit>ω

<latexit sha1_base64="jdqcriHPrh4D//+ibUFFrJetfDw=">AAACBHicbZDLSsNAFIYn9VbrLeqym8FWcGNJAl42QsGNywr2Ak0ok8mkHTqZhJlJoYQu3Pgqblwo4taHcOfbOGmz0NYfBj7+cw5nzu8njEplWd9GaW19Y3OrvF3Z2d3bPzAPjzoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9ce3eb07IULSmD+oaUK8CA05DSlGSlsDs1p3FWUBydxkRGc3jjtBQtO5Xa9UBmbNalhzwVWwC6iBQq2B+eUGMU4jwhVmSMq+bSXKy5BQFDMyq7ipJAnCYzQkfY0cRUR62fyIGTzVTgDDWOjHFZy7vycyFEk5jXzdGSE1ksu13Pyv1k9VeO1llCepIhwvFoUpgyqGeSIwoIJgxaYaEBZU/xXiERIIK51bHoK9fPIqdJyGfdm4uHdqTaeIowyq4AScARtcgSa4Ay3QBhg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9kfP4ArFOWww==</latexit>

ω̃ = 2ε→ 1
<latexit sha1_base64="VWr3DHPWsr1enX3cDrTcx1NSfOA=">AAACA3icbVDLSsNAFJ3UV62vqDvdBFvBjSUp+FgW3LisYB/QhDKZ3LRDJ5M4MxFKKLjxV9y4UMStP+HOv3HSZqHVAxfOnHMvc+/xE0alsu0vo7S0vLK6Vl6vbGxube+Yu3sdGaeCQJvELBY9H0tglENbUcWglwjAkc+g64+vcr97D0LSmN+qSQJehIechpRgpaWBeVA7dVwGd66iLIDMTUZ0mr+dWmVgVu26PYP1lzgFqaICrYH56QYxSSPgijAsZd+xE+VlWChKGEwrbiohwWSMh9DXlOMIpJfNbphax1oJrDAWuriyZurPiQxHUk4iX3dGWI3kopeL/3n9VIWXXkZ5kirgZP5RmDJLxVYeiBVQAUSxiSaYCKp3tcgIC0yUji0PwVk8+S/pNOrOef3splFtNoo4yugQHaET5KAL1ETXqIXaiKAH9IRe0KvxaDwbb8b7vLVkFDP76BeMj2+MWJbH</latexit>

→1 ↑ ω̃ ↑ 1
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A model in 1D

• Free energy density

- Cahn-Hilliard 

- Cahn-Hilliard + elasticity

- Cahn-Oono + elasticity
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g (x, s) = |x→ s|
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ω =
Tr → Tinc

Tinc
< 0
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E (ω) = E0 + 2m1ω+ 2m2ω
2
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ωCO+E (ε,ε,x, ϑ) = ωb (ε) + ωint (ε,x) + ωel (ε, ϑ) + ωconv (ε)
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ωCO+E (ε,ε,x, ϑ) = ωb (ε) + ωint (ε,x) + ωel (ε, ϑ) + ωconv (ε)

<latexit sha1_base64="pAdKkYJ5TRwD9juCnhBMK5Rwbx8="></latexit>

ωCH+E (ε,ε,x, ϑ) = ϖ

(
1

2
ϱε2 + ςε4

)
+

1

2
ϖφ |ε,x|2 +

1

2
E (ε) ϑ2 → E0ϑ0 (ϑ→ ϑ0)
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(
1

2
ϱε2 + ςε4

)
+
1

2
ϖφ |ε,x|2+

1

2
E (ε) ϑ2→E0ϑ0 (ϑ→ ϑ0)→

↼

4
ε (x, t)

∫
L

0
ε (s, t) g (x, s) ds
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A model in 1D

• Chemical potential

• Stress
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µCH =
ωεb

ωϑ
→ ω

ωx

(
ωεint

ωϑ,x

)
= ϖϑ+ 4ϱϑ3 → ςϑ,xx
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µCH+E =
ωεb

ωϑ
→ ω

ωx

(
ωεint

ωϑ,x

)
+
ωεel

ωϑ
= ϖ

(
ϱϑ+ 4ςϑ3

)
→ϖφϑ,xx+(m1 + 2m2ϑ) ↼

2
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µCO+E =
ωεb

ωϑ
→ ω

ωx

(
ωεint

ωϑ,x

)
+
ωεel

ωϑ
+
ωεconv

ωϑ
= ϖ

(
ϱϑ+ 4ςϑ3

)
→ϖφϑ,xx+(m1 + 2m2ϑ) ↼

2→↽

2

∫
L

0
ϑ (s, t) |x→ s| ds
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ω =
εϑel

εϖ
= E (ϱ) ϖ→ E0ϖ0
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ω (x, t) = E (ε) ϑ→ E0ϑ0
!
= 0

A model in 1D

• Governing equations in

• Boundary and initial conditions
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ωε

ωt
= →ωJ

ωx
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J = →M
ωµ
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ωε

ωx
= 0

<latexit sha1_base64="S7Me9sgurk/M9MwV4TYCpILnS2g=">AAACA3icbVDLSsNQEL2pr1pfVXe6CbZCBSlJwcdGKLhxIVjBPqAJ5eZ2kl568+DeiVBCwY2/4saFIm79CXf+jWmbhVYPDBzOmWFmjhMJrtAwvrTcwuLS8kp+tbC2vrG5VdzeaakwlgyaLBSh7DhUgeABNJGjgE4kgfqOgLYzvJz47XuQiofBHY4isH3qBdzljGIq9Yp7ZevGB49eWAJcrBjH15bk3gCPyoVesWRUjSn0v8TMSIlkaPSKn1Y/ZLEPATJBleqaRoR2QiVyJmBcsGIFEWVD6kE3pQH1QdnJ9Iexfpgqfd0NZVoB6lP150RCfaVGvpN2+hQHat6biP953RjdczvhQRQjBGy2yI2FjqE+CUTvcwkMxSgllEme3qqzAZWUYRrbJARz/uW/pFWrmqfVk9taqW5kceTJPjkgFWKSM1InV6RBmoSRB/JEXsir9qg9a2/a+6w1p2Uzu+QXtI9vR1WV8w==</latexit>

! = (0, L)

<latexit sha1_base64="ncqp0q/JNv6usYKFRbpF4dP6U/U=">AAACD3icbVDLSsNAFJ3UV42vqEs3waJUkDIp+NgUCm5cVrAPaEKYTCft0MmDmRuxhP6BG3/FjQtF3Lp159+YtFlo9cCFwzn3cu89Xiy4Aoy/tNLS8srqWnld39jc2t4xdvc6KkokZW0aiUj2PKKY4CFrAwfBerFkJPAE63rjq9zv3jGpeBTewiRmTkCGIfc5JZBJrnFs93U7HnFbMB+q96fYlnw4gpNGLropnjawbju6a1RwDc9g/iVWQSqoQMs1Pu1BRJOAhUAFUapv4RiclEjgVLCpbieKxYSOyZD1MxqSgCknnf0zNY8yZWD6kcwqBHOm/pxISaDUJPCyzoDASC16ufif10/Av3RSHsYJsJDOF/mJMCEy83DMAZeMgphkhFDJs1tNOiKSUMgizEOwFl/+Szr1mnVeO7upV5q4iKOMDtAhqiILXaAmukYt1EYUPaAn9IJetUftWXvT3uetJa2Y2Ue/oH18AxjTmrw=</latexit>

ω (x, 0) = ω0 = 0
<latexit sha1_base64="14VVfJrBnN2sdzMisPXfPomGuGE=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAruCpJwcey4MadFewDmlBuptN26GQSZibFUurGX3HjQhG3/oU7/8ZJm4W2HrhwOOde7r0niDlT2nG+rdzK6tr6Rn6zsLW9s7tn7x80VJRIQusk4pFsBaAoZ4LWNdOctmJJIQw4bQbD69RvjqhULBL3ehxTP4S+YD1GQBupYx+VvF4kgXP84DHhjUDehrQPpULHLjplZwa8TNyMFFGGWsf+8roRSUIqNOGgVNt1Yu1PQGpGOJ0WvETRGMgQ+rRtqICQKn8y+2CKT43SxeYSU0Ljmfp7YgKhUuMwMJ0h6IFa9FLxP6+d6N6VP2EiTjQVZL6ol3CsI5zGgbtMUqL52BAgkplbMRmABKJNaGkI7uLLy6RRKbsX5fO7SrHqZHHk0TE6QWfIRZeoim5QDdURQY/oGb2iN+vJerHerY95a87KZg7RH1ifP0welhg=</latexit>

→x ↑ ω

<latexit sha1_base64="8RBqo2CZ3B/QSD8j2P2Ms7KEI3Y=">AAACFXicbZDLSsNAFIYn9VbjLerSTbAIFUqZFLxshIIbERcV7AWaUCbTSTt0cmHmRCihL+HGV3HjQhG3gjvfxqQNqK0/DPx85xzOnN+NBFeA8ZdWWFpeWV0rrusbm1vbO8buXkuFsaSsSUMRyo5LFBM8YE3gIFgnkoz4rmBtd3SZ1dv3TCoeBncwjpjjk0HAPU4JpKhnVOyufm0L5kEZV8CWfDCE44uc3PwQrNuO3jNKuIqnMheNlZsSytXoGZ92P6SxzwKggijVtXAETkIkcCrYRLdjxSJCR2TAuqkNiM+Uk0yvmphHKembXijTF4A5pb8nEuIrNfbdtNMnMFTztQz+V+vG4J07CQ+iGFhAZ4u8WJgQmllEZp9LRkGMU0Oo5OlfTTokklBIg8xCsOZPXjStWtU6rZ7c1kp1nMdRRAfoEJWRhc5QHV2hBmoiih7QE3pBr9qj9qy9ae+z1oKWz+yjP9I+vgGYo5yF</latexit>

J (0, t) = J (L, t) = 0

<latexit sha1_base64="Yp0AEVjDogjtPX1iJxX0pfFmkec=">AAACJXicbVDLSsNAFJ34rPEVdekmWIQKpSQFHwuFghsXLirYByQhTKaTdujkwcyNWEJ/xo2/4saFRQRX/opJG1BbD1w4nHMv997jxZxJMIxPZWl5ZXVtvbShbm5t7+xqe/ttGSWC0BaJeCS6HpaUs5C2gAGn3VhQHHicdrzhde53HqiQLArvYRRTJ8D9kPmMYMgkV7u0LdWOB8xNq49jm1MfKkYVbMH6Azi5mnNufxxDtR3V1cpGzZhCXyRmQcqoQNPVJnYvIklAQyAcS2mZRgxOigUwwulYtRNJY0yGuE+tjIY4oNJJp1+O9eNM6el+JLIKQZ+qvydSHEg5CrysM8AwkPNeLv7nWQn4F07KwjgBGpLZIj/hOkR6HpneY4IS4KOMYCJYdqtOBlhgAlmweQjm/MuLpF2vmWe107t6uWEUcZTQITpCFWSic9RAN6iJWoigJ/SC3tBEeVZelXflY9a6pBQzB+gPlK9vNWWjwQ==</latexit>

ω,x (0, t) = ω,x (L, t) = 0

<latexit sha1_base64="X655bQSYYyyHznM/382CBVxVCwE=">AAACCHicbVDLSsNAFJ34rPUVdenCYCu4kJIUfCwLblxW6AuSUCbTSTt0MgkzN0IJXbrxV9y4UMStn+DOv3HSZqGtBwYO59zL3HOChDMFtv1trKyurW9slrbK2zu7e/vmwWFHxakktE1iHstegBXlTNA2MOC0l0iKo4DTbjC+zf3uA5WKxaIFk4T6ER4KFjKCQUt986TqhbHEnFvgMeFxGoJrX7Q8yYYj8Kvlvlmxa/YM1jJxClJBBZp988sbxCSNqADCsVKuYyfgZ1gCI5xOy16qaILJGA+pq6nAEVV+Ngsytc60MrD0QfoJsGbq740MR0pNokBPRhhGatHLxf88N4Xwxs+YSFKggsw/ClMdOrbyVqwBk5QAn2iCiWT6VouMsMQEdHd5Cc5i5GXSqdecq9rlfb3SsIs6SugYnaJz5KBr1EB3qInaiKBH9Ixe0ZvxZLwY78bHfHTFKHaO0B8Ynz8gAZi1</latexit>

→t ↑ [0, T ]

<latexit sha1_base64="X655bQSYYyyHznM/382CBVxVCwE=">AAACCHicbVDLSsNAFJ34rPUVdenCYCu4kJIUfCwLblxW6AuSUCbTSTt0MgkzN0IJXbrxV9y4UMStn+DOv3HSZqGtBwYO59zL3HOChDMFtv1trKyurW9slrbK2zu7e/vmwWFHxakktE1iHstegBXlTNA2MOC0l0iKo4DTbjC+zf3uA5WKxaIFk4T6ER4KFjKCQUt986TqhbHEnFvgMeFxGoJrX7Q8yYYj8Kvlvlmxa/YM1jJxClJBBZp988sbxCSNqADCsVKuYyfgZ1gCI5xOy16qaILJGA+pq6nAEVV+Ngsytc60MrD0QfoJsGbq740MR0pNokBPRhhGatHLxf88N4Xwxs+YSFKggsw/ClMdOrbyVqwBk5QAn2iCiWT6VouMsMQEdHd5Cc5i5GXSqdecq9rlfb3SsIs6SugYnaJz5KBr1EB3qInaiKBH9Ixe0ZvxZLwY78bHfHTFKHaO0B8Ynz8gAZi1</latexit>

→t ↑ [0, T ]

<latexit sha1_base64="ylH1lNGLJIG8j3O8X6ARwqoIpPI=">AAACA3icbVDLSsNAFJ3UV42vqDvdBItQQcqk4GMjFNy4rGAfkIQymU7aoZNJmLkRSim48VfcuFDErT/hzr8xabPQ6oELh3Pu5d57gkRwDRh/GaWl5ZXVtfK6ubG5tb1j7e61dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wSj69zv3DOleSzvYJwwPyIDyUNOCWRSzzrwXDP1BAuhik/BU3wwhJMrbHq+2bMquIZnsP8SpyAVVKDZsz69fkzTiEmggmjtOjgBf0IUcCrY1PRSzRJCR2TA3IxKEjHtT2Y/TO3jTOnbYayykmDP1J8TExJpPY6CrDMiMNSLXi7+57kphJf+hMskBSbpfFGYChtiOw/E7nPFKIhxRghVPLvVpkOiCIUstjwEZ/Hlv6RdrznntbPbeqWBizjK6BAdoSpy0AVqoBvURC1E0QN6Qi/o1Xg0no03433eWjKKmX30C8bHN+tRlbc=</latexit>

u (0, t) = 0

<latexit sha1_base64="13pEaKWrstXh/VbGtkRJSYLMf/4=">AAACCHicbVDLSsNAFJ3UV42vqEsXBotQQUpS8LERCm5cuKhgH5CEMplO2qGTBzM3QglduvFX3LhQxK2f4M6/cdJmoa0HLhzOuZd77/ETziRY1rdWWlpeWV0rr+sbm1vbO8buXlvGqSC0RWIei66PJeUsoi1gwGk3ERSHPqcdf3Sd+50HKiSLo3sYJ9QL8SBiASMYlNQzDl1HdyUbhNjlNIDq7Sm4gg2GcHJl6a6n94yKVbOmMBeJXZAKKtDsGV9uPyZpSCMgHEvp2FYCXoYFMMLpRHdTSRNMRnhAHUUjHFLpZdNHJuaxUvpmEAtVEZhT9fdEhkMpx6GvOkMMQznv5eJ/npNCcOllLEpSoBGZLQpSbkJs5qmYfSYoAT5WBBPB1K0mGWKBCajs8hDs+ZcXSbtes89rZ3f1SsMq4iijA3SEqshGF6iBblATtRBBj+gZvaI37Ul70d61j1lrSStm9tEfaJ8/AtCX/Q==</latexit>

ω (L, t) = 0

<latexit sha1_base64="Ijmopz/rocpaprEuza5kTGpxcvk="></latexit>

ω(x, t) = 0 →x ↑ !, t ↑ [0, T ]. (1)

<latexit sha1_base64="rVD1kf0TXutNBwqfP2TlBb3q068=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDLaCq5IUfCwLbly4qGAf0IYymU7SoZOZMDNRS+mvuHGhiFt/xJ1/Y9Jmoa0HLhzOuZd77/FjzrRxnG+rsLa+sblV3C7t7O7tH9iH5baWiSK0RSSXqutjTTkTtGWY4bQbK4ojn9OOP77O/M4DVZpJcW8mMfUiHAoWMIJNKg3scrV/K0WoWDgyWCn5WC0N7IpTc+ZAq8TNSQVyNAf2V38oSRJRYQjHWvdcJzbeFCvDCKezUj/RNMZkjEPaS6nAEdXedH77DJ2myhAFUqUlDJqrvyemONJ6EvlpZ4TNSC97mfif10tMcOVNmYgTQwVZLAoSjoxEWRBoyBQlhk9Sgoli6a2IjLDCxKRxZSG4yy+vkna95l7Uzu/qlYaTx1GEYziBM3DhEhpwA01oAYEneIZXeLNm1ov1bn0sWgtWPnMEf2B9/gA3+pPc</latexit>

=→
<latexit sha1_base64="+WKKhtwuVwxX1dAVAWiLN69TfgM="></latexit>

ω =
E0

E (ε)
ω0

<latexit sha1_base64="3NcnGvBpadMf5163LaaBDM5MLl0="></latexit>

ωε

ωt
= M

{
ω2

ωx2

[
ϑ
(
ϖε+ 4ϱε3

)
→ ϑςε,xx + (m1 + 2m2ε) φ

2
]
→ ↼ε

}
<latexit sha1_base64="rVD1kf0TXutNBwqfP2TlBb3q068=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDLaCq5IUfCwLbly4qGAf0IYymU7SoZOZMDNRS+mvuHGhiFt/xJ1/Y9Jmoa0HLhzOuZd77/FjzrRxnG+rsLa+sblV3C7t7O7tH9iH5baWiSK0RSSXqutjTTkTtGWY4bQbK4ojn9OOP77O/M4DVZpJcW8mMfUiHAoWMIJNKg3scrV/K0WoWDgyWCn5WC0N7IpTc+ZAq8TNSQVyNAf2V38oSRJRYQjHWvdcJzbeFCvDCKezUj/RNMZkjEPaS6nAEdXedH77DJ2myhAFUqUlDJqrvyemONJ6EvlpZ4TNSC97mfif10tMcOVNmYgTQwVZLAoSjoxEWRBoyBQlhk9Sgoli6a2IjLDCxKRxZSG4yy+vkna95l7Uzu/qlYaTx1GEYziBM3DhEhpwA01oAYEneIZXeLNm1ov1bn0sWgtWPnMEf2B9/gA3+pPc</latexit>

=→

<latexit sha1_base64="rVD1kf0TXutNBwqfP2TlBb3q068=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDLaCq5IUfCwLbly4qGAf0IYymU7SoZOZMDNRS+mvuHGhiFt/xJ1/Y9Jmoa0HLhzOuZd77/FjzrRxnG+rsLa+sblV3C7t7O7tH9iH5baWiSK0RSSXqutjTTkTtGWY4bQbK4ojn9OOP77O/M4DVZpJcW8mMfUiHAoWMIJNKg3scrV/K0WoWDgyWCn5WC0N7IpTc+ZAq8TNSQVyNAf2V38oSRJRYQjHWvdcJzbeFCvDCKezUj/RNMZkjEPaS6nAEdXedH77DJ2myhAFUqUlDJqrvyemONJ6EvlpZ4TNSC97mfif10tMcOVNmYgTQwVZLAoSjoxEWRBoyBQlhk9Sgoli6a2IjLDCxKRxZSG4yy+vkna95l7Uzu/qlYaTx1GEYziBM3DhEhpwA01oAYEneIZXeLNm1ov1bn0sWgtWPnMEf2B9/gA3+pPc</latexit>

=→



<latexit sha1_base64="an+otOiIG3nGGCnVxPZ7h1LOeks="></latexit>

ωst (x, t) = E (ε)

(
ϑ→ ϑ0 →

!

2
ε

)
!
= 0

<latexit sha1_base64="kTW4aj8TpSs8xR+jJIrPOEpPmrA="></latexit>

µst

CH+E
=

ωεb

ωϑ
→ ω

ωx

(
ωεint

ωϑ,x

)
+
ωεst

el

ωϑ
= ϖϑ+4ϱϑ3→ςϑ,xx+

1

2
E→ (ϑ)

(
φ→ φ0 →

!

2
ϑ

)2

→E (ϑ)
!

2

(
φ→ φ0 →

!

2
ϑ

)

«Standard» Cahn-Hilliard + elasticity

• Free energy density, chemical potential, stress

• Governing equations (+ same initial and boundary conditions)

<latexit sha1_base64="KP4Z3My/yHL5gcWcK/sktrBawqg="></latexit>

ωst

CH+E
(ε,ε,x, ϑ) =

1

2
ϖε2 + ϱε4 +

1

2
ς |ε,x|2 +

1

2
E (ε)

(
ϑ→ ϑ0 →

!

2
ε

)2

<latexit sha1_base64="68t4sCol/iEVwL3P9ZRA2qdlcQo="></latexit>

ωst =
εϑst

el

εϖ
= E (ϱ)

(
ϖ→ ϖ0 →

!

2
ϱ

)

<latexit sha1_base64="SReN6hX4fp77uvMDbIrc3vIeWGg="></latexit>

ωε

ωt
= M

ω2

ωx2

[
ϑε+ 4ϖε3 → ϱε,xx +

1

2
E→ (ε)

(
ς→ ς0 →

!

2
ε

)2

→ E (ε)
!

2

(
ς→ ς0 →

!

2
ε

)]

<latexit sha1_base64="pn63alTfdDtPZ85Z394411KJ3ZQ=">AAACE3icbVDLSsNAFJ3UV42vqEs3g0UQFyUp+NgIBTcuK9gHJKFMppN26EwSZiZiCfkHN/6KGxeKuHXjzr9x0gbR1gMDZ865987cEySMSmXbX0ZlaXllda26bm5sbm3vWLt7HRmnApM2jlksegGShNGItBVVjPQSQRAPGOkG46vC794RIWkc3apJQnyOhhENKUZKS33rxHNNLxQIZ16ChKKIeZIOOcp/7vA+v7RNzzf7Vs2u21PAReKUpAZKtPrWpzeIccpJpDBDUrqOnSg/K8ZiRnLTSyVJEB6jIXE1jRAn0s+mO+XwSCsDGMZCn0jBqfq7I0NcygkPdCVHaiTnvUL8z3NTFV74GY2SVJEIzx4KUwZVDIuA4IAKghWbaIKwoPqvEI+QTkjpGIsQnPmVF0mnUXfO6qc3jVrTLuOoggNwCI6BA85BE1yDFmgDDB7AE3gBr8aj8Wy8Ge+z0opR9uyDPzA+vgFZQJ2/</latexit>

ωε

ωx
= 0

<latexit sha1_base64="Ijmopz/rocpaprEuza5kTGpxcvk="></latexit>

ω(x, t) = 0 →x ↑ !, t ↑ [0, T ]. (1)
<latexit sha1_base64="rVD1kf0TXutNBwqfP2TlBb3q068=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDLaCq5IUfCwLbly4qGAf0IYymU7SoZOZMDNRS+mvuHGhiFt/xJ1/Y9Jmoa0HLhzOuZd77/FjzrRxnG+rsLa+sblV3C7t7O7tH9iH5baWiSK0RSSXqutjTTkTtGWY4bQbK4ojn9OOP77O/M4DVZpJcW8mMfUiHAoWMIJNKg3scrV/K0WoWDgyWCn5WC0N7IpTc+ZAq8TNSQVyNAf2V38oSRJRYQjHWvdcJzbeFCvDCKezUj/RNMZkjEPaS6nAEdXedH77DJ2myhAFUqUlDJqrvyemONJ6EvlpZ4TNSC97mfif10tMcOVNmYgTQwVZLAoSjoxEWRBoyBQlhk9Sgoli6a2IjLDCxKRxZSG4yy+vkna95l7Uzu/qlYaTx1GEYziBM3DhEhpwA01oAYEneIZXeLNm1ov1bn0sWgtWPnMEf2B9/gA3+pPc</latexit>

=→<latexit sha1_base64="rVD1kf0TXutNBwqfP2TlBb3q068=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDLaCq5IUfCwLbly4qGAf0IYymU7SoZOZMDNRS+mvuHGhiFt/xJ1/Y9Jmoa0HLhzOuZd77/FjzrRxnG+rsLa+sblV3C7t7O7tH9iH5baWiSK0RSSXqutjTTkTtGWY4bQbK4ojn9OOP77O/M4DVZpJcW8mMfUiHAoWMIJNKg3scrV/K0WoWDgyWCn5WC0N7IpTc+ZAq8TNSQVyNAf2V38oSRJRYQjHWvdcJzbeFCvDCKezUj/RNMZkjEPaS6nAEdXedH77DJ2myhAFUqUlDJqrvyemONJ6EvlpZ4TNSC97mfif10tMcOVNmYgTQwVZLAoSjoxEWRBoyBQlhk9Sgoli6a2IjLDCxKRxZSG4yy+vkna95l7Uzu/qlYaTx1GEYziBM3DhEhpwA01oAYEneIZXeLNm1ov1bn0sWgtWPnMEf2B9/gA3+pPc</latexit>

=→
<latexit sha1_base64="UVoMnZrzFGiEWzKkhEHGJaEAiwM=">AAACIHicbZDLSsNAFIYn9VbjrerSTbAIglCSgtaNUHDjzgr2Ak0ok+lJO3QyCTOTQgl5FDe+ihsXiuhOn8Zpm0Vt/WHg4z/ncOb8fsyoVLb9bRTW1jc2t4rb5s7u3v5B6fCoJaNEEGiSiEWi42MJjHJoKqoYdGIBOPQZtP3R7bTeHoOQNOKPahKDF+IBpwElWGmrV6q5XdMdYwGxpCziNwvcS+3swg0EJql7H8IAZ2k1c+MhNV3P7JXKdsWeyVoFJ4cyytXolb7cfkSSELgiDEvZdexYeSkWihIGmekmEmJMRngAXY0chyC9dHZgZp1pp28FkdCPK2vmLk6kOJRyEvq6M8RqKJdrU/O/WjdRwbWXUh4nCjiZLwoSZqnImqZl9akAothEAyaC6r9aZIh1JEpnOg3BWT55FVrVinNVuXyoluvVPI4iOkGn6Bw5qIbq6A41UBMR9IRe0Bt6N56NV+PD+Jy3Fox85hj9kfHzCyGco4A=</latexit>

ω = ω0 +
!

2
ε

no coupling in 1D

[Onuki et al. 1990, Zhu et al. 2001, Garcke et al. 2005]



• Linearized mass balance equation (                   )          

• Take                                    

Cahn-Hilliard + elasticity (         )

Linear stability analysis

<latexit sha1_base64="jINBrI4LgiU8JUXsRNXDQH2Vpak="></latexit>

ωεϑ

ωt
= M

[
h0

ω2εϑ

ωx2
→ ϖϱ

ω4εϑ

ωx4
→ ςεϑ

] <latexit sha1_base64="6mq45qoHiKfUJkwjEUM1fy4sLUg="></latexit>

h0 = ωε +

(
2m2 → 4

m2
1

E0

)
ϑ20

<latexit sha1_base64="jHTarLMpvjbLnJVfO4dSbk6sPZk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g60gCCUp+NgIBTcuK9gHNCFMJjft0MmDmYlQQn/Ajb/ixoUibt2782+ctF1o64GBc8+5lzv3+ClnUlnWt1FaWV1b3yhvVra2d3b3zP2DjkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbgq/+wBCsiS+V+MU3IgMYhYySpSWPLNWc9Ih8yx8hp0AuCK4qPH176rmmVWrbk2Bl4k9J1U0R8szv5wgoVkEsaKcSNm3rVS5ORGKUQ6TipNJSAkdkQH0NY1JBNLNp9dM8IlWAhwmQr9Y4an6eyInkZTjyNedEVFDuegV4n9eP1PhlZuzOM0UxHS2KMw4VgkuosEBE0AVH2tCqGD6r5gOiSBU6QArOgR78eRl0mnU7Yv6+V2j2rTmcZTRETpGp8hGl6iJblELtRFFj+gZvaI348l4Md6Nj1lryZjPHKI/MD5/ACGimas=</latexit>

ω0 + εω = εω

<latexit sha1_base64="rfOW/f9cWUyskAsNWDdQysDVRt4=">AAACD3icbVDJSgNBEO1xjXEb9eilMVEEIcwEXC5CwIvHCGaBTAw9nUrSpGehu0YMQ/7Ai7/ixYMiXr1682/sLAdNfFDweK+Kqnp+LIVGx/m2FhaXlldWM2vZ9Y3NrW17Z7eqo0RxqPBIRqruMw1ShFBBgRLqsQIW+BJqfv9q5NfuQWkRhbc4iKEZsG4oOoIzNFLLPsp7bZDIUi/uiSG9pHCXelEAXUaRnlBB+/RhSPMtO+cUnDHoPHGnJEemKLfsL68d8SSAELlkWjdcJ8ZmyhQKLmGY9RINMeN91oWGoSELQDfT8T9DemiUNu1EylSIdKz+nkhZoPUg8E1nwLCnZ72R+J/XSLBz0UxFGCcIIZ8s6iSSYkRH4dC2UMBRDgxhXAlzK+U9phhHE2HWhODOvjxPqsWCe1Y4vSnmSs40jgzZJwfkmLjknJTINSmTCuHkkTyTV/JmPVkv1rv1MWldsKYze+QPrM8f/r+aqA==</latexit>

ωε = eωt+ikx
<latexit sha1_base64="ZxhlNaJWJ7LUrCvIQObXLKaf538="></latexit>

ω = →M
(
h0k

2 + εϑk4 + ϖ
)

<latexit sha1_base64="NJ3RgzN5Myw37wAU0R31iUHY+W4=">AAAB9XicbVDLSsNAFL3xWeOr6tJNsAiuyqTgYyUFNy4r2AcksUymk3boZBJmJkoJ/Q83LhRx67+482+ctFlo64ELh3Pu5d57wpQzpRH6tlZW19Y3Nitb9vbO7t5+9eCwo5JMEtomCU9kL8SKciZoWzPNaS+VFMchp91wfFP43UcqFUvEvZ6kNIjxULCIEayN9OB79qifo+k1sv3A7ldrqI5mcJaJW5IalGj1q1/+ICFZTIUmHCvluSjVQY6lZoTTqe1niqaYjPGQeoYKHFMV5LOrp86pUQZOlEhTQjsz9fdEjmOlJnFoOmOsR2rRK8T/PC/T0VWQM5FmmgoyXxRl3NGJU0TgDJikRPOJIZhIZm51yAhLTLQJqgjBXXx5mXQadfeifn7XqDVRGUcFjuEEzsCFS2jCLbSgDQQkPMMrvFlP1ov1bn3MW1escuYI/sD6/AEaZ5Dn</latexit>

h0 > 0

<latexit sha1_base64="W5u4PLuPPY0cXMCQwFimzcQNqZU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LLaCp5IU/LgIBS8eK9haSEOZbDft0s1u2N0IJfRnePGgiFd/jTf/jZs2B219MPB4b4aZeWHCmTau++2U1tY3NrfK25Wd3b39g+rhUVfLVBHaIZJL1QtBU84E7RhmOO0likIccvoYTm5z//GJKs2keDDThAYxjASLGAFjJb/eB56M4catVwbVmttw58CrxCtIDRVoD6pf/aEkaUyFIRy09j03MUEGyjDC6azSTzVNgExgRH1LBcRUB9n85Bk+s8oQR1LZEgbP1d8TGcRaT+PQdsZgxnrZy8X/PD810XWQMZGkhgqyWBSlHBuJ8//xkClKDJ9aAkQxeysmY1BAjE0pD8FbfnmVdJsN77Jxcd+stdwijjI6QafoHHnoCrXQHWqjDiJIomf0it4c47w4787HorXkFDPH6A+czx9vNo//</latexit>

ω = 0

<latexit sha1_base64="rVD1kf0TXutNBwqfP2TlBb3q068=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDLaCq5IUfCwLbly4qGAf0IYymU7SoZOZMDNRS+mvuHGhiFt/xJ1/Y9Jmoa0HLhzOuZd77/FjzrRxnG+rsLa+sblV3C7t7O7tH9iH5baWiSK0RSSXqutjTTkTtGWY4bQbK4ojn9OOP77O/M4DVZpJcW8mMfUiHAoWMIJNKg3scrV/K0WoWDgyWCn5WC0N7IpTc+ZAq8TNSQVyNAf2V38oSRJRYQjHWvdcJzbeFCvDCKezUj/RNMZkjEPaS6nAEdXedH77DJ2myhAFUqUlDJqrvyemONJ6EvlpZ4TNSC97mfif10tMcOVNmYgTQwVZLAoSjoxEWRBoyBQlhk9Sgoli6a2IjLDCxKRxZSG4yy+vkna95l7Uzu/qlYaTx1GEYziBM3DhEhpwA01oAYEneIZXeLNm1ov1bn0sWgtWPnMEf2B9/gA3+pPc</latexit>

=→
<latexit sha1_base64="v46+pr39kP2hRQWJfA3Y8pq/ZNk=">AAAB+HicbVDLSsNAFJ34rPHRqks3g0VwVZKCj4WLghuXFewDklAm00k7dB5hZiLU0C9x40IRt36KO//GSZuFth64cDjnXu69J04Z1cbzvp219Y3Nre3Kjru7t39QrR0edbXMFCYdLJlU/RhpwqggHUMNI/1UEcRjRnrx5Lbwe49EaSrFg5mmJOJoJGhCMTJWGtSqYeCGkpMRuvHcMHIHtbrX8OaAq8QvSR2UaA9qX+FQ4owTYTBDWge+l5ooR8pQzMjMDTNNUoQnaEQCSwXiREf5/PAZPLPKECZS2RIGztXfEzniWk95bDs5MmO97BXif16QmeQ6yqlIM0MEXixKMgaNhEUKcEgVwYZNLUFYUXsrxGOkEDY2qyIEf/nlVdJtNvzLxsV9s97yyjgq4AScgnPggyvQAnegDToAgww8g1fw5jw5L86787FoXXPKmWPwB87nD2yRkZY=</latexit>

ω < 0
<latexit sha1_base64="rVD1kf0TXutNBwqfP2TlBb3q068=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDLaCq5IUfCwLbly4qGAf0IYymU7SoZOZMDNRS+mvuHGhiFt/xJ1/Y9Jmoa0HLhzOuZd77/FjzrRxnG+rsLa+sblV3C7t7O7tH9iH5baWiSK0RSSXqutjTTkTtGWY4bQbK4ojn9OOP77O/M4DVZpJcW8mMfUiHAoWMIJNKg3scrV/K0WoWDgyWCn5WC0N7IpTc+ZAq8TNSQVyNAf2V38oSRJRYQjHWvdcJzbeFCvDCKezUj/RNMZkjEPaS6nAEdXedH77DJ2myhAFUqUlDJqrvyemONJ6EvlpZ4TNSC97mfif10tMcOVNmYgTQwVZLAoSjoxEWRBoyBQlhk9Sgoli6a2IjLDCxKRxZSG4yy+vkna95l7Uzu/qlYaTx1GEYziBM3DhEhpwA01oAYEneIZXeLNm1ov1bn0sWgtWPnMEf2B9/gA3+pPc</latexit>

=→ no spinodal decomposition

<latexit sha1_base64="rVD1kf0TXutNBwqfP2TlBb3q068=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDLaCq5IUfCwLbly4qGAf0IYymU7SoZOZMDNRS+mvuHGhiFt/xJ1/Y9Jmoa0HLhzOuZd77/FjzrRxnG+rsLa+sblV3C7t7O7tH9iH5baWiSK0RSSXqutjTTkTtGWY4bQbK4ojn9OOP77O/M4DVZpJcW8mMfUiHAoWMIJNKg3scrV/K0WoWDgyWCn5WC0N7IpTc+ZAq8TNSQVyNAf2V38oSRJRYQjHWvdcJzbeFCvDCKezUj/RNMZkjEPaS6nAEdXedH77DJ2myhAFUqUlDJqrvyemONJ6EvlpZ4TNSC97mfif10tMcOVNmYgTQwVZLAoSjoxEWRBoyBQlhk9Sgoli6a2IjLDCxKRxZSG4yy+vkna95l7Uzu/qlYaTx1GEYziBM3DhEhpwA01oAYEneIZXeLNm1ov1bn0sWgtWPnMEf2B9/gA3+pPc</latexit>

=→ wave dispersion equation

<latexit sha1_base64="oSghbFmmaBRrXsHIqLJPhW2wEO8=">AAAB9XicbVDLSsNAFL3xWeOr6tJNsAiuyqTgY+Gi4MZlBfuAJJbJdNIOnUzCzEQpof/hxoUibv0Xd/6NkzYLbT1w4XDOvdx7T5hypjRC39bK6tr6xmZly97e2d3brx4cdlSSSULbJOGJ7IVYUc4EbWumOe2lkuI45LQbjm8Kv/tIpWKJuNeTlAYxHgoWMYK1kR58zx71czS9RrYf2P1qDdXRDM4ycUtSgxKtfvXLHyQki6nQhGOlPBelOsix1IxwOrX9TNEUkzEeUs9QgWOqgnx29dQ5NcrAiRJpSmhnpv6eyHGs1CQOTWeM9UgteoX4n+dlOroKcibSTFNB5ouijDs6cYoInAGTlGg+MQQTycytDhlhiYk2QRUhuIsvL5NOo+5e1M/vGrUmKuOowDGcwBm4cAlNuIUWtIGAhGd4hTfryXqx3q2PeeuKVc4cwR9Ynz8XVZDl</latexit>

h0 < 0
<latexit sha1_base64="rVD1kf0TXutNBwqfP2TlBb3q068=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDLaCq5IUfCwLbly4qGAf0IYymU7SoZOZMDNRS+mvuHGhiFt/xJ1/Y9Jmoa0HLhzOuZd77/FjzrRxnG+rsLa+sblV3C7t7O7tH9iH5baWiSK0RSSXqutjTTkTtGWY4bQbK4ojn9OOP77O/M4DVZpJcW8mMfUiHAoWMIJNKg3scrV/K0WoWDgyWCn5WC0N7IpTc+ZAq8TNSQVyNAf2V38oSRJRYQjHWvdcJzbeFCvDCKezUj/RNMZkjEPaS6nAEdXedH77DJ2myhAFUqUlDJqrvyemONJ6EvlpZ4TNSC97mfif10tMcOVNmYgTQwVZLAoSjoxEWRBoyBQlhk9Sgoli6a2IjLDCxKRxZSG4yy+vkna95l7Uzu/qlYaTx1GEYziBM3DhEhpwA01oAYEneIZXeLNm1ov1bn0sWgtWPnMEf2B9/gA3+pPc</latexit>

=→
<latexit sha1_base64="2t+SGzieHPG862cNiFCIHiTULL8=">AAAB+HicbVDLSsNAFJ34rPHRqks3g0VwVZKCj5UU3LisYB+QhDKZTtqh8wgzE6GGfokbF4q49VPc+TdO2iy09cCFwzn3cu89ccqoNp737aytb2xubVd23N29/YNq7fCoq2WmMOlgyaTqx0gTRgXpGGoY6aeKIB4z0osnt4XfeyRKUykezDQlEUcjQROKkbHSoFYNAzeUnIzQjeeGkTuo1b2GNwdcJX5J6qBEe1D7CocSZ5wIgxnSOvC91EQ5UoZiRmZumGmSIjxBIxJYKhAnOsrnh8/gmVWGMJHKljBwrv6eyBHXespj28mRGetlrxD/84LMJNdRTkWaGSLwYlGSMWgkLFKAQ6oINmxqCcKK2lshHiOFsLFZFSH4yy+vkm6z4V82Lu6b9ZZXxlEBJ+AUnAMfXIEWuANt0AEYZOAZvII358l5cd6dj0XrmlPOHIM/cD5/AG+jkZg=</latexit>

ω > 0 for                   ,
<latexit sha1_base64="if6je7b3F4aHWT2+Bnm/G+km3Ro=">AAACCHicbVDLSsNAFJ3UV42vqEsXBotQQUpS8LEsuHFZwT4gCWEynbRDJ5MwcyOU0KUbf8WNC0Xc+gnu/BuTNgttPXDhcM693HtPkHCmwLK+tcrK6tr6RnVT39re2d0z9g+6Kk4loR0S81j2A6woZ4J2gAGn/URSHAWc9oLxTeH3HqhULBb3MEmoF+GhYCEjGHLJN45dRx+7TLichlC3zsd+1py6kg1HcKa7nu4bNathzWAuE7skNVSi7Rtf7iAmaUQFEI6VcmwrAS/DEhjhdKq7qaIJJmM8pE5OBY6o8rLZI1PzNFcGZhjLvASYM/X3RIYjpSZRkHdGGEZq0SvE/zwnhfDay5hIUqCCzBeFKTchNotUzAGTlACf5AQTyfJbTTLCEhPIsytCsBdfXibdZsO+bFzcNWstq4yjio7QCaojG12hFrpFbdRBBD2iZ/SK3rQn7UV71z7mrRWtnDlEf6B9/gA8+pgl</latexit>

k → (0, k2)

<latexit sha1_base64="CcPFxKeacz813tH0dcLGrqYlkDE="></latexit>

k2 = → ω

ε
→

(
2m2 → 4

m2
1

E0

)
ϑ20
ϖε

<latexit sha1_base64="47gu/Q4OL5pJLSD5rOi/OD8rYTE="></latexit>

l0 → 2ω

k→
= 2ω

√
↑2εϑ

h0
= 2ω

√√√√↑ 2ϑ

ϖ +
(
2m2

ω ↑ 4 m2
1

ωE0

)
ϱ20

<latexit sha1_base64="VTs5nXRA3InxFR55kWIeJPTAdHc="></latexit>

ω → 2ε

ϑ (k→)
=

8εϖϱ

Mh2
0

=
8εϱ

Mϖ
[
ς +

(
2m2

ω ↑ 4 m2
1

ωE0

)
φ20

]2



for                     ,
<latexit sha1_base64="LhS7dDbsNqMtXmnNLT5o5SRUsVA=">AAACCHicbVDLSsNAFJ3UV62vqEsXBluhgpSk4GNZcOOygn1AE8pkOmmHTiZh5kYooUs3/oobF4q49RPc+TdO2iy09cC9HM65l5l7/JgzBbb9bRRWVtfWN4qbpa3tnd09c/+graJEEtoiEY9k18eKciZoCxhw2o0lxaHPaccf32R+54FKxSJxD5OYeiEeChYwgkFLffO4MnaZcDkNoDrup870XPf61JVsOIKzSqlvlu2aPYO1TJyclFGOZt/8cgcRSUIqgHCsVM+xY/BSLIERTqclN1E0xmSMh7SnqcAhVV46O2RqnWplYAWR1CXAmqm/N1IcKjUJfT0ZYhipRS8T//N6CQTXXspEnAAVZP5QkHALIitLxRowSQnwiSaYSKb/apERlpiAzi4LwVk8eZm06zXnsnZxVy837DyOIjpCJ6iKHHSFGugWNVELEfSIntErejOejBfj3fiYjxaMfOcQ/YHx+QMSsJis</latexit>

k → (k1, k2)

• Linearized mass balance equation (                   )          

• Take                                    

Cahn-Oono + elasticity (         )

Linear stability analysis

<latexit sha1_base64="jINBrI4LgiU8JUXsRNXDQH2Vpak="></latexit>

ωεϑ

ωt
= M

[
h0

ω2εϑ

ωx2
→ ϖϱ

ω4εϑ

ωx4
→ ςεϑ

] <latexit sha1_base64="6mq45qoHiKfUJkwjEUM1fy4sLUg="></latexit>

h0 = ωε +

(
2m2 → 4

m2
1

E0

)
ϑ20

<latexit sha1_base64="jHTarLMpvjbLnJVfO4dSbk6sPZk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g60gCCUp+NgIBTcuK9gHNCFMJjft0MmDmYlQQn/Ajb/ixoUibt2782+ctF1o64GBc8+5lzv3+ClnUlnWt1FaWV1b3yhvVra2d3b3zP2DjkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbgq/+wBCsiS+V+MU3IgMYhYySpSWPLNWc9Ih8yx8hp0AuCK4qPH176rmmVWrbk2Bl4k9J1U0R8szv5wgoVkEsaKcSNm3rVS5ORGKUQ6TipNJSAkdkQH0NY1JBNLNp9dM8IlWAhwmQr9Y4an6eyInkZTjyNedEVFDuegV4n9eP1PhlZuzOM0UxHS2KMw4VgkuosEBE0AVH2tCqGD6r5gOiSBU6QArOgR78eRl0mnU7Yv6+V2j2rTmcZTRETpGp8hGl6iJblELtRFFj+gZvaI348l4Md6Nj1lryZjPHKI/MD5/ACGimas=</latexit>

ω0 + εω = εω

<latexit sha1_base64="rfOW/f9cWUyskAsNWDdQysDVRt4=">AAACD3icbVDJSgNBEO1xjXEb9eilMVEEIcwEXC5CwIvHCGaBTAw9nUrSpGehu0YMQ/7Ai7/ixYMiXr1682/sLAdNfFDweK+Kqnp+LIVGx/m2FhaXlldWM2vZ9Y3NrW17Z7eqo0RxqPBIRqruMw1ShFBBgRLqsQIW+BJqfv9q5NfuQWkRhbc4iKEZsG4oOoIzNFLLPsp7bZDIUi/uiSG9pHCXelEAXUaRnlBB+/RhSPMtO+cUnDHoPHGnJEemKLfsL68d8SSAELlkWjdcJ8ZmyhQKLmGY9RINMeN91oWGoSELQDfT8T9DemiUNu1EylSIdKz+nkhZoPUg8E1nwLCnZ72R+J/XSLBz0UxFGCcIIZ8s6iSSYkRH4dC2UMBRDgxhXAlzK+U9phhHE2HWhODOvjxPqsWCe1Y4vSnmSs40jgzZJwfkmLjknJTINSmTCuHkkTyTV/JmPVkv1rv1MWldsKYze+QPrM8f/r+aqA==</latexit>

ωε = eωt+ikx
<latexit sha1_base64="ZxhlNaJWJ7LUrCvIQObXLKaf538="></latexit>

ω = →M
(
h0k

2 + εϑk4 + ϖ
)

<latexit sha1_base64="aLqLgAdrpDgvT8a+xg8aOtyrZ8U=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LLaCp5IU/DhJwYvHCrYW0lAm2027dLMbdjdCCf0ZXjwo4tVf481/46bNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp41NUyVYR2iORS9ULQlDNBO4YZTnuJohCHnD6Gk9vcf3yiSjMpHsw0oUEMI8EiRsBYya/3gSdjuHHrlUG15jbcOfAq8QpSQwXag+pXfyhJGlNhCAetfc9NTJCBMoxwOqv0U00TIBMYUd9SATHVQTY/eYbPrDLEkVS2hMFz9fdEBrHW0zi0nTGYsV72cvE/z09NdB1kTCSpoYIsFkUpx0bi/H88ZIoSw6eWAFHM3orJGBQQY1PKQ/CWX14l3WbDu2xc3DdrLbeIo4xO0Ck6Rx66Qi10h9qogwiS6Bm9ojfHOC/Ou/OxaC05xcwx+gPn8wdwvZAA</latexit>

ω > 0

<latexit sha1_base64="rVD1kf0TXutNBwqfP2TlBb3q068=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDLaCq5IUfCwLbly4qGAf0IYymU7SoZOZMDNRS+mvuHGhiFt/xJ1/Y9Jmoa0HLhzOuZd77/FjzrRxnG+rsLa+sblV3C7t7O7tH9iH5baWiSK0RSSXqutjTTkTtGWY4bQbK4ojn9OOP77O/M4DVZpJcW8mMfUiHAoWMIJNKg3scrV/K0WoWDgyWCn5WC0N7IpTc+ZAq8TNSQVyNAf2V38oSRJRYQjHWvdcJzbeFCvDCKezUj/RNMZkjEPaS6nAEdXedH77DJ2myhAFUqUlDJqrvyemONJ6EvlpZ4TNSC97mfif10tMcOVNmYgTQwVZLAoSjoxEWRBoyBQlhk9Sgoli6a2IjLDCxKRxZSG4yy+vkna95l7Uzu/qlYaTx1GEYziBM3DhEhpwA01oAYEneIZXeLNm1ov1bn0sWgtWPnMEf2B9/gA3+pPc</latexit>

=→ wave dispersion equation

<latexit sha1_base64="2t+SGzieHPG862cNiFCIHiTULL8=">AAAB+HicbVDLSsNAFJ34rPHRqks3g0VwVZKCj5UU3LisYB+QhDKZTtqh8wgzE6GGfokbF4q49VPc+TdO2iy09cCFwzn3cu89ccqoNp737aytb2xubVd23N29/YNq7fCoq2WmMOlgyaTqx0gTRgXpGGoY6aeKIB4z0osnt4XfeyRKUykezDQlEUcjQROKkbHSoFYNAzeUnIzQjeeGkTuo1b2GNwdcJX5J6qBEe1D7CocSZ5wIgxnSOvC91EQ5UoZiRmZumGmSIjxBIxJYKhAnOsrnh8/gmVWGMJHKljBwrv6eyBHXespj28mRGetlrxD/84LMJNdRTkWaGSLwYlGSMWgkLFKAQ6oINmxqCcKK2lshHiOFsLFZFSH4yy+vkm6z4V82Lu6b9ZZXxlEBJ+AUnAMfXIEWuANt0AEYZOAZvII358l5cd6dj0XrmlPOHIM/cD5/AG+jkZg=</latexit>

ω > 0

<latexit sha1_base64="n5Wv9MmZboDkZndw0cBW+sPzK4M="></latexit>

k1/2 =

√
→h0 ↑

√
h2
0 → 4ωεϑ

2εϑ
<latexit sha1_base64="MfddhHtY8RCx4ttDdThFQo1V7a0="></latexit>

ωmax =
1

4εϑ

{
εϖ +

[
2m2 → 4

m2
1

E0

]
ϱ20

}2

with <latexit sha1_base64="6Bnubjrk1ze8iK0gfHBY1LPu5Og=">AAAB9XicbVDLSsNAFJ34rPFVdelmsAiuSlLwsXBRcOOygn1AEsvNdNIOnUzCzEQpof/hxoUibv0Xd/6NkzYLbT1w4XDOvdx7T5hyprTjfFsrq2vrG5uVLXt7Z3dvv3pw2FFJJgltk4QnsheCopwJ2tZMc9pLJYU45LQbjm8Kv/tIpWKJuNeTlAYxDAWLGAFtpAffs33g6QiubT+w+9WaU3dmwMvELUkNlWj1q1/+ICFZTIUmHJTyXCfVQQ5SM8Lp1PYzRVMgYxhSz1ABMVVBPrt6ik+NMsBRIk0JjWfq74kcYqUmcWg6Y9AjtegV4n+el+noKsiZSDNNBZkvijKOdYKLCPCASUo0nxgCRDJzKyYjkEC0CaoIwV18eZl0GnX3on5+16g1nTKOCjpGJ+gMuegSNdEtaqE2IkiiZ/SK3qwn68V6tz7mrStWOXOE/sD6/AF+LpEo</latexit>

ω <

<latexit sha1_base64="47gu/Q4OL5pJLSD5rOi/OD8rYTE="></latexit>

l0 → 2ω

k→
= 2ω

√
↑2εϑ

h0
= 2ω

√√√√↑ 2ϑ

ϖ +
(
2m2

ω ↑ 4 m2
1

ωE0

)
ϱ20

<latexit sha1_base64="kuNxUV3/Ppzgrj2h/4Kkys7Yagg="></latexit>

ω → 2ε

ϑ (k→)
=

8εϖϱ

M (h2
0 ↑ 4ςϖϱ)

same as before!



• Mixed formulation (unknowns          ) 

• Finite element discretization in space

• Backward Euler in time

• Staggered solution algorithm

• Adaptive time stepping

Numerical implementation

<latexit sha1_base64="dLetZ8wQod0HACS/jW4PWlN6x9c=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYCJ4kLAb8HEMePEYwTwgWcLsZDYZMjO7zswGwpLv8OJBEa9+jDf/xtlkD5pY0FBUddPdFcScaeO6387a+sbm1nZhp7i7t39wWDo6bukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjO8yvz2hSrNIPpppTH2Bh5KFjGBjJb+SXPaErXjEKsV+qexW3TnQKvFyUoYcjX7pqzeISCKoNIRjrbueGxs/xcowwums2Es0jTEZ4yHtWiqxoNpP50fP0LlVBiiMlC1p0Fz9PZFiofVUBLZTYDPSy14m/ud1ExPe+imTcWKoJItFYcKRiVCWABowRYnhU0swUczeisgIK0yMzSkLwVt+eZW0alXvunr1UCvX3TyOApzCGVyABzdQh3toQBMIPMEzvMKbM3FenHfnY9G65uQzJ/AHzucPCSuQ7A==</latexit>

u, µ,ω



• ,    ,        from experiments 

• , from experiments through interpolation

Parameter calibration

<latexit sha1_base64="n5QipN1PoZw1TVFOfg1nvBXY95o=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBhPBg4TdgI9jwIvHCOYhybLMTmaTITOzy8ysEJZ8hRcPinj1c7z5N06SPWhiQUNR1U13V5hwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtiTTmTtGWY4bSbKIpFyGknHN/O/M4TVZrF8sFMEuoLPJQsYgQbKz1WReBdiKBeDcoVt+bOgVaJl5MK5GgG5a/+ICapoNIQjrXueW5i/Awrwwin01I/1TTBZIyHtGepxIJqP5sfPEVnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/r5ea6MbPmExSQyVZLIpSjkyMZt+jAVOUGD6xBBPF7K2IjLDCxNiMSjYEb/nlVdKu17yr2uV9vdJw8ziKcAKncA4eXEMD7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gAPn485</latexit>m1,m2

<latexit sha1_base64="4ZDDy7zs12LfGsHJPLBeAjWlgnM=">AAACE3icbVBLS8NAGNzUV42vqEcvi0UQwZIUfBwUCl48VugLmhA22027dPNgdyOWkP/gxb/ixYMiXr1489+4iRG0dWCXYeb72J3xYkaFNM1PrbKwuLS8Ul3V19Y3NreM7Z2uiBKOSQdHLOJ9DwnCaEg6kkpG+jEnKPAY6XmTq9zv3RIuaBS25TQmToBGIfUpRlJJrnFkD3T7jl7aPkc4bbspz47VTUOcZekPuTB129Fdo2bWzQJwnlglqYESLdf4sIcRTgISSsyQEAPLjKWTIi4pZiTT7USQGOEJGpGBoiEKiHDSIlMGD5QyhH7E1QklLNTfGykKhJgGnpoMkByLWS8X//MGifTPHZUrTiRR4YqH/IRBGcG8IDiknGDJpoogzKn6K8RjpNqRqsa8BGs28jzpNurWaf3kplFrNso6qmAP7INDYIEz0ATXoAU6AIN78AiewYv2oD1pr9rb92hFK3d2wR9o719C0p23</latexit>

ω =
Tr → Tinc

Tinc
< 0

<latexit sha1_base64="TWZXr+vXoQvhK5ms2aEIoHNqUyo="></latexit>

ωCO+E (ε,ε,x, ϑ) = ϖ

(
1

2
ϱε2 + ςε4

)
+
1

2
ϖφ |ε,x|2+

1

2
E (ε) ϑ2→E0ϑ0 (ϑ→ ϑ0)→

↼

4
ε (x, t)

∫
L

0
ε (s, t) g (x, s) ds

<latexit sha1_base64="LBTGKin85qsKOwnntOyOCIap7sw=">AAACInicbZDLSsNAFIYn9VbrrerSTbAIFaEkAW8LoSAFlxXsBZoYJtNJO3RyYeZEKKHP4sZXceNCUVeCD+Mk7UJbDwzz8Z/LzPm9mDMJhvGlFZaWV1bXiuuljc2t7Z3y7l5bRokgtEUiHomuhyXlLKQtYMBpNxYUBx6nHW90neU7D1RIFoV3MI6pE+BByHxGMCjJLV/avVLD5tSHqh0PmS3YYAjHVw03NSYnVuCm5iTTc7RyvFd3yXZKbrli1Iw89EUwZ1BBs2i65Q+7H5EkoCEQjqXsmUYMTooFMMKpmplIGmMywgPaUxjigEonzVec6EdK6et+JNQJQc/V3x0pDqQcB56qDDAM5XwuE//L9RLwL5yUhXECNCTTh/yE6xDpmV96nwlKgI8VYCKY+qtOhlhgAsrVzARzfuVFaFs186x2emtV6tbMjiI6QIeoikx0juroBjVRCxH0iJ7RK3rTnrQX7V37nJYWtFnPPvoT2vcP0V2ijw==</latexit>

E (ω) = E0 + 2m1ω+ 2m2ω
2

<latexit sha1_base64="kS4SJFZ186RYQohtRg+rgpLVZ7U=">AAAB+HicbVDLTgJBEOzFF+KDVY9eJoKJJ7JL4uNI4sUjJgImsCGzQy9MmH1kZpYEN3yJFw8a49VP8ebfOMAeFKykk5qq7kx3+YngSjvOt1XY2Nza3inulvb2Dw7L9tFxW8WpZNhisYjlo08VCh5hS3Mt8DGRSENfYMcf3879zgSl4nH0oKcJeiEdRjzgjGoj9e1ytTehEhPFhXk61b5dcWrOAmSduDmpQI5m3/7qDWKWhhhpJqhSXddJtJdRqTkTOCv1UoUJZWM6xK6hEQ1Redli8Rk5N8qABLE0FWmyUH9PZDRUahr6pjOkeqRWvbn4n9dNdXDjZTxKUo0RW34UpILomMxTIAMukWkxNYQyyc2uhI2opEybrEomBHf15HXSrtfcq9rlfb3ScPI4inAKZ3ABLlxDA+6gCS1gkMIzvMKb9WS9WO/Wx7K1YOUzJ/AH1ucPGXKSrQ==</latexit>ω0
<latexit sha1_base64="FVkv1CPXH/+2+iwCQ+rd9yzLItM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IU/DgWRPBYwdRCG8pmO2mXbjZhdyOU0t/gxYMiXv1B3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHLZ1kiqHPEpGodkg1Ci7RN9wIbKcKaRwKfAxHNzP/8QmV5ol8MOMUg5gOJI84o8ZKfvW251Z75Ypbc+cgq8TLSQVyNHvlr24/YVmM0jBBte54bmqCCVWGM4HTUjfTmFI2ogPsWCppjDqYzI+dkjOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxE18GEyzQzKNliUZQJYhIy+5z0uUJmxNgSyhS3txI2pIoyY/Mp2RC85ZdXSate8y5rF/f1SsPN4yjCCZzCOXhwBQ24gyb4wIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8AXIGjb4=</latexit>

E0



• ,    ,        from experiments 

• , from experiments through interpolation

• chosen in the range where results are influenced by elasticity

• chosen to match experimental and numerical      for

Parameter calibration

<latexit sha1_base64="n5QipN1PoZw1TVFOfg1nvBXY95o=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBhPBg4TdgI9jwIvHCOYhybLMTmaTITOzy8ysEJZ8hRcPinj1c7z5N06SPWhiQUNR1U13V5hwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtiTTmTtGWY4bSbKIpFyGknHN/O/M4TVZrF8sFMEuoLPJQsYgQbKz1WReBdiKBeDcoVt+bOgVaJl5MK5GgG5a/+ICapoNIQjrXueW5i/Awrwwin01I/1TTBZIyHtGepxIJqP5sfPEVnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/r5ea6MbPmExSQyVZLIpSjkyMZt+jAVOUGD6xBBPF7K2IjLDCxNiMSjYEb/nlVdKu17yr2uV9vdJw8ziKcAKncA4eXEMD7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gAPn485</latexit>m1,m2

<latexit sha1_base64="4ZDDy7zs12LfGsHJPLBeAjWlgnM=">AAACE3icbVBLS8NAGNzUV42vqEcvi0UQwZIUfBwUCl48VugLmhA22027dPNgdyOWkP/gxb/ixYMiXr1489+4iRG0dWCXYeb72J3xYkaFNM1PrbKwuLS8Ul3V19Y3NreM7Z2uiBKOSQdHLOJ9DwnCaEg6kkpG+jEnKPAY6XmTq9zv3RIuaBS25TQmToBGIfUpRlJJrnFkD3T7jl7aPkc4bbspz47VTUOcZekPuTB129Fdo2bWzQJwnlglqYESLdf4sIcRTgISSsyQEAPLjKWTIi4pZiTT7USQGOEJGpGBoiEKiHDSIlMGD5QyhH7E1QklLNTfGykKhJgGnpoMkByLWS8X//MGifTPHZUrTiRR4YqH/IRBGcG8IDiknGDJpoogzKn6K8RjpNqRqsa8BGs28jzpNurWaf3kplFrNso6qmAP7INDYIEz0ATXoAU6AIN78AiewYv2oD1pr9rb92hFK3d2wR9o719C0p23</latexit>

ω =
Tr → Tinc

Tinc
< 0

<latexit sha1_base64="TWZXr+vXoQvhK5ms2aEIoHNqUyo="></latexit>

ωCO+E (ε,ε,x, ϑ) = ϖ

(
1

2
ϱε2 + ςε4

)
+
1

2
ϖφ |ε,x|2+

1

2
E (ε) ϑ2→E0ϑ0 (ϑ→ ϑ0)→

↼

4
ε (x, t)

∫
L

0
ε (s, t) g (x, s) ds

<latexit sha1_base64="LBTGKin85qsKOwnntOyOCIap7sw=">AAACInicbZDLSsNAFIYn9VbrrerSTbAIFaEkAW8LoSAFlxXsBZoYJtNJO3RyYeZEKKHP4sZXceNCUVeCD+Mk7UJbDwzz8Z/LzPm9mDMJhvGlFZaWV1bXiuuljc2t7Z3y7l5bRokgtEUiHomuhyXlLKQtYMBpNxYUBx6nHW90neU7D1RIFoV3MI6pE+BByHxGMCjJLV/avVLD5tSHqh0PmS3YYAjHVw03NSYnVuCm5iTTc7RyvFd3yXZKbrli1Iw89EUwZ1BBs2i65Q+7H5EkoCEQjqXsmUYMTooFMMKpmplIGmMywgPaUxjigEonzVec6EdK6et+JNQJQc/V3x0pDqQcB56qDDAM5XwuE//L9RLwL5yUhXECNCTTh/yE6xDpmV96nwlKgI8VYCKY+qtOhlhgAsrVzARzfuVFaFs186x2emtV6tbMjiI6QIeoikx0juroBjVRCxH0iJ7RK3rTnrQX7V37nJYWtFnPPvoT2vcP0V2ijw==</latexit>

E (ω) = E0 + 2m1ω+ 2m2ω
2

<latexit sha1_base64="kS4SJFZ186RYQohtRg+rgpLVZ7U=">AAAB+HicbVDLTgJBEOzFF+KDVY9eJoKJJ7JL4uNI4sUjJgImsCGzQy9MmH1kZpYEN3yJFw8a49VP8ebfOMAeFKykk5qq7kx3+YngSjvOt1XY2Nza3inulvb2Dw7L9tFxW8WpZNhisYjlo08VCh5hS3Mt8DGRSENfYMcf3879zgSl4nH0oKcJeiEdRjzgjGoj9e1ytTehEhPFhXk61b5dcWrOAmSduDmpQI5m3/7qDWKWhhhpJqhSXddJtJdRqTkTOCv1UoUJZWM6xK6hEQ1Redli8Rk5N8qABLE0FWmyUH9PZDRUahr6pjOkeqRWvbn4n9dNdXDjZTxKUo0RW34UpILomMxTIAMukWkxNYQyyc2uhI2opEybrEomBHf15HXSrtfcq9rlfb3ScPI4inAKZ3ABLlxDA+6gCS1gkMIzvMKb9WS9WO/Wx7K1YOUzJ/AH1ucPGXKSrQ==</latexit>ω0
<latexit sha1_base64="FVkv1CPXH/+2+iwCQ+rd9yzLItM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IU/DgWRPBYwdRCG8pmO2mXbjZhdyOU0t/gxYMiXv1B3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHLZ1kiqHPEpGodkg1Ci7RN9wIbKcKaRwKfAxHNzP/8QmV5ol8MOMUg5gOJI84o8ZKfvW251Z75Ypbc+cgq8TLSQVyNHvlr24/YVmM0jBBte54bmqCCVWGM4HTUjfTmFI2ogPsWCppjDqYzI+dkjOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxE18GEyzQzKNliUZQJYhIy+5z0uUJmxNgSyhS3txI2pIoyY/Mp2RC85ZdXSate8y5rF/f1SsPN4yjCCZzCOXhwBQ24gyb4wIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8AXIGjb4=</latexit>

E0

<latexit sha1_base64="jvLzUYMLOdAohMhEvIXZUxfr5SM=">AAAB73icbVDLSgNBEOz1GeMr6tHLYiJ4CrsBH8eAF48RzAOSJfROZpMhM7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXmHCmjed9O2vrG5tb24Wd4u7e/sFh6ei4peNUEdokMY9VJ0RNOZO0aZjhtJMoiiLktB2Ob2d++4kqzWL5YCYJDQQOJYsYQWOlTqU3RCGw0i+Vvao3h7tK/JyUIUejX/rqDWKSCioN4ah11/cSE2SoDCOcTou9VNMEyRiHtGupREF1kM3vnbrnVhm4UaxsSePO1d8TGQqtJyK0nQLNSC97M/E/r5ua6CbImExSQyVZLIpS7prYnT3vDpiixPCJJUgUs7e6ZIQKibERFW0I/vLLq6RVq/pX1cv7Wrnu5XEU4BTO4AJ8uIY63EEDmkCAwzO8wpvz6Lw4787HonXNyWdO4A+czx8+iY9n</latexit>ω

<latexit sha1_base64="Ow3Non7/QrHn4m0kT/KQsU7SsxU=">AAAB73icbVDLSgNBEOz1GeMr6tHLYiJ4CrsBH8eAF48RzAOSJfROZpMhs7PjzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXKDnTxvO+nbX1jc2t7cJOcXdv/+CwdHTc0kmqCG2ShCeqE6KmnAnaNMxw2pGKYhxy2g7HtzO//USVZol4MBNJgxiHgkWMoLFSp9Ibo5RY6ZfKXtWbw10lfk7KkKPRL331BglJYyoM4ah11/ekCTJUhhFOp8VeqqlEMsYh7VoqMKY6yOb3Tt1zqwzcKFG2hHHn6u+JDGOtJ3FoO2M0I73szcT/vG5qopsgY0KmhgqyWBSl3DWJO3veHTBFieETS5AoZm91yQgVEmMjKtoQ/OWXV0mrVvWvqpf3tXLdy+MowCmcwQX4cA11uIMGNIEAh2d4hTfn0Xlx3p2PReuak8+cwB84nz9N1I9x</latexit>ω

<latexit sha1_base64="47gu/Q4OL5pJLSD5rOi/OD8rYTE="></latexit>

l0 → 2ω

k→
= 2ω

√
↑2εϑ

h0
= 2ω

√√√√↑ 2ϑ

ϖ +
(
2m2

ω ↑ 4 m2
1

ωE0

)
ϱ20

<latexit sha1_base64="H0j7BX0Cf1Mmux/jj7WuhyIIN7A=">AAAB+3icbVDLSsNAFJ34rPUV69LNYCu4Kkml6kYoqOBGiGgf0IYwmU7aoZNJmJmIJeRX3LhQxK0/4s6/cdpmoa0HLhzOuZd77/FjRqWyrG9jaXlldW29sFHc3Nre2TX3Si0ZJQKTJo5YJDo+koRRTpqKKkY6sSAo9Blp+6PLid9+JELSiD+ocUzcEA04DShGSkueWapce6lzdXufXZzULThyUMUzy1bVmgIuEjsnZZDD8cyvXj/CSUi4wgxJ2bWtWLkpEopiRrJiL5EkRniEBqSrKUchkW46vT2DR1rpwyASuriCU/X3RIpCKcehrztDpIZy3puI/3ndRAXnbkp5nCjC8WxRkDCoIjgJAvapIFixsSYIC6pvhXiIBMJKx1XUIdjzLy+SVq1qn1brd7Vyw8rjKIADcAiOgQ3OQAPcAAc0AQZP4Bm8gjcjM16Md+Nj1rpk5DP74A+Mzx8aDJJ+</latexit>

EPDMS = 350kPa



• ,    ,        from experiments 

• , from experiments through interpolation

• chosen in the range where results are influenced by elasticity

• chosen to match experimental and numerical      for

• chosen to match experimental binodal points 

• used for parametric study 

Parameter calibration

<latexit sha1_base64="n5QipN1PoZw1TVFOfg1nvBXY95o=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBhPBg4TdgI9jwIvHCOYhybLMTmaTITOzy8ysEJZ8hRcPinj1c7z5N06SPWhiQUNR1U13V5hwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtiTTmTtGWY4bSbKIpFyGknHN/O/M4TVZrF8sFMEuoLPJQsYgQbKz1WReBdiKBeDcoVt+bOgVaJl5MK5GgG5a/+ICapoNIQjrXueW5i/Awrwwin01I/1TTBZIyHtGepxIJqP5sfPEVnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/r5ea6MbPmExSQyVZLIpSjkyMZt+jAVOUGD6xBBPF7K2IjLDCxNiMSjYEb/nlVdKu17yr2uV9vdJw8ziKcAKncA4eXEMD7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gAPn485</latexit>m1,m2

<latexit sha1_base64="4ZDDy7zs12LfGsHJPLBeAjWlgnM=">AAACE3icbVBLS8NAGNzUV42vqEcvi0UQwZIUfBwUCl48VugLmhA22027dPNgdyOWkP/gxb/ixYMiXr1489+4iRG0dWCXYeb72J3xYkaFNM1PrbKwuLS8Ul3V19Y3NreM7Z2uiBKOSQdHLOJ9DwnCaEg6kkpG+jEnKPAY6XmTq9zv3RIuaBS25TQmToBGIfUpRlJJrnFkD3T7jl7aPkc4bbspz47VTUOcZekPuTB129Fdo2bWzQJwnlglqYESLdf4sIcRTgISSsyQEAPLjKWTIi4pZiTT7USQGOEJGpGBoiEKiHDSIlMGD5QyhH7E1QklLNTfGykKhJgGnpoMkByLWS8X//MGifTPHZUrTiRR4YqH/IRBGcG8IDiknGDJpoogzKn6K8RjpNqRqsa8BGs28jzpNurWaf3kplFrNso6qmAP7INDYIEz0ATXoAU6AIN78AiewYv2oD1pr9rb92hFK3d2wR9o719C0p23</latexit>

ω =
Tr → Tinc

Tinc
< 0

<latexit sha1_base64="TWZXr+vXoQvhK5ms2aEIoHNqUyo="></latexit>

ωCO+E (ε,ε,x, ϑ) = ϖ

(
1

2
ϱε2 + ςε4

)
+
1

2
ϖφ |ε,x|2+

1

2
E (ε) ϑ2→E0ϑ0 (ϑ→ ϑ0)→

↼

4
ε (x, t)

∫
L

0
ε (s, t) g (x, s) ds

<latexit sha1_base64="LBTGKin85qsKOwnntOyOCIap7sw=">AAACInicbZDLSsNAFIYn9VbrrerSTbAIFaEkAW8LoSAFlxXsBZoYJtNJO3RyYeZEKKHP4sZXceNCUVeCD+Mk7UJbDwzz8Z/LzPm9mDMJhvGlFZaWV1bXiuuljc2t7Z3y7l5bRokgtEUiHomuhyXlLKQtYMBpNxYUBx6nHW90neU7D1RIFoV3MI6pE+BByHxGMCjJLV/avVLD5tSHqh0PmS3YYAjHVw03NSYnVuCm5iTTc7RyvFd3yXZKbrli1Iw89EUwZ1BBs2i65Q+7H5EkoCEQjqXsmUYMTooFMMKpmplIGmMywgPaUxjigEonzVec6EdK6et+JNQJQc/V3x0pDqQcB56qDDAM5XwuE//L9RLwL5yUhXECNCTTh/yE6xDpmV96nwlKgI8VYCKY+qtOhlhgAsrVzARzfuVFaFs186x2emtV6tbMjiI6QIeoikx0juroBjVRCxH0iJ7RK3rTnrQX7V37nJYWtFnPPvoT2vcP0V2ijw==</latexit>

E (ω) = E0 + 2m1ω+ 2m2ω
2

<latexit sha1_base64="kS4SJFZ186RYQohtRg+rgpLVZ7U=">AAAB+HicbVDLTgJBEOzFF+KDVY9eJoKJJ7JL4uNI4sUjJgImsCGzQy9MmH1kZpYEN3yJFw8a49VP8ebfOMAeFKykk5qq7kx3+YngSjvOt1XY2Nza3inulvb2Dw7L9tFxW8WpZNhisYjlo08VCh5hS3Mt8DGRSENfYMcf3879zgSl4nH0oKcJeiEdRjzgjGoj9e1ytTehEhPFhXk61b5dcWrOAmSduDmpQI5m3/7qDWKWhhhpJqhSXddJtJdRqTkTOCv1UoUJZWM6xK6hEQ1Redli8Rk5N8qABLE0FWmyUH9PZDRUahr6pjOkeqRWvbn4n9dNdXDjZTxKUo0RW34UpILomMxTIAMukWkxNYQyyc2uhI2opEybrEomBHf15HXSrtfcq9rlfb3ScPI4inAKZ3ABLlxDA+6gCS1gkMIzvMKb9WS9WO/Wx7K1YOUzJ/AH1ucPGXKSrQ==</latexit>ω0
<latexit sha1_base64="FVkv1CPXH/+2+iwCQ+rd9yzLItM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IU/DgWRPBYwdRCG8pmO2mXbjZhdyOU0t/gxYMiXv1B3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHLZ1kiqHPEpGodkg1Ci7RN9wIbKcKaRwKfAxHNzP/8QmV5ol8MOMUg5gOJI84o8ZKfvW251Z75Ypbc+cgq8TLSQVyNHvlr24/YVmM0jBBte54bmqCCVWGM4HTUjfTmFI2ogPsWCppjDqYzI+dkjOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxE18GEyzQzKNliUZQJYhIy+5z0uUJmxNgSyhS3txI2pIoyY/Mp2RC85ZdXSate8y5rF/f1SsPN4yjCCZzCOXhwBQ24gyb4wIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8AXIGjb4=</latexit>

E0

<latexit sha1_base64="jvLzUYMLOdAohMhEvIXZUxfr5SM=">AAAB73icbVDLSgNBEOz1GeMr6tHLYiJ4CrsBH8eAF48RzAOSJfROZpMhM7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXmHCmjed9O2vrG5tb24Wd4u7e/sFh6ei4peNUEdokMY9VJ0RNOZO0aZjhtJMoiiLktB2Ob2d++4kqzWL5YCYJDQQOJYsYQWOlTqU3RCGw0i+Vvao3h7tK/JyUIUejX/rqDWKSCioN4ah11/cSE2SoDCOcTou9VNMEyRiHtGupREF1kM3vnbrnVhm4UaxsSePO1d8TGQqtJyK0nQLNSC97M/E/r5ua6CbImExSQyVZLIpS7prYnT3vDpiixPCJJUgUs7e6ZIQKibERFW0I/vLLq6RVq/pX1cv7Wrnu5XEU4BTO4AJ8uIY63EEDmkCAwzO8wpvz6Lw4787HonXNyWdO4A+czx8+iY9n</latexit>ω
<latexit sha1_base64="47gu/Q4OL5pJLSD5rOi/OD8rYTE="></latexit>

l0 → 2ω

k→
= 2ω

√
↑2εϑ

h0
= 2ω

√√√√↑ 2ϑ

ϖ +
(
2m2

ω ↑ 4 m2
1

ωE0

)
ϱ20

<latexit sha1_base64="H0j7BX0Cf1Mmux/jj7WuhyIIN7A=">AAAB+3icbVDLSsNAFJ34rPUV69LNYCu4Kkml6kYoqOBGiGgf0IYwmU7aoZNJmJmIJeRX3LhQxK0/4s6/cdpmoa0HLhzOuZd77/FjRqWyrG9jaXlldW29sFHc3Nre2TX3Si0ZJQKTJo5YJDo+koRRTpqKKkY6sSAo9Blp+6PLid9+JELSiD+ocUzcEA04DShGSkueWapce6lzdXufXZzULThyUMUzy1bVmgIuEjsnZZDD8cyvXj/CSUi4wgxJ2bWtWLkpEopiRrJiL5EkRniEBqSrKUchkW46vT2DR1rpwyASuriCU/X3RIpCKcehrztDpIZy3puI/3ndRAXnbkp5nCjC8WxRkDCoIjgJAvapIFixsSYIC6pvhXiIBMJKx1XUIdjzLy+SVq1qn1brd7Vyw8rjKIADcAiOgQ3OQAPcAAc0AQZP4Bm8gjcjM16Md+Nj1rpk5DP74A+Mzx8aDJJ+</latexit>

EPDMS = 350kPa

<latexit sha1_base64="vsuortrA5Is2q6m3YCmoy+yFe6E=">AAAB73icbVDLSgNBEOz1GeMr6tHLYCJ4CrsBH8eAF48RzAOSJfROZpMhs7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXkAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38789hNTmsfywUwS5kc4lDzkFI2VOpUeimSElX6p7FbdOcgq8XJShhyNfumrN4hpGjFpqECtu56bGD9DZTgVbFrspZolSMc4ZF1LJUZM+9n83ik5t8qAhLGyJQ2Zq78nMoy0nkSB7YzQjPSyNxP/87qpCW/8jMskNUzSxaIwFcTEZPY8GXDFqBETS5Aqbm8ldIQKqbERFW0I3vLLq6RVq3pX1cv7Wrnu5nEU4BTO4AI8uIY63EEDmkBBwDO8wpvz6Lw4787HonXNyWdO4A+czx9DIo9q</latexit>ω

<latexit sha1_base64="NuD7wsH3u9vsb3zeQ4//MRQaq/g=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBhPBU9gN+DgGvHiMYB6QLGF20psMmZ1dZnqFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7gkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28Sp5tDisYx1N2AGpFDQQoESuokGFgUSOsHkbu53nkAbEatHnCbgR2ykRCg4Qyt1qv0AkFUH5Ypbcxeg68TLSYXkaA7KX/1hzNMIFHLJjOl5boJ+xjQKLmFW6qcGEsYnbAQ9SxWLwPjZ4twZvbDKkIaxtqWQLtTfExmLjJlGge2MGI7NqjcX//N6KYa3fiZUkiIovlwUppJiTOe/06HQwFFOLWFcC3sr5WOmGUebUMmG4K2+vE7a9Zp3Xbt6qFcabh5HkZyRc3JJPHJDGuSeNEmLcDIhz+SVvDmJ8+K8Ox/L1oKTz5ySP3A+fwB65Y72</latexit>

ω
<latexit sha1_base64="4Ufze/83gx43trei4isgKJF6haQ=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYCJ4WnYDPi5CwIvHCOYB2TXMTmaTITOzy8ysEkL+w4sHRbz6L978GyfJHjSxoKGo6qa7K0o508bzvp2V1bX1jc3CVnF7Z3dvv3Rw2NRJpghtkIQnqh1hTTmTtGGY4bSdKopFxGkrGt5M/dYjVZol8t6MUhoK3JcsZgQbKz1UgnTAroNUIM/1K91S2XO9GdAy8XNShhz1bukr6CUkE1QawrHWHd9LTTjGyjDC6aQYZJqmmAxxn3YslVhQHY5nV0/QqVV6KE6ULWnQTP09McZC65GIbKfAZqAXvan4n9fJTHwVjplMM0MlmS+KM45MgqYRoB5TlBg+sgQTxeytiAywwsTYoIo2BH/x5WXSrLr+hXt+Vy3XvDyOAhzDCZyBD5dQg1uoQwMIKHiGV3hznpwX5935mLeuOPnMEfyB8/kDSt6RBg==</latexit>

ω = ±0.1

<latexit sha1_base64="Ow3Non7/QrHn4m0kT/KQsU7SsxU=">AAAB73icbVDLSgNBEOz1GeMr6tHLYiJ4CrsBH8eAF48RzAOSJfROZpMhs7PjzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXKDnTxvO+nbX1jc2t7cJOcXdv/+CwdHTc0kmqCG2ShCeqE6KmnAnaNMxw2pGKYhxy2g7HtzO//USVZol4MBNJgxiHgkWMoLFSp9Ibo5RY6ZfKXtWbw10lfk7KkKPRL331BglJYyoM4ah11/ekCTJUhhFOp8VeqqlEMsYh7VoqMKY6yOb3Tt1zqwzcKFG2hHHn6u+JDGOtJ3FoO2M0I73szcT/vG5qopsgY0KmhgqyWBSl3DWJO3veHTBFieETS5AoZm91yQgVEmMjKtoQ/OWXV0mrVvWvqpf3tXLdy+MowCmcwQX4cA11uIMGNIEAh2d4hTfn0Xlx3p2PReuak8+cwB84nz9N1I9x</latexit>ω



• Cahn-Hilliard + elasticity (         )

Numerical results

<latexit sha1_base64="lV+FMhQaHG4R8eSQ7ExuYyDmPvI=">AAAB+HicbVDLSsNAFL3xWeOjVZduBovgqiQFHxuh4MZlBfuAJJTJdNIOnUzCzESooV/ixoUibv0Ud/6NkzYLbT1w4XDOvdx7T5hyprTjfFtr6xubW9uVHXt3b/+gWjs86qokk4R2SMIT2Q+xopwJ2tFMc9pPJcVxyGkvnNwWfu+RSsUS8aCnKQ1iPBIsYgRrIw1qVd+zfczTMb5xbD+wB7W603DmQKvELUkdSrQHtS9/mJAspkITjpXyXCfVQY6lZoTTme1niqaYTPCIeoYKHFMV5PPDZ+jMKEMUJdKU0Giu/p7IcazUNA5NZ4z1WC17hfif52U6ug5yJtJMU0EWi6KMI52gIgU0ZJISzaeGYCKZuRWRMZaYaJNVEYK7/PIq6TYb7mXj4r5ZbzllHBU4gVM4BxeuoAV30IYOEMjgGV7hzXqyXqx362PRumaVM8fwB9bnD2lYkZQ=</latexit>

ω = 0

<latexit sha1_base64="SHLC4LERzE310jmGiOWQEY3MFdQ=">AAACAHicbVDLSsNAFJ3UV42vqAsXbgaL4KokBbUboaCCGyGifUASwmQ6aYdOHsxMhBKy8VfcuFDErZ/hzr9x2mahrQcuHM65l3vvCVJGhTTNb62ytLyyulZd1zc2t7Z3jN29jkgyjkkbJyzhvQAJwmhM2pJKRnopJygKGOkGo8uJ330kXNAkfpDjlHgRGsQ0pBhJJfnGgevo135uX93eFxdW04QjG+mup/tGzaybU8BFYpWkBkrYvvHl9hOcRSSWmCEhHMtMpZcjLilmpNDdTJAU4REaEEfRGEVEePn0gQIeK6UPw4SriiWcqr8nchQJMY4C1RkhORTz3kT8z3MyGTa9nMZpJkmMZ4vCjEGZwEkasE85wZKNFUGYU3UrxEPEEZYqs0kI1vzLi6TTqFtn9dO7Rq1llnFUwSE4AifAAuegBW6ADdoAgwI8g1fwpj1pL9q79jFrrWjlzD74A+3zB+Ezk/c=</latexit>

EPDMS = 180kPa



• Cahn-Hilliard + elasticity (         )

Numerical results

<latexit sha1_base64="lV+FMhQaHG4R8eSQ7ExuYyDmPvI=">AAAB+HicbVDLSsNAFL3xWeOjVZduBovgqiQFHxuh4MZlBfuAJJTJdNIOnUzCzESooV/ixoUibv0Ud/6NkzYLbT1w4XDOvdx7T5hyprTjfFtr6xubW9uVHXt3b/+gWjs86qokk4R2SMIT2Q+xopwJ2tFMc9pPJcVxyGkvnNwWfu+RSsUS8aCnKQ1iPBIsYgRrIw1qVd+zfczTMb5xbD+wB7W603DmQKvELUkdSrQHtS9/mJAspkITjpXyXCfVQY6lZoTTme1niqaYTPCIeoYKHFMV5PPDZ+jMKEMUJdKU0Giu/p7IcazUNA5NZ4z1WC17hfif52U6ug5yJtJMU0EWi6KMI52gIgU0ZJISzaeGYCKZuRWRMZaYaJNVEYK7/PIq6TYb7mXj4r5ZbzllHBU4gVM4BxeuoAV30IYOEMjgGV7hzXqyXqx362PRumaVM8fwB9bnD2lYkZQ=</latexit>

ω = 0



• Cahn-Hilliard + elasticity (         )

Numerical results

<latexit sha1_base64="lV+FMhQaHG4R8eSQ7ExuYyDmPvI=">AAAB+HicbVDLSsNAFL3xWeOjVZduBovgqiQFHxuh4MZlBfuAJJTJdNIOnUzCzESooV/ixoUibv0Ud/6NkzYLbT1w4XDOvdx7T5hyprTjfFtr6xubW9uVHXt3b/+gWjs86qokk4R2SMIT2Q+xopwJ2tFMc9pPJcVxyGkvnNwWfu+RSsUS8aCnKQ1iPBIsYgRrIw1qVd+zfczTMb5xbD+wB7W603DmQKvELUkdSrQHtS9/mJAspkITjpXyXCfVQY6lZoTTme1niqaYTPCIeoYKHFMV5PPDZ+jMKEMUJdKU0Giu/p7IcazUNA5NZ4z1WC17hfif52U6ug5yJtJMU0EWi6KMI52gIgU0ZJISzaeGYCKZuRWRMZaYaJNVEYK7/PIq6TYb7mXj4r5ZbzllHBU4gVM4BxeuoAV30IYOEMjgGV7hzXqyXqx362PRumaVM8fwB9bnD2lYkZQ=</latexit>

ω = 0



• Cahn-Hilliard + elasticity (         )

Numerical results

<latexit sha1_base64="lV+FMhQaHG4R8eSQ7ExuYyDmPvI=">AAAB+HicbVDLSsNAFL3xWeOjVZduBovgqiQFHxuh4MZlBfuAJJTJdNIOnUzCzESooV/ixoUibv0Ud/6NkzYLbT1w4XDOvdx7T5hyprTjfFtr6xubW9uVHXt3b/+gWjs86qokk4R2SMIT2Q+xopwJ2tFMc9pPJcVxyGkvnNwWfu+RSsUS8aCnKQ1iPBIsYgRrIw1qVd+zfczTMb5xbD+wB7W603DmQKvELUkdSrQHtS9/mJAspkITjpXyXCfVQY6lZoTTme1niqaYTPCIeoYKHFMV5PPDZ+jMKEMUJdKU0Giu/p7IcazUNA5NZ4z1WC17hfif52U6ug5yJtJMU0EWi6KMI52gIgU0ZJISzaeGYCKZuRWRMZaYaJNVEYK7/PIq6TYb7mXj4r5ZbzllHBU4gVM4BxeuoAV30IYOEMjgGV7hzXqyXqx362PRumaVM8fwB9bnD2lYkZQ=</latexit>

ω = 0



• Cahn-Hilliard + elasticity (         )

Numerical results

<latexit sha1_base64="lV+FMhQaHG4R8eSQ7ExuYyDmPvI=">AAAB+HicbVDLSsNAFL3xWeOjVZduBovgqiQFHxuh4MZlBfuAJJTJdNIOnUzCzESooV/ixoUibv0Ud/6NkzYLbT1w4XDOvdx7T5hyprTjfFtr6xubW9uVHXt3b/+gWjs86qokk4R2SMIT2Q+xopwJ2tFMc9pPJcVxyGkvnNwWfu+RSsUS8aCnKQ1iPBIsYgRrIw1qVd+zfczTMb5xbD+wB7W603DmQKvELUkdSrQHtS9/mJAspkITjpXyXCfVQY6lZoTTme1niqaYTPCIeoYKHFMV5PPDZ+jMKEMUJdKU0Giu/p7IcazUNA5NZ4z1WC17hfif52U6ug5yJtJMU0EWi6KMI52gIgU0ZJISzaeGYCKZuRWRMZaYaJNVEYK7/PIq6TYb7mXj4r5ZbzllHBU4gVM4BxeuoAV30IYOEMjgGV7hzXqyXqx362PRumaVM8fwB9bnD2lYkZQ=</latexit>

ω = 0



• Cahn-Hilliard + elasticity (         )

Numerical results

<latexit sha1_base64="lV+FMhQaHG4R8eSQ7ExuYyDmPvI=">AAAB+HicbVDLSsNAFL3xWeOjVZduBovgqiQFHxuh4MZlBfuAJJTJdNIOnUzCzESooV/ixoUibv0Ud/6NkzYLbT1w4XDOvdx7T5hyprTjfFtr6xubW9uVHXt3b/+gWjs86qokk4R2SMIT2Q+xopwJ2tFMc9pPJcVxyGkvnNwWfu+RSsUS8aCnKQ1iPBIsYgRrIw1qVd+zfczTMb5xbD+wB7W603DmQKvELUkdSrQHtS9/mJAspkITjpXyXCfVQY6lZoTTme1niqaYTPCIeoYKHFMV5PPDZ+jMKEMUJdKU0Giu/p7IcazUNA5NZ4z1WC17hfif52U6ug5yJtJMU0EWi6KMI52gIgU0ZJISzaeGYCKZuRWRMZaYaJNVEYK7/PIq6TYb7mXj4r5ZbzllHBU4gVM4BxeuoAV30IYOEMjgGV7hzXqyXqx362PRumaVM8fwB9bnD2lYkZQ=</latexit>

ω = 0



• Cahn-Oono + elasticity (         )

Numerical results

<latexit sha1_base64="Nv3ixSL0aASVSqwYfhXVF+DcX8Y=">AAAB+HicbVDLSsNAFL3xWeOjVZduBovgqiQFHyspuHFZwT4gCWUynbRDJ5MwMxFq6Je4caGIWz/FnX/jpM1CWw9cOJxzL/feE6acKe0439ba+sbm1nZlx97d2z+o1g6PuirJJKEdkvBE9kOsKGeCdjTTnPZTSXEcctoLJ7eF33ukUrFEPOhpSoMYjwSLGMHaSINa1fdsH/N0jG8c2w/sQa3uNJw50CpxS1KHEu1B7csfJiSLqdCEY6U810l1kGOpGeF0ZvuZoikmEzyinqECx1QF+fzwGTozyhBFiTQlNJqrvydyHCs1jUPTGWM9VsteIf7neZmOroOciTTTVJDFoijjSCeoSAENmaRE86khmEhmbkVkjCUm2mRVhOAuv7xKus2Ge9m4uG/WW04ZRwVO4BTOwYUraMEdtKEDBDJ4hld4s56sF+vd+li0rlnlzDH8gfX5A2rhkZU=</latexit>

ω > 0



• Cahn-Oono + elasticity (         )

Numerical results

<latexit sha1_base64="Nv3ixSL0aASVSqwYfhXVF+DcX8Y=">AAAB+HicbVDLSsNAFL3xWeOjVZduBovgqiQFHyspuHFZwT4gCWUynbRDJ5MwMxFq6Je4caGIWz/FnX/jpM1CWw9cOJxzL/feE6acKe0439ba+sbm1nZlx97d2z+o1g6PuirJJKEdkvBE9kOsKGeCdjTTnPZTSXEcctoLJ7eF33ukUrFEPOhpSoMYjwSLGMHaSINa1fdsH/N0jG8c2w/sQa3uNJw50CpxS1KHEu1B7csfJiSLqdCEY6U810l1kGOpGeF0ZvuZoikmEzyinqECx1QF+fzwGTozyhBFiTQlNJqrvydyHCs1jUPTGWM9VsteIf7neZmOroOciTTTVJDFoijjSCeoSAENmaRE86khmEhmbkVkjCUm2mRVhOAuv7xKus2Ge9m4uG/WW04ZRwVO4BTOwYUraMEdtKEDBDJ4hld4s56sF+vd+li0rlnlzDH8gfX5A2rhkZU=</latexit>

ω > 0



• Cahn-Oono + elasticity (         )

Numerical results

<latexit sha1_base64="Nv3ixSL0aASVSqwYfhXVF+DcX8Y=">AAAB+HicbVDLSsNAFL3xWeOjVZduBovgqiQFHyspuHFZwT4gCWUynbRDJ5MwMxFq6Je4caGIWz/FnX/jpM1CWw9cOJxzL/feE6acKe0439ba+sbm1nZlx97d2z+o1g6PuirJJKEdkvBE9kOsKGeCdjTTnPZTSXEcctoLJ7eF33ukUrFEPOhpSoMYjwSLGMHaSINa1fdsH/N0jG8c2w/sQa3uNJw50CpxS1KHEu1B7csfJiSLqdCEY6U810l1kGOpGeF0ZvuZoikmEzyinqECx1QF+fzwGTozyhBFiTQlNJqrvydyHCs1jUPTGWM9VsteIf7neZmOroOciTTTVJDFoijjSCeoSAENmaRE86khmEhmbkVkjCUm2mRVhOAuv7xKus2Ge9m4uG/WW04ZRwVO4BTOwYUraMEdtKEDBDJ4hld4s56sF+vd+li0rlnlzDH8gfX5A2rhkZU=</latexit>

ω > 0



Modeling in 2D



<latexit sha1_base64="foAS8fz6BFX8zHrwOuQ+EVXlokw="></latexit>

ωel (ε, ω) =
1

2
ϑ (ε) tr2 (ω) +G (ε) ω · ω→ ϑ0tr (ω0) tr (ω)→ 2G0ω0 · ω

Extension to 2D

• Free energy density

- Cahn-Hilliard

- Cahn-Hilliard + elasticity

- Cahn-Oono + elasticity

<latexit sha1_base64="4ZDDy7zs12LfGsHJPLBeAjWlgnM=">AAACE3icbVBLS8NAGNzUV42vqEcvi0UQwZIUfBwUCl48VugLmhA22027dPNgdyOWkP/gxb/ixYMiXr1489+4iRG0dWCXYeb72J3xYkaFNM1PrbKwuLS8Ul3V19Y3NreM7Z2uiBKOSQdHLOJ9DwnCaEg6kkpG+jEnKPAY6XmTq9zv3RIuaBS25TQmToBGIfUpRlJJrnFkD3T7jl7aPkc4bbspz47VTUOcZekPuTB129Fdo2bWzQJwnlglqYESLdf4sIcRTgISSsyQEAPLjKWTIi4pZiTT7USQGOEJGpGBoiEKiHDSIlMGD5QyhH7E1QklLNTfGykKhJgGnpoMkByLWS8X//MGifTPHZUrTiRR4YqH/IRBGcG8IDiknGDJpoogzKn6K8RjpNqRqsa8BGs28jzpNurWaf3kplFrNso6qmAP7INDYIEz0ATXoAU6AIN78AiewYv2oD1pr9rb92hFK3d2wR9o719C0p23</latexit>

ω =
Tr → Tinc

Tinc
< 0

<latexit sha1_base64="5ofqJxlqr6sNGoi9l3EL2so5QnI="></latexit>

ωCO+E (ε,ε,x, ϑ) = ωb (ε) + ωint (ε,x) + ωel (ε, ϑ) + ωconv (ε)

<latexit sha1_base64="5ofqJxlqr6sNGoi9l3EL2so5QnI="></latexit>

ωCO+E (ε,ε,x, ϑ) = ωb (ε) + ωint (ε,x) + ωel (ε, ϑ) + ωconv (ε)

<latexit sha1_base64="5ofqJxlqr6sNGoi9l3EL2so5QnI="></latexit>

ωCO+E (ε,ε,x, ϑ) = ωb (ε) + ωint (ε,x) + ωel (ε, ϑ) + ωconv (ε)
<latexit sha1_base64="5ofqJxlqr6sNGoi9l3EL2so5QnI="></latexit>

ωCO+E (ε,ε,x, ϑ) = ωb (ε) + ωint (ε,x) + ωel (ε, ϑ) + ωconv (ε)

<latexit sha1_base64="pHlcKfO5+XZ6kVUDSULPjexAWVY="></latexit>

ωint (→ε) =
1

2
ϑϖ |→ε|2

<latexit sha1_base64="pHlcKfO5+XZ6kVUDSULPjexAWVY="></latexit>

ωint (→ε) =
1

2
ϑϖ |→ε|2

<latexit sha1_base64="DUAlx4lVrIxUkMKmV3mK8I4uvao="></latexit>

ωCH (ε,→ε) =
1

2
ϑε2 + ϖε4 +

1

2
ϱ |→ε|2

<latexit sha1_base64="AFmur1qzYi7ojOdQAp2pjgyZLYk="></latexit>

ωCH+E (ε,→ε, ω) = ϑ

(
1

2
ϖε2 + ϱε4

)
+
1

2
ϑς |→ε|2+1

2
φ (ε) tr2 (ω)+G (ε) ω·ω↑φ0tr (ω0) tr (ω)↑2G0ω0·ω

<latexit sha1_base64="foAS8fz6BFX8zHrwOuQ+EVXlokw="></latexit>

ωel (ε, ω) =
1

2
ϑ (ε) tr2 (ω) +G (ε) ω · ω→ ϑ0tr (ω0) tr (ω)→ 2G0ω0 · ω

<latexit sha1_base64="pHlcKfO5+XZ6kVUDSULPjexAWVY="></latexit>

ωint (→ε) =
1

2
ϑϖ |→ε|2

<latexit sha1_base64="kmbxL5pjYcfvRPt5i7+kJebFVSA="></latexit>

ωCO+E (ε,→ε, ω) = ϑ

(
1

2
ϖε2 + ϱε4

)
+
1

2
ϑς |→ε|2+1

2
φ (ε) tr2 (ω)+G (ε) ω·ω↑φ0tr (ω0) tr (ω)↑2G0ω0·ω↑

↼

4
ε (x, t)

∫

!
ε (s, t) g (x, s) ds

<latexit sha1_base64="deH67Z2RaVSnAII4GNa7f6g14cI="></latexit>

→ω

4
ε (x, t)

∫

!
ε (s, t) g (x, s) ds



Extension to 2D

• Chemical potential

• Stress

<latexit sha1_base64="jzM1cnHo4tLPeFnu5838FiAInak="></latexit>

ω (ε) = ω0 + 2b1ε+ 2b2ε
2

<latexit sha1_base64="7eU6/EMI2sjqSH8WFSNiVFsfWPU=">AAACIHicbZDLSsNAFIYn9VbjrerSTbAIFaEkBa0boeCiLivYCzQxTKaTdujkwsyJUEIfxY2v4saFIrrTp3HSZqGtB4b5+M9l5vxezJkE0/zSCiura+sbxU19a3tnd6+0f9CRUSIIbZOIR6LnYUk5C2kbGHDaiwXFgcdp1xtfZ/nuAxWSReEdTGLqBHgYMp8RDEpyS3W7rzdtTn2o2PGI2YINR3B61XRTc3o2dFNrmskZ1WZ0r27ddnS3VDar5iyMZbByKKM8Wm7p0x5EJAloCIRjKfuWGYOTYgGMcKpmJpLGmIzxkPYVhjig0klnC06NE6UMDD8S6oRgzNTfHSkOpJwEnqoMMIzkYi4T/8v1E/AvnZSFcQI0JPOH/IQbEBmZW8aACUqATxRgIpj6q0FGWGACytPMBGtx5WXo1KrWRfX8tlZumLkdRXSEjlEFWaiOGugGtVAbEfSIntEretOetBftXfuYlxa0vOcQ/Qnt+wfB9aIN</latexit>

G (ω) = G0 + g1ω+ g2ω
2

<latexit sha1_base64="/LohIc4aCIWe/IEJAoj1goVQ4D0=">AAAB+HicbVDLSsNAFJ34rPHRqEs3g0VwFZJi1Y1QcOOygn1AEspkOmmHTiZhHkIt/RI3LhRx66e482+ctFlo64ELh3Pu5d574pxRqTzv21pb39jc2q7s2Lt7+wdV5/CoIzMtMGnjjGWiFyNJGOWkrahipJcLgtKYkW48vi387iMRkmb8QU1yEqVoyGlCMVJG6jvVMLBDrm8896Jhh5Hdd2qe680BV4lfkhoo0eo7X+EgwzolXGGGpAx8L1fRFAlFMSMzO9SS5AiP0ZAEhnKUEhlN54fP4JlRBjDJhCmu4Fz9PTFFqZSTNDadKVIjuewV4n9eoFVyHU0pz7UiHC8WJZpBlcEiBTiggmDFJoYgLKi5FeIREggrk1URgr/88irp1F3/0m3c12tNr4yjAk7AKTgHPrgCTXAHWqANMNDgGbyCN+vJerHerY9F65pVzhyDP7A+fwCRgZEI</latexit>

ω = 0.45
<latexit sha1_base64="q/4Mb4PQyU8Uom9EZFjr0TNXZws=">AAACLXicbZDLSgMxFIYz9V5vVZdugkWoiGWm4GUjCLpwWcFeoDOUTJppQzOZITkjlKEv5MZXEcFFRdz6GmbaAbV6IPDnO5fk/H4suAbbnliFhcWl5ZXVteL6xubWdmlnt6mjRFHWoJGIVNsnmgkuWQM4CNaOFSOhL1jLH15n+dYDU5pH8h5GMfNC0pc84JSAQd3Sjdsp+t2Ujy/dQBGaujLBYXYfp65gAVScY4NcxfsDOMrJSe0bjYuuV+yWynbVngb+K5xclFEe9W7pxe1FNAmZBCqI1h3HjsFLiQJOBTMzE81iQoekzzpGShIy7aXTbcf40JAeDiJljgQ8pT87UhJqPQp9UxkSGOj5XAb/y3USCC68lMs4ASbp7KEgERginFmHe1wxCmJkBKGKm79iOiDGNTAGZyY48yv/Fc1a1Tmrnt7Vyld2bscq2kcHqIIcdI6u0C2qowai6BE9owl6s56sV+vd+piVFqy8Zw/9CuvzC73qp7g=</latexit>

bi =
ωmi

(1 + ω) (1→ 2ω)
<latexit sha1_base64="PoOdX/WJe/e6jyrf8+S3BbtAH0U=">AAACFnicbZDLSsNAFIYn9VbrLerSTbAIFbEkBS8boeDGZQV7gSaUyXSSDp1MwsyJUEKewo2v4saFIm7FnW/jpO1Cqz8MfPznnJk5v59wpsC2v4zS0vLK6lp5vbKxubW9Y+7udVScSkLbJOax7PlYUc4EbQMDTnuJpDjyOe364+ui3r2nUrFY3MEkoV6EQ8ECRjBoa2Ceuv1KOMhYfuUGEpMsKjjPXE4DqDknrkhdycIRHOcV16sMzKpdt6ey/oIzhyqaqzUwP91hTNKICiAcK9V37AS8DEtghFN9Z6pogskYh7SvUeCIKi+brpVbR9oZWkEs9RFgTd2fExmOlJpEvu6MMIzUYq0w/6v1UwguvYyJJAUqyOyhIOUWxFaRkTVkkhLgEw2YSKb/apER1vGATrIIwVlc+S90GnXnvH5226g27XkcZXSADlENOegCNdENaqE2IugBPaEX9Go8Gs/Gm/E+ay0Z85l99EvGxzdwhp7X</latexit>

gi =
mi

(1 + ω)

<latexit sha1_base64="rVD1kf0TXutNBwqfP2TlBb3q068=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDLaCq5IUfCwLbly4qGAf0IYymU7SoZOZMDNRS+mvuHGhiFt/xJ1/Y9Jmoa0HLhzOuZd77/FjzrRxnG+rsLa+sblV3C7t7O7tH9iH5baWiSK0RSSXqutjTTkTtGWY4bQbK4ojn9OOP77O/M4DVZpJcW8mMfUiHAoWMIJNKg3scrV/K0WoWDgyWCn5WC0N7IpTc+ZAq8TNSQVyNAf2V38oSRJRYQjHWvdcJzbeFCvDCKezUj/RNMZkjEPaS6nAEdXedH77DJ2myhAFUqUlDJqrvyemONJ6EvlpZ4TNSC97mfif10tMcOVNmYgTQwVZLAoSjoxEWRBoyBQlhk9Sgoli6a2IjLDCxKRxZSG4yy+vkna95l7Uzu/qlYaTx1GEYziBM3DhEhpwA01oAYEneIZXeLNm1ov1bn0sWgtWPnMEf2B9/gA3+pPc</latexit>

=→

<latexit sha1_base64="RJWUnGLfxIdls6P5NvRkFSJYHYA="></latexit>

µCH =
ωεb

ωϑ
→↑ ·

(
ωεint

ω↑ϑ

)
= ϖϑ+ 4ϱϑ3 → ς!ϑ

<latexit sha1_base64="P+dzTBQNF89lXQYvytPNQM/y25U="></latexit>

µCH+E =
ωεb

ωϑ
→↑·

(
ωεint

ω↑ϑ

)
+
ωεel

ωϑ
= ϖ

[
ϱϑ+ 4ςϑ3

]
→ϖφ!ϑ+[b1 + 2b2ϑ] tr

2 (ω)+[g1 + 2g2ϑ] ω·ω

<latexit sha1_base64="C3m6udsm3E+HMQoA1zna0ERxL2o="></latexit>

µCO+E =
ωεb

ωϑ
→↑·

(
ωεint

ω↑ϑ

)
+
ωεel

ωϑ
+
ωεconv

ωϑ
= ϖ

[
ϱϑ+ 4ςϑ3

]
→ϖφ!ϑ+[b1 + 2b2ϑ] tr

2 (ω)+[g1 + 2g2ϑ] ω·ω→
↼

2

∫

!
ϑ (s, t) g (x, s) ds

<latexit sha1_base64="SpBRtBA0rkH0gBGRZd6ooSB8cco="></latexit>

→ω

2

∫

!
ε (s, t) g (x, s) ds

<latexit sha1_base64="XXIxluX2RbBVhj4sKcdaBKMewdM="></latexit>

ω =
ωεel

ωε
= ϑ (ϖ) tr (ε) I+ 2G (ϖ) ε→ ϑ0tr (ε0) I→ 2G0ε0



• Governing equations in

• Boundary and initial conditions
- Periodic on 
- Zero average stress

<latexit sha1_base64="MBOdYwPnr/pHrnjVK+zk5Qy1pTU=">AAACJnicbVDLSsNAFJ34rPUVdekmWAQ3lqTgY1MouBFXFewDOqHcTCft0MkkzEyEEvo1bvwVNy4qIu78FCdtEW09MHDm3PcJEs6Udt1Pa2V1bX1js7BV3N7Z3du3Dw6bKk4loQ0S81i2A1CUM0EbmmlO24mkEAWctoLhTR5vPVKpWCwe9CihfgR9wUJGQBupa1dxp4hDCSTDCUjNgONkwMY/P0ePq+dYQMABk16scQR6EITZ3biI/WLXLrlldwpnmXhzUkJz1Lv2BPdikkZUaMJBqY7nJtrP8lmEU9MzVTQBMoQ+7RgqIKLKz6Znjp1To/ScMJbmCe1M1d8VGURKjaLAZOZbqsVYLv4X66Q6vPYzJpJUU0Fmg8LU3B47uWdOj0lKNB8ZAkQys6tDBmBM08bZ3ARv8eRl0qyUvcvyxX2lVHPndhTQMTpBZ8hDV6iGblEdNRBBT+gFTdCb9Wy9Wu/Wxyx1xZrXHKE/sL6+ARvxphY=</latexit>

ωε

ωt
= →↑ · J

Extension to 2D

<latexit sha1_base64="S7Me9sgurk/M9MwV4TYCpILnS2g=">AAACA3icbVDLSsNQEL2pr1pfVXe6CbZCBSlJwcdGKLhxIVjBPqAJ5eZ2kl568+DeiVBCwY2/4saFIm79CXf+jWmbhVYPDBzOmWFmjhMJrtAwvrTcwuLS8kp+tbC2vrG5VdzeaakwlgyaLBSh7DhUgeABNJGjgE4kgfqOgLYzvJz47XuQiofBHY4isH3qBdzljGIq9Yp7ZevGB49eWAJcrBjH15bk3gCPyoVesWRUjSn0v8TMSIlkaPSKn1Y/ZLEPATJBleqaRoR2QiVyJmBcsGIFEWVD6kE3pQH1QdnJ9Iexfpgqfd0NZVoB6lP150RCfaVGvpN2+hQHat6biP953RjdczvhQRQjBGy2yI2FjqE+CUTvcwkMxSgllEme3qqzAZWUYRrbJARz/uW/pFWrmqfVk9taqW5kceTJPjkgFWKSM1InV6RBmoSRB/JEXsir9qg9a2/a+6w1p2Uzu+QXtI9vR1WV8w==</latexit>

! = (0, L)

<latexit sha1_base64="e43h8BjNMlGciAIfKMOSYCFfcgM="></latexit>

ωε

ωt
= → · (M→µ)

<latexit sha1_base64="UxJjIVfW5WyhRZZaEYMo7+46UWc=">AAACEXicbZDLSsNAFIYn9VbjLerSTbAI3ViSgpeNUHAjglDBXiAJZTKdtENnJmFmIpTQV3Djq7hxoYhbd+58GydtBG39YeDjP+cw5/xhQolUjvNllJaWV1bXyuvmxubW9o61u9eWcSoQbqGYxqIbQokp4biliKK4mwgMWUhxJxxd5vXOPRaSxPxOjRMcMDjgJCIIKm31rKrpe6bPoBqGUXY9uTj+4ZuJz2FIoc9S0w9Ms2dVnJozlb0IbgEVUKjZsz79foxShrlCFErpuU6iggwKRRDFE9NPJU4gGsEB9jRyyLAMsulFE/tIO307ioV+XNlT9/dEBpmUYxbqznxfOV/Lzf9qXqqi8yAjPEkV5mj2UZRSW8V2Ho/dJwIjRccaIBJE72qjIRQQKR1iHoI7f/IitOs197R2cluvNJwijjI4AIegClxwBhrgCjRBCyDwAJ7AC3g1Ho1n4814n7WWjGJmH/yR8fENQLSb+A==</latexit>

J = →M↑µ
<latexit sha1_base64="oyEQgbsCNs5bSVJ8O0cF96Dnlt0=">AAACGnicbVDLS8MwHE7na9ZX1aOX4hA8jXbg4yIM9OBFmOAe0JSRZukWlrYhSYVR+nd48V/x4kERb+LF/8Z0K6KbHwS+fL9H8n0BZ1Qqx/kyKkvLK6tr1XVzY3Nre8fa3evIJBWYtHHCEtELkCSMxqStqGKkxwVBUcBINxhfFvXuPRGSJvGdmnDiR2gY05BipLTUt1zomTAUCGeQI6EoYpCPaP5zs1V+cQOvCFMIRqkJfbNv1Zy6M4W9SNyS1ECJVt/6gIMEpxGJFWZISs91uPKzYj9mJDdhKglHeIyGxNM0RhGRfja1lttHWhnYYSL0iZU9VX9PZCiSchIFujNCaiTna4X4X81LVXjuZzTmqSIxnj0UptpvYhc52QMqCFZsognCguq/2niEdFBKp1mE4M5bXiSdRt09rZ/cNmpNp4yjCg7AITgGLjgDTXANWqANMHgAT+AFvBqPxrPxZrzPWitGObMP/sD4/AYXC6DS</latexit>

ωε

ωt
= M!µ

<latexit sha1_base64="3AiBwUXRQRvY+YIG1U1YVlnXI44=">AAACBnicbVDLSsNAFJ3UV42vqEsRBovgqiQFHxuh4EYXhQr2AUkok+mkHTqZhJmJUEJXbvwVNy4Uces3uPNvnLQRtPXAwOGce+/ce4KEUals+8soLS2vrK6V182Nza3tHWt3ry3jVGDSwjGLRTdAkjDKSUtRxUg3EQRFASOdYHSV+517IiSN+Z0aJ8SP0IDTkGKktNSzDj3X9CKkhkGYNSaXjR9+MzE93+xZFbtqTwEXiVOQCijQ7FmfXj/GaUS4wgxJ6Tp2ovwMCUUxI3pmKkmC8AgNiKspRxGRfjY9YwKPtdKHYSz04wpO1d8dGYqkHEeBrsy3lPNeLv7nuakKL/yM8iRVhOPZR2HKoIphngnsU0GwYmNNEBZU7wrxEAmElU4uD8GZP3mRtGtV56x6elur1O0ijjI4AEfgBDjgHNTBNWiCFsDgATyBF/BqPBrPxpvxPistGUXPPvgD4+Mbxw+X/Q==</latexit>

M = MI

<latexit sha1_base64="rVD1kf0TXutNBwqfP2TlBb3q068=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDLaCq5IUfCwLbly4qGAf0IYymU7SoZOZMDNRS+mvuHGhiFt/xJ1/Y9Jmoa0HLhzOuZd77/FjzrRxnG+rsLa+sblV3C7t7O7tH9iH5baWiSK0RSSXqutjTTkTtGWY4bQbK4ojn9OOP77O/M4DVZpJcW8mMfUiHAoWMIJNKg3scrV/K0WoWDgyWCn5WC0N7IpTc+ZAq8TNSQVyNAf2V38oSRJRYQjHWvdcJzbeFCvDCKezUj/RNMZkjEPaS6nAEdXedH77DJ2myhAFUqUlDJqrvyemONJ6EvlpZ4TNSC97mfif10tMcOVNmYgTQwVZLAoSjoxEWRBoyBQlhk9Sgoli6a2IjLDCxKRxZSG4yy+vkna95l7Uzu/qlYaTx1GEYziBM3DhEhpwA01oAYEneIZXeLNm1ov1bn0sWgtWPnMEf2B9/gA3+pPc</latexit>

=→

<latexit sha1_base64="rVD1kf0TXutNBwqfP2TlBb3q068=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDLaCq5IUfCwLbly4qGAf0IYymU7SoZOZMDNRS+mvuHGhiFt/xJ1/Y9Jmoa0HLhzOuZd77/FjzrRxnG+rsLa+sblV3C7t7O7tH9iH5baWiSK0RSSXqutjTTkTtGWY4bQbK4ojn9OOP77O/M4DVZpJcW8mMfUiHAoWMIJNKg3scrV/K0WoWDgyWCn5WC0N7IpTc+ZAq8TNSQVyNAf2V38oSRJRYQjHWvdcJzbeFCvDCKezUj/RNMZkjEPaS6nAEdXedH77DJ2myhAFUqUlDJqrvyemONJ6EvlpZ4TNSC97mfif10tMcOVNmYgTQwVZLAoSjoxEWRBoyBQlhk9Sgoli6a2IjLDCxKRxZSG4yy+vkna95l7Uzu/qlYaTx1GEYziBM3DhEhpwA01oAYEneIZXeLNm1ov1bn0sWgtWPnMEf2B9/gA3+pPc</latexit>

=→

<latexit sha1_base64="CO5k2fnp0v1IFTrRIANvoyPyW2o=">AAACGXicbVDLSsNAFJ34rPFVdekmWARXJSn42AgFNy4r2Ac0odxMJu3QyUyYmQgl9Dfc+CtuXCjiUlf+jZM2C229MMzhnHtnzj1hyqjSrvttrayurW9sVrbs7Z3dvf3qwWFHiUxi0saCCdkLQRFGOWlrqhnppZJAEjLSDcc3hd59IFJRwe/1JCVBAkNOY4pBG2pQdf2+7XMIGfg4EtoPBYvUJDFX7is6TGB67SegR2Gcu1PbD+xBtebW3Vk5y8ArQQ2V1RpUP/1I4CwhXGMGSvU9N9VBDlJTzIh5M1MkBTyGIekbyCEhKshnm02dU8NETiykOVw7M/b3RA6JKuyazsKlWtQK8j+tn+n4KsgpTzNNOJ5/FGfM0cIpYnIiKgnWbGIAYEmNVwePQALWJswiBG9x5WXQadS9i/r5XaPWdMs4KugYnaAz5KFL1ES3qIXaCKNH9Ixe0Zv1ZL1Y79bHvHXFKmeO0J+yvn4AmWmgmg==</latexit>

→ · ω = 0

<latexit sha1_base64="9iB5/riI7yjW4uH4G6wrkcsLJZA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBlvBVUkKPpYFNy4r2Ae0oUymk3boZDLMTIQS+hFuXCji1u9x5984SbPQ1gMXDufcy733BJIzbVz32yltbG5t75R3K3v7B4dH1eOTro4TRWiHxDxW/QBrypmgHcMMp32pKI4CTnvB7C7ze09UaRaLRzOX1I/wRLCQEWys1KsP5ZTVK6NqzW24OdA68QpSgwLtUfVrOI5JElFhCMdaDzxXGj/FyjDC6aIyTDSVmMzwhA4sFTii2k/zcxfowipjFMbKljAoV39PpDjSeh4FtjPCZqpXvUz8zxskJrz1UyZkYqggy0VhwpGJUfY7GjNFieFzSzBRzN6KyBQrTIxNKAvBW315nXSbDe+6cfXQrLXcIo4ynME5XIIHN9CCe2hDBwjM4Ble4c2Rzovz7nwsW0tOMXMKf+B8/gAAD46l</latexit>

ω



• Cahn-Hilliard + elasticity (         )

Numerical results

<latexit sha1_base64="lV+FMhQaHG4R8eSQ7ExuYyDmPvI=">AAAB+HicbVDLSsNAFL3xWeOjVZduBovgqiQFHxuh4MZlBfuAJJTJdNIOnUzCzESooV/ixoUibv0Ud/6NkzYLbT1w4XDOvdx7T5hyprTjfFtr6xubW9uVHXt3b/+gWjs86qokk4R2SMIT2Q+xopwJ2tFMc9pPJcVxyGkvnNwWfu+RSsUS8aCnKQ1iPBIsYgRrIw1qVd+zfczTMb5xbD+wB7W603DmQKvELUkdSrQHtS9/mJAspkITjpXyXCfVQY6lZoTTme1niqaYTPCIeoYKHFMV5PPDZ+jMKEMUJdKU0Giu/p7IcazUNA5NZ4z1WC17hfif52U6ug5yJtJMU0EWi6KMI52gIgU0ZJISzaeGYCKZuRWRMZaYaJNVEYK7/PIq6TYb7mXj4r5ZbzllHBU4gVM4BxeuoAV30IYOEMjgGV7hzXqyXqx362PRumaVM8fwB9bnD2lYkZQ=</latexit>

ω = 0

<latexit sha1_base64="SHLC4LERzE310jmGiOWQEY3MFdQ=">AAACAHicbVDLSsNAFJ3UV42vqAsXbgaL4KokBbUboaCCGyGifUASwmQ6aYdOHsxMhBKy8VfcuFDErZ/hzr9x2mahrQcuHM65l3vvCVJGhTTNb62ytLyyulZd1zc2t7Z3jN29jkgyjkkbJyzhvQAJwmhM2pJKRnopJygKGOkGo8uJ330kXNAkfpDjlHgRGsQ0pBhJJfnGgevo135uX93eFxdW04QjG+mup/tGzaybU8BFYpWkBkrYvvHl9hOcRSSWmCEhHMtMpZcjLilmpNDdTJAU4REaEEfRGEVEePn0gQIeK6UPw4SriiWcqr8nchQJMY4C1RkhORTz3kT8z3MyGTa9nMZpJkmMZ4vCjEGZwEkasE85wZKNFUGYU3UrxEPEEZYqs0kI1vzLi6TTqFtn9dO7Rq1llnFUwSE4AifAAuegBW6ADdoAgwI8g1fwpj1pL9q79jFrrWjlzD74A+3zB+Ezk/c=</latexit>

EPDMS = 180kPa



• Cahn-Hilliard + elasticity (         )

Numerical results

<latexit sha1_base64="lV+FMhQaHG4R8eSQ7ExuYyDmPvI=">AAAB+HicbVDLSsNAFL3xWeOjVZduBovgqiQFHxuh4MZlBfuAJJTJdNIOnUzCzESooV/ixoUibv0Ud/6NkzYLbT1w4XDOvdx7T5hyprTjfFtr6xubW9uVHXt3b/+gWjs86qokk4R2SMIT2Q+xopwJ2tFMc9pPJcVxyGkvnNwWfu+RSsUS8aCnKQ1iPBIsYgRrIw1qVd+zfczTMb5xbD+wB7W603DmQKvELUkdSrQHtS9/mJAspkITjpXyXCfVQY6lZoTTme1niqaYTPCIeoYKHFMV5PPDZ+jMKEMUJdKU0Giu/p7IcazUNA5NZ4z1WC17hfif52U6ug5yJtJMU0EWi6KMI52gIgU0ZJISzaeGYCKZuRWRMZaYaJNVEYK7/PIq6TYb7mXj4r5ZbzllHBU4gVM4BxeuoAV30IYOEMjgGV7hzXqyXqx362PRumaVM8fwB9bnD2lYkZQ=</latexit>

ω = 0



• Cahn-Hilliard + elasticity (         )

Numerical results

<latexit sha1_base64="lV+FMhQaHG4R8eSQ7ExuYyDmPvI=">AAAB+HicbVDLSsNAFL3xWeOjVZduBovgqiQFHxuh4MZlBfuAJJTJdNIOnUzCzESooV/ixoUibv0Ud/6NkzYLbT1w4XDOvdx7T5hyprTjfFtr6xubW9uVHXt3b/+gWjs86qokk4R2SMIT2Q+xopwJ2tFMc9pPJcVxyGkvnNwWfu+RSsUS8aCnKQ1iPBIsYgRrIw1qVd+zfczTMb5xbD+wB7W603DmQKvELUkdSrQHtS9/mJAspkITjpXyXCfVQY6lZoTTme1niqaYTPCIeoYKHFMV5PPDZ+jMKEMUJdKU0Giu/p7IcazUNA5NZ4z1WC17hfif52U6ug5yJtJMU0EWi6KMI52gIgU0ZJISzaeGYCKZuRWRMZaYaJNVEYK7/PIq6TYb7mXj4r5ZbzllHBU4gVM4BxeuoAV30IYOEMjgGV7hzXqyXqx362PRumaVM8fwB9bnD2lYkZQ=</latexit>

ω = 0



• Cahn-Hilliard + elasticity (         )

Numerical results

<latexit sha1_base64="lV+FMhQaHG4R8eSQ7ExuYyDmPvI=">AAAB+HicbVDLSsNAFL3xWeOjVZduBovgqiQFHxuh4MZlBfuAJJTJdNIOnUzCzESooV/ixoUibv0Ud/6NkzYLbT1w4XDOvdx7T5hyprTjfFtr6xubW9uVHXt3b/+gWjs86qokk4R2SMIT2Q+xopwJ2tFMc9pPJcVxyGkvnNwWfu+RSsUS8aCnKQ1iPBIsYgRrIw1qVd+zfczTMb5xbD+wB7W603DmQKvELUkdSrQHtS9/mJAspkITjpXyXCfVQY6lZoTTme1niqaYTPCIeoYKHFMV5PPDZ+jMKEMUJdKU0Giu/p7IcazUNA5NZ4z1WC17hfif52U6ug5yJtJMU0EWi6KMI52gIgU0ZJISzaeGYCKZuRWRMZaYaJNVEYK7/PIq6TYb7mXj4r5ZbzllHBU4gVM4BxeuoAV30IYOEMjgGV7hzXqyXqx362PRumaVM8fwB9bnD2lYkZQ=</latexit>

ω = 0



• Cahn-Oono + elasticity (         )

Numerical results

<latexit sha1_base64="Nv3ixSL0aASVSqwYfhXVF+DcX8Y=">AAAB+HicbVDLSsNAFL3xWeOjVZduBovgqiQFHyspuHFZwT4gCWUynbRDJ5MwMxFq6Je4caGIWz/FnX/jpM1CWw9cOJxzL/feE6acKe0439ba+sbm1nZlx97d2z+o1g6PuirJJKEdkvBE9kOsKGeCdjTTnPZTSXEcctoLJ7eF33ukUrFEPOhpSoMYjwSLGMHaSINa1fdsH/N0jG8c2w/sQa3uNJw50CpxS1KHEu1B7csfJiSLqdCEY6U810l1kGOpGeF0ZvuZoikmEzyinqECx1QF+fzwGTozyhBFiTQlNJqrvydyHCs1jUPTGWM9VsteIf7neZmOroOciTTTVJDFoijjSCeoSAENmaRE86khmEhmbkVkjCUm2mRVhOAuv7xKus2Ge9m4uG/WW04ZRwVO4BTOwYUraMEdtKEDBDJ4hld4s56sF+vd+li0rlnlzDH8gfX5A2rhkZU=</latexit>

ω > 0

<latexit sha1_base64="SHLC4LERzE310jmGiOWQEY3MFdQ=">AAACAHicbVDLSsNAFJ3UV42vqAsXbgaL4KokBbUboaCCGyGifUASwmQ6aYdOHsxMhBKy8VfcuFDErZ/hzr9x2mahrQcuHM65l3vvCVJGhTTNb62ytLyyulZd1zc2t7Z3jN29jkgyjkkbJyzhvQAJwmhM2pJKRnopJygKGOkGo8uJ330kXNAkfpDjlHgRGsQ0pBhJJfnGgevo135uX93eFxdW04QjG+mup/tGzaybU8BFYpWkBkrYvvHl9hOcRSSWmCEhHMtMpZcjLilmpNDdTJAU4REaEEfRGEVEePn0gQIeK6UPw4SriiWcqr8nchQJMY4C1RkhORTz3kT8z3MyGTa9nMZpJkmMZ4vCjEGZwEkasE85wZKNFUGYU3UrxEPEEZYqs0kI1vzLi6TTqFtn9dO7Rq1llnFUwSE4AifAAuegBW6ADdoAgwI8g1fwpj1pL9q79jFrrWjlzD74A+3zB+Ezk/c=</latexit>

EPDMS = 180kPa
<latexit sha1_base64="ii1IsFaX8hpXpjunVc0OHrz3sAM=">AAACBXicbVDLSsNAFJ3UV62vqEtdBFvBRYlJwcdGKLhxWcE+oAnhZjpph04ezEzEErpx46+4caGIW//BnX/jtM1CWw9c7uGce5m5x08YFdKyvrXC0vLK6lpxvbSxubW9o+/utUScckyaOGYx7/ggCKMRaUoqGekknEDoM9L2h9cTv31PuKBxdCdHCXFD6Ec0oBikkjz9sFJ1qg6wZACns+ZlITyMryzTrnh62TKtKYxFYuekjHI0PP3L6cU4DUkkMQMhuraVSDcDLilmZFxyUkESwEPok66iEYREuNn0irFxrJSeEcRcVSSNqfp7I4NQiFHoq8kQ5EDMexPxP6+byuDSzWiUpJJEePZQkDJDxsYkEqNHOcGSjRQBzKn6q4EHwAFLFVxJhWDPn7xIWjXTPjfPbmvlupXHUUQH6AidIBtdoDq6QQ3URBg9omf0it60J+1Fe9c+ZqMFLd/ZR3+gff4ANtmXEQ==</latexit>

, ω/ωmax = 0.1



• Cahn-Oono + elasticity (         )

Numerical results

<latexit sha1_base64="Nv3ixSL0aASVSqwYfhXVF+DcX8Y=">AAAB+HicbVDLSsNAFL3xWeOjVZduBovgqiQFHyspuHFZwT4gCWUynbRDJ5MwMxFq6Je4caGIWz/FnX/jpM1CWw9cOJxzL/feE6acKe0439ba+sbm1nZlx97d2z+o1g6PuirJJKEdkvBE9kOsKGeCdjTTnPZTSXEcctoLJ7eF33ukUrFEPOhpSoMYjwSLGMHaSINa1fdsH/N0jG8c2w/sQa3uNJw50CpxS1KHEu1B7csfJiSLqdCEY6U810l1kGOpGeF0ZvuZoikmEzyinqECx1QF+fzwGTozyhBFiTQlNJqrvydyHCs1jUPTGWM9VsteIf7neZmOroOciTTTVJDFoijjSCeoSAENmaRE86khmEhmbkVkjCUm2mRVhOAuv7xKus2Ge9m4uG/WW04ZRwVO4BTOwYUraMEdtKEDBDJ4hld4s56sF+vd+li0rlnlzDH8gfX5A2rhkZU=</latexit>

ω > 0



• Cahn-Oono + elasticity (         )

Numerical results

<latexit sha1_base64="Nv3ixSL0aASVSqwYfhXVF+DcX8Y=">AAAB+HicbVDLSsNAFL3xWeOjVZduBovgqiQFHyspuHFZwT4gCWUynbRDJ5MwMxFq6Je4caGIWz/FnX/jpM1CWw9cOJxzL/feE6acKe0439ba+sbm1nZlx97d2z+o1g6PuirJJKEdkvBE9kOsKGeCdjTTnPZTSXEcctoLJ7eF33ukUrFEPOhpSoMYjwSLGMHaSINa1fdsH/N0jG8c2w/sQa3uNJw50CpxS1KHEu1B7csfJiSLqdCEY6U810l1kGOpGeF0ZvuZoikmEzyinqECx1QF+fzwGTozyhBFiTQlNJqrvydyHCs1jUPTGWM9VsteIf7neZmOroOciTTTVJDFoijjSCeoSAENmaRE86khmEhmbkVkjCUm2mRVhOAuv7xKus2Ge9m4uG/WW04ZRwVO4BTOwYUraMEdtKEDBDJ4hld4s56sF+vd+li0rlnlzDH8gfX5A2rhkZU=</latexit>

ω > 0



• Cahn-Oono + elasticity (         )

Numerical results

<latexit sha1_base64="Nv3ixSL0aASVSqwYfhXVF+DcX8Y=">AAAB+HicbVDLSsNAFL3xWeOjVZduBovgqiQFHyspuHFZwT4gCWUynbRDJ5MwMxFq6Je4caGIWz/FnX/jpM1CWw9cOJxzL/feE6acKe0439ba+sbm1nZlx97d2z+o1g6PuirJJKEdkvBE9kOsKGeCdjTTnPZTSXEcctoLJ7eF33ukUrFEPOhpSoMYjwSLGMHaSINa1fdsH/N0jG8c2w/sQa3uNJw50CpxS1KHEu1B7csfJiSLqdCEY6U810l1kGOpGeF0ZvuZoikmEzyinqECx1QF+fzwGTozyhBFiTQlNJqrvydyHCs1jUPTGWM9VsteIf7neZmOroOciTTTVJDFoijjSCeoSAENmaRE86khmEhmbkVkjCUm2mRVhOAuv7xKus2Ge9m4uG/WW04ZRwVO4BTOwYUraMEdtKEDBDJ4hld4s56sF+vd+li0rlnlzDH8gfX5A2rhkZU=</latexit>

ω > 0



Conclusions



Conclusions

• Elasticity seems to play an important role on spinodal decomposition in some polymers

• We proposed a new model which combines the Cahn-Hilliard equation with
- a non-standard elasticity coupling term, which reproduces the scaling of the initial characteristic 

length with the elastic modulus of the matrix
- a long-range (Cahn-Oono) interaction term, which reproduces the arrest of the spinodal 

decomposition and the scaling of the characteristic length at arrest with the elastic modulus of 
the matrix

• Further analyses needed to better understand the model

• Further experiments needed to better understand the physics of the phenomenon


