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The title is intended to conjure up  Riemann’s 
Habilitation Lecture of 1862, usually translated 
as:

“On the Hypotheses which Lie at the 
Foundation of Geometry”



The title is intended to conjure up  Riemann’s 
Habilitation Lecture of 1862, usually translated 
as:

“On the Hypotheses which Lie at the 
Foundation of Geometry”

—in which Riemann introduced the Riemann 
curvature tensor.



—Although Riemann based his theory on 
Riemannian metrics, Riemann’s curvature is 
now viewed more generally as a property of 
a connection     . 
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In a series of papers with collaborator 
Moritz Reintjes, we have established that 
the regularity of a connection      can 
“always’’ be lifted to one derivative above 
its Riemann curvature tensor                 
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—This extends important work of 
Kazden-DeTurck and Uhlenbeck from 
(positive definite) Riemannian metrics to 
Lorentzian metrics of General Relativity   



Our theory includes the discovery of the 
Regularity Transformation equations (RT-
equations)



…as well as a subsequent existence theory to
establish optimal regularity and Uhlenbeck 
compactness for general connections.

Our theory includes the discovery of the 
Regularity Transformation equations (RT-
equations)



I begin with a statement of our results: 



I begin with a statement of our results: 

The RT-equations are a nonlinear elliptic 
system of equations with matrix valued 
differential forms as unknowns… 



The RT-equations:
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The RT-equations:

The 4-d coordinate Laplacian
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The RT-equations:

—Not the wave operator that goes 
with the connection     !�
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The RT-equations:
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—Not the wave operator that goes 
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The RT-equations are NOT constructed 
from invariant quantities…



The RT-equations are NOT constructed 
from invariant quantities…

They are constructed from the Euclidean 
metric of the coordinate system in which 
components are given…



The RT-equations are NOT constructed 
from invariant quantities…

Hence they are elliptic independent of 
metric signature… 

They are constructed from the Euclidean 
metric of the coordinate system in which 
components are given…



Existence Theorems for the RT-equations 
establish coordinate transformations
 
sufficient to smooth an affine connection
to optimal regularity…     
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For metric connections

Existence Theorems for the RT-equations 
establish coordinate transformations
 
sufficient to smooth an affine connection
to optimal regularity…     
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<latexit sha1_base64="KMbZ22wq9ugUL0wmzJNlKypbLw0=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXFD0WPeixiv2A7lKy6WwbmmSXJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFYUmjXmsOiHRwJmEpmGGQydRQETIoR2ObqZ++wmUZrF8NOMEAkEGkkWMEmMl/4GBqPq3RAhy2itX3Jo7A14mXk4qKEejV/7y+zFNBUhDOdG667mJCTKiDKMcJiU/1ZAQOiID6FoqiQAdZLObJ/jEKn0cxcqWNHim/p7IiNB6LELbKYgZ6kVvKv7ndVMTXQUZk0lqQNL5oijl2MR4GgDuMwXU8LElhCpmb8V0SBShxsZUsiF4iy8vk9ZZzbuouffnlfp1HkcRHaFjVEUeukR1dIcaqIkoStAzekVvTuq8OO/Ox7y14OQzh+gPnM8fG4+REw==</latexit>

Riem(�)
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
For metric connections

Existence Theorems for the RT-equations 
establish coordinate transformations
 
sufficient to smooth an affine connection
to optimal regularity…     

<latexit sha1_base64="Rf2J3hoVkOMTHwzskXFPRCSPh2Y=">AAAB7XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irih6LXjxWcNtCu5Rsmm1js8mSZMVl6X/w4kERr/4fb/4b03YP2joQGGbeI28mTDjTxnW/ndLK6tr6RnmzsrW9s7tX3T9oaZkqQn0iuVSdEGvKmaC+YYbTTqIojkNO2+H4Zuq3H6nSTIp7kyU0iPFQsIgRbKzUeuoZibJ+tebW3RnQMvEKUoMCzX71qzeQJI2pMIRjrbuem5ggx8owwumk0ks1TTAZ4yHtWipwTHWQz66doBOrDFAklX3CoJn6eyPHsdZZHNrJGJuRXvSm4n9eNzXRVZAzkaSGCjL/KEo5shGn0dGAKUoMzyzBRDF7KyIjrDAxtqCKLcFbjLxMWmd176Lu3p3XGtdFHWU4gmM4BQ8uoQG30AQfCDzAM7zCmyOdF+fd+ZiPlpxi5xD+wPn8AXHRjwo=</latexit>

x ! y



The existence of such coordinate 
transformations rules out “regularity 
singularities’’ in General Relativity. 



The existence of such coordinate 
transformations rules out “regularity 
singularities’’ in General Relativity. 

This is a fully multi-dimensional theory, 
requiring no symmetry assumptions… 



Our existence theorem for the RT-equations 
is based on elliptic regularity in       spaces:Lp�

<latexit sha1_base64="3mYxFvoBvQNoAo4Pm2cTlb1sFzk=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuLHMiKDLohsXLirYC7RjyaSZNjTJDElGGIa+ghsXirj1hdz5NmbaWWjrD4GP/5xDzvmDmDNtXPfbKa2srq1vlDcrW9s7u3vV/YO2jhJFaItEPFLdAGvKmaQtwwyn3VhRLAJOO8HkJq93nqjSLJIPJo2pL/BIspARbHLr7jE+G1Rrbt2dCS2DV0ANCjUH1a/+MCKJoNIQjrXueW5s/Awrwwin00o/0TTGZIJHtGdRYkG1n812naIT6wxRGCn7pEEz9/dEhoXWqQhsp8BmrBdruflfrZeY8MrPmIwTQyWZfxQmHJkI5YejIVOUGJ5awEQxuysiY6wwMTaeig3BWzx5Gdrndc/y/UWtcV3EUYYjOIZT8OASGnALTWgBgTE8wyu8OcJ5cd6dj3lrySlmDuGPnM8fkNeN6Q==</latexit><latexit sha1_base64="3mYxFvoBvQNoAo4Pm2cTlb1sFzk=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuLHMiKDLohsXLirYC7RjyaSZNjTJDElGGIa+ghsXirj1hdz5NmbaWWjrD4GP/5xDzvmDmDNtXPfbKa2srq1vlDcrW9s7u3vV/YO2jhJFaItEPFLdAGvKmaQtwwyn3VhRLAJOO8HkJq93nqjSLJIPJo2pL/BIspARbHLr7jE+G1Rrbt2dCS2DV0ANCjUH1a/+MCKJoNIQjrXueW5s/Awrwwin00o/0TTGZIJHtGdRYkG1n812naIT6wxRGCn7pEEz9/dEhoXWqQhsp8BmrBdruflfrZeY8MrPmIwTQyWZfxQmHJkI5YejIVOUGJ5awEQxuysiY6wwMTaeig3BWzx5Gdrndc/y/UWtcV3EUYYjOIZT8OASGnALTWgBgTE8wyu8OcJ5cd6dj3lrySlmDuGPnM8fkNeN6Q==</latexit><latexit sha1_base64="3mYxFvoBvQNoAo4Pm2cTlb1sFzk=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuLHMiKDLohsXLirYC7RjyaSZNjTJDElGGIa+ghsXirj1hdz5NmbaWWjrD4GP/5xDzvmDmDNtXPfbKa2srq1vlDcrW9s7u3vV/YO2jhJFaItEPFLdAGvKmaQtwwyn3VhRLAJOO8HkJq93nqjSLJIPJo2pL/BIspARbHLr7jE+G1Rrbt2dCS2DV0ANCjUH1a/+MCKJoNIQjrXueW5s/Awrwwin00o/0TTGZIJHtGdRYkG1n812naIT6wxRGCn7pEEz9/dEhoXWqQhsp8BmrBdruflfrZeY8MrPmIwTQyWZfxQmHJkI5YejIVOUGJ5awEQxuysiY6wwMTaeig3BWzx5Gdrndc/y/UWtcV3EUYYjOIZT8OASGnALTWgBgTE8wyu8OcJ5cd6dj3lrySlmDuGPnM8fkNeN6Q==</latexit><latexit sha1_base64="3mYxFvoBvQNoAo4Pm2cTlb1sFzk=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuLHMiKDLohsXLirYC7RjyaSZNjTJDElGGIa+ghsXirj1hdz5NmbaWWjrD4GP/5xDzvmDmDNtXPfbKa2srq1vlDcrW9s7u3vV/YO2jhJFaItEPFLdAGvKmaQtwwyn3VhRLAJOO8HkJq93nqjSLJIPJo2pL/BIspARbHLr7jE+G1Rrbt2dCS2DV0ANCjUH1a/+MCKJoNIQjrXueW5s/Awrwwin00o/0TTGZIJHtGdRYkG1n812naIT6wxRGCn7pEEz9/dEhoXWqQhsp8BmrBdruflfrZeY8MrPmIwTQyWZfxQmHJkI5YejIVOUGJ5awEQxuysiY6wwMTaeig3BWzx5Gdrndc/y/UWtcV3EUYYjOIZT8OASGnALTWgBgTE8wyu8OcJ5cd6dj3lrySlmDuGPnM8fkNeN6Q==</latexit>



Our existence theorem for the RT-equations 
is based on elliptic regularity in       spaces:Lp�

<latexit sha1_base64="3mYxFvoBvQNoAo4Pm2cTlb1sFzk=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuLHMiKDLohsXLirYC7RjyaSZNjTJDElGGIa+ghsXirj1hdz5NmbaWWjrD4GP/5xDzvmDmDNtXPfbKa2srq1vlDcrW9s7u3vV/YO2jhJFaItEPFLdAGvKmaQtwwyn3VhRLAJOO8HkJq93nqjSLJIPJo2pL/BIspARbHLr7jE+G1Rrbt2dCS2DV0ANCjUH1a/+MCKJoNIQjrXueW5s/Awrwwin00o/0TTGZIJHtGdRYkG1n812naIT6wxRGCn7pEEz9/dEhoXWqQhsp8BmrBdruflfrZeY8MrPmIwTQyWZfxQmHJkI5YejIVOUGJ5awEQxuysiY6wwMTaeig3BWzx5Gdrndc/y/UWtcV3EUYYjOIZT8OASGnALTWgBgTE8wyu8OcJ5cd6dj3lrySlmDuGPnM8fkNeN6Q==</latexit><latexit sha1_base64="3mYxFvoBvQNoAo4Pm2cTlb1sFzk=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuLHMiKDLohsXLirYC7RjyaSZNjTJDElGGIa+ghsXirj1hdz5NmbaWWjrD4GP/5xDzvmDmDNtXPfbKa2srq1vlDcrW9s7u3vV/YO2jhJFaItEPFLdAGvKmaQtwwyn3VhRLAJOO8HkJq93nqjSLJIPJo2pL/BIspARbHLr7jE+G1Rrbt2dCS2DV0ANCjUH1a/+MCKJoNIQjrXueW5s/Awrwwin00o/0TTGZIJHtGdRYkG1n812naIT6wxRGCn7pEEz9/dEhoXWqQhsp8BmrBdruflfrZeY8MrPmIwTQyWZfxQmHJkI5YejIVOUGJ5awEQxuysiY6wwMTaeig3BWzx5Gdrndc/y/UWtcV3EUYYjOIZT8OASGnALTWgBgTE8wyu8OcJ5cd6dj3lrySlmDuGPnM8fkNeN6Q==</latexit><latexit sha1_base64="3mYxFvoBvQNoAo4Pm2cTlb1sFzk=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuLHMiKDLohsXLirYC7RjyaSZNjTJDElGGIa+ghsXirj1hdz5NmbaWWjrD4GP/5xDzvmDmDNtXPfbKa2srq1vlDcrW9s7u3vV/YO2jhJFaItEPFLdAGvKmaQtwwyn3VhRLAJOO8HkJq93nqjSLJIPJo2pL/BIspARbHLr7jE+G1Rrbt2dCS2DV0ANCjUH1a/+MCKJoNIQjrXueW5s/Awrwwin00o/0TTGZIJHtGdRYkG1n812naIT6wxRGCn7pEEz9/dEhoXWqQhsp8BmrBdruflfrZeY8MrPmIwTQyWZfxQmHJkI5YejIVOUGJ5awEQxuysiY6wwMTaeig3BWzx5Gdrndc/y/UWtcV3EUYYjOIZT8OASGnALTWgBgTE8wyu8OcJ5cd6dj3lrySlmDuGPnM8fkNeN6Q==</latexit><latexit sha1_base64="3mYxFvoBvQNoAo4Pm2cTlb1sFzk=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuLHMiKDLohsXLirYC7RjyaSZNjTJDElGGIa+ghsXirj1hdz5NmbaWWjrD4GP/5xDzvmDmDNtXPfbKa2srq1vlDcrW9s7u3vV/YO2jhJFaItEPFLdAGvKmaQtwwyn3VhRLAJOO8HkJq93nqjSLJIPJo2pL/BIspARbHLr7jE+G1Rrbt2dCS2DV0ANCjUH1a/+MCKJoNIQjrXueW5s/Awrwwin00o/0TTGZIJHtGdRYkG1n812naIT6wxRGCn7pEEz9/dEhoXWqQhsp8BmrBdruflfrZeY8MrPmIwTQyWZfxQmHJkI5YejIVOUGJ5awEQxuysiY6wwMTaeig3BWzx5Gdrndc/y/UWtcV3EUYYjOIZT8OASGnALTWgBgTE8wyu8OcJ5cd6dj3lrySlmDuGPnM8fkNeN6Q==</latexit>

Theorem (R-T):  If

and

in a given coordinate system    , <latexit sha1_base64="fLBAq4QNHt6x49astMKifX19cb0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD54uNAA==</latexit>x

<latexit sha1_base64="xSfUNXky0+Jd3f8yEj6vGNt9GCI=">AAAB+3icbVDLSgMxFL1TX7W+al26CRbBVZkRRZdFF7pwUcE+oDOWTJppQ5PMkGTEofRX3LhQxK0/4s6/MW1nodUD93I4515yc8KEM21c98spLC2vrK4V10sbm1vbO+XdSkvHqSK0SWIeq06INeVM0qZhhtNOoigWIaftcHQ59dsPVGkWyzuTJTQQeCBZxAg2VuqVK/4VFgL7TKKbe9sjk/XKVbfmzoD+Ei8nVcjR6JU//X5MUkGlIRxr3fXcxARjrAwjnE5KfqppgskID2jXUokF1cF4dvsEHVqlj6JY2ZIGzdSfG2MstM5EaCcFNkO96E3F/7xuaqLzYMxkkhoqyfyhKOXIxGgaBOozRYnhmSWYKGZvRWSIFSbGxlWyIXiLX/5LWsc177Tm3p5U6xd5HEXYhwM4Ag/OoA7X0IAmEHiEJ3iBV2fiPDtvzvt8tODkO3vwC87HN5QwlCU=</latexit>

� 2 L1 <latexit sha1_base64="XkzvSx4BP3aCp82nhGyYTnT9TAY=">AAACAXicbVC7TsMwFHV4lvIKsCCxWFRIZakSBIKxggEGhoLoQ2pC5bhOa9V2IttBiqKy8CssDCDEyl+w8Te4bQZoOdK9OjrnXtn3BDGjSjvOtzU3v7C4tFxYKa6urW9s2lvbDRUlEpM6jlgkWwFShFFB6ppqRlqxJIgHjDSDwcXIbz4QqWgk7nQaE5+jnqAhxUgbqWPv3lLCy94l4hwdelTA63vTQ5127JJTccaAs8TNSQnkqHXsL68b4YQToTFDSrVdJ9Z+hqSmmJFh0UsUiREeoB5pGyoQJ8rPxhcM4YFRujCMpCmh4Vj9vZEhrlTKAzPJke6raW8k/ue1Ex2e+RkVcaKJwJOHwoRBHcFRHLBLJcGapYYgLKn5K8R9JBHWJrSiCcGdPnmWNI4q7knFuTkuVc/zOApgD+yDMnDBKaiCK1ADdYDBI3gGr+DNerJerHfrYzI6Z+U7O+APrM8fcDSWPw==</latexit>

Riem(�) 2 L1



Theorem (R-T):  If

and

in a given coordinate system    , <latexit sha1_base64="fLBAq4QNHt6x49astMKifX19cb0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD54uNAA==</latexit>x

<latexit sha1_base64="xSfUNXky0+Jd3f8yEj6vGNt9GCI=">AAAB+3icbVDLSgMxFL1TX7W+al26CRbBVZkRRZdFF7pwUcE+oDOWTJppQ5PMkGTEofRX3LhQxK0/4s6/MW1nodUD93I4515yc8KEM21c98spLC2vrK4V10sbm1vbO+XdSkvHqSK0SWIeq06INeVM0qZhhtNOoigWIaftcHQ59dsPVGkWyzuTJTQQeCBZxAg2VuqVK/4VFgL7TKKbe9sjk/XKVbfmzoD+Ei8nVcjR6JU//X5MUkGlIRxr3fXcxARjrAwjnE5KfqppgskID2jXUokF1cF4dvsEHVqlj6JY2ZIGzdSfG2MstM5EaCcFNkO96E3F/7xuaqLzYMxkkhoqyfyhKOXIxGgaBOozRYnhmSWYKGZvRWSIFSbGxlWyIXiLX/5LWsc177Tm3p5U6xd5HEXYhwM4Ag/OoA7X0IAmEHiEJ3iBV2fiPDtvzvt8tODkO3vwC87HN5QwlCU=</latexit>

� 2 L1 <latexit sha1_base64="XkzvSx4BP3aCp82nhGyYTnT9TAY=">AAACAXicbVC7TsMwFHV4lvIKsCCxWFRIZakSBIKxggEGhoLoQ2pC5bhOa9V2IttBiqKy8CssDCDEyl+w8Te4bQZoOdK9OjrnXtn3BDGjSjvOtzU3v7C4tFxYKa6urW9s2lvbDRUlEpM6jlgkWwFShFFB6ppqRlqxJIgHjDSDwcXIbz4QqWgk7nQaE5+jnqAhxUgbqWPv3lLCy94l4hwdelTA63vTQ5127JJTccaAs8TNSQnkqHXsL68b4YQToTFDSrVdJ9Z+hqSmmJFh0UsUiREeoB5pGyoQJ8rPxhcM4YFRujCMpCmh4Vj9vZEhrlTKAzPJke6raW8k/ue1Ex2e+RkVcaKJwJOHwoRBHcFRHLBLJcGapYYgLKn5K8R9JBHWJrSiCcGdPnmWNI4q7knFuTkuVc/zOApgD+yDMnDBKaiCK1ADdYDBI3gGr+DNerJerHfrYzI6Z+U7O+APrM8fcDSWPw==</latexit>

Riem(�) 2 L1

Our existence theorem for the RT-equations 
is based on elliptic regularity in       spaces:Lp�

<latexit sha1_base64="3mYxFvoBvQNoAo4Pm2cTlb1sFzk=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuLHMiKDLohsXLirYC7RjyaSZNjTJDElGGIa+ghsXirj1hdz5NmbaWWjrD4GP/5xDzvmDmDNtXPfbKa2srq1vlDcrW9s7u3vV/YO2jhJFaItEPFLdAGvKmaQtwwyn3VhRLAJOO8HkJq93nqjSLJIPJo2pL/BIspARbHLr7jE+G1Rrbt2dCS2DV0ANCjUH1a/+MCKJoNIQjrXueW5s/Awrwwin00o/0TTGZIJHtGdRYkG1n812naIT6wxRGCn7pEEz9/dEhoXWqQhsp8BmrBdruflfrZeY8MrPmIwTQyWZfxQmHJkI5YejIVOUGJ5awEQxuysiY6wwMTaeig3BWzx5Gdrndc/y/UWtcV3EUYYjOIZT8OASGnALTWgBgTE8wyu8OcJ5cd6dj3lrySlmDuGPnM8fkNeN6Q==</latexit><latexit sha1_base64="3mYxFvoBvQNoAo4Pm2cTlb1sFzk=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuLHMiKDLohsXLirYC7RjyaSZNjTJDElGGIa+ghsXirj1hdz5NmbaWWjrD4GP/5xDzvmDmDNtXPfbKa2srq1vlDcrW9s7u3vV/YO2jhJFaItEPFLdAGvKmaQtwwyn3VhRLAJOO8HkJq93nqjSLJIPJo2pL/BIspARbHLr7jE+G1Rrbt2dCS2DV0ANCjUH1a/+MCKJoNIQjrXueW5s/Awrwwin00o/0TTGZIJHtGdRYkG1n812naIT6wxRGCn7pEEz9/dEhoXWqQhsp8BmrBdruflfrZeY8MrPmIwTQyWZfxQmHJkI5YejIVOUGJ5awEQxuysiY6wwMTaeig3BWzx5Gdrndc/y/UWtcV3EUYYjOIZT8OASGnALTWgBgTE8wyu8OcJ5cd6dj3lrySlmDuGPnM8fkNeN6Q==</latexit><latexit sha1_base64="3mYxFvoBvQNoAo4Pm2cTlb1sFzk=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuLHMiKDLohsXLirYC7RjyaSZNjTJDElGGIa+ghsXirj1hdz5NmbaWWjrD4GP/5xDzvmDmDNtXPfbKa2srq1vlDcrW9s7u3vV/YO2jhJFaItEPFLdAGvKmaQtwwyn3VhRLAJOO8HkJq93nqjSLJIPJo2pL/BIspARbHLr7jE+G1Rrbt2dCS2DV0ANCjUH1a/+MCKJoNIQjrXueW5s/Awrwwin00o/0TTGZIJHtGdRYkG1n812naIT6wxRGCn7pEEz9/dEhoXWqQhsp8BmrBdruflfrZeY8MrPmIwTQyWZfxQmHJkI5YejIVOUGJ5awEQxuysiY6wwMTaeig3BWzx5Gdrndc/y/UWtcV3EUYYjOIZT8OASGnALTWgBgTE8wyu8OcJ5cd6dj3lrySlmDuGPnM8fkNeN6Q==</latexit><latexit sha1_base64="3mYxFvoBvQNoAo4Pm2cTlb1sFzk=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuLHMiKDLohsXLirYC7RjyaSZNjTJDElGGIa+ghsXirj1hdz5NmbaWWjrD4GP/5xDzvmDmDNtXPfbKa2srq1vlDcrW9s7u3vV/YO2jhJFaItEPFLdAGvKmaQtwwyn3VhRLAJOO8HkJq93nqjSLJIPJo2pL/BIspARbHLr7jE+G1Rrbt2dCS2DV0ANCjUH1a/+MCKJoNIQjrXueW5s/Awrwwin00o/0TTGZIJHtGdRYkG1n812naIT6wxRGCn7pEEz9/dEhoXWqQhsp8BmrBdruflfrZeY8MrPmIwTQyWZfxQmHJkI5YejIVOUGJ5awEQxuysiY6wwMTaeig3BWzx5Gdrndc/y/UWtcV3EUYYjOIZT8OASGnALTWgBgTE8wyu8OcJ5cd6dj3lrySlmDuGPnM8fkNeN6Q==</latexit>

then there always exist local coord trans 
           such that in   -coordinates,

<latexit sha1_base64="plO+peCbNVnVEc0GHTvhV3+bFoo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0Io/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHkyXoR3QoecgZNVZqZP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03Mf6EKsOZwGmpl2pMKBvTIXYtlTRC7U/mh07JmVUGJIyVLWnIXP09MaGR1lkU2M6ImpFe9mbif143NeGNP+EySQ1KtlgUpoKYmMy+JgOukBmRWUKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD6Q+NAQ==</latexit>y
<latexit sha1_base64="Kg8sEP24ajUaXZ1lBQ+gTl+VDoU=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCBwm7ougx6EGPEcwDsmvonUySITOzy8ysEtZ8ihcPinj1S7z5N04eB00saCiquunuihLOtPG8bye3tLyyupZfL2xsbm3vuMXduo5TRWiNxDxWzQg05UzSmmGG02aiKIiI00Y0uBr7jQeqNIvlnRkmNBTQk6zLCBgrtd1icA1CQMAkbtxn/nEyarslr+xNgBeJPyMlNEO17X4FnZikgkpDOGjd8r3EhBkowwino0KQapoAGUCPtiyVIKgOs8npI3xolQ7uxsqWNHii/p7IQGg9FJHtFGD6et4bi/95rdR0L8KMySQ1VJLpom7KsYnxOAfcYYoSw4eWAFHM3opJHxQQY9Mq2BD8+ZcXSf2k7J+VvdvTUuVyFkce7aMDdIR8dI4q6AZVUQ0R9Iie0St6c56cF+fd+Zi25pzZzB76A+fzB1R5k2U=</latexit>

� 2 W 1,p ,
<latexit sha1_base64="XkzvSx4BP3aCp82nhGyYTnT9TAY=">AAACAXicbVC7TsMwFHV4lvIKsCCxWFRIZakSBIKxggEGhoLoQ2pC5bhOa9V2IttBiqKy8CssDCDEyl+w8Te4bQZoOdK9OjrnXtn3BDGjSjvOtzU3v7C4tFxYKa6urW9s2lvbDRUlEpM6jlgkWwFShFFB6ppqRlqxJIgHjDSDwcXIbz4QqWgk7nQaE5+jnqAhxUgbqWPv3lLCy94l4hwdelTA63vTQ5127JJTccaAs8TNSQnkqHXsL68b4YQToTFDSrVdJ9Z+hqSmmJFh0UsUiREeoB5pGyoQJ8rPxhcM4YFRujCMpCmh4Vj9vZEhrlTKAzPJke6raW8k/ue1Ex2e+RkVcaKJwJOHwoRBHcFRHLBLJcGapYYgLKn5K8R9JBHWJrSiCcGdPnmWNI4q7knFuTkuVc/zOApgD+yDMnDBKaiCK1ADdYDBI3gGr+DNerJerHfrYzI6Z+U7O+APrM8fcDSWPw==</latexit>

Riem(�) 2 L1

<latexit sha1_base64="Rf2J3hoVkOMTHwzskXFPRCSPh2Y=">AAAB7XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irih6LXjxWcNtCu5Rsmm1js8mSZMVl6X/w4kERr/4fb/4b03YP2joQGGbeI28mTDjTxnW/ndLK6tr6RnmzsrW9s7tX3T9oaZkqQn0iuVSdEGvKmaC+YYbTTqIojkNO2+H4Zuq3H6nSTIp7kyU0iPFQsIgRbKzUeuoZibJ+tebW3RnQMvEKUoMCzX71qzeQJI2pMIRjrbuem5ggx8owwumk0ks1TTAZ4yHtWipwTHWQz66doBOrDFAklX3CoJn6eyPHsdZZHNrJGJuRXvSm4n9eNzXRVZAzkaSGCjL/KEo5shGn0dGAKUoMzyzBRDF7KyIjrDAxtqCKLcFbjLxMWmd176Lu3p3XGtdFHWU4gmM4BQ8uoQG30AQfCDzAM7zCmyOdF+fd+ZiPlpxi5xD+wPn8AXHRjwo=</latexit>

x ! y



Theorem (R-T 2021):  If

and

in a given coordinate system    , <latexit sha1_base64="fLBAq4QNHt6x49astMKifX19cb0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD54uNAA==</latexit>x

Our existence theorem for the RT-equations 
is based on elliptic regularity in       spaces:Lp�

<latexit sha1_base64="3mYxFvoBvQNoAo4Pm2cTlb1sFzk=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuLHMiKDLohsXLirYC7RjyaSZNjTJDElGGIa+ghsXirj1hdz5NmbaWWjrD4GP/5xDzvmDmDNtXPfbKa2srq1vlDcrW9s7u3vV/YO2jhJFaItEPFLdAGvKmaQtwwyn3VhRLAJOO8HkJq93nqjSLJIPJo2pL/BIspARbHLr7jE+G1Rrbt2dCS2DV0ANCjUH1a/+MCKJoNIQjrXueW5s/Awrwwin00o/0TTGZIJHtGdRYkG1n812naIT6wxRGCn7pEEz9/dEhoXWqQhsp8BmrBdruflfrZeY8MrPmIwTQyWZfxQmHJkI5YejIVOUGJ5awEQxuysiY6wwMTaeig3BWzx5Gdrndc/y/UWtcV3EUYYjOIZT8OASGnALTWgBgTE8wyu8OcJ5cd6dj3lrySlmDuGPnM8fkNeN6Q==</latexit><latexit sha1_base64="3mYxFvoBvQNoAo4Pm2cTlb1sFzk=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuLHMiKDLohsXLirYC7RjyaSZNjTJDElGGIa+ghsXirj1hdz5NmbaWWjrD4GP/5xDzvmDmDNtXPfbKa2srq1vlDcrW9s7u3vV/YO2jhJFaItEPFLdAGvKmaQtwwyn3VhRLAJOO8HkJq93nqjSLJIPJo2pL/BIspARbHLr7jE+G1Rrbt2dCS2DV0ANCjUH1a/+MCKJoNIQjrXueW5s/Awrwwin00o/0TTGZIJHtGdRYkG1n812naIT6wxRGCn7pEEz9/dEhoXWqQhsp8BmrBdruflfrZeY8MrPmIwTQyWZfxQmHJkI5YejIVOUGJ5awEQxuysiY6wwMTaeig3BWzx5Gdrndc/y/UWtcV3EUYYjOIZT8OASGnALTWgBgTE8wyu8OcJ5cd6dj3lrySlmDuGPnM8fkNeN6Q==</latexit><latexit sha1_base64="3mYxFvoBvQNoAo4Pm2cTlb1sFzk=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuLHMiKDLohsXLirYC7RjyaSZNjTJDElGGIa+ghsXirj1hdz5NmbaWWjrD4GP/5xDzvmDmDNtXPfbKa2srq1vlDcrW9s7u3vV/YO2jhJFaItEPFLdAGvKmaQtwwyn3VhRLAJOO8HkJq93nqjSLJIPJo2pL/BIspARbHLr7jE+G1Rrbt2dCS2DV0ANCjUH1a/+MCKJoNIQjrXueW5s/Awrwwin00o/0TTGZIJHtGdRYkG1n812naIT6wxRGCn7pEEz9/dEhoXWqQhsp8BmrBdruflfrZeY8MrPmIwTQyWZfxQmHJkI5YejIVOUGJ5awEQxuysiY6wwMTaeig3BWzx5Gdrndc/y/UWtcV3EUYYjOIZT8OASGnALTWgBgTE8wyu8OcJ5cd6dj3lrySlmDuGPnM8fkNeN6Q==</latexit><latexit sha1_base64="3mYxFvoBvQNoAo4Pm2cTlb1sFzk=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuLHMiKDLohsXLirYC7RjyaSZNjTJDElGGIa+ghsXirj1hdz5NmbaWWjrD4GP/5xDzvmDmDNtXPfbKa2srq1vlDcrW9s7u3vV/YO2jhJFaItEPFLdAGvKmaQtwwyn3VhRLAJOO8HkJq93nqjSLJIPJo2pL/BIspARbHLr7jE+G1Rrbt2dCS2DV0ANCjUH1a/+MCKJoNIQjrXueW5s/Awrwwin00o/0TTGZIJHtGdRYkG1n812naIT6wxRGCn7pEEz9/dEhoXWqQhsp8BmrBdruflfrZeY8MrPmIwTQyWZfxQmHJkI5YejIVOUGJ5awEQxuysiY6wwMTaeig3BWzx5Gdrndc/y/UWtcV3EUYYjOIZT8OASGnALTWgBgTE8wyu8OcJ5cd6dj3lrySlmDuGPnM8fkNeN6Q==</latexit>

then there always exist local coord trans 
           such that in   -coordinates,

<latexit sha1_base64="plO+peCbNVnVEc0GHTvhV3+bFoo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0Io/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHkyXoR3QoecgZNVZqZP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03Mf6EKsOZwGmpl2pMKBvTIXYtlTRC7U/mh07JmVUGJIyVLWnIXP09MaGR1lkU2M6ImpFe9mbif143NeGNP+EySQ1KtlgUpoKYmMy+JgOukBmRWUKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD6Q+NAQ==</latexit>y<latexit sha1_base64="Rf2J3hoVkOMTHwzskXFPRCSPh2Y=">AAAB7XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irih6LXjxWcNtCu5Rsmm1js8mSZMVl6X/w4kERr/4fb/4b03YP2joQGGbeI28mTDjTxnW/ndLK6tr6RnmzsrW9s7tX3T9oaZkqQn0iuVSdEGvKmaC+YYbTTqIojkNO2+H4Zuq3H6nSTIp7kyU0iPFQsIgRbKzUeuoZibJ+tebW3RnQMvEKUoMCzX71qzeQJI2pMIRjrbuem5ggx8owwumk0ks1TTAZ4yHtWipwTHWQz66doBOrDFAklX3CoJn6eyPHsdZZHNrJGJuRXvSm4n9eNzXRVZAzkaSGCjL/KEo5shGn0dGAKUoMzyzBRDF7KyIjrDAxtqCKLcFbjLxMWmd176Lu3p3XGtdFHWU4gmM4BQ8uoQG30AQfCDzAM7zCmyOdF+fd+ZiPlpxi5xD+wPn8AXHRjwo=</latexit>

x ! y

<latexit sha1_base64="9exAiePVtNggGR4O5sAS0CvJk/w=">AAAB+XicbVA9SwNBEN3zM8avU0ubxSBYhbugaBm00MIigvmA3BnmNptkye7esbsXCEf+iY2FIrb+Ezv/jZvkCk18MPB4b4aZeVHCmTae9+2srK6tb2wWtorbO7t7++7BYUPHqSK0TmIeq1YEmnImad0ww2krURRExGkzGt5M/eaIKs1i+WjGCQ0F9CXrMQLGSh3XDW5BCAiYxPdPWSWZdNySV/ZmwMvEz0kJ5ah13K+gG5NUUGkIB63bvpeYMANlGOF0UgxSTRMgQ+jTtqUSBNVhNrt8gk+t0sW9WNmSBs/U3xMZCK3HIrKdAsxAL3pT8T+vnZreVZgxmaSGSjJf1Es5NjGexoC7TFFi+NgSIIrZWzEZgAJibFhFG4K/+PIyaVTK/kXZezgvVa/zOAroGJ2gM+SjS1RFd6iG6oigEXpGr+jNyZwX5935mLeuOPnMEfoD5/MH1/GTJQ==</latexit>

� 2 L2p
<latexit sha1_base64="1x6wBy5QNRlZSYGhuZYdN8n1lYg=">AAACBnicbVDLSgMxFM3UV62vUZciBItQQepMUXQlRRe6cFHFPqBTSybNtKFJZkgyQhm6cuOvuHGhiFu/wZ1/Y9rOQq0HLhzOuZd77/EjRpV2nC8rMzM7N7+QXcwtLa+srtnrGzUVxhKTKg5ZKBs+UoRRQaqaakYakSSI+4zU/f75yK/fE6loKG71ICItjrqCBhQjbaS2vX1DCS94F4hztOdRAa/ukmi478HoVByU2nbeKTpjwGnipiQPUlTa9qfXCXHMidCYIaWarhPpVoKkppiRYc6LFYkQ7qMuaRoqECeqlYzfGMJdo3RgEEpTQsOx+nMiQVypAfdNJ0e6p/56I/E/rxnr4KSVUBHFmgg8WRTEDOoQjjKBHSoJ1mxgCMKSmlsh7iGJsDbJ5UwI7t+Xp0mtVHSPis71Yb58lsaRBVtgBxSAC45BGVyCCqgCDB7AE3gBr9aj9Wy9We+T1oyVzmyCX7A+vgHlppd4</latexit>

Riem(�) 2 Lp, p > n/2

<latexit sha1_base64="Kg8sEP24ajUaXZ1lBQ+gTl+VDoU=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCBwm7ougx6EGPEcwDsmvonUySITOzy8ysEtZ8ihcPinj1S7z5N04eB00saCiquunuihLOtPG8bye3tLyyupZfL2xsbm3vuMXduo5TRWiNxDxWzQg05UzSmmGG02aiKIiI00Y0uBr7jQeqNIvlnRkmNBTQk6zLCBgrtd1icA1CQMAkbtxn/nEyarslr+xNgBeJPyMlNEO17X4FnZikgkpDOGjd8r3EhBkowwino0KQapoAGUCPtiyVIKgOs8npI3xolQ7uxsqWNHii/p7IQGg9FJHtFGD6et4bi/95rdR0L8KMySQ1VJLpom7KsYnxOAfcYYoSw4eWAFHM3opJHxQQY9Mq2BD8+ZcXSf2k7J+VvdvTUuVyFkce7aMDdIR8dI4q6AZVUQ0R9Iie0St6c56cF+fd+Zi25pzZzB76A+fzB1R5k2U=</latexit>

� 2 W 1,p ,
<latexit sha1_base64="5/eEgdLLZNYD2OJ4oTq2ioKp3cM=">AAAB/nicbVDLSgNBEOyNrxhfUfHkZTAI8RJ2RdFj0IMePEQxD0jWMDuZTYbMzC4zs0JYAv6KFw+KePU7vPk3Th4HTSxoKKq66e4KYs60cd1vJ7OwuLS8kl3Nra1vbG7lt3dqOkoUoVUS8Ug1AqwpZ5JWDTOcNmJFsQg4rQf9y5Fff6RKs0jem0FMfYG7koWMYGOldn7vjlFRbF1hIfBRi0l085DGw3a+4JbcMdA88aakAFNU2vmvViciiaDSEI61bnpubPwUK8MIp8NcK9E0xqSPu7RpqcSCaj8dnz9Eh1bpoDBStqRBY/X3RIqF1gMR2E6BTU/PeiPxP6+ZmPDcT5mME0MlmSwKE45MhEZZoA5TlBg+sAQTxeytiPSwwsTYxHI2BG/25XlSOy55pyX39qRQvpjGkYV9OIAieHAGZbiGClSBQArP8ApvzpPz4rw7H5PWjDOd2YU/cD5/ADg1lQM=</latexit>

Riem(�) 2 Lp



Extra derivative implies compactness
for sequences             of affine connections:             

<latexit sha1_base64="4tw4MSKO7l1GTBfREsz5tx+2Z+0=">AAACD3icbVDLSsNAFJ3UV62vqEs3waK4KokouhGKLnRZwT6gqWEynbRDZyZh5kYoIX/gxl9x40IRt27d+TdOHwttPXDhcM693HtPmHCmwXW/rcLC4tLySnG1tLa+sbllb+80dJwqQusk5rFqhVhTziStAwNOW4miWIScNsPB1chvPlClWSzvYJjQjsA9ySJGMBgpsA99TiPwM/8aC4ED5ivW64OfB9ngwsvvM5/JCIZ5YJfdijuGM0+8KSmjKWqB/eV3Y5IKKoFwrHXbcxPoZFgBI5zmJT/VNMFkgHu0bajEgupONv4ndw6M0nWiWJmS4IzV3xMZFloPRWg6BYa+nvVG4n9eO4XovJMxmaRAJZksilLuQOyMwnG6TFECfGgIJoqZWx3SxwoTMBGWTAje7MvzpHFc8U4r7u1JuXo5jaOI9tA+OkIeOkNVdINqqI4IekTP6BW9WU/Wi/VufUxaC9Z0Zhf9gfX5A0GFnW8=</latexit>

{�i}1k=1



Extra derivative implies compactness
for sequences             of affine connections:             

<latexit sha1_base64="4tw4MSKO7l1GTBfREsz5tx+2Z+0=">AAACD3icbVDLSsNAFJ3UV62vqEs3waK4KokouhGKLnRZwT6gqWEynbRDZyZh5kYoIX/gxl9x40IRt27d+TdOHwttPXDhcM693HtPmHCmwXW/rcLC4tLySnG1tLa+sbllb+80dJwqQusk5rFqhVhTziStAwNOW4miWIScNsPB1chvPlClWSzvYJjQjsA9ySJGMBgpsA99TiPwM/8aC4ED5ivW64OfB9ngwsvvM5/JCIZ5YJfdijuGM0+8KSmjKWqB/eV3Y5IKKoFwrHXbcxPoZFgBI5zmJT/VNMFkgHu0bajEgupONv4ndw6M0nWiWJmS4IzV3xMZFloPRWg6BYa+nvVG4n9eO4XovJMxmaRAJZksilLuQOyMwnG6TFECfGgIJoqZWx3SxwoTMBGWTAje7MvzpHFc8U4r7u1JuXo5jaOI9tA+OkIeOkNVdINqqI4IekTP6BW9WU/Wi/VufUxaC9Z0Zhf9gfX5A0GFnW8=</latexit>

{�i}1k=1

Theorem (R-T 2021):  If
and

<latexit sha1_base64="ofHfvq59jYUb4VgJNqrp0Esc/cI=">AAAB/3icbVC7TsMwFHXKq5RXAImFxaJCYqoSBIKxggEGhiLRh9SEyHGd1qrtRLaDFIUO/AoLAwix8hts/A1umwFajnR1j865V74+YcKo0o7zbZUWFpeWV8qrlbX1jc0te3unpeJUYtLEMYtlJ0SKMCpIU1PNSCeRBPGQkXY4vBz77QciFY3Fnc4S4nPUFzSiGGkjBfaed4U4RwH1qIA397lpkc5GgV11as4EcJ64BamCAo3A/vJ6MU45ERozpFTXdRLt50hqihkZVbxUkQThIeqTrqECcaL8fHL/CB4apQejWJoSGk7U3xs54kplPDSTHOmBmvXG4n9eN9XRuZ9TkaSaCDx9KEoZ1DEchwF7VBKsWWYIwpKaWyEeIImwNpFVTAju7JfnSeu45p7WnNuTav2iiKMM9sEBOAIuOAN1cA0aoAkweATP4BW8WU/Wi/VufUxHS1axswv+wPr8Ae4llg0=</latexit>

�i 2 L1 <latexit sha1_base64="c7swDcEw1d8wKsbsEjKtSidSLns=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhgsTdoGglQQstLKKYB2RjmJ3MJkNmZpeZWSEsKW38FRsLRWz9BDv/xkmyhRoPXDiccy/33uNHjCrtOF9WZmZ2bn4hu5hbWl5ZXbPXN2oqjCUmVRyyUDZ8pAijglQ11Yw0IkkQ9xmp+/3zkV+/J1LRUNzqQURaHHUFDShG2khte/uGEl7wLhDnqE33PCrg1V0SDfc9GJ2Kg1LbzjtFZww4TdyU5EGKStv+9DohjjkRGjOkVNN1It1KkNQUMzLMebEiEcJ91CVNQwXiRLWS8SNDuGuUDgxCaUpoOFZ/TiSIKzXgvunkSPfUX28k/uc1Yx2ctBIqolgTgSeLgphBHcJRKrBDJcGaDQxBWFJzK8Q9JBHWJrucCcH9+/I0qZWK7lHRuT7Ml8/SOLJgC+yAAnDBMSiDS1ABVYDBA3gCL+DVerSerTfrfdKasdKZTfAL1sc3dbOYVA==</latexit>

Riem(�i) 2 Lp, p > n/2

with uniform bounds,  then there exists a 
convergent subsequence in    -coordinates:<latexit sha1_base64="plO+peCbNVnVEc0GHTvhV3+bFoo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0Io/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHkyXoR3QoecgZNVZqZP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03Mf6EKsOZwGmpl2pMKBvTIXYtlTRC7U/mh07JmVUGJIyVLWnIXP09MaGR1lkU2M6ImpFe9mbif143NeGNP+EySQ1KtlgUpoKYmMy+JgOukBmRWUKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD6Q+NAQ==</latexit>y

<latexit sha1_base64="bVCRLRMwaOtezn5VY0MzXk7R46o=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN4Ot4KokBdFl0YUuK9gLNCFMppN26EwSZiZCCQVfxY0LRdz6HO58G6dtFtr6w8DHf85hzvnDlDOlHefbWlldW9/YLG2Vt3d29/btg8O2SjJJaIskPJHdECvKWUxbmmlOu6mkWIScdsLRzbTeeaRSsSR+0OOU+gIPYhYxgrWxAvu46t1iIXDAPJ2gOVdRYFecmjMTWga3gAoUagb2l9dPSCZorAnHSvVcJ9V+jqVmhNNJ2csUTTEZ4QHtGYyxoMrPZ+tP0Jlx+ihKpHmxRjP390SOhVJjEZpOgfVQLdam5n+1XqajKz9ncZppGpP5R1HGkbl0mgXqM0mJ5mMDmEhmdkVkiCUm2iRWNiG4iycvQ7tecy9qzn290rgu4ijBCZzCObhwCQ24gya0gEAOz/AKb9aT9WK9Wx/z1hWrmDmCP7I+fwCF9pSM</latexit>

�i ! � strongly in     ,          weakly in     
<latexit sha1_base64="aME6I7QtVOX/XGxlTqrQkEPZAxI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtwFRMugjYVFBC8JJGfY2+wlS/Z2j909IRz5DTYWitj6g+z8N26SKzTxwcDjvRlm5oUJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHRy0tU0WoTySXqhNiTTkT1DfMcNpJFMVxyGk7HN/M/PYTVZpJ8WAmCQ1iPBQsYgQbK/nVu8ek2i9X3Jo7B1olXk4qkKPZL3/1BpKkMRWGcKx113MTE2RYGUY4nZZ6qaYJJmM8pF1LBY6pDrL5sVN0ZpUBiqSyJQyaq78nMhxrPYlD2xljM9LL3kz8z+umJroKMiaS1FBBFouilCMj0exzNGCKEsMnlmCimL0VkRFWmBibT8mG4C2/vEpa9Zp3UXPv65XGdR5HEU7gFM7Bg0towC00wQcCDJ7hFd4c4bw4787HorXg5DPH8AfO5w/f7Y4Q</latexit>

Lp
<latexit sha1_base64="L0ZCwAbWsJfmflU2e3hH4I4iJWw=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCBym7haLHohePFeyHtGvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRvDeTmPoCDyULGcHGSg/l9mPqXcTTcr9YcivuHGiVeBkpQYZGv/jVG0QkEVQawrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtlVhQ7afzg6fozCoDFEbKljRorv6eSLHQeiIC2ymwGellbyb+53UTE175KZNxYqgki0VhwpGJ0Ox7NGCKEsMnlmCimL0VkRFWmBibUcGG4C2/vEpa1YpXq7h31VL9OosjDydwCufgwSXU4RYa0AQCAp7hFd4c5bw4787HojXnZDPH8AfO5w+Rd4+Y</latexit>

W 1,p



Same for smooth solutions:



Same for smooth solutions:

 If:                                        .
<latexit sha1_base64="+HxmZRe6jsBHZyLlo/uQ1NgAaHM=">AAACEHicbVDLSgMxFM34rPVVdekmWMQKpcyIosuiC11WsQ/o1JJJb9vQJDMmGaEM/QQ3/oobF4q4denOvzF9LLT1wIWTc+4l954g4kwb1/125uYXFpeWUyvp1bX1jc3M1nZFh7GiUKYhD1UtIBo4k1A2zHCoRQqICDhUg97F0K8+gNIslLemH0FDkI5kbUaJsVIzc+BfEiFIHt8wELnx49BnElfvEpGPBnks/A7ce81M1i24I+BZ4k1IFk1Qama+/FZIYwHSUE60rntuZBoJUYZRDoO0H2uICO2RDtQtlUSAbiSjgwZ43yot3A6VLWnwSP09kRChdV8EtlMQ09XT3lD8z6vHpn3WSJiMYgOSjj9qxxybEA/TwS2mgBret4RQxeyumHaJItTYDNM2BG/65FlSOSp4JwX3+jhbPJ/EkUK7aA/lkIdOURFdoRIqI4oe0TN6RW/Ok/PivDsf49Y5ZzKzg/7A+fwBKeqbaQ==</latexit>

�, Riem(�) 2 Wm,p,m � 1



Same for smooth solutions:

<latexit sha1_base64="oXzv20pB1AsYshwnx0UNJh5Ht5g=">AAACFXicbZDLSgMxFIYzXmu9jbp0EyxCxVJmRNFl0YUuq9gLdMaSSTNtaJIZkoxQhr6EG1/FjQtF3ArufBvTdgRtPRD4+b9zODl/EDOqtON8WXPzC4tLy7mV/Ora+samvbVdV1EiManhiEWyGSBFGBWkpqlmpBlLgnjASCPoX4x4455IRSNxqwcx8TnqChpSjLSx2nbJu0ScI48K2LhL+aFbiocleEMJL07IwQ8yoG0XnLIzLjgr3EwUQFbVtv3pdSKccCI0ZkipluvE2k+R1BQzMsx7iSIxwn3UJS0jBeJE+en4qiHcN04HhpE0T2g4dn9PpIgrNeCB6eRI99Q0G5n/sVaiwzM/pSJONBF4sihMGNQRHEUEO1QSrNnACIQlNX+FuIckwtoEmTchuNMnz4r6Udk9KTvXx4XKeRZHDuyCPVAELjgFFXAFqqAGMHgAT+AFvFqP1rP1Zr1PWuesbGYH/Cnr4xsHc519</latexit>

� 2 Wm+1,p, Riem(�) 2 Wm,p

Then:               
<latexit sha1_base64="Rf2J3hoVkOMTHwzskXFPRCSPh2Y=">AAAB7XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irih6LXjxWcNtCu5Rsmm1js8mSZMVl6X/w4kERr/4fb/4b03YP2joQGGbeI28mTDjTxnW/ndLK6tr6RnmzsrW9s7tX3T9oaZkqQn0iuVSdEGvKmaC+YYbTTqIojkNO2+H4Zuq3H6nSTIp7kyU0iPFQsIgRbKzUeuoZibJ+tebW3RnQMvEKUoMCzX71qzeQJI2pMIRjrbuem5ggx8owwumk0ks1TTAZ4yHtWipwTHWQz66doBOrDFAklX3CoJn6eyPHsdZZHNrJGJuRXvSm4n9eNzXRVZAzkaSGCjL/KEo5shGn0dGAKUoMzyzBRDF7KyIjrDAxtqCKLcFbjLxMWmd176Lu3p3XGtdFHWU4gmM4BQ8uoQG30AQfCDzAM7zCmyOdF+fd+ZiPlpxi5xD+wPn8AXHRjwo=</latexit>

x ! y gives               

 If:                                        .
<latexit sha1_base64="+HxmZRe6jsBHZyLlo/uQ1NgAaHM=">AAACEHicbVDLSgMxFM34rPVVdekmWMQKpcyIosuiC11WsQ/o1JJJb9vQJDMmGaEM/QQ3/oobF4q4denOvzF9LLT1wIWTc+4l954g4kwb1/125uYXFpeWUyvp1bX1jc3M1nZFh7GiUKYhD1UtIBo4k1A2zHCoRQqICDhUg97F0K8+gNIslLemH0FDkI5kbUaJsVIzc+BfEiFIHt8wELnx49BnElfvEpGPBnks/A7ce81M1i24I+BZ4k1IFk1Qama+/FZIYwHSUE60rntuZBoJUYZRDoO0H2uICO2RDtQtlUSAbiSjgwZ43yot3A6VLWnwSP09kRChdV8EtlMQ09XT3lD8z6vHpn3WSJiMYgOSjj9qxxybEA/TwS2mgBret4RQxeyumHaJItTYDNM2BG/65FlSOSp4JwX3+jhbPJ/EkUK7aA/lkIdOURFdoRIqI4oe0TN6RW/Ok/PivDsf49Y5ZzKzg/7A+fwBKeqbaQ==</latexit>

�, Riem(�) 2 Wm,p,m � 1



Same for smooth solutions:

<latexit sha1_base64="oXzv20pB1AsYshwnx0UNJh5Ht5g=">AAACFXicbZDLSgMxFIYzXmu9jbp0EyxCxVJmRNFl0YUuq9gLdMaSSTNtaJIZkoxQhr6EG1/FjQtF3ArufBvTdgRtPRD4+b9zODl/EDOqtON8WXPzC4tLy7mV/Ora+samvbVdV1EiManhiEWyGSBFGBWkpqlmpBlLgnjASCPoX4x4455IRSNxqwcx8TnqChpSjLSx2nbJu0ScI48K2LhL+aFbiocleEMJL07IwQ8yoG0XnLIzLjgr3EwUQFbVtv3pdSKccCI0ZkipluvE2k+R1BQzMsx7iSIxwn3UJS0jBeJE+en4qiHcN04HhpE0T2g4dn9PpIgrNeCB6eRI99Q0G5n/sVaiwzM/pSJONBF4sihMGNQRHEUEO1QSrNnACIQlNX+FuIckwtoEmTchuNMnz4r6Udk9KTvXx4XKeRZHDuyCPVAELjgFFXAFqqAGMHgAT+AFvFqP1rP1Zr1PWuesbGYH/Cnr4xsHc519</latexit>

� 2 Wm+1,p, Riem(�) 2 Wm,p

Then:               
<latexit sha1_base64="Rf2J3hoVkOMTHwzskXFPRCSPh2Y=">AAAB7XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irih6LXjxWcNtCu5Rsmm1js8mSZMVl6X/w4kERr/4fb/4b03YP2joQGGbeI28mTDjTxnW/ndLK6tr6RnmzsrW9s7tX3T9oaZkqQn0iuVSdEGvKmaC+YYbTTqIojkNO2+H4Zuq3H6nSTIp7kyU0iPFQsIgRbKzUeuoZibJ+tebW3RnQMvEKUoMCzX71qzeQJI2pMIRjrbuem5ggx8owwumk0ks1TTAZ4yHtWipwTHWQz66doBOrDFAklX3CoJn6eyPHsdZZHNrJGJuRXvSm4n9eNzXRVZAzkaSGCjL/KEo5shGn0dGAKUoMzyzBRDF7KyIjrDAxtqCKLcFbjLxMWmd176Lu3p3XGtdFHWU4gmM4BQ8uoQG30AQfCDzAM7zCmyOdF+fd+ZiPlpxi5xD+wPn8AXHRjwo=</latexit>

x ! y gives               

“I.e.,        one derivative above               ”
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="KMbZ22wq9ugUL0wmzJNlKypbLw0=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXFD0WPeixiv2A7lKy6WwbmmSXJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFYUmjXmsOiHRwJmEpmGGQydRQETIoR2ObqZ++wmUZrF8NOMEAkEGkkWMEmMl/4GBqPq3RAhy2itX3Jo7A14mXk4qKEejV/7y+zFNBUhDOdG667mJCTKiDKMcJiU/1ZAQOiID6FoqiQAdZLObJ/jEKn0cxcqWNHim/p7IiNB6LELbKYgZ6kVvKv7ndVMTXQUZk0lqQNL5oijl2MR4GgDuMwXU8LElhCpmb8V0SBShxsZUsiF4iy8vk9ZZzbuouffnlfp1HkcRHaFjVEUeukR1dIcaqIkoStAzekVvTuq8OO/Ox7y14OQzh+gPnM8fG4+REw==</latexit>

Riem(�)

 If:                                        .
<latexit sha1_base64="+HxmZRe6jsBHZyLlo/uQ1NgAaHM=">AAACEHicbVDLSgMxFM34rPVVdekmWMQKpcyIosuiC11WsQ/o1JJJb9vQJDMmGaEM/QQ3/oobF4q4denOvzF9LLT1wIWTc+4l954g4kwb1/125uYXFpeWUyvp1bX1jc3M1nZFh7GiUKYhD1UtIBo4k1A2zHCoRQqICDhUg97F0K8+gNIslLemH0FDkI5kbUaJsVIzc+BfEiFIHt8wELnx49BnElfvEpGPBnks/A7ce81M1i24I+BZ4k1IFk1Qama+/FZIYwHSUE60rntuZBoJUYZRDoO0H2uICO2RDtQtlUSAbiSjgwZ43yot3A6VLWnwSP09kRChdV8EtlMQ09XT3lD8z6vHpn3WSJiMYgOSjj9qxxybEA/TwS2mgBret4RQxeyumHaJItTYDNM2BG/65FlSOSp4JwX3+jhbPJ/EkUK7aA/lkIdOURFdoRIqI4oe0TN6RW/Ok/PivDsf49Y5ZzKzg/7A+fwBKeqbaQ==</latexit>

�, Riem(�) 2 Wm,p,m � 1



Vector Bundle version of the RT-equations
Same Theorems



Vector Bundle version of the RT-equations
Same Theorems

Both compact and non-compact Lie Groups:  



<latexit sha1_base64="toWuw3ZhiutjLf4qJDhvolZDOy0="></latexit>

�Ã = �dA� �
�
dU�1 ^ dU

�

�U = U�A� (UT ⌘)�1hdUT ; ⌘dUi

Vector Bundle version of the RT-equations

Both compact and non-compact Lie Groups:  
Same Theorems



<latexit sha1_base64="toWuw3ZhiutjLf4qJDhvolZDOy0="></latexit>

�Ã = �dA� �
�
dU�1 ^ dU

�

�U = U�A� (UT ⌘)�1hdUT ; ⌘dUi

Vector Bundle version of the RT-equations

Both compact and non-compact Lie Groups:  
Same Theorems

<latexit sha1_base64="dcY5d3cdHR32ZFJiiKGDsxlW/ZM=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4Kokouqy6cVnBPqAJZTKdtEMnkzgzKZRQf8WNC0Xc+iHu/BsnbRbaemDgcM693DMnSDhT2nG+rZXVtfWNzdJWeXtnd2/fPjhsqTiVhDZJzGPZCbCinAna1Exz2kkkxVHAaTsY3eZ+e0ylYrF40JOE+hEeCBYygrWRenYl8yKshwRzdD316GPKxqhnV52aMwNaJm5BqlCg0bO/vH5M0ogKTThWqus6ifYzLDUjnE7LXqpogskID2jXUIEjqvxsFn6KTozSR2EszRMazdTfGxmOlJpEgZnMk6pFLxf/87qpDq/8jIkk1VSQ+aEw5UjHKG8C9ZmkRPOJIZhIZrIiMsQSE236KpsS3MUvL5PWWc29qDn359X6TVFHCY7gGE7BhUuowx00oAkEJvAMr/BmPVkv1rv1MR9dsYqdCvyB9fkDc0OUog==</latexit>

A ⌘ Non-optimal Connection



<latexit sha1_base64="toWuw3ZhiutjLf4qJDhvolZDOy0="></latexit>

�Ã = �dA� �
�
dU�1 ^ dU

�

�U = U�A� (UT ⌘)�1hdUT ; ⌘dUi

Vector Bundle version of the RT-equations

Both compact and non-compact Lie Groups:  
Same Theorems

Gauge Transformation to optimal 
regularity…(we do case            ) 

<latexit sha1_base64="c4oHz1caL0+eiYRQw1wX4vCgFlg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAiSNgVRY9BL96MaB6QLGF20psMmZ1dZmaFsOQjvHhQxKvf482/cfI4aGJBQ1HVTXdXkAiujet+O0vLK6tr67mN/ObW9s5uYW+/ruNUMayxWMSqGVCNgkusGW4ENhOFNAoENoLBzdhvPKHSPJaPZpigH9Ge5CFn1Fip8XBXUqf6pFMoumV3ArJIvBkpwgzVTuGr3Y1ZGqE0TFCtW56bGD+jynAmcJRvpxoTyga0hy1LJY1Q+9nk3BE5tkqXhLGyJQ2ZqL8nMhppPYwC2xlR09fz3lj8z2ulJrzyMy6T1KBk00VhKoiJyfh30uUKmRFDSyhT3N5KWJ8qyoxNKG9D8OZfXiT1s7J3UXbvz4uV61kcOTiEIyiBB5dQgVuoQg0YDOAZXuHNSZwX5935mLYuObOZA/gD5/MHI6uOyA==</latexit>

SO(r, s)

<latexit sha1_base64="dcY5d3cdHR32ZFJiiKGDsxlW/ZM=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4Kokouqy6cVnBPqAJZTKdtEMnkzgzKZRQf8WNC0Xc+iHu/BsnbRbaemDgcM693DMnSDhT2nG+rZXVtfWNzdJWeXtnd2/fPjhsqTiVhDZJzGPZCbCinAna1Exz2kkkxVHAaTsY3eZ+e0ylYrF40JOE+hEeCBYygrWRenYl8yKshwRzdD316GPKxqhnV52aMwNaJm5BqlCg0bO/vH5M0ogKTThWqus6ifYzLDUjnE7LXqpogskID2jXUIEjqvxsFn6KTozSR2EszRMazdTfGxmOlJpEgZnMk6pFLxf/87qpDq/8jIkk1VSQ+aEw5UjHKG8C9ZmkRPOJIZhIZrIiMsQSE236KpsS3MUvL5PWWc29qDn359X6TVFHCY7gGE7BhUuowx00oAkEJvAMr/BmPVkv1rv1MR9dsYqdCvyB9fkDc0OUog==</latexit>

A ⌘ Non-optimal Connection
<latexit sha1_base64="uH1kqLmdiBl44fTMQ+jCW4Scz/4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cKpi20oWy2k3bpZhN3N4VS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCooZNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4N/ObI1SaJ/LRjFMMYtqXPOKMGis1/Q4+ZXzULVfcqjsHWSVeTiqQo94tf3V6CctilIYJqnXbc1MTTKgynAmcljqZxpSyIe1j21JJY9TBZH7ulJxZpUeiRNmShszV3xMTGms9jkPbGVMz0MveTPzPa2cmugkmXKaZQckWi6JMEJOQ2e+kxxUyI8aWUKa4vZWwAVWUGZtQyYbgLb+8ShoXVe+q6j5cVmq3eRxFOIFTOAcPrqEG91AHHxgM4Rle4c1JnRfn3flYtBacfOYY/sD5/AFrXI+f</latexit>

U ⌘



Extends important results of Kazden-DeTurck 
and Uhlenbeck for (positive definite) 
Riemannian metrics and compact Lie groups…

…to arbitrary connections on vector bundles 
allowing for compact and non-compact Lie 
groups…

…including the Lorentzian metrics and affine 
connections of General Relativity…



By the RT-equations, optimal regularity and 
Uhlenbeck compactness follow from the 
transformation law for connections alone…

…the starting Hypothesis of Geometry

Hence our title…



Introduction
The Riemann Curvature Tensor



Thesis statement:   The existence of 
non-optimal metrics is a direct 
consequence of Riemann’s program to 
find a tensorial measure of curvature.

I.e.,               involves second derivatives 
of the metric, but transforms by first 
derivative Jacobians

<latexit sha1_base64="KMbZ22wq9ugUL0wmzJNlKypbLw0=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXFD0WPeixiv2A7lKy6WwbmmSXJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFYUmjXmsOiHRwJmEpmGGQydRQETIoR2ObqZ++wmUZrF8NOMEAkEGkkWMEmMl/4GBqPq3RAhy2itX3Jo7A14mXk4qKEejV/7y+zFNBUhDOdG667mJCTKiDKMcJiU/1ZAQOiID6FoqiQAdZLObJ/jEKn0cxcqWNHim/p7IiNB6LELbKYgZ6kVvKv7ndVMTXQUZk0lqQNL5oijl2MR4GgDuMwXU8LElhCpmb8V0SBShxsZUsiF4iy8vk9ZZzbuouffnlfp1HkcRHaFjVEUeukR1dIcaqIkoStAzekVvTuq8OO/Ox7y14OQzh+gPnM8fG4+REw==</latexit>

Riem(�)



Metrical properties of a space are given by a  

In Riemann’s Theory of Curvature: 

Riemannian metric      :    
<latexit sha1_base64="KekYZhvmEQbkqnDNGGZG91K7d7U=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0Y1QdOOygn1AG8NkMmmnnTyYmagl9lPcuFDErV/izr9x2mahrQcuHM65l3vv8RLOpLKsb6OwtLyyulZcL21sbm3vmOXdpoxTQWiDxDwWbQ9LyllEG4opTtuJoDj0OG15w6uJ37qnQrI4ulWjhDoh7kUsYAQrLblm2ZcXPTdjg7H/eMd0DVyzYlWtKdAisXNSgRx11/zq+jFJQxopwrGUHdtKlJNhoRjhdFzqppImmAxxj3Y0jXBIpZNNTx+jQ634KIiFrkihqfp7IsOhlKPQ050hVn05703E/7xOqoJzJ2NRkioakdmiIOVIxWiSA/KZoETxkSaYCKZvRaSPBSZKp1XSIdjzLy+S5nHVPq1aNyeV2mUeRxH24QCOwIYzqME11KEBBB7gGV7hzXgyXox342PWWjDymT34A+PzB63IlEU=</latexit>

ds = gijdx
idxjg

<latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit><latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit><latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit><latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit>



Metrical properties of a space are given by a  

In Riemann’s Theory of Curvature: 

Riemannian metric      :    
<latexit sha1_base64="KekYZhvmEQbkqnDNGGZG91K7d7U=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0Y1QdOOygn1AG8NkMmmnnTyYmagl9lPcuFDErV/izr9x2mahrQcuHM65l3vv8RLOpLKsb6OwtLyyulZcL21sbm3vmOXdpoxTQWiDxDwWbQ9LyllEG4opTtuJoDj0OG15w6uJ37qnQrI4ulWjhDoh7kUsYAQrLblm2ZcXPTdjg7H/eMd0DVyzYlWtKdAisXNSgRx11/zq+jFJQxopwrGUHdtKlJNhoRjhdFzqppImmAxxj3Y0jXBIpZNNTx+jQ634KIiFrkihqfp7IsOhlKPQ050hVn05703E/7xOqoJzJ2NRkioakdmiIOVIxWiSA/KZoETxkSaYCKZvRaSPBSZKp1XSIdjzLy+S5nHVPq1aNyeV2mUeRxH24QCOwIYzqME11KEBBB7gGV7hzXgyXox342PWWjDymT34A+PzB63IlEU=</latexit>

ds = gijdx
idxjg

<latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit><latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit><latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit><latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit>

      gives the lengths of tangent vectors and curves:g
<latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit><latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit><latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit><latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit>



Metrical properties of a space are given by a  

In Riemann’s Theory of Curvature: 

Riemannian metric      :    
<latexit sha1_base64="KekYZhvmEQbkqnDNGGZG91K7d7U=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0Y1QdOOygn1AG8NkMmmnnTyYmagl9lPcuFDErV/izr9x2mahrQcuHM65l3vv8RLOpLKsb6OwtLyyulZcL21sbm3vmOXdpoxTQWiDxDwWbQ9LyllEG4opTtuJoDj0OG15w6uJ37qnQrI4ulWjhDoh7kUsYAQrLblm2ZcXPTdjg7H/eMd0DVyzYlWtKdAisXNSgRx11/zq+jFJQxopwrGUHdtKlJNhoRjhdFzqppImmAxxj3Y0jXBIpZNNTx+jQ634KIiFrkihqfp7IsOhlKPQ050hVn05703E/7xOqoJzJ2NRkioakdmiIOVIxWiSA/KZoETxkSaYCKZvRaSPBSZKp1XSIdjzLy+S5nHVPq1aNyeV2mUeRxH24QCOwIYzqME11KEBBB7gGV7hzXgyXox342PWWjDymT34A+PzB63IlEU=</latexit>

ds = gijdx
idxjg

<latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit><latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit><latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit><latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit>

<latexit sha1_base64="j7eI1GXLF8MzpLBLBzh1J08GxR0=">AAACEXicbVC7TsMwFHXKq5RXgJElokLqVCUIBAtSBQsDQ5HoQ2pK5Dhua9VOIvsGqUrzCyz8CgsDCLGysfE3uG0GaDmS5aNz7rXvPX7MmQLb/jYKS8srq2vF9dLG5tb2jrm711RRIgltkIhHsu1jRTkLaQMYcNqOJcXC57TlD68mfuuBSsWi8A5GMe0K3A9ZjxEMWvLMys2Fy0KwAjW9vRQ8O7sHd+wGEaRuHwuBM3ccgGeW7ao9hbVInJyUUY66Z37pJ0giaAiEY6U6jh1DN8USGOE0K7mJojEmQ9ynHU1DLKjqptONMutIK4HVi6Q+erqp+rsjxUKpkfB1pcAwUPPeRPzP6yTQO++mLIwToCGZfdRLuAWRNYnHCpikBPhIE0wk07NaZIAlJqBDLOkQnPmVF0nzuOqcVu3bk3LtMo+jiA7QIaogB52hGrpGddRABD2iZ/SK3own48V4Nz5mpQUj79lHf2B8/gBMo534</latexit>

L =

Z
ds =

Z t

t0

k�̇kdt

<latexit sha1_base64="/lbv6uvuU+cONKBGK09IKLrUKP0=">AAACI3icbVDLSgMxFM3UV62vqks3g0VwVWZEUQSh6MZlBfuATi2ZNJ2mTWbG5I5QpvMvbvwVNy6U4saF/2LazqIPDwROzrn3Jve4IWcKLOvHyKysrq1vZDdzW9s7u3v5/YOqCiJJaIUEPJB1FyvKmU8rwIDTeigpFi6nNbd/N/ZrL1QqFviPMAhpU2DPZx1GMGiplb92hk47gNjxsBA4cYY3jnqWEHutmPWSWeuJzd16SStfsIrWBOYysVNSQCnKrfxITyCRoD4QjpVq2FYIzRhLYITTJOdEioaY9LFHG5r6WFDVjCc7JuaJVtpmJ5D6+GBO1NmOGAulBsLVlQJDVy16Y/E/rxFB56oZMz+MgPpk+lAn4iYE5jgws80kJcAHmmAimf6rSbpYYgI61pwOwV5ceZlUz4r2RdF6OC+UbtM4sugIHaNTZKNLVEL3qIwqiKBX9I4+0ZfxZnwYI+N7Wpox0p5DNAfj9w8nEacM</latexit>

k�̇k =
q

gij �̇i�̇j

<latexit sha1_base64="Eaxj0YbaiMzoTKogjDKY64dE7p4=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBHqpSSi6LHoxWMF+yFtKJPtpl26uwm7G6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+nZXVtfWNzcJWcXtnd2+/dHDY1HGqCG2QmMeqHaKmnEnaMMxw2k4URRFy2gpHt1O/9USVZrF8MOOEBgIHkkWMoLHSY3eAQmDFnPVKZa/qzeAuEz8nZchR75W+uv2YpIJKQzhq3fG9xAQZKsMIp5NiN9U0QTLCAe1YKlFQHWSzgyfuqVX6bhQrW9K4M/X3RIZC67EIbadAM9SL3lT8z+ukJroOMiaT1FBJ5ouilLsmdqffu32mKDF8bAkSxeytLhmiQmJsRkUbgr/48jJpnlf9y6p3f1Gu3eRxFOAYTqACPlxBDe6gDg0gIOAZXuHNUc6L8+58zFtXnHzmCP7A+fwBKaCP/A==</latexit>

�(t)

<latexit sha1_base64="8Qna0lQu4stopReksQczbbxkj1A=">AAAB9XicbVBNSwMxEJ31s9avqkcvi0XwVHZF0WPRi8cK9gPabZlNs21okl2SrFKW/g8vHhTx6n/x5r8xbfegrQ8GHu/NJDMvTDjTxvO+nZXVtfWNzcJWcXtnd2+/dHDY0HGqCK2TmMeqFaKmnElaN8xw2koURRFy2gxHt1O/+UiVZrF8MOOEBgIHkkWMoLFSt9OPTdYZoBA46bJeqexVvBncZeLnpAw5ar3Sl32ApIJKQzhq3fa9xAQZKsMIp5NiJ9U0QTLCAW1bKlFQHWSzrSfuqVX6bhQrW9K4M/X3RIZC67EIbadAM9SL3lT8z2unJroOMiaT1FBJ5h9FKXdN7E4jcPtMUWL42BIkitldXTJEhcTYoIo2BH/x5GXSOK/4lxXv/qJcvcnjKMAxnMAZ+HAFVbiDGtSBgIJneIU358l5cd6dj3nripPPHMEfOJ8/8DiSyw==</latexit>

�̇i

      gives the lengths of tangent vectors and curves:g
<latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit><latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit><latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit><latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit>



<latexit sha1_base64="Zj8NPNWv5q/dNxr4J6zJ7thRj60="></latexit>

gµ⌫ = gij
@xi

@yµ
@xj

@y⌫

<latexit sha1_base64="+BcwCvpLpwtAkp0Ggztp1PeQX60=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXqSnCvYD2hg22026dLOJu5tiCf0dXjwo4tUf481/47bNQVsfDDzem2Fmnp9wprRtf1tLyyura+uFjeLm1vbObmlvv6niVBLaIDGPZdvHinImaEMzzWk7kRRHPqctf3Az8VtDKhWLxb0eJdSNcChYwAjWRnJDLxuNr2oPOvSeal6pbFfsKdAicXJShhx1r/TV7cUkjajQhGOlOo6daDfDUjPC6bjYTRVNMBngkHYMFTiiys2mR4/RsVF6KIilKaHRVP09keFIqVHkm84I676a9ybif14n1cGlmzGRpJoKMlsUpBzpGE0SQD0mKdF8ZAgmkplbEeljiYk2ORVNCM78y4ukeVpxziv23Vm5ep3HUYBDOIITcOACqnALdWgAgUd4hld4s4bWi/Vufcxal6x85gD+wPr8AcUekhg=</latexit>

gy = J tgxJ

(components)  

(nxn matrices)  

      transforms like a bilinear form under               g
<latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit><latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit><latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit><latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit>

<latexit sha1_base64="Rf2J3hoVkOMTHwzskXFPRCSPh2Y=">AAAB7XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irih6LXjxWcNtCu5Rsmm1js8mSZMVl6X/w4kERr/4fb/4b03YP2joQGGbeI28mTDjTxnW/ndLK6tr6RnmzsrW9s7tX3T9oaZkqQn0iuVSdEGvKmaC+YYbTTqIojkNO2+H4Zuq3H6nSTIp7kyU0iPFQsIgRbKzUeuoZibJ+tebW3RnQMvEKUoMCzX71qzeQJI2pMIRjrbuem5ggx8owwumk0ks1TTAZ4yHtWipwTHWQz66doBOrDFAklX3CoJn6eyPHsdZZHNrJGJuRXvSm4n9eNzXRVZAzkaSGCjL/KEo5shGn0dGAKUoMzyzBRDF7KyIjrDAxtqCKLcFbjLxMWmd176Lu3p3XGtdFHWU4gmM4BQ8uoQG30AQfCDzAM7zCmyOdF+fd+ZiPlpxi5xD+wPn8AXHRjwo=</latexit>

x ! y



<latexit sha1_base64="dNtjo6fKbRDsoAkFMJ+XvYIHXjY=">AAACC3icbVDLSsNAFJ3UV62vqEs3oUVoEUtSFN0IRTfurGAf0MYwmUzasZNkmJkIJe3ejb/ixoUibv0Bd/6N0zQLrR64cOace5l7j8soEdI0v7TcwuLS8kp+tbC2vrG5pW/vtEQUc4SbKKIR77hQYEpC3JREUtxhHMPApbjtDi+mfvsec0Gi8EaOGLYD2A+JTxCUSnL0Yt9JyN2kzCpnPQ9TCdPnwVV5zA6ZY45vaxVHL5lVM4Xxl1gZKYEMDUf/7HkRigMcSkShEF3LZNJOIJcEUTwp9GKBGURD2MddRUMYYGEn6S0TY18pnuFHXFUojVT9OZHAQIhR4KrOAMqBmPem4n9eN5b+qZ2QkMUSh2j2kR9TQ0bGNBjDIxwjSUeKQMSJ2tVAA8ghkiq+ggrBmj/5L2nVqtZx1bw+KtXPszjyYA8UQRlY4ATUwSVogCZA4AE8gRfwqj1qz9qb9j5rzWnZzC74Be3jG4glmhE=</latexit>

gij(p) = �ij +O(|p� p0|2)

<latexit sha1_base64="rXixAznlCXKWAHKaNvTvBOyrBKM=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN8EiuCqJKLoRim5cVrAXaEOYTCbt2MkkzEzEEvIqblwo4tYXcefbOE2z0NYfBj7+cw7nzO8njEpl299GZWV1bX2julnb2t7Z3TP3610ZpwKTDo5ZLPo+koRRTjqKKkb6iSAo8hnp+ZObWb33SISkMb9X04S4ERpxGlKMlLY8sz7yMvqQXw0DwhQq2DMbdtMuZC2DU0IDSrU982sYxDiNCFeYISkHjp0oN0NCUcxIXhumkiQIT9CIDDRyFBHpZsXtuXWsncAKY6EfV1bh/p7IUCTlNPJ1Z4TUWC7WZuZ/tUGqwks3ozxJFeF4vihMmaViaxaEFVBBsGJTDQgLqm+18BgJhJWOq6ZDcBa/vAzd06Zz3rTvzhqt6zKOKhzCEZyAAxfQgltoQwcwPMEzvMKbkRsvxrvxMW+tGOXMAfyR8fkDhtCUwQ==</latexit>

gij = �ij
<latexit sha1_base64="lu6FmRNKz400ZMlH12HFj6sho8E=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBZBKJQkKLoRim5cVrAPaNMwmUzaoZNJmJmIJRTc+CtuXCji1p9w5984bbPQ1gMXzpxzL3Pv8RNGpbKsb6OwtLyyulZcL21sbm3vmLt7TRmnApMGjlks2j6ShFFOGooqRtqJICjyGWn5w+uJ37onQtKY36lRQtwI9TkNKUZKS555EMiecxk8eHbPqXRxECsJK/rJe45nlq2qNQVcJHZOyiBH3TO/ukGM04hwhRmSsmNbiXIzJBTFjIxL3VSSBOEh6pOOphxFRLrZ9IYxPNZKAMNY6OIKTtXfExmKpBxFvu6MkBrIeW8i/ud1UhVeuBnlSaoIx7OPwpRBFcNJIDCggmDFRpogLKjeFeIBEggrHVtJh2DPn7xImk7VPqtat6fl2lUeRxEcgiNwAmxwDmrgBtRBA2DwCJ7BK3gznowX4934mLUWjHxmH/yB8fkDBUSWew==</latexit>

ds2 = dx2
1 + · · ·+ dx2

nImplies  I.e.  

For (positive definite) Riemannian metrics, we
recover flat Euclidean space locally…  



For metrics of signature          , we locally
recover flat  (Minkowski) space…  

Implies  I.e.  

<latexit sha1_base64="dQnFBW58HnpFBtOUk3AP3eE6Qx0=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJUkJKIoseiF48V7AekoWw2m3bpZjfsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBXcgOt+Oyura+sbm6Wt8vbO7t5+5eCwbVSmKWtRJZTuhsQwwSVrAQfBuqlmJAkF64Sju6nfeWLacCUfYZyyICEDyWNOCVjJ70VMAKnpc3PWr1TdujsDXiZeQaqoQLNf+epFimYJk0AFMcb33BSCnGjgVLBJuZcZlhI6IgPmWypJwkyQz06e4FOrRDhW2pYEPFN/T+QkMWachLYzITA0i95U/M/zM4hvgpzLNAMm6XxRnAkMCk//xxHXjIIYW0Ko5vZWTIdEEwo2pbINwVt8eZm0L+reVd19uKw2bos4SugYnaAa8tA1aqB71EQtRJFCz+gVvTngvDjvzse8dcUpZo7QHzifP3MMkLQ=</latexit>

�(r, s)

<latexit sha1_base64="tFZyHrQC37WV2k8wqNsHDyvsDdo=">AAACEHicbVDLSsNAFJ3UV62vqEs3wSK2qCUpim6Eoht3VrAPaGOYTCbt2EkyzEyEkvYT3Pgrblwo4talO//GaZuFth64cOace5l7j8soEdI0v7XM3PzC4lJ2Obeyura+oW9u1UUUc4RrKKIRb7pQYEpCXJNEUtxkHMPApbjh9i5HfuMBc0Gi8Fb2GbYD2AmJTxCUSnL0/Y6TkPthgRXP2x6mEk6e/FAUD64LA3bEHHNwVy46et4smWMYs8RKSR6kqDr6V9uLUBzgUCIKhWhZJpN2ArkkiOJhrh0LzCDqwQ5uKRrCAAs7GR80NPaU4hl+xFWF0hirvycSGAjRD1zVGUDZFdPeSPzPa8XSP7MTErJY4hBNPvJjasjIGKVjeIRjJGlfEYg4UbsaqAs5RFJlmFMhWNMnz5J6uWSdlMyb43zlIo0jC3bALigAC5yCCrgCVVADCDyCZ/AK3rQn7UV71z4mrRktndkGf6B9/gCYnZul</latexit>

gij(p) = �ij(r, s) +O(|p� p0|2)

<latexit sha1_base64="CQ3a59zO0seIjMtFEsRz9npoTww=">AAACAHicbZDLSsNAFIYnXmu9RV24cDNYhApSElF0IxTduKxgL9CGMJmctGMnF2YmQgnZ+CpuXCji1sdw59s4TbvQ1h8GPv5zDmfO7yWcSWVZ38bC4tLyympprby+sbm1be7stmScCgpNGvNYdDwigbMImoopDp1EAAk9Dm1veDOutx9BSBZH92qUgBOSfsQCRonSlmvu992MPeRXPR+4IgVXxYk8ds2KVbMK4Xmwp1BBUzVc86vnxzQNIVKUEym7tpUoJyNCMcohL/dSCQmhQ9KHrsaIhCCdrDggx0fa8XEQC/0ihQv390RGQilHoac7Q6IGcrY2Nv+rdVMVXDoZi5JUQUQni4KUYxXjcRrYZwKo4iMNhAqm/4rpgAhClc6srEOwZ0+eh9ZpzT6vWXdnlfr1NI4SOkCHqIpsdIHq6BY1UBNRlKNn9IrejCfjxXg3PiatC8Z0Zg/9kfH5A4DpllU=</latexit>

gij = �ij(r, s)

<latexit sha1_base64="46LASftH+8FhaJbuBTVLKSGBL8s=">AAACIHicbVDLSgMxFM3UV62vUZdugkUQSsvMoNSNUHTjsoJ9QDsdMplMG5p5kGTEMvRT3Pgrblwoojv9GjOdLrT1QMjJOfdyc48bMyqkYXxphZXVtfWN4mZpa3tnd0/fP2iLKOGYtHDEIt51kSCMhqQlqWSkG3OCApeRjju+zvzOPeGCRuGdnMTEDtAwpD7FSCrJ0eueGFiXVe/BMQdWtY+9SIrsxQdWRV0pr5hTRXMD5opQiqOXjZoxA1wm5pyUwRxNR//sexFOAhJKzJAQPdOIpZ0iLilmZFrqJ4LECI/RkPQUDVFAhJ3OFpzCE6V40I+4OqGEM/V3R4oCISaBqyoDJEdi0cvE/7xeIv0LO6VhnEgS4nyQnzAoI5ilBT3KCZZsogjCnKq/QjxCHGGpMi2pEMzFlZdJ26qZ5zXj9qzcuJrHUQRH4BicAhPUQQPcgCZoAQwewTN4BW/ak/aivWsfeWlBm/ccgj/Qvn8Ak3eiBQ==</latexit>

ds2 = �dx2
1 � · · ·� dx2

r + dx2
r+1 + · · · dx2

r+s



Riemann’s idea:  the second order errors could 
be measured by a tensor—the curvature



Riemann’s idea:  the second order errors could 
be measured by a tensor—the curvature

<latexit sha1_base64="dNtjo6fKbRDsoAkFMJ+XvYIHXjY=">AAACC3icbVDLSsNAFJ3UV62vqEs3oUVoEUtSFN0IRTfurGAf0MYwmUzasZNkmJkIJe3ejb/ixoUibv0Bd/6N0zQLrR64cOace5l7j8soEdI0v7TcwuLS8kp+tbC2vrG5pW/vtEQUc4SbKKIR77hQYEpC3JREUtxhHMPApbjtDi+mfvsec0Gi8EaOGLYD2A+JTxCUSnL0Yt9JyN2kzCpnPQ9TCdPnwVV5zA6ZY45vaxVHL5lVM4Xxl1gZKYEMDUf/7HkRigMcSkShEF3LZNJOIJcEUTwp9GKBGURD2MddRUMYYGEn6S0TY18pnuFHXFUojVT9OZHAQIhR4KrOAMqBmPem4n9eN5b+qZ2QkMUSh2j2kR9TQ0bGNBjDIxwjSUeKQMSJ2tVAA8ghkiq+ggrBmj/5L2nVqtZx1bw+KtXPszjyYA8UQRlY4ATUwSVogCZA4AE8gRfwqj1qz9qb9j5rzWnZzC74Be3jG4glmhE=</latexit>

gij(p) = �ij +O(|p� p0|2)



<latexit sha1_base64="dNtjo6fKbRDsoAkFMJ+XvYIHXjY=">AAACC3icbVDLSsNAFJ3UV62vqEs3oUVoEUtSFN0IRTfurGAf0MYwmUzasZNkmJkIJe3ejb/ixoUibv0Bd/6N0zQLrR64cOace5l7j8soEdI0v7TcwuLS8kp+tbC2vrG5pW/vtEQUc4SbKKIR77hQYEpC3JREUtxhHMPApbjtDi+mfvsec0Gi8EaOGLYD2A+JTxCUSnL0Yt9JyN2kzCpnPQ9TCdPnwVV5zA6ZY45vaxVHL5lVM4Xxl1gZKYEMDUf/7HkRigMcSkShEF3LZNJOIJcEUTwp9GKBGURD2MddRUMYYGEn6S0TY18pnuFHXFUojVT9OZHAQIhR4KrOAMqBmPem4n9eN5b+qZ2QkMUSh2j2kR9TQ0bGNBjDIxwjSUeKQMSJ2tVAA8ghkiq+ggrBmj/5L2nVqtZx1bw+KtXPszjyYA8UQRlY4ATUwSVogCZA4AE8gRfwqj1qz9qb9j5rzWnZzC74Be3jG4glmhE=</latexit>

gij(p) = �ij +O(|p� p0|2)

—                measures second derivative Taylor 
errors but transforms by first derivative Jacobians…

<latexit sha1_base64="KMbZ22wq9ugUL0wmzJNlKypbLw0=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXFD0WPeixiv2A7lKy6WwbmmSXJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFYUmjXmsOiHRwJmEpmGGQydRQETIoR2ObqZ++wmUZrF8NOMEAkEGkkWMEmMl/4GBqPq3RAhy2itX3Jo7A14mXk4qKEejV/7y+zFNBUhDOdG667mJCTKiDKMcJiU/1ZAQOiID6FoqiQAdZLObJ/jEKn0cxcqWNHim/p7IiNB6LELbKYgZ6kVvKv7ndVMTXQUZk0lqQNL5oijl2MR4GgDuMwXU8LElhCpmb8V0SBShxsZUsiF4iy8vk9ZZzbuouffnlfp1HkcRHaFjVEUeukR1dIcaqIkoStAzekVvTuq8OO/Ox7y14OQzh+gPnM8fG4+REw==</latexit>

Riem(�)

Riemann’s idea:  the second order errors could 
be measured by a tensor—the curvature



Riemann Curvature Tensor: 

<latexit sha1_base64="mZI2zNzrGHt5A/l8UTxsfm/dTQk="></latexit>

R↵
��� = Ri

jkl
@y↵

@xi

@xk

@y�
@xl

@y�
@xj

@y�

—transforms by 1st derivative Jacobians

(tensor)



Riemann Curvature Tensor: 

<latexit sha1_base64="mZI2zNzrGHt5A/l8UTxsfm/dTQk="></latexit>

R↵
��� = Ri

jkl
@y↵

@xi

@xk

@y�
@xl

@y�
@xj

@y�

—transforms by 1st derivative Jacobians

<latexit sha1_base64="dNtjo6fKbRDsoAkFMJ+XvYIHXjY=">AAACC3icbVDLSsNAFJ3UV62vqEs3oUVoEUtSFN0IRTfurGAf0MYwmUzasZNkmJkIJe3ejb/ixoUibv0Bd/6N0zQLrR64cOace5l7j8soEdI0v7TcwuLS8kp+tbC2vrG5pW/vtEQUc4SbKKIR77hQYEpC3JREUtxhHMPApbjtDi+mfvsec0Gi8EaOGLYD2A+JTxCUSnL0Yt9JyN2kzCpnPQ9TCdPnwVV5zA6ZY45vaxVHL5lVM4Xxl1gZKYEMDUf/7HkRigMcSkShEF3LZNJOIJcEUTwp9GKBGURD2MddRUMYYGEn6S0TY18pnuFHXFUojVT9OZHAQIhR4KrOAMqBmPem4n9eN5b+qZ2QkMUSh2j2kR9TQ0bGNBjDIxwjSUeKQMSJ2tVAA8ghkiq+ggrBmj/5L2nVqtZx1bw+KtXPszjyYA8UQRlY4ATUwSVogCZA4AE8gRfwqj1qz9qb9j5rzWnZzC74Be3jG4glmhE=</latexit>

gij(p) = �ij +O(|p� p0|2)

—But measures 2nd derivatives in the Taylor series

(tensor)



Riemann Curvature Tensor: 

<latexit sha1_base64="mZI2zNzrGHt5A/l8UTxsfm/dTQk="></latexit>

R↵
��� = Ri

jkl
@y↵

@xi

@xk

@y�
@xl

@y�
@xj

@y�

—transforms by 1st derivative Jacobians

<latexit sha1_base64="dNtjo6fKbRDsoAkFMJ+XvYIHXjY=">AAACC3icbVDLSsNAFJ3UV62vqEs3oUVoEUtSFN0IRTfurGAf0MYwmUzasZNkmJkIJe3ejb/ixoUibv0Bd/6N0zQLrR64cOace5l7j8soEdI0v7TcwuLS8kp+tbC2vrG5pW/vtEQUc4SbKKIR77hQYEpC3JREUtxhHMPApbjtDi+mfvsec0Gi8EaOGLYD2A+JTxCUSnL0Yt9JyN2kzCpnPQ9TCdPnwVV5zA6ZY45vaxVHL5lVM4Xxl1gZKYEMDUf/7HkRigMcSkShEF3LZNJOIJcEUTwp9GKBGURD2MddRUMYYGEn6S0TY18pnuFHXFUojVT9OZHAQIhR4KrOAMqBmPem4n9eN5b+qZ2QkMUSh2j2kR9TQ0bGNBjDIxwjSUeKQMSJ2tVAA8ghkiq+ggrBmj/5L2nVqtZx1bw+KtXPszjyYA8UQRlY4ATUwSVogCZA4AE8gRfwqj1qz9qb9j5rzWnZzC74Be3jG4glmhE=</latexit>

gij(p) = �ij +O(|p� p0|2)

—Thm (Riemann):               iff

(tensor)

<latexit sha1_base64="D63VvgQB266HLRW2M6nT00mo0kM=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF49RzAOSJcxOepMhs7ObmdlAWPITXjwo4tXf8ebfOHkcNLGgoajqprsrSATXxnW/ndza+sbmVn67sLO7t39QPDyq6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwN/UbI1Sax/LJjBP0I9qTPOSMGis1H9s4TPnI7RRLbtmdgawSb0FKsEC1U/xqd2OWRigNE1Trlucmxs+oMpwJnBTaqcaEsgHtYctSSSPUfja7d0LOrNIlYaxsSUNm6u+JjEZaj6PAdkbU9PWyNxX/81qpCW/8jMskNSjZfFGYCmJiMn2edLlCZsTYEsoUt7cS1qeKMmMjKtgQvOWXV0n9ouxdld2Hy1LldhFHHk7gFM7Bg2uowD1UoQYMBDzDK7w5Q+fFeXc+5q05ZzFzDH/gfP4A10aP1g==</latexit>

R ⌘ 0
<latexit sha1_base64="1zRwrboI4wXmLTE0+PVrATa6Yls=">AAAB/HicbVDLTsJAFJ3iC/FVZelmIjHBhaQlGl0S3bgTE3kkUJvpMIUJ02mdmZI0BX/FjQuNceuHuPNvHKALBU9yk5Nz7s2993gRo1JZ1reRW1ldW9/Ibxa2tnd298z9g6YMY4FJA4csFG0PScIoJw1FFSPtSBAUeIy0vOH11G+NiJA05PcqiYgToD6nPsVIack1i7flcXQaudb45KHaJY8xHVmuWbIq1gxwmdgZKYEMddf86vZCHAeEK8yQlB3bipSTIqEoZmRS6MaSRAgPUZ90NOUoINJJZ8dP4LFWetAPhS6u4Ez9PZGiQMok8HRngNRALnpT8T+vEyv/0kkpj2JFOJ4v8mMGVQinScAeFQQrlmiCsKD6VogHSCCsdF4FHYK9+PIyaVYr9nnFujsr1a6yOPLgEByBMrDBBaiBG1AHDYBBAp7BK3gznowX4934mLfmjGymCP7A+PwBTRST5w==</latexit>

O(|p� p0|)2 ⌘ 0



Defining Riemann curvature in terms of 
a connection    :

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�



<latexit sha1_base64="KekYZhvmEQbkqnDNGGZG91K7d7U=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0Y1QdOOygn1AG8NkMmmnnTyYmagl9lPcuFDErV/izr9x2mahrQcuHM65l3vv8RLOpLKsb6OwtLyyulZcL21sbm3vmOXdpoxTQWiDxDwWbQ9LyllEG4opTtuJoDj0OG15w6uJ37qnQrI4ulWjhDoh7kUsYAQrLblm2ZcXPTdjg7H/eMd0DVyzYlWtKdAisXNSgRx11/zq+jFJQxopwrGUHdtKlJNhoRjhdFzqppImmAxxj3Y0jXBIpZNNTx+jQ634KIiFrkihqfp7IsOhlKPQ050hVn05703E/7xOqoJzJ2NRkioakdmiIOVIxWiSA/KZoETxkSaYCKZvRaSPBSZKp1XSIdjzLy+S5nHVPq1aNyeV2mUeRxH24QCOwIYzqME11KEBBB7gGV7hzXgyXox342PWWjDymT34A+PzB63IlEU=</latexit>

ds = gijdx
idxjMetric:

Defining Riemann curvature in terms of 
a connection    :

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�



Connection:

<latexit sha1_base64="KekYZhvmEQbkqnDNGGZG91K7d7U=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0Y1QdOOygn1AG8NkMmmnnTyYmagl9lPcuFDErV/izr9x2mahrQcuHM65l3vv8RLOpLKsb6OwtLyyulZcL21sbm3vmOXdpoxTQWiDxDwWbQ9LyllEG4opTtuJoDj0OG15w6uJ37qnQrI4ulWjhDoh7kUsYAQrLblm2ZcXPTdjg7H/eMd0DVyzYlWtKdAisXNSgRx11/zq+jFJQxopwrGUHdtKlJNhoRjhdFzqppImmAxxj3Y0jXBIpZNNTx+jQ634KIiFrkihqfp7IsOhlKPQ050hVn05703E/7xOqoJzJ2NRkioakdmiIOVIxWiSA/KZoETxkSaYCKZvRaSPBSZKp1XSIdjzLy+S5nHVPq1aNyeV2mUeRxH24QCOwIYzqME11KEBBB7gGV7hzXgyXox342PWWjDymT34A+PzB63IlEU=</latexit>

ds = gijdx
idxjMetric:

<latexit sha1_base64="j/bghCmDrmai2D742ovLZCUhdys="></latexit>

�i
jk =

1

2
gi� {�gjk,� + g�j,k + gk�,j}

Defining Riemann curvature in terms of 
a connection    :

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�



Connection:

<latexit sha1_base64="KekYZhvmEQbkqnDNGGZG91K7d7U=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0Y1QdOOygn1AG8NkMmmnnTyYmagl9lPcuFDErV/izr9x2mahrQcuHM65l3vv8RLOpLKsb6OwtLyyulZcL21sbm3vmOXdpoxTQWiDxDwWbQ9LyllEG4opTtuJoDj0OG15w6uJ37qnQrI4ulWjhDoh7kUsYAQrLblm2ZcXPTdjg7H/eMd0DVyzYlWtKdAisXNSgRx11/zq+jFJQxopwrGUHdtKlJNhoRjhdFzqppImmAxxj3Y0jXBIpZNNTx+jQ634KIiFrkihqfp7IsOhlKPQ050hVn05703E/7xOqoJzJ2NRkioakdmiIOVIxWiSA/KZoETxkSaYCKZvRaSPBSZKp1XSIdjzLy+S5nHVPq1aNyeV2mUeRxH24QCOwIYzqME11KEBBB7gGV7hzXgyXox342PWWjDymT34A+PzB63IlEU=</latexit>

ds = gijdx
idxjMetric:

Christoffel Symbols

<latexit sha1_base64="j/bghCmDrmai2D742ovLZCUhdys="></latexit>

�i
jk =

1

2
gi� {�gjk,� + g�j,k + gk�,j}

Defining Riemann curvature in terms of 
a connection    :

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�



 does not transform as a tensor
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�

Connection:

<latexit sha1_base64="KekYZhvmEQbkqnDNGGZG91K7d7U=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0Y1QdOOygn1AG8NkMmmnnTyYmagl9lPcuFDErV/izr9x2mahrQcuHM65l3vv8RLOpLKsb6OwtLyyulZcL21sbm3vmOXdpoxTQWiDxDwWbQ9LyllEG4opTtuJoDj0OG15w6uJ37qnQrI4ulWjhDoh7kUsYAQrLblm2ZcXPTdjg7H/eMd0DVyzYlWtKdAisXNSgRx11/zq+jFJQxopwrGUHdtKlJNhoRjhdFzqppImmAxxj3Y0jXBIpZNNTx+jQ634KIiFrkihqfp7IsOhlKPQ050hVn05703E/7xOqoJzJ2NRkioakdmiIOVIxWiSA/KZoETxkSaYCKZvRaSPBSZKp1XSIdjzLy+S5nHVPq1aNyeV2mUeRxH24QCOwIYzqME11KEBBB7gGV7hzXgyXox342PWWjDymT34A+PzB63IlEU=</latexit>

ds = gijdx
idxjMetric:

<latexit sha1_base64="j/bghCmDrmai2D742ovLZCUhdys="></latexit>

�i
jk =

1

2
gi� {�gjk,� + g�j,k + gk�,j}

Defining Riemann curvature in terms of 
a connection    :

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�



Connection:

<latexit sha1_base64="KekYZhvmEQbkqnDNGGZG91K7d7U=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0Y1QdOOygn1AG8NkMmmnnTyYmagl9lPcuFDErV/izr9x2mahrQcuHM65l3vv8RLOpLKsb6OwtLyyulZcL21sbm3vmOXdpoxTQWiDxDwWbQ9LyllEG4opTtuJoDj0OG15w6uJ37qnQrI4ulWjhDoh7kUsYAQrLblm2ZcXPTdjg7H/eMd0DVyzYlWtKdAisXNSgRx11/zq+jFJQxopwrGUHdtKlJNhoRjhdFzqppImmAxxj3Y0jXBIpZNNTx+jQ634KIiFrkihqfp7IsOhlKPQ050hVn05703E/7xOqoJzJ2NRkioakdmiIOVIxWiSA/KZoETxkSaYCKZvRaSPBSZKp1XSIdjzLy+S5nHVPq1aNyeV2mUeRxH24QCOwIYzqME11KEBBB7gGV7hzXgyXox342PWWjDymT34A+PzB63IlEU=</latexit>

ds = gijdx
idxjMetric:

<latexit sha1_base64="j/bghCmDrmai2D742ovLZCUhdys="></latexit>

�i
jk =

1

2
gi� {�gjk,� + g�j,k + gk�,j}

 does not transform as a tensor
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�

Defining Riemann curvature in terms of 
a connection    :

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�

<latexit sha1_base64="tZv1K/Fr9cgPRx+mddyZy9K7p5Y="></latexit>

�↵
�� = �i

jk
@y↵

@xi

@xj

@y�
@xk

@y�

<latexit sha1_base64="gKzixiS9xzVQOfg2Tm+rsApvaqQ=">AAACUHicbZHLSgMxFIbP1Hu9VV26CRZBEMpMUXQpunGpYKvQacuZNNOGJjNDkhHLMI/oxp3P4caFoulFtK0HQn6+c0nyJ0gE18Z1X53CwuLS8srqWnF9Y3Nru7SzW9dxqiir0VjE6iFAzQSPWM1wI9hDohjKQLD7oH81zN8/MqV5HN2ZQcKaErsRDzlFY1G71D32Q4U08xNUhqMgg1bmo0h6mOe/8KmV8TyfrmxVLeb5dGfADOZTpItS2lntUtmtuKMg88KbiDJM4qZdevE7MU0liwwVqHXDcxPTzIaTqWB50U81S5D2scsaVkYomW5mI0NycmhJh4SxsisyZET/dmQotR7IwFZKND09mxvC/3KN1ITnzYxHSWpYRMcHhakgJiZDd0mHK0aNGFiBVHF7V0J7aG0z9g+K1gRv9snzol6teKcV9/akfHE5sWMV9uEAjsCDM7iAa7iBGlB4hjf4gE/nxXl3vgrOuPRnhz2YikLxGxCJt+s=</latexit>

+
@y↵

@xi

@2xi

@y�@y�



Connection:

<latexit sha1_base64="KekYZhvmEQbkqnDNGGZG91K7d7U=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0Y1QdOOygn1AG8NkMmmnnTyYmagl9lPcuFDErV/izr9x2mahrQcuHM65l3vv8RLOpLKsb6OwtLyyulZcL21sbm3vmOXdpoxTQWiDxDwWbQ9LyllEG4opTtuJoDj0OG15w6uJ37qnQrI4ulWjhDoh7kUsYAQrLblm2ZcXPTdjg7H/eMd0DVyzYlWtKdAisXNSgRx11/zq+jFJQxopwrGUHdtKlJNhoRjhdFzqppImmAxxj3Y0jXBIpZNNTx+jQ634KIiFrkihqfp7IsOhlKPQ050hVn05703E/7xOqoJzJ2NRkioakdmiIOVIxWiSA/KZoETxkSaYCKZvRaSPBSZKp1XSIdjzLy+S5nHVPq1aNyeV2mUeRxH24QCOwIYzqME11KEBBB7gGV7hzXgyXox342PWWjDymT34A+PzB63IlEU=</latexit>

ds = gijdx
idxjMetric:

<latexit sha1_base64="j/bghCmDrmai2D742ovLZCUhdys="></latexit>

�i
jk =

1

2
gi� {�gjk,� + g�j,k + gk�,j}

Tensor

 does not transform as a tensor
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�

Defining Riemann curvature in terms of 
a connection    :

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�

<latexit sha1_base64="tZv1K/Fr9cgPRx+mddyZy9K7p5Y="></latexit>

�↵
�� = �i

jk
@y↵

@xi

@xj

@y�
@xk

@y�

<latexit sha1_base64="gKzixiS9xzVQOfg2Tm+rsApvaqQ=">AAACUHicbZHLSgMxFIbP1Hu9VV26CRZBEMpMUXQpunGpYKvQacuZNNOGJjNDkhHLMI/oxp3P4caFoulFtK0HQn6+c0nyJ0gE18Z1X53CwuLS8srqWnF9Y3Nru7SzW9dxqiir0VjE6iFAzQSPWM1wI9hDohjKQLD7oH81zN8/MqV5HN2ZQcKaErsRDzlFY1G71D32Q4U08xNUhqMgg1bmo0h6mOe/8KmV8TyfrmxVLeb5dGfADOZTpItS2lntUtmtuKMg88KbiDJM4qZdevE7MU0liwwVqHXDcxPTzIaTqWB50U81S5D2scsaVkYomW5mI0NycmhJh4SxsisyZET/dmQotR7IwFZKND09mxvC/3KN1ITnzYxHSWpYRMcHhakgJiZDd0mHK0aNGFiBVHF7V0J7aG0z9g+K1gRv9snzol6teKcV9/akfHE5sWMV9uEAjsCDM7iAa7iBGlB4hjf4gE/nxXl3vgrOuPRnhz2YikLxGxCJt+s=</latexit>

+
@y↵

@xi

@2xi

@y�@y�



Connection:

<latexit sha1_base64="KekYZhvmEQbkqnDNGGZG91K7d7U=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0Y1QdOOygn1AG8NkMmmnnTyYmagl9lPcuFDErV/izr9x2mahrQcuHM65l3vv8RLOpLKsb6OwtLyyulZcL21sbm3vmOXdpoxTQWiDxDwWbQ9LyllEG4opTtuJoDj0OG15w6uJ37qnQrI4ulWjhDoh7kUsYAQrLblm2ZcXPTdjg7H/eMd0DVyzYlWtKdAisXNSgRx11/zq+jFJQxopwrGUHdtKlJNhoRjhdFzqppImmAxxj3Y0jXBIpZNNTx+jQ634KIiFrkihqfp7IsOhlKPQ050hVn05703E/7xOqoJzJ2NRkioakdmiIOVIxWiSA/KZoETxkSaYCKZvRaSPBSZKp1XSIdjzLy+S5nHVPq1aNyeV2mUeRxH24QCOwIYzqME11KEBBB7gGV7hzXgyXox342PWWjDymT34A+PzB63IlEU=</latexit>

ds = gijdx
idxjMetric:

<latexit sha1_base64="j/bghCmDrmai2D742ovLZCUhdys="></latexit>

�i
jk =

1

2
gi� {�gjk,� + g�j,k + gk�,j}

2nd Derivatives

 does not transform as a tensor
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�

Defining Riemann curvature in terms of 
a connection    :

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�

Tensor

<latexit sha1_base64="tZv1K/Fr9cgPRx+mddyZy9K7p5Y="></latexit>

�↵
�� = �i

jk
@y↵

@xi

@xj

@y�
@xk

@y�

<latexit sha1_base64="gKzixiS9xzVQOfg2Tm+rsApvaqQ=">AAACUHicbZHLSgMxFIbP1Hu9VV26CRZBEMpMUXQpunGpYKvQacuZNNOGJjNDkhHLMI/oxp3P4caFoulFtK0HQn6+c0nyJ0gE18Z1X53CwuLS8srqWnF9Y3Nru7SzW9dxqiir0VjE6iFAzQSPWM1wI9hDohjKQLD7oH81zN8/MqV5HN2ZQcKaErsRDzlFY1G71D32Q4U08xNUhqMgg1bmo0h6mOe/8KmV8TyfrmxVLeb5dGfADOZTpItS2lntUtmtuKMg88KbiDJM4qZdevE7MU0liwwVqHXDcxPTzIaTqWB50U81S5D2scsaVkYomW5mI0NycmhJh4SxsisyZET/dmQotR7IwFZKND09mxvC/3KN1ITnzYxHSWpYRMcHhakgJiZDd0mHK0aNGFiBVHF7V0J7aG0z9g+K1gRv9snzol6teKcV9/akfHE5sWMV9uEAjsCDM7iAa7iBGlB4hjf4gE/nxXl3vgrOuPRnhz2YikLxGxCJt+s=</latexit>

+
@y↵

@xi

@2xi

@y�@y�



Connection:

<latexit sha1_base64="KekYZhvmEQbkqnDNGGZG91K7d7U=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0Y1QdOOygn1AG8NkMmmnnTyYmagl9lPcuFDErV/izr9x2mahrQcuHM65l3vv8RLOpLKsb6OwtLyyulZcL21sbm3vmOXdpoxTQWiDxDwWbQ9LyllEG4opTtuJoDj0OG15w6uJ37qnQrI4ulWjhDoh7kUsYAQrLblm2ZcXPTdjg7H/eMd0DVyzYlWtKdAisXNSgRx11/zq+jFJQxopwrGUHdtKlJNhoRjhdFzqppImmAxxj3Y0jXBIpZNNTx+jQ634KIiFrkihqfp7IsOhlKPQ050hVn05703E/7xOqoJzJ2NRkioakdmiIOVIxWiSA/KZoETxkSaYCKZvRaSPBSZKp1XSIdjzLy+S5nHVPq1aNyeV2mUeRxH24QCOwIYzqME11KEBBB7gGV7hzXgyXox342PWWjDymT34A+PzB63IlEU=</latexit>

ds = gijdx
idxjMetric:

<latexit sha1_base64="j/bghCmDrmai2D742ovLZCUhdys="></latexit>

�i
jk =

1

2
gi� {�gjk,� + g�j,k + gk�,j}

bounds the derivatives of  
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

Defining Riemann curvature in terms of 
a connection    :

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�



<latexit sha1_base64="E2bR3oSAVj74FHnJMuIGwHFbBhE=">AAAB/nicbVBNSwMxEM3Wr1q/quLJS7AInsquKHosetBjBWsL3aXMptk2NMkuSVYoS8G/4sWDIl79Hd78N2bbPWjrg4HHezPJzAsTzrRx3W+ntLS8srpWXq9sbG5t71R39x50nCpCWyTmseqEoClnkrYMM5x2EkVBhJy2w9F17rcfqdIslvdmnNBAwECyiBEwVupVD/wbEAJ8zQT2E1CGAceDXrXm1t0p8CLxClJDBZq96pffj0kqqDSEg9Zdz01MkOXvEU4nFT/VNAEyggHtWipBUB1k0/Un+NgqfRzFypY0eKr+nshAaD0Woe0UYIZ63svF/7xuaqLLIGMySQ2VZPZRlHJsYpxngftMUWL42BIgitldMRmCAmJsYhUbgjd/8iJ5OK1753X37qzWuCriKKNDdIROkIcuUAPdoiZqIYIy9Ixe0Zvz5Lw4787HrLXkFDP76A+czx+6ZpVV</latexit>

� ⇠ @g

Connection:

<latexit sha1_base64="KekYZhvmEQbkqnDNGGZG91K7d7U=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0Y1QdOOygn1AG8NkMmmnnTyYmagl9lPcuFDErV/izr9x2mahrQcuHM65l3vv8RLOpLKsb6OwtLyyulZcL21sbm3vmOXdpoxTQWiDxDwWbQ9LyllEG4opTtuJoDj0OG15w6uJ37qnQrI4ulWjhDoh7kUsYAQrLblm2ZcXPTdjg7H/eMd0DVyzYlWtKdAisXNSgRx11/zq+jFJQxopwrGUHdtKlJNhoRjhdFzqppImmAxxj3Y0jXBIpZNNTx+jQ634KIiFrkihqfp7IsOhlKPQ050hVn05703E/7xOqoJzJ2NRkioakdmiIOVIxWiSA/KZoETxkSaYCKZvRaSPBSZKp1XSIdjzLy+S5nHVPq1aNyeV2mUeRxH24QCOwIYzqME11KEBBB7gGV7hzXgyXox342PWWjDymT34A+PzB63IlEU=</latexit>

ds = gijdx
idxjMetric:

<latexit sha1_base64="j/bghCmDrmai2D742ovLZCUhdys="></latexit>

�i
jk =

1

2
gi� {�gjk,� + g�j,k + gk�,j}

Defining Riemann curvature in terms of 
a connection    :

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�

bounds the derivatives of  
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g



<latexit sha1_base64="E2bR3oSAVj74FHnJMuIGwHFbBhE=">AAAB/nicbVBNSwMxEM3Wr1q/quLJS7AInsquKHosetBjBWsL3aXMptk2NMkuSVYoS8G/4sWDIl79Hd78N2bbPWjrg4HHezPJzAsTzrRx3W+ntLS8srpWXq9sbG5t71R39x50nCpCWyTmseqEoClnkrYMM5x2EkVBhJy2w9F17rcfqdIslvdmnNBAwECyiBEwVupVD/wbEAJ8zQT2E1CGAceDXrXm1t0p8CLxClJDBZq96pffj0kqqDSEg9Zdz01MkOXvEU4nFT/VNAEyggHtWipBUB1k0/Un+NgqfRzFypY0eKr+nshAaD0Woe0UYIZ63svF/7xuaqLLIGMySQ2VZPZRlHJsYpxngftMUWL42BIgitldMRmCAmJsYhUbgjd/8iJ5OK1753X37qzWuCriKKNDdIROkIcuUAPdoiZqIYIy9Ixe0Zvz5Lw4787HrLXkFDP76A+czx+6ZpVV</latexit>

� ⇠ @g

Connection:

<latexit sha1_base64="KekYZhvmEQbkqnDNGGZG91K7d7U=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0Y1QdOOygn1AG8NkMmmnnTyYmagl9lPcuFDErV/izr9x2mahrQcuHM65l3vv8RLOpLKsb6OwtLyyulZcL21sbm3vmOXdpoxTQWiDxDwWbQ9LyllEG4opTtuJoDj0OG15w6uJ37qnQrI4ulWjhDoh7kUsYAQrLblm2ZcXPTdjg7H/eMd0DVyzYlWtKdAisXNSgRx11/zq+jFJQxopwrGUHdtKlJNhoRjhdFzqppImmAxxj3Y0jXBIpZNNTx+jQ634KIiFrkihqfp7IsOhlKPQ050hVn05703E/7xOqoJzJ2NRkioakdmiIOVIxWiSA/KZoETxkSaYCKZvRaSPBSZKp1XSIdjzLy+S5nHVPq1aNyeV2mUeRxH24QCOwIYzqME11KEBBB7gGV7hzXgyXox342PWWjDymT34A+PzB63IlEU=</latexit>

ds = gijdx
idxjMetric:

<latexit sha1_base64="j/bghCmDrmai2D742ovLZCUhdys="></latexit>

�i
jk =

1

2
gi� {�gjk,� + g�j,k + gk�,j}

(pointwise) 

Defining Riemann curvature in terms of 
a connection    :

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�

bounds the derivatives of  
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g



Connection:

<latexit sha1_base64="KekYZhvmEQbkqnDNGGZG91K7d7U=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0Y1QdOOygn1AG8NkMmmnnTyYmagl9lPcuFDErV/izr9x2mahrQcuHM65l3vv8RLOpLKsb6OwtLyyulZcL21sbm3vmOXdpoxTQWiDxDwWbQ9LyllEG4opTtuJoDj0OG15w6uJ37qnQrI4ulWjhDoh7kUsYAQrLblm2ZcXPTdjg7H/eMd0DVyzYlWtKdAisXNSgRx11/zq+jFJQxopwrGUHdtKlJNhoRjhdFzqppImmAxxj3Y0jXBIpZNNTx+jQ634KIiFrkihqfp7IsOhlKPQ050hVn05703E/7xOqoJzJ2NRkioakdmiIOVIxWiSA/KZoETxkSaYCKZvRaSPBSZKp1XSIdjzLy+S5nHVPq1aNyeV2mUeRxH24QCOwIYzqME11KEBBB7gGV7hzXgyXox342PWWjDymT34A+PzB63IlEU=</latexit>

ds = gijdx
idxjMetric:

<latexit sha1_base64="j/bghCmDrmai2D742ovLZCUhdys="></latexit>

�i
jk =

1

2
gi� {�gjk,� + g�j,k + gk�,j}

Riemann
   Curvature:

Defining Riemann curvature in terms of 
a connection    :

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�



Connection:

<latexit sha1_base64="KekYZhvmEQbkqnDNGGZG91K7d7U=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0Y1QdOOygn1AG8NkMmmnnTyYmagl9lPcuFDErV/izr9x2mahrQcuHM65l3vv8RLOpLKsb6OwtLyyulZcL21sbm3vmOXdpoxTQWiDxDwWbQ9LyllEG4opTtuJoDj0OG15w6uJ37qnQrI4ulWjhDoh7kUsYAQrLblm2ZcXPTdjg7H/eMd0DVyzYlWtKdAisXNSgRx11/zq+jFJQxopwrGUHdtKlJNhoRjhdFzqppImmAxxj3Y0jXBIpZNNTx+jQ634KIiFrkihqfp7IsOhlKPQ050hVn05703E/7xOqoJzJ2NRkioakdmiIOVIxWiSA/KZoETxkSaYCKZvRaSPBSZKp1XSIdjzLy+S5nHVPq1aNyeV2mUeRxH24QCOwIYzqME11KEBBB7gGV7hzXgyXox342PWWjDymT34A+PzB63IlEU=</latexit>

ds = gijdx
idxjMetric:

<latexit sha1_base64="j/bghCmDrmai2D742ovLZCUhdys="></latexit>

�i
jk =

1

2
gi� {�gjk,� + g�j,k + gk�,j}

Riemann
   Curvature:

Rl
ijk = �l

ik,j � �l
ij,k + �l

j��
�
ik � �l

k��
�
ij

<latexit sha1_base64="3RdRwqE21/SUay6d2DiXzqHzW6o="></latexit><latexit sha1_base64="3RdRwqE21/SUay6d2DiXzqHzW6o="></latexit><latexit sha1_base64="3RdRwqE21/SUay6d2DiXzqHzW6o="></latexit><latexit sha1_base64="3RdRwqE21/SUay6d2DiXzqHzW6o="></latexit>

Defining Riemann curvature in terms of 
a connection    :

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�



Connection:

<latexit sha1_base64="KekYZhvmEQbkqnDNGGZG91K7d7U=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0Y1QdOOygn1AG8NkMmmnnTyYmagl9lPcuFDErV/izr9x2mahrQcuHM65l3vv8RLOpLKsb6OwtLyyulZcL21sbm3vmOXdpoxTQWiDxDwWbQ9LyllEG4opTtuJoDj0OG15w6uJ37qnQrI4ulWjhDoh7kUsYAQrLblm2ZcXPTdjg7H/eMd0DVyzYlWtKdAisXNSgRx11/zq+jFJQxopwrGUHdtKlJNhoRjhdFzqppImmAxxj3Y0jXBIpZNNTx+jQ634KIiFrkihqfp7IsOhlKPQ050hVn05703E/7xOqoJzJ2NRkioakdmiIOVIxWiSA/KZoETxkSaYCKZvRaSPBSZKp1XSIdjzLy+S5nHVPq1aNyeV2mUeRxH24QCOwIYzqME11KEBBB7gGV7hzXgyXox342PWWjDymT34A+PzB63IlEU=</latexit>

ds = gijdx
idxjMetric:

<latexit sha1_base64="j/bghCmDrmai2D742ovLZCUhdys="></latexit>

�i
jk =

1

2
gi� {�gjk,� + g�j,k + gk�,j}

Riemann
   Curvature:

Rl
ijk = �l

ik,j � �l
ij,k + �l

j��
�
ik � �l

k��
�
ij

<latexit sha1_base64="3RdRwqE21/SUay6d2DiXzqHzW6o="></latexit><latexit sha1_base64="3RdRwqE21/SUay6d2DiXzqHzW6o="></latexit><latexit sha1_base64="3RdRwqE21/SUay6d2DiXzqHzW6o="></latexit><latexit sha1_base64="3RdRwqE21/SUay6d2DiXzqHzW6o="></latexit>

<latexit sha1_base64="mN5jjjCOZLiyjZNnGX5+xcCNH2E=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoMQL2FXFD0Gc9BjBPOA7BJ6J7PJkJndZR5CWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dYcqZ0q777RTW1jc2t4rbpZ3dvf2D8uFRWyVGEtoiCU9kNwRFOYtpSzPNaTeVFETIaSccN2Z+54lKxZL4UU9SGggYxixiBLSV/IaRvOrfgRBw3i9X3Jo7B14lXk4qKEezX/7yBwkxgsaacFCq57mpDjKQmhFOpyXfKJoCGcOQ9iyNQVAVZPObp/jMKgMcJdJWrPFc/T2RgVBqIkLbKUCP1LI3E//zekZHN0HG4tRoGpPFoshwrBM8CwAPmKRE84klQCSzt2IyAglE25hKNgRv+eVV0r6oeVc19+GyUr/N4yiiE3SKqshD16iO7lETtRBBKXpGr+jNMc6L8+58LFoLTj5zjP7A+fwBKXORHA==</latexit>

Curl(�)

Defining Riemann curvature in terms of 
a connection    :

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�



Connection:

<latexit sha1_base64="KekYZhvmEQbkqnDNGGZG91K7d7U=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0Y1QdOOygn1AG8NkMmmnnTyYmagl9lPcuFDErV/izr9x2mahrQcuHM65l3vv8RLOpLKsb6OwtLyyulZcL21sbm3vmOXdpoxTQWiDxDwWbQ9LyllEG4opTtuJoDj0OG15w6uJ37qnQrI4ulWjhDoh7kUsYAQrLblm2ZcXPTdjg7H/eMd0DVyzYlWtKdAisXNSgRx11/zq+jFJQxopwrGUHdtKlJNhoRjhdFzqppImmAxxj3Y0jXBIpZNNTx+jQ634KIiFrkihqfp7IsOhlKPQ050hVn05703E/7xOqoJzJ2NRkioakdmiIOVIxWiSA/KZoETxkSaYCKZvRaSPBSZKp1XSIdjzLy+S5nHVPq1aNyeV2mUeRxH24QCOwIYzqME11KEBBB7gGV7hzXgyXox342PWWjDymT34A+PzB63IlEU=</latexit>

ds = gijdx
idxjMetric:

<latexit sha1_base64="j/bghCmDrmai2D742ovLZCUhdys="></latexit>

�i
jk =

1

2
gi� {�gjk,� + g�j,k + gk�,j}

<latexit sha1_base64="ZKvV2aLq/bXOPbwFu5m5xLG+GPE=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosdgLh4jmAcmS5idzCZD5rHM9AphyV948aCIV//Gm3/jJNmDJhY0FFXddHdFieAWfP/bK6ytb2xuFbdLO7t7+wflw6OW1amhrEm10KYTEcsEV6wJHATrJIYRGQnWjsb1md9+YsZyrR5gkrBQkqHiMacEnPRY11KmQECbfrniV/058CoJclJBORr98ldvoGkqmQIqiLXdwE8gzIgBTgWblnqpZQmhYzJkXUcVkcyG2fziKT5zygDH2rhSgOfq74mMSGsnMnKdksDILnsz8T+vm0J8E2ZcJSkwRReL4lRg0Hj2Ph5wwyiIiSOEGu5uxXREDKHgQiq5EILll1dJ66IaXFX9+8tK7TaPo4hO0Ck6RwG6RjV0hxqoiShS6Bm9ojfPei/eu/exaC14+cwx+gPv8wfhe5EN</latexit>

Commutator

Riemann
   Curvature:

Rl
ijk = �l

ik,j � �l
ij,k + �l

j��
�
ik � �l

k��
�
ij

<latexit sha1_base64="3RdRwqE21/SUay6d2DiXzqHzW6o="></latexit><latexit sha1_base64="3RdRwqE21/SUay6d2DiXzqHzW6o="></latexit><latexit sha1_base64="3RdRwqE21/SUay6d2DiXzqHzW6o="></latexit><latexit sha1_base64="3RdRwqE21/SUay6d2DiXzqHzW6o="></latexit>

<latexit sha1_base64="mN5jjjCOZLiyjZNnGX5+xcCNH2E=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoMQL2FXFD0Gc9BjBPOA7BJ6J7PJkJndZR5CWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dYcqZ0q777RTW1jc2t4rbpZ3dvf2D8uFRWyVGEtoiCU9kNwRFOYtpSzPNaTeVFETIaSccN2Z+54lKxZL4UU9SGggYxixiBLSV/IaRvOrfgRBw3i9X3Jo7B14lXk4qKEezX/7yBwkxgsaacFCq57mpDjKQmhFOpyXfKJoCGcOQ9iyNQVAVZPObp/jMKgMcJdJWrPFc/T2RgVBqIkLbKUCP1LI3E//zekZHN0HG4tRoGpPFoshwrBM8CwAPmKRE84klQCSzt2IyAglE25hKNgRv+eVV0r6oeVc19+GyUr/N4yiiE3SKqshD16iO7lETtRBBKXpGr+jNMc6L8+58LFoLTj5zjP7A+fwBKXORHA==</latexit>

Curl(�)
<latexit sha1_base64="8QpKPKinFVnlevOIE2imZbT+rEg=">AAAB+HicbVDLSgMxFM3UV62PVl26CRbBhZQZUXRZdKHLCvYB06HcSTNtaJIZkoxQh36JGxeKuPVT3Pk3pu0stPXA5R7OuZfcnDDhTBvX/XYKK6tr6xvFzdLW9s5uubK339JxqghtkpjHqhOCppxJ2jTMcNpJFAURctoORzdTv/1IlWaxfDDjhAYCBpJFjICxUq9S9ru3IASczlvQq1TdmjsDXiZeTqooR6NX+er2Y5IKKg3hoLXvuYkJMlCGEU4npW6qaQJkBAPqWypBUB1ks8Mn+NgqfRzFypY0eKb+3shAaD0WoZ0UYIZ60ZuK/3l+aqKrIGMySQ2VZP5QlHJsYjxNAfeZosTwsSVAFLO3YjIEBcTYrEo2BG/xy8ukdVbzLmru/Xm1fp3HUUSH6AidIA9dojq6Qw3URASl6Bm9ojfnyXlx3p2P+WjByXcO0B84nz/8tZKn</latexit>

[�,�]

Defining Riemann curvature in terms of 
a connection    :

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�



Riemann
   Curvature:

Rl
ijk = �l

ik,j � �l
ij,k + �l

j��
�
ik � �l

k��
�
ij

<latexit sha1_base64="3RdRwqE21/SUay6d2DiXzqHzW6o="></latexit><latexit sha1_base64="3RdRwqE21/SUay6d2DiXzqHzW6o="></latexit><latexit sha1_base64="3RdRwqE21/SUay6d2DiXzqHzW6o="></latexit><latexit sha1_base64="3RdRwqE21/SUay6d2DiXzqHzW6o="></latexit>

<latexit sha1_base64="mN5jjjCOZLiyjZNnGX5+xcCNH2E=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoMQL2FXFD0Gc9BjBPOA7BJ6J7PJkJndZR5CWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dYcqZ0q777RTW1jc2t4rbpZ3dvf2D8uFRWyVGEtoiCU9kNwRFOYtpSzPNaTeVFETIaSccN2Z+54lKxZL4UU9SGggYxixiBLSV/IaRvOrfgRBw3i9X3Jo7B14lXk4qKEezX/7yBwkxgsaacFCq57mpDjKQmhFOpyXfKJoCGcOQ9iyNQVAVZPObp/jMKgMcJdJWrPFc/T2RgVBqIkLbKUCP1LI3E//zekZHN0HG4tRoGpPFoshwrBM8CwAPmKRE84klQCSzt2IyAglE25hKNgRv+eVV0r6oeVc19+GyUr/N4yiiE3SKqshD16iO7lETtRBBKXpGr+jNMc6L8+58LFoLTj5zjP7A+fwBKXORHA==</latexit>

Curl(�)
<latexit sha1_base64="8QpKPKinFVnlevOIE2imZbT+rEg=">AAAB+HicbVDLSgMxFM3UV62PVl26CRbBhZQZUXRZdKHLCvYB06HcSTNtaJIZkoxQh36JGxeKuPVT3Pk3pu0stPXA5R7OuZfcnDDhTBvX/XYKK6tr6xvFzdLW9s5uubK339JxqghtkpjHqhOCppxJ2jTMcNpJFAURctoORzdTv/1IlWaxfDDjhAYCBpJFjICxUq9S9ru3IASczlvQq1TdmjsDXiZeTqooR6NX+er2Y5IKKg3hoLXvuYkJMlCGEU4npW6qaQJkBAPqWypBUB1ks8Mn+NgqfRzFypY0eKb+3shAaD0WoZ0UYIZ60ZuK/3l+aqKrIGMySQ2VZP5QlHJsYjxNAfeZosTwsSVAFLO3YjIEBcTYrEo2BG/xy8ukdVbzLmru/Xm1fp3HUUSH6AidIA9dojq6Qw3URASl6Bm9ojfnyXlx3p2P+WjByXcO0B84nz/8tZKn</latexit>

[�,�]

Connection:

<latexit sha1_base64="KekYZhvmEQbkqnDNGGZG91K7d7U=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0Y1QdOOygn1AG8NkMmmnnTyYmagl9lPcuFDErV/izr9x2mahrQcuHM65l3vv8RLOpLKsb6OwtLyyulZcL21sbm3vmOXdpoxTQWiDxDwWbQ9LyllEG4opTtuJoDj0OG15w6uJ37qnQrI4ulWjhDoh7kUsYAQrLblm2ZcXPTdjg7H/eMd0DVyzYlWtKdAisXNSgRx11/zq+jFJQxopwrGUHdtKlJNhoRjhdFzqppImmAxxj3Y0jXBIpZNNTx+jQ634KIiFrkihqfp7IsOhlKPQ050hVn05703E/7xOqoJzJ2NRkioakdmiIOVIxWiSA/KZoETxkSaYCKZvRaSPBSZKp1XSIdjzLy+S5nHVPq1aNyeV2mUeRxH24QCOwIYzqME11KEBBB7gGV7hzXgyXox342PWWjDymT34A+PzB63IlEU=</latexit>

ds = gijdx
idxjMetric:

<latexit sha1_base64="j/bghCmDrmai2D742ovLZCUhdys="></latexit>

�i
jk =

1

2
gi� {�gjk,� + g�j,k + gk�,j}

    is a “Curl” plus a “Commutator”  R
<latexit sha1_base64="+0KSUCHDr5HBmFgEpdEGvK9XkTg=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxFfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH8wkQT+iQ8lDzqixVuO+X664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4ArKOM1g==</latexit><latexit sha1_base64="+0KSUCHDr5HBmFgEpdEGvK9XkTg=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxFfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH8wkQT+iQ8lDzqixVuO+X664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4ArKOM1g==</latexit><latexit sha1_base64="+0KSUCHDr5HBmFgEpdEGvK9XkTg=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxFfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH8wkQT+iQ8lDzqixVuO+X664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4ArKOM1g==</latexit><latexit sha1_base64="+0KSUCHDr5HBmFgEpdEGvK9XkTg=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxFfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH8wkQT+iQ8lDzqixVuO+X664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4ArKOM1g==</latexit>

Defining Riemann curvature in terms of 
a connection    :

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�



Riemann
   Curvature:

Connection:

<latexit sha1_base64="KekYZhvmEQbkqnDNGGZG91K7d7U=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0Y1QdOOygn1AG8NkMmmnnTyYmagl9lPcuFDErV/izr9x2mahrQcuHM65l3vv8RLOpLKsb6OwtLyyulZcL21sbm3vmOXdpoxTQWiDxDwWbQ9LyllEG4opTtuJoDj0OG15w6uJ37qnQrI4ulWjhDoh7kUsYAQrLblm2ZcXPTdjg7H/eMd0DVyzYlWtKdAisXNSgRx11/zq+jFJQxopwrGUHdtKlJNhoRjhdFzqppImmAxxj3Y0jXBIpZNNTx+jQ634KIiFrkihqfp7IsOhlKPQ050hVn05703E/7xOqoJzJ2NRkioakdmiIOVIxWiSA/KZoETxkSaYCKZvRaSPBSZKp1XSIdjzLy+S5nHVPq1aNyeV2mUeRxH24QCOwIYzqME11KEBBB7gGV7hzXgyXox342PWWjDymT34A+PzB63IlEU=</latexit>

ds = gijdx
idxjMetric:

<latexit sha1_base64="j/bghCmDrmai2D742ovLZCUhdys="></latexit>

�i
jk =

1

2
gi� {�gjk,� + g�j,k + gk�,j}

<latexit sha1_base64="XqvcTr+1PvuIWM8B+J4DcZqay/0=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEQSkzouhGKLrQZRX7gOlQMplMG5pkhiQjlKG48VfcuFDErV/hzr8xbWehrQfCPZxzLzf3BAmjSjvOt1WYm19YXCoul1ZW19Y37M2thopTiUkdxyyWrQApwqggdU01I61EEsQDRppB/2rkNx+IVDQW93qQEJ+jrqARxUgbqWPv3F2E7WvEOTr0JvVoUvyOXXYqzhhwlrg5KYMctY791Q5jnHIiNGZIKc91Eu1nSGqKGRmW2qkiCcJ91CWeoQJxovxsfMIQ7hslhFEszRMajtXfExniSg14YDo50j017Y3E/zwv1dG5n1GRpJoIPFkUpQzqGI7ygCGVBGs2MARhSc1fIe4hibA2qZVMCO70ybOkcVxxTyvO7Um5epnHUQS7YA8cABecgSq4ATVQBxg8gmfwCt6sJ+vFerc+Jq0FK5/ZBn9gff4AyyyWaA==</latexit>

R = d�+ [�,�]

    is a “Curl” plus a “Commutator”  R
<latexit sha1_base64="+0KSUCHDr5HBmFgEpdEGvK9XkTg=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxFfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH8wkQT+iQ8lDzqixVuO+X664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4ArKOM1g==</latexit><latexit sha1_base64="+0KSUCHDr5HBmFgEpdEGvK9XkTg=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxFfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH8wkQT+iQ8lDzqixVuO+X664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4ArKOM1g==</latexit><latexit sha1_base64="+0KSUCHDr5HBmFgEpdEGvK9XkTg=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxFfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH8wkQT+iQ8lDzqixVuO+X664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4ArKOM1g==</latexit><latexit sha1_base64="+0KSUCHDr5HBmFgEpdEGvK9XkTg=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxFfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH8wkQT+iQ8lDzqixVuO+X664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4ArKOM1g==</latexit>

Defining Riemann curvature in terms of 
a connection    :

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�



Connection:

<latexit sha1_base64="KekYZhvmEQbkqnDNGGZG91K7d7U=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0Y1QdOOygn1AG8NkMmmnnTyYmagl9lPcuFDErV/izr9x2mahrQcuHM65l3vv8RLOpLKsb6OwtLyyulZcL21sbm3vmOXdpoxTQWiDxDwWbQ9LyllEG4opTtuJoDj0OG15w6uJ37qnQrI4ulWjhDoh7kUsYAQrLblm2ZcXPTdjg7H/eMd0DVyzYlWtKdAisXNSgRx11/zq+jFJQxopwrGUHdtKlJNhoRjhdFzqppImmAxxj3Y0jXBIpZNNTx+jQ634KIiFrkihqfp7IsOhlKPQ050hVn05703E/7xOqoJzJ2NRkioakdmiIOVIxWiSA/KZoETxkSaYCKZvRaSPBSZKp1XSIdjzLy+S5nHVPq1aNyeV2mUeRxH24QCOwIYzqME11KEBBB7gGV7hzXgyXox342PWWjDymT34A+PzB63IlEU=</latexit>

ds = gijdx
idxjMetric:

<latexit sha1_base64="j/bghCmDrmai2D742ovLZCUhdys="></latexit>

�i
jk =

1

2
gi� {�gjk,� + g�j,k + gk�,j}

Riemann
   Curvature:

<latexit sha1_base64="XqvcTr+1PvuIWM8B+J4DcZqay/0=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEQSkzouhGKLrQZRX7gOlQMplMG5pkhiQjlKG48VfcuFDErV/hzr8xbWehrQfCPZxzLzf3BAmjSjvOt1WYm19YXCoul1ZW19Y37M2thopTiUkdxyyWrQApwqggdU01I61EEsQDRppB/2rkNx+IVDQW93qQEJ+jrqARxUgbqWPv3F2E7WvEOTr0JvVoUvyOXXYqzhhwlrg5KYMctY791Q5jnHIiNGZIKc91Eu1nSGqKGRmW2qkiCcJ91CWeoQJxovxsfMIQ7hslhFEszRMajtXfExniSg14YDo50j017Y3E/zwv1dG5n1GRpJoIPFkUpQzqGI7ygCGVBGs2MARhSc1fIe4hibA2qZVMCO70ybOkcVxxTyvO7Um5epnHUQS7YA8cABecgSq4ATVQBxg8gmfwCt6sJ+vFerc+Jq0FK5/ZBn9gff4AyyyWaA==</latexit>

R = d�+ [�,�]

does NOT bound ALL the derivatives of      
<latexit sha1_base64="PC1eMqXKc5yKD21NqNJX4erdtCY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diK/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDrfOM2g==</latexit>

R
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

� !

Defining Riemann curvature in terms of 
a connection    :

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�



Connection:

<latexit sha1_base64="KekYZhvmEQbkqnDNGGZG91K7d7U=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0Y1QdOOygn1AG8NkMmmnnTyYmagl9lPcuFDErV/izr9x2mahrQcuHM65l3vv8RLOpLKsb6OwtLyyulZcL21sbm3vmOXdpoxTQWiDxDwWbQ9LyllEG4opTtuJoDj0OG15w6uJ37qnQrI4ulWjhDoh7kUsYAQrLblm2ZcXPTdjg7H/eMd0DVyzYlWtKdAisXNSgRx11/zq+jFJQxopwrGUHdtKlJNhoRjhdFzqppImmAxxj3Y0jXBIpZNNTx+jQ634KIiFrkihqfp7IsOhlKPQ050hVn05703E/7xOqoJzJ2NRkioakdmiIOVIxWiSA/KZoETxkSaYCKZvRaSPBSZKp1XSIdjzLy+S5nHVPq1aNyeV2mUeRxH24QCOwIYzqME11KEBBB7gGV7hzXgyXox342PWWjDymT34A+PzB63IlEU=</latexit>

ds = gijdx
idxjMetric:

<latexit sha1_base64="j/bghCmDrmai2D742ovLZCUhdys="></latexit>

�i
jk =

1

2
gi� {�gjk,� + g�j,k + gk�,j}

Riemann
   Curvature:

<latexit sha1_base64="XqvcTr+1PvuIWM8B+J4DcZqay/0=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEQSkzouhGKLrQZRX7gOlQMplMG5pkhiQjlKG48VfcuFDErV/hzr8xbWehrQfCPZxzLzf3BAmjSjvOt1WYm19YXCoul1ZW19Y37M2thopTiUkdxyyWrQApwqggdU01I61EEsQDRppB/2rkNx+IVDQW93qQEJ+jrqARxUgbqWPv3F2E7WvEOTr0JvVoUvyOXXYqzhhwlrg5KYMctY791Q5jnHIiNGZIKc91Eu1nSGqKGRmW2qkiCcJ91CWeoQJxovxsfMIQ7hslhFEszRMajtXfExniSg14YDo50j017Y3E/zwv1dG5n1GRpJoIPFkUpQzqGI7ygCGVBGs2MARhSc1fIe4hibA2qZVMCO70ybOkcVxxTyvO7Um5epnHUQS7YA8cABecgSq4ATVQBxg8gmfwCt6sJ+vFerc+Jq0FK5/ZBn9gff4AyyyWaA==</latexit>

R = d�+ [�,�]

is pointwise bounded by   
<latexit sha1_base64="PC1eMqXKc5yKD21NqNJX4erdtCY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diK/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDrfOM2g==</latexit>

R
<latexit sha1_base64="5kQMJ+UHEPQLt6SNprhfHhHNj58=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoQY8VrC20oUw2m3bp7ibsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MOVMG8/7dkorq2vrG+XNytb2zu5edf/gUSeZIrRFEp6oToiaciZpyzDDaSdVFEXIaTsc3Uz99hNVmiXywYxTGggcSBYzgsZK7ah3i0Jgv1rz6t4M7jLxC1KDAs1+9asXJSQTVBrCUeuu76UmyFEZRjidVHqZpimSEQ5o11KJguogn507cU+sErlxomxJ487U3xM5Cq3HIrSdAs1QL3pT8T+vm5n4KsiZTDNDJZkvijPumsSd/u5GTFFi+NgSJIrZW10yRIXE2IQqNgR/8eVl8nhW9y/q3v15rXFdxFGGIziGU/DhEhpwB01oAYERPMMrvDmp8+K8Ox/z1pJTzBzCHzifPxYij2c=</latexit>

d�

Defining Riemann curvature in terms of 
a connection    :

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�



Connection:

<latexit sha1_base64="KekYZhvmEQbkqnDNGGZG91K7d7U=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0Y1QdOOygn1AG8NkMmmnnTyYmagl9lPcuFDErV/izr9x2mahrQcuHM65l3vv8RLOpLKsb6OwtLyyulZcL21sbm3vmOXdpoxTQWiDxDwWbQ9LyllEG4opTtuJoDj0OG15w6uJ37qnQrI4ulWjhDoh7kUsYAQrLblm2ZcXPTdjg7H/eMd0DVyzYlWtKdAisXNSgRx11/zq+jFJQxopwrGUHdtKlJNhoRjhdFzqppImmAxxj3Y0jXBIpZNNTx+jQ634KIiFrkihqfp7IsOhlKPQ050hVn05703E/7xOqoJzJ2NRkioakdmiIOVIxWiSA/KZoETxkSaYCKZvRaSPBSZKp1XSIdjzLy+S5nHVPq1aNyeV2mUeRxH24QCOwIYzqME11KEBBB7gGV7hzXgyXox342PWWjDymT34A+PzB63IlEU=</latexit>

ds = gijdx
idxjMetric:

<latexit sha1_base64="j/bghCmDrmai2D742ovLZCUhdys="></latexit>

�i
jk =

1

2
gi� {�gjk,� + g�j,k + gk�,j}

Riemann
   Curvature:

<latexit sha1_base64="XqvcTr+1PvuIWM8B+J4DcZqay/0=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEQSkzouhGKLrQZRX7gOlQMplMG5pkhiQjlKG48VfcuFDErV/hzr8xbWehrQfCPZxzLzf3BAmjSjvOt1WYm19YXCoul1ZW19Y37M2thopTiUkdxyyWrQApwqggdU01I61EEsQDRppB/2rkNx+IVDQW93qQEJ+jrqARxUgbqWPv3F2E7WvEOTr0JvVoUvyOXXYqzhhwlrg5KYMctY791Q5jnHIiNGZIKc91Eu1nSGqKGRmW2qkiCcJ91CWeoQJxovxsfMIQ7hslhFEszRMajtXfExniSg14YDo50j017Y3E/zwv1dG5n1GRpJoIPFkUpQzqGI7ygCGVBGs2MARhSc1fIe4hibA2qZVMCO70ybOkcVxxTyvO7Um5epnHUQS7YA8cABecgSq4ATVQBxg8gmfwCt6sJ+vFerc+Jq0FK5/ZBn9gff4AyyyWaA==</latexit>

R = d�+ [�,�]

Co-derivatives          
<latexit sha1_base64="9m7fR9w10p9R+ftNzLp33f3aBTA=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSSi6LHoQY8VrC00oUw2m3bp7ibsToRS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8KBPcoOd9O6WV1bX1jfJmZWt7Z3evun/waNJcU9aiqUh1JwLDBFeshRwF62SagYwEa0fDm6nffmLa8FQ94ChjoYS+4gmngFYKgpgJhOAWpIRetebVvRncZeIXpEYKNHvVryBOaS6ZQirAmK7vZRiOQSOngk0qQW5YBnQIfda1VIFkJhzPbp64J1aJ3STVthS6M/X3xBikMSMZ2U4JODCL3lT8z+vmmFyFY66yHJmi80VJLlxM3WkAbsw1oyhGlgDV3N7q0gFooGhjqtgQ/MWXl8njWd2/qHv357XGdRFHmRyRY3JKfHJJGuSONEmLUJKRZ/JK3pzceXHenY95a8kpZg7JHzifP+v+kZs=</latexit>

�� are uncontrolled (pointwise) 

is pointwise bounded by   
<latexit sha1_base64="PC1eMqXKc5yKD21NqNJX4erdtCY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diK/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDrfOM2g==</latexit>

R
<latexit sha1_base64="5kQMJ+UHEPQLt6SNprhfHhHNj58=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoQY8VrC20oUw2m3bp7ibsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MOVMG8/7dkorq2vrG+XNytb2zu5edf/gUSeZIrRFEp6oToiaciZpyzDDaSdVFEXIaTsc3Uz99hNVmiXywYxTGggcSBYzgsZK7ah3i0Jgv1rz6t4M7jLxC1KDAs1+9asXJSQTVBrCUeuu76UmyFEZRjidVHqZpimSEQ5o11KJguogn507cU+sErlxomxJ487U3xM5Cq3HIrSdAs1QL3pT8T+vm5n4KsiZTDNDJZkvijPumsSd/u5GTFFi+NgSJIrZW10yRIXE2IQqNgR/8eVl8nhW9y/q3v15rXFdxFGGIziGU/DhEhpwB01oAYERPMMrvDmp8+K8Ox/z1pJTzBzCHzifPxYij2c=</latexit>

d�

Defining Riemann curvature in terms of 
a connection    :

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�



View     as a matrix valued 1-form:

    is a “Curl” plus a “Commutator”  R
<latexit sha1_base64="+0KSUCHDr5HBmFgEpdEGvK9XkTg=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxFfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH8wkQT+iQ8lDzqixVuO+X664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4ArKOM1g==</latexit><latexit sha1_base64="+0KSUCHDr5HBmFgEpdEGvK9XkTg=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxFfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH8wkQT+iQ8lDzqixVuO+X664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4ArKOM1g==</latexit><latexit sha1_base64="+0KSUCHDr5HBmFgEpdEGvK9XkTg=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxFfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH8wkQT+iQ8lDzqixVuO+X664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4ArKOM1g==</latexit><latexit sha1_base64="+0KSUCHDr5HBmFgEpdEGvK9XkTg=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxFfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH8wkQT+iQ8lDzqixVuO+X664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4ArKOM1g==</latexit>

Then:

�
<latexit sha1_base64="jYJFH8dhHGGV5CY0yjNCYsU6z5c=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosetBjBfsB7VJm02wbm2SXJCuU0v/gxYMiXv0/3vw3pu0etPWFwMM7M2TmjVLBjfX9b29ldW19Y7OwVdze2d3bLx0cNkySacrqNBGJbkVomOCK1S23grVSzVBGgjWj4c203nxi2vBEPdhRykKJfcVjTtE6q9G5RSmxWyr7FX8msgxBDmXIVeuWvjq9hGaSKUsFGtMO/NSGY9SWU8EmxU5mWIp0iH3WdqhQMhOOZ9tOyKlzeiROtHvKkpn7e2KM0piRjFynRDswi7Wp+V+tndn4KhxzlWaWKTr/KM4EsQmZnk56XDNqxcgBUs3droQOUCO1LqCiCyFYPHkZGueVwPH9Rbl6ncdRgGM4gTMI4BKqcAc1qAOFR3iGV3jzEu/Fe/c+5q0rXj5zBH/kff4AVe2O9Q==</latexit><latexit sha1_base64="jYJFH8dhHGGV5CY0yjNCYsU6z5c=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosetBjBfsB7VJm02wbm2SXJCuU0v/gxYMiXv0/3vw3pu0etPWFwMM7M2TmjVLBjfX9b29ldW19Y7OwVdze2d3bLx0cNkySacrqNBGJbkVomOCK1S23grVSzVBGgjWj4c203nxi2vBEPdhRykKJfcVjTtE6q9G5RSmxWyr7FX8msgxBDmXIVeuWvjq9hGaSKUsFGtMO/NSGY9SWU8EmxU5mWIp0iH3WdqhQMhOOZ9tOyKlzeiROtHvKkpn7e2KM0piRjFynRDswi7Wp+V+tndn4KhxzlWaWKTr/KM4EsQmZnk56XDNqxcgBUs3droQOUCO1LqCiCyFYPHkZGueVwPH9Rbl6ncdRgGM4gTMI4BKqcAc1qAOFR3iGV3jzEu/Fe/c+5q0rXj5zBH/kff4AVe2O9Q==</latexit><latexit sha1_base64="jYJFH8dhHGGV5CY0yjNCYsU6z5c=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosetBjBfsB7VJm02wbm2SXJCuU0v/gxYMiXv0/3vw3pu0etPWFwMM7M2TmjVLBjfX9b29ldW19Y7OwVdze2d3bLx0cNkySacrqNBGJbkVomOCK1S23grVSzVBGgjWj4c203nxi2vBEPdhRykKJfcVjTtE6q9G5RSmxWyr7FX8msgxBDmXIVeuWvjq9hGaSKUsFGtMO/NSGY9SWU8EmxU5mWIp0iH3WdqhQMhOOZ9tOyKlzeiROtHvKkpn7e2KM0piRjFynRDswi7Wp+V+tndn4KhxzlWaWKTr/KM4EsQmZnk56XDNqxcgBUs3droQOUCO1LqCiCyFYPHkZGueVwPH9Rbl6ncdRgGM4gTMI4BKqcAc1qAOFR3iGV3jzEu/Fe/c+5q0rXj5zBH/kff4AVe2O9Q==</latexit><latexit sha1_base64="jYJFH8dhHGGV5CY0yjNCYsU6z5c=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosetBjBfsB7VJm02wbm2SXJCuU0v/gxYMiXv0/3vw3pu0etPWFwMM7M2TmjVLBjfX9b29ldW19Y7OwVdze2d3bLx0cNkySacrqNBGJbkVomOCK1S23grVSzVBGgjWj4c203nxi2vBEPdhRykKJfcVjTtE6q9G5RSmxWyr7FX8msgxBDmXIVeuWvjq9hGaSKUsFGtMO/NSGY9SWU8EmxU5mWIp0iH3WdqhQMhOOZ9tOyKlzeiROtHvKkpn7e2KM0piRjFynRDswi7Wp+V+tndn4KhxzlWaWKTr/KM4EsQmZnk56XDNqxcgBUs3droQOUCO1LqCiCyFYPHkZGueVwPH9Rbl6ncdRgGM4gTMI4BKqcAc1qAOFR3iGV3jzEu/Fe/c+5q0rXj5zBH/kff4AVe2O9Q==</latexit>

<latexit sha1_base64="A4JQB2ezJZc2a7emW9sbhWWBufY=">AAACJHicbVDLSsNAFJ34tr6qLt0Ei6Cbkoii4KboQpcKVgtNDZPpTTt2JokzN8VS+jFu/BU3Lnzgwo3f4rTJQqsHBg7nnMude4JEcI2O82lNTE5Nz8zOzRcWFpeWV4qra1c6ThWDKotFrGoB1SB4BFXkKKCWKKAyEHAddE6G/nUXlOZxdIm9BBqStiIeckbRSH7xyDulUlIP7lLezbjfad7fdHJFQIjbmX7D/VtP8VYbd7KIXyw5ZWcE+y9xc1IiOc794pvXjFkqIUImqNZ110mw0acKORMwKHiphoSyDm1B3dCIStCN/ujIgb1llKYdxsq8CO2R+nOiT6XWPRmYpKTY1uPeUPzPq6cYHjb6PEpShIhli8JU2Bjbw8bsJlfAUPQMoUxx81ebtamiDE2vBVOCO37yX3K1W3b3y87FXqlynNcxRzbIJtkmLjkgFXJGzkmVMPJAnsgLebUerWfr3frIohNWPrNOfsH6+gag9qYG</latexit>

� ⌘ �kdx
k ⌘

�
�i
j

�
k
dxk

   as nxn matrices expressed as wedge product  

<latexit sha1_base64="yyONwwVc6dKiopewjgEV6RYPUfw=">AAACBXicbZDLSsNAFIYnXtt6i7rURbAIglASQXQjFF3osoq9YBvKZHLaDp1JwsxELaEbNz6Db+BGRBG3voM7n0anTRfaemCYj/8/h5nzexGjUtn2lzE1PTM7N5/J5hYWl5ZXzNW1igxjQaBMQhaKmoclMBpAWVHFoBYJwNxjUPW6JwO/eg1C0jC4VL0IXI7bAW1RgpWWmubmxZHfOMWc4930atyA34aUm2beLtjDsibBGUG+mI0erp5vv0tN87PhhyTmECjCsJR1x46Um2ChKGHQzzViCREmXdyGusYAc5BuMtyib21rxbdaodAnUNZQ/T2RYC5lj3u6k2PVkePeQPzPq8eqdegmNIhiBQFJH2rFzFKhNYjE8qkAolhPAyaC6r9apIMFJkoHl9MhOOMrT0Jlr+DsF+xzncYxSiuDNtAW2kEOOkBFdIZKqIwIukOP6AW9GvfGk/FmvKetU8ZoZh39KePjB8VXm9g=</latexit>

R = d�+ � ^ �



Optimal
Regularity



Definition:  We say a metric      has 
optimal regularity if it is two derivatives 
more regular than 

<latexit sha1_base64="KMbZ22wq9ugUL0wmzJNlKypbLw0=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXFD0WPeixiv2A7lKy6WwbmmSXJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFYUmjXmsOiHRwJmEpmGGQydRQETIoR2ObqZ++wmUZrF8NOMEAkEGkkWMEmMl/4GBqPq3RAhy2itX3Jo7A14mXk4qKEejV/7y+zFNBUhDOdG667mJCTKiDKMcJiU/1ZAQOiID6FoqiQAdZLObJ/jEKn0cxcqWNHim/p7IiNB6LELbKYgZ6kVvKv7ndVMTXQUZk0lqQNL5oijl2MR4GgDuMwXU8LElhCpmb8V0SBShxsZUsiF4iy8vk9ZZzbuouffnlfp1HkcRHaFjVEUeukR1dIcaqIkoStAzekVvTuq8OO/Ox7y14OQzh+gPnM8fG4+REw==</latexit>

Riem(�)

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g



Definition:  We say a metric      has 
optimal regularity if it is two derivatives 
more regular than 

<latexit sha1_base64="KMbZ22wq9ugUL0wmzJNlKypbLw0=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXFD0WPeixiv2A7lKy6WwbmmSXJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFYUmjXmsOiHRwJmEpmGGQydRQETIoR2ObqZ++wmUZrF8NOMEAkEGkkWMEmMl/4GBqPq3RAhy2itX3Jo7A14mXk4qKEejV/7y+zFNBUhDOdG667mJCTKiDKMcJiU/1ZAQOiID6FoqiQAdZLObJ/jEKn0cxcqWNHim/p7IiNB6LELbKYgZ6kVvKv7ndVMTXQUZk0lqQNL5oijl2MR4GgDuMwXU8LElhCpmb8V0SBShxsZUsiF4iy8vk9ZZzbuouffnlfp1HkcRHaFjVEUeukR1dIcaqIkoStAzekVvTuq8OO/Ox7y14OQzh+gPnM8fG4+REw==</latexit>

Riem(�)

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="E2bR3oSAVj74FHnJMuIGwHFbBhE=">AAAB/nicbVBNSwMxEM3Wr1q/quLJS7AInsquKHosetBjBWsL3aXMptk2NMkuSVYoS8G/4sWDIl79Hd78N2bbPWjrg4HHezPJzAsTzrRx3W+ntLS8srpWXq9sbG5t71R39x50nCpCWyTmseqEoClnkrYMM5x2EkVBhJy2w9F17rcfqdIslvdmnNBAwECyiBEwVupVD/wbEAJ8zQT2E1CGAceDXrXm1t0p8CLxClJDBZq96pffj0kqqDSEg9Zdz01MkOXvEU4nFT/VNAEyggHtWipBUB1k0/Un+NgqfRzFypY0eKr+nshAaD0Woe0UYIZ63svF/7xuaqLLIGMySQ2VZPZRlHJsYpxngftMUWL42BIgitldMRmCAmJsYhUbgjd/8iJ5OK1753X37qzWuCriKKNDdIROkIcuUAPdoiZqIYIy9Ixe0Zvz5Lw4787HrLXkFDP76A+czx+6ZpVV</latexit>

� ⇠ @gFor metric connections: 

     optimal if and only if      optimal
<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�



Definition:  We say a metric      has 
optimal regularity if it is two derivatives 
more regular than 

<latexit sha1_base64="KMbZ22wq9ugUL0wmzJNlKypbLw0=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXFD0WPeixiv2A7lKy6WwbmmSXJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFYUmjXmsOiHRwJmEpmGGQydRQETIoR2ObqZ++wmUZrF8NOMEAkEGkkWMEmMl/4GBqPq3RAhy2itX3Jo7A14mXk4qKEejV/7y+zFNBUhDOdG667mJCTKiDKMcJiU/1ZAQOiID6FoqiQAdZLObJ/jEKn0cxcqWNHim/p7IiNB6LELbKYgZ6kVvKv7ndVMTXQUZk0lqQNL5oijl2MR4GgDuMwXU8LElhCpmb8V0SBShxsZUsiF4iy8vk9ZZzbuouffnlfp1HkcRHaFjVEUeukR1dIcaqIkoStAzekVvTuq8OO/Ox7y14OQzh+gPnM8fG4+REw==</latexit>

Riem(�)

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="E2bR3oSAVj74FHnJMuIGwHFbBhE=">AAAB/nicbVBNSwMxEM3Wr1q/quLJS7AInsquKHosetBjBWsL3aXMptk2NMkuSVYoS8G/4sWDIl79Hd78N2bbPWjrg4HHezPJzAsTzrRx3W+ntLS8srpWXq9sbG5t71R39x50nCpCWyTmseqEoClnkrYMM5x2EkVBhJy2w9F17rcfqdIslvdmnNBAwECyiBEwVupVD/wbEAJ8zQT2E1CGAceDXrXm1t0p8CLxClJDBZq96pffj0kqqDSEg9Zdz01MkOXvEU4nFT/VNAEyggHtWipBUB1k0/Un+NgqfRzFypY0eKr+nshAaD0Woe0UYIZ63svF/7xuaqLLIGMySQ2VZPZRlHJsYpxngftMUWL42BIgitldMRmCAmJsYhUbgjd/8iJ5OK1753X37qzWuCriKKNDdIROkIcuUAPdoiZqIYIy9Ixe0Zvz5Lw4787HrLXkFDP76A+czx+6ZpVV</latexit>

� ⇠ @gFor metric connections: 

     optimal if and only if      optimal
<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�



Theorem:    The existence of Non-optimal 
metrics (and connections) is a direct 
consequence of the tensorial nature of 
Riemann’s curvature…

I.e.,                 involves second derivatives of 
the metric, but transforms by first derivative 
Jacobians

<latexit sha1_base64="KMbZ22wq9ugUL0wmzJNlKypbLw0=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXFD0WPeixiv2A7lKy6WwbmmSXJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFYUmjXmsOiHRwJmEpmGGQydRQETIoR2ObqZ++wmUZrF8NOMEAkEGkkWMEmMl/4GBqPq3RAhy2itX3Jo7A14mXk4qKEejV/7y+zFNBUhDOdG667mJCTKiDKMcJiU/1ZAQOiID6FoqiQAdZLObJ/jEKn0cxcqWNHim/p7IiNB6LELbKYgZ6kVvKv7ndVMTXQUZk0lqQNL5oijl2MR4GgDuMwXU8LElhCpmb8V0SBShxsZUsiF4iy8vk9ZZzbuouffnlfp1HkcRHaFjVEUeukR1dIcaqIkoStAzekVvTuq8OO/Ox7y14OQzh+gPnM8fG4+REw==</latexit>

Riem(�)



“Proof:’’  



“Proof:’’  

Assume         are optimal in    -coords:             
<latexit sha1_base64="UXGQDk45c49iTEW2CkBIfh5Jr/o=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVRY9BD3qMYB6YLKF3MkmGzMwuM7NCCPkLLx4U8erfePNvnCR70MSChqKqm+6uKBHcWN//9paWV1bX1nMb+c2t7Z3dwt5+zcSppqxKYxHrRoSGCa5Y1XIrWCPRDGUkWD0a3Ez8+hPThsfqwQ4TFkrsKd7lFK2THnunpHWLUiJpF4p+yZ+CLJIgI0XIUGkXvlqdmKaSKUsFGtMM/MSGI9SWU8HG+VZqWIJ0gD3WdFShZCYcTS8ek2OndEg31q6UJVP198QIpTFDGblOibZv5r2J+J/XTG33KhxxlaSWKTpb1E0FsTGZvE86XDNqxdARpJq7Wwnto0ZqXUh5F0Iw//IiqZ2VgouSf39eLF9nceTgEI7gBAK4hDLcQQWqQEHBM7zCm2e8F+/d+5i1LnnZzAH8gff5AzMJj/Q=</latexit>

g,� <latexit sha1_base64="fLBAq4QNHt6x49astMKifX19cb0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD54uNAA==</latexit>x



“Proof:’’  

Assume         are optimal in    -coords:             
<latexit sha1_base64="2gBcENPoKBefK0FW75i2nKY/xZQ=">AAAB/3icbVDLSgNBEOz1GeNrVfDiZTAI8RJ2RdFjMAc9RjEPyMYwO5kkQ2Zml5lZIaw5+CtePCji1d/w5t84eRw0saChqOqmuyuMOdPG876dhcWl5ZXVzFp2fWNza9vd2a3qKFGEVkjEI1UPsaacSVoxzHBajxXFIuS0FvZLI7/2QJVmkbwzg5g2Be5K1mEEGyu13P1bRkU+uMJC4OOASVS6T/tD1HJzXsEbA80Tf0pyMEW55X4F7YgkgkpDONa64XuxaaZYGUY4HWaDRNMYkz7u0oalEguqm+n4/iE6skobdSJlSxo0Vn9PpFhoPRCh7RTY9PSsNxL/8xqJ6Vw0UybjxFBJJos6CUcmQqMwUJspSgwfWIKJYvZWRHpYYWJsZFkbgj/78jypnhT8s4J3c5orXk7jyMABHEIefDiHIlxDGSpA4BGe4RXenCfnxXl3PiatC850Zg/+wPn8AX/zlR8=</latexit>

Riem(�) 2 Ck
<latexit sha1_base64="60mUKMcWAnLaNr19qf4e92KIsNg=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuUfRY7MVjBfsB7VqyabYNzSZrki2Upb/DiwdFvPpjvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvBqDbzW2OqNJPiwUxi6kd4IFjICDZW8gddJlDtMR1dVKaoVyy5ZXcOtEq8jJQgQ71X/Or2JUkiKgzhWOuO58bGT7EyjHA6LXQTTWNMRnhAO5YKHFHtp/Ojp+jMKn0USmVLGDRXf0+kONJ6EgW2M8JmqJe9mfif10lMeOOnTMSJoYIsFoUJR0aiWQKozxQlhk8swUQxeysiQ6wwMTangg3BW355lTQrZe+q7N5flqq3WRx5OIFTOAcPrqEKd1CHBhB4gmd4hTdn7Lw4787HojXnZDPH8AfO5w9yAZE7</latexit>

g 2 Ck+2
<latexit sha1_base64="zo7miyA0YU5GcpzeE+ccHpU43IU=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyCIIRdUfQYzEGPEcwDsjH0TibJkJnZZWZWDMv+ihcPinj1R7z5N04eB00saCiquunuCmPOtPG8bye3srq2vpHfLGxt7+zuufvFho4SRWidRDxSrRA05UzSumGG01asKIiQ02Y4qk785iNVmkXy3oxj2hEwkKzPCBgrdd1icANCQMAkrj6ko1M/w1235JW9KfAy8eekhOaodd2voBeRRFBpCAet274Xm04KyjDCaVYIEk1jICMY0LalEgTVnXR6e4aPrdLD/UjZkgZP1d8TKQitxyK0nQLMUC96E/E/r52Y/lUnZTJODJVktqifcGwiPAkC95iixPCxJUAUs7diMgQFxNi4CjYEf/HlZdI4K/sXZe/uvFS5nseRR4foCJ0gH12iCrpFNVRHBD2hZ/SK3pzMeXHenY9Za86ZzxygP3A+fwCIm5N1</latexit>

� 2 Ck+1

<latexit sha1_base64="UXGQDk45c49iTEW2CkBIfh5Jr/o=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVRY9BD3qMYB6YLKF3MkmGzMwuM7NCCPkLLx4U8erfePNvnCR70MSChqKqm+6uKBHcWN//9paWV1bX1nMb+c2t7Z3dwt5+zcSppqxKYxHrRoSGCa5Y1XIrWCPRDGUkWD0a3Ez8+hPThsfqwQ4TFkrsKd7lFK2THnunpHWLUiJpF4p+yZ+CLJIgI0XIUGkXvlqdmKaSKUsFGtMM/MSGI9SWU8HG+VZqWIJ0gD3WdFShZCYcTS8ek2OndEg31q6UJVP198QIpTFDGblOibZv5r2J+J/XTG33KhxxlaSWKTpb1E0FsTGZvE86XDNqxdARpJq7Wwnto0ZqXUh5F0Iw//IiqZ2VgouSf39eLF9nceTgEI7gBAK4hDLcQQWqQEHBM7zCm2e8F+/d+5i1LnnZzAH8gff5AzMJj/Q=</latexit>

g,� <latexit sha1_base64="fLBAq4QNHt6x49astMKifX19cb0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD54uNAA==</latexit>x

,  ,  



“Proof:’’  

Assume         are optimal in    -coords:             
<latexit sha1_base64="2gBcENPoKBefK0FW75i2nKY/xZQ=">AAAB/3icbVDLSgNBEOz1GeNrVfDiZTAI8RJ2RdFjMAc9RjEPyMYwO5kkQ2Zml5lZIaw5+CtePCji1d/w5t84eRw0saChqOqmuyuMOdPG876dhcWl5ZXVzFp2fWNza9vd2a3qKFGEVkjEI1UPsaacSVoxzHBajxXFIuS0FvZLI7/2QJVmkbwzg5g2Be5K1mEEGyu13P1bRkU+uMJC4OOASVS6T/tD1HJzXsEbA80Tf0pyMEW55X4F7YgkgkpDONa64XuxaaZYGUY4HWaDRNMYkz7u0oalEguqm+n4/iE6skobdSJlSxo0Vn9PpFhoPRCh7RTY9PSsNxL/8xqJ6Vw0UybjxFBJJos6CUcmQqMwUJspSgwfWIKJYvZWRHpYYWJsZFkbgj/78jypnhT8s4J3c5orXk7jyMABHEIefDiHIlxDGSpA4BGe4RXenCfnxXl3PiatC850Zg/+wPn8AX/zlR8=</latexit>

Riem(�) 2 Ck
<latexit sha1_base64="60mUKMcWAnLaNr19qf4e92KIsNg=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuUfRY7MVjBfsB7VqyabYNzSZrki2Upb/DiwdFvPpjvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvBqDbzW2OqNJPiwUxi6kd4IFjICDZW8gddJlDtMR1dVKaoVyy5ZXcOtEq8jJQgQ71X/Or2JUkiKgzhWOuO58bGT7EyjHA6LXQTTWNMRnhAO5YKHFHtp/Ojp+jMKn0USmVLGDRXf0+kONJ6EgW2M8JmqJe9mfif10lMeOOnTMSJoYIsFoUJR0aiWQKozxQlhk8swUQxeysiQ6wwMTangg3BW355lTQrZe+q7N5flqq3WRx5OIFTOAcPrqEKd1CHBhB4gmd4hTdn7Lw4787HojXnZDPH8AfO5w9yAZE7</latexit>

g 2 Ck+2
<latexit sha1_base64="zo7miyA0YU5GcpzeE+ccHpU43IU=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyCIIRdUfQYzEGPEcwDsjH0TibJkJnZZWZWDMv+ihcPinj1R7z5N04eB00saCiquunuCmPOtPG8bye3srq2vpHfLGxt7+zuufvFho4SRWidRDxSrRA05UzSumGG01asKIiQ02Y4qk785iNVmkXy3oxj2hEwkKzPCBgrdd1icANCQMAkrj6ko1M/w1235JW9KfAy8eekhOaodd2voBeRRFBpCAet274Xm04KyjDCaVYIEk1jICMY0LalEgTVnXR6e4aPrdLD/UjZkgZP1d8TKQitxyK0nQLMUC96E/E/r52Y/lUnZTJODJVktqifcGwiPAkC95iixPCxJUAUs7diMgQFxNi4CjYEf/HlZdI4K/sXZe/uvFS5nseRR4foCJ0gH12iCrpFNVRHBD2hZ/SK3pzMeXHenY9Za86ZzxygP3A+fwCIm5N1</latexit>

� 2 Ck+1

<latexit sha1_base64="UXGQDk45c49iTEW2CkBIfh5Jr/o=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVRY9BD3qMYB6YLKF3MkmGzMwuM7NCCPkLLx4U8erfePNvnCR70MSChqKqm+6uKBHcWN//9paWV1bX1nMb+c2t7Z3dwt5+zcSppqxKYxHrRoSGCa5Y1XIrWCPRDGUkWD0a3Ez8+hPThsfqwQ4TFkrsKd7lFK2THnunpHWLUiJpF4p+yZ+CLJIgI0XIUGkXvlqdmKaSKUsFGtMM/MSGI9SWU8HG+VZqWIJ0gD3WdFShZCYcTS8ek2OndEg31q6UJVP198QIpTFDGblOibZv5r2J+J/XTG33KhxxlaSWKTpb1E0FsTGZvE86XDNqxdARpJq7Wwnto0ZqXUh5F0Iw//IiqZ2VgouSf39eLF9nceTgEI7gBAK4hDLcQQWqQEHBM7zCm2e8F+/d+5i1LnnZzAH8gff5AzMJj/Q=</latexit>

g,� <latexit sha1_base64="fLBAq4QNHt6x49astMKifX19cb0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD54uNAA==</latexit>x

,  ,  

Transform to   -coordinates:  
<latexit sha1_base64="Rf2J3hoVkOMTHwzskXFPRCSPh2Y=">AAAB7XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irih6LXjxWcNtCu5Rsmm1js8mSZMVl6X/w4kERr/4fb/4b03YP2joQGGbeI28mTDjTxnW/ndLK6tr6RnmzsrW9s7tX3T9oaZkqQn0iuVSdEGvKmaC+YYbTTqIojkNO2+H4Zuq3H6nSTIp7kyU0iPFQsIgRbKzUeuoZibJ+tebW3RnQMvEKUoMCzX71qzeQJI2pMIRjrbuem5ggx8owwumk0ks1TTAZ4yHtWipwTHWQz66doBOrDFAklX3CoJn6eyPHsdZZHNrJGJuRXvSm4n9eNzXRVZAzkaSGCjL/KEo5shGn0dGAKUoMzyzBRDF7KyIjrDAxtqCKLcFbjLxMWmd176Lu3p3XGtdFHWU4gmM4BQ8uoQG30AQfCDzAM7zCmyOdF+fd+ZiPlpxi5xD+wPn8AXHRjwo=</latexit>

x ! y<latexit sha1_base64="plO+peCbNVnVEc0GHTvhV3+bFoo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0Io/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHkyXoR3QoecgZNVZqZP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03Mf6EKsOZwGmpl2pMKBvTIXYtlTRC7U/mh07JmVUGJIyVLWnIXP09MaGR1lkU2M6ImpFe9mbif143NeGNP+EySQ1KtlgUpoKYmMy+JgOukBmRWUKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD6Q+NAQ==</latexit>y



“Proof:’’  

Assume         are optimal in    -coords:             
<latexit sha1_base64="2gBcENPoKBefK0FW75i2nKY/xZQ=">AAAB/3icbVDLSgNBEOz1GeNrVfDiZTAI8RJ2RdFjMAc9RjEPyMYwO5kkQ2Zml5lZIaw5+CtePCji1d/w5t84eRw0saChqOqmuyuMOdPG876dhcWl5ZXVzFp2fWNza9vd2a3qKFGEVkjEI1UPsaacSVoxzHBajxXFIuS0FvZLI7/2QJVmkbwzg5g2Be5K1mEEGyu13P1bRkU+uMJC4OOASVS6T/tD1HJzXsEbA80Tf0pyMEW55X4F7YgkgkpDONa64XuxaaZYGUY4HWaDRNMYkz7u0oalEguqm+n4/iE6skobdSJlSxo0Vn9PpFhoPRCh7RTY9PSsNxL/8xqJ6Vw0UybjxFBJJos6CUcmQqMwUJspSgwfWIKJYvZWRHpYYWJsZFkbgj/78jypnhT8s4J3c5orXk7jyMABHEIefDiHIlxDGSpA4BGe4RXenCfnxXl3PiatC850Zg/+wPn8AX/zlR8=</latexit>

Riem(�) 2 Ck
<latexit sha1_base64="60mUKMcWAnLaNr19qf4e92KIsNg=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuUfRY7MVjBfsB7VqyabYNzSZrki2Upb/DiwdFvPpjvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvBqDbzW2OqNJPiwUxi6kd4IFjICDZW8gddJlDtMR1dVKaoVyy5ZXcOtEq8jJQgQ71X/Or2JUkiKgzhWOuO58bGT7EyjHA6LXQTTWNMRnhAO5YKHFHtp/Ojp+jMKn0USmVLGDRXf0+kONJ6EgW2M8JmqJe9mfif10lMeOOnTMSJoYIsFoUJR0aiWQKozxQlhk8swUQxeysiQ6wwMTangg3BW355lTQrZe+q7N5flqq3WRx5OIFTOAcPrqEKd1CHBhB4gmd4hTdn7Lw4787HojXnZDPH8AfO5w9yAZE7</latexit>

g 2 Ck+2
<latexit sha1_base64="zo7miyA0YU5GcpzeE+ccHpU43IU=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyCIIRdUfQYzEGPEcwDsjH0TibJkJnZZWZWDMv+ihcPinj1R7z5N04eB00saCiquunuCmPOtPG8bye3srq2vpHfLGxt7+zuufvFho4SRWidRDxSrRA05UzSumGG01asKIiQ02Y4qk785iNVmkXy3oxj2hEwkKzPCBgrdd1icANCQMAkrj6ko1M/w1235JW9KfAy8eekhOaodd2voBeRRFBpCAet274Xm04KyjDCaVYIEk1jICMY0LalEgTVnXR6e4aPrdLD/UjZkgZP1d8TKQitxyK0nQLMUC96E/E/r52Y/lUnZTJODJVktqifcGwiPAkC95iixPCxJUAUs7diMgQFxNi4CjYEf/HlZdI4K/sXZe/uvFS5nseRR4foCJ0gH12iCrpFNVRHBD2hZ/SK3pzMeXHenY9Za86ZzxygP3A+fwCIm5N1</latexit>

� 2 Ck+1

<latexit sha1_base64="UXGQDk45c49iTEW2CkBIfh5Jr/o=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVRY9BD3qMYB6YLKF3MkmGzMwuM7NCCPkLLx4U8erfePNvnCR70MSChqKqm+6uKBHcWN//9paWV1bX1nMb+c2t7Z3dwt5+zcSppqxKYxHrRoSGCa5Y1XIrWCPRDGUkWD0a3Ez8+hPThsfqwQ4TFkrsKd7lFK2THnunpHWLUiJpF4p+yZ+CLJIgI0XIUGkXvlqdmKaSKUsFGtMM/MSGI9SWU8HG+VZqWIJ0gD3WdFShZCYcTS8ek2OndEg31q6UJVP198QIpTFDGblOibZv5r2J+J/XTG33KhxxlaSWKTpb1E0FsTGZvE86XDNqxdARpJq7Wwnto0ZqXUh5F0Iw//IiqZ2VgouSf39eLF9nceTgEI7gBAK4hDLcQQWqQEHBM7zCm2e8F+/d+5i1LnnZzAH8gff5AzMJj/Q=</latexit>

g,� <latexit sha1_base64="fLBAq4QNHt6x49astMKifX19cb0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD54uNAA==</latexit>x

,  ,  

Transform to   -coordinates:  
<latexit sha1_base64="Rf2J3hoVkOMTHwzskXFPRCSPh2Y=">AAAB7XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irih6LXjxWcNtCu5Rsmm1js8mSZMVl6X/w4kERr/4fb/4b03YP2joQGGbeI28mTDjTxnW/ndLK6tr6RnmzsrW9s7tX3T9oaZkqQn0iuVSdEGvKmaC+YYbTTqIojkNO2+H4Zuq3H6nSTIp7kyU0iPFQsIgRbKzUeuoZibJ+tebW3RnQMvEKUoMCzX71qzeQJI2pMIRjrbuem5ggx8owwumk0ks1TTAZ4yHtWipwTHWQz66doBOrDFAklX3CoJn6eyPHsdZZHNrJGJuRXvSm4n9eNzXRVZAzkaSGCjL/KEo5shGn0dGAKUoMzyzBRDF7KyIjrDAxtqCKLcFbjLxMWmd176Lu3p3XGtdFHWU4gmM4BQ8uoQG30AQfCDzAM7zCmyOdF+fd+ZiPlpxi5xD+wPn8AXHRjwo=</latexit>

x ! y

Assume:  

<latexit sha1_base64="plO+peCbNVnVEc0GHTvhV3+bFoo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0Io/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHkyXoR3QoecgZNVZqZP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03Mf6EKsOZwGmpl2pMKBvTIXYtlTRC7U/mh07JmVUGJIyVLWnIXP09MaGR1lkU2M6ImpFe9mbif143NeGNP+EySQ1KtlgUpoKYmMy+JgOukBmRWUKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD6Q+NAQ==</latexit>y
<latexit sha1_base64="YGXv9g8LdCTN6Eu/4KKmsO4S2RY=">AAACGHicbZBNS8MwGMdTX+d8q3r0EhyCIMxWFD0OdxFPE9wLrHWkWbqFpWlN0mEp/Rhe/CpePCjidTe/jek2UDf/EPjxf54nyfP3IkalsqwvY2FxaXlltbBWXN/Y3No2d3YbMowFJnUcslC0PCQJo5zUFVWMtCJBUOAx0vQG1bzeHBIhacjvVBIRN0A9Tn2KkdJWxzy5cchDTIeOLxBOnQgJRRGDj9kPJ5lDOazep4NjO+uYJatsjQXnwZ5CCUxV65gjpxviOCBcYYakbNtWpNw0vxszkhWdWJII4QHqkbZGjgIi3XS8WAYPtdOFfij04QqO3d8TKQqkTAJPdwZI9eVsLTf/q7Vj5V+6KeVRrAjHk4f8mEEVwjwl2KWCYMUSDQgLqv8KcR/piJTOsqhDsGdXnofGadk+L1u3Z6XK1TSOAtgHB+AI2OACVMA1qIE6wOAJvIA38G48G6/Gh/E5aV0wpjN74I+M0TeVPqCz</latexit>

J ⌘ @x

@y
2 Ck+1



In   -coordinates:  <latexit sha1_base64="plO+peCbNVnVEc0GHTvhV3+bFoo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0Io/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHkyXoR3QoecgZNVZqZP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03Mf6EKsOZwGmpl2pMKBvTIXYtlTRC7U/mh07JmVUGJIyVLWnIXP09MaGR1lkU2M6ImpFe9mbif143NeGNP+EySQ1KtlgUpoKYmMy+JgOukBmRWUKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD6Q+NAQ==</latexit>y

Metric in   -coordinates:  <latexit sha1_base64="plO+peCbNVnVEc0GHTvhV3+bFoo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0Io/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHkyXoR3QoecgZNVZqZP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03Mf6EKsOZwGmpl2pMKBvTIXYtlTRC7U/mh07JmVUGJIyVLWnIXP09MaGR1lkU2M6ImpFe9mbif143NeGNP+EySQ1KtlgUpoKYmMy+JgOukBmRWUKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD6Q+NAQ==</latexit>y

<latexit sha1_base64="8Q3mChBQffVoI1WNuoyMaAniQJw=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRZBEMpuUfRY7MVjBfsB7VqyabYNm02WJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxLOtHHdb6ewtr6xuVXcLu3s7u0flA+P2lqmitAWkVyqboA15UzQlmGG026iKI4DTjtB1Jj5nSeqNJPiwUwS6sd4JFjICDZW6jQes+iiNh2UK27VnQOtEi8nFcjRHJS/+kNJ0pgKQzjWuue5ifEzrAwjnE5L/VTTBJMIj2jPUoFjqv1sfu4UnVlliEKpbAmD5urviQzHWk/iwHbG2Iz1sjcT//N6qQlv/IyJJDVUkMWiMOXISDT7HQ2ZosTwiSWYKGZvRWSMFSbGJlSyIXjLL6+Sdq3qXVXd+8tK/TaPowgncArn4ME11OEOmtACAhE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/sX6PJQ==</latexit>

Ck+2
<latexit sha1_base64="eU1Pt6pVNtP58tmDm1I0lGtd1UQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQklE0WOxF48V7Ae0sWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoJRbeq3nlBpHssHM07Qj+hA8pAzaqzUqj1mo3Nv0iuV3Yo7A1kmXk7KkKPeK311+zFLI5SGCap1x3MT42dUGc4ETordVGNC2YgOsGOppBFqP5udOyGnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhDd+xmWSGpRsvihMBTExmf5O+lwhM2JsCWWK21sJG1JFmbEJFW0I3uLLy6R5UfGuKu79Zbl6m8dRgGM4gTPw4BqqcAd1aACDETzDK7w5ifPivDsf89YVJ585gj9wPn8Ar/mPJA==</latexit>

Ck+1
<latexit sha1_base64="eU1Pt6pVNtP58tmDm1I0lGtd1UQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQklE0WOxF48V7Ae0sWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoJRbeq3nlBpHssHM07Qj+hA8pAzaqzUqj1mo3Nv0iuV3Yo7A1kmXk7KkKPeK311+zFLI5SGCap1x3MT42dUGc4ETordVGNC2YgOsGOppBFqP5udOyGnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhDd+xmWSGpRsvihMBTExmf5O+lwhM2JsCWWK21sJG1JFmbEJFW0I3uLLy6R5UfGuKu79Zbl6m8dRgGM4gTPw4BqqcAd1aACDETzDK7w5ifPivDsf89YVJ585gj9wPn8Ar/mPJA==</latexit>

Ck+1<latexit sha1_base64="eU1Pt6pVNtP58tmDm1I0lGtd1UQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQklE0WOxF48V7Ae0sWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoJRbeq3nlBpHssHM07Qj+hA8pAzaqzUqj1mo3Nv0iuV3Yo7A1kmXk7KkKPeK311+zFLI5SGCap1x3MT42dUGc4ETordVGNC2YgOsGOppBFqP5udOyGnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhDd+xmWSGpRsvihMBTExmf5O+lwhM2JsCWWK21sJG1JFmbEJFW0I3uLLy6R5UfGuKu79Zbl6m8dRgGM4gTPw4BqqcAd1aACDETzDK7w5ifPivDsf89YVJ585gj9wPn8Ar/mPJA==</latexit>

Ck+1

<latexit sha1_base64="wXIu8Eg5cT9xKMC+LbZ5qejYmHI=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0UQhJKIosdiLx4r2A9oYtlsN+3SzSbsbsQS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Nktb5e2d3b19+6DSVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wbkz9ziOVisXiXk8S6kd4KFjICNZG6tsVL8AyG+YeE6jxkI3P3LxvV52aMwNaJm5BqlCg2be/vEFM0ogKTThWquc6ifYzLDUjnOZlL1U0wWSMh7RnqMARVX42uz1HJ0YZoDCWpoRGM/X3RIYjpSZRYDojrEdq0ZuK/3m9VIfXfsZEkmoqyHxRmHKkYzQNAg2YpETziSGYSGZuRWSEJSbaxFU2IbiLLy+T9nnNvaw5dxfV+k0RRwmO4BhOwYUrqMMtNKEFBJ7gGV7hzcqtF+vd+pi3rljFzCH8gfX5A2kOlAY=</latexit>

ḡ 2 Ck+1

<latexit sha1_base64="fRGok4kOBoWz56tYVNEtDOZptgg="></latexit>

ḡ↵� = gij
@xi

@y↵
@xj

@y�



In   -coordinates:  <latexit sha1_base64="plO+peCbNVnVEc0GHTvhV3+bFoo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0Io/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHkyXoR3QoecgZNVZqZP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03Mf6EKsOZwGmpl2pMKBvTIXYtlTRC7U/mh07JmVUGJIyVLWnIXP09MaGR1lkU2M6ImpFe9mbif143NeGNP+EySQ1KtlgUpoKYmMy+JgOukBmRWUKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD6Q+NAQ==</latexit>y

Connection in   -coordinates:  
<latexit sha1_base64="plO+peCbNVnVEc0GHTvhV3+bFoo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0Io/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHkyXoR3QoecgZNVZqZP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03Mf6EKsOZwGmpl2pMKBvTIXYtlTRC7U/mh07JmVUGJIyVLWnIXP09MaGR1lkU2M6ImpFe9mbif143NeGNP+EySQ1KtlgUpoKYmMy+JgOukBmRWUKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD6Q+NAQ==</latexit>y

<latexit sha1_base64="+ZEjSOcTknEgpTZFhMcUiTaLppo=">AAAB/HicbVDLSgNBEJz1GeMrmqOXwSB4Crui6DGYgx4jmAdk19A7mU2GzMwuM7PCssRf8eJBEa9+iDf/xsnjoIkFDUVVN91dYcKZNq777aysrq1vbBa2its7u3v7pYPDlo5TRWiTxDxWnRA05UzSpmGG006iKIiQ03Y4qk/89iNVmsXy3mQJDQQMJIsYAWOlXqnsh6By/waEgLHPJK4/jHqlilt1p8DLxJuTCpqj0St9+f2YpIJKQzho3fXcxAQ5KMMIp+Oin2qaABnBgHYtlSCoDvLp8WN8YpU+jmJlSxo8VX9P5CC0zkRoOwWYoV70JuJ/Xjc10VWQM5mkhkoyWxSlHJsYT5LAfaYoMTyzBIhi9lZMhqCAGJtX0YbgLb68TFpnVe+i6t6dV2rX8zgK6Agdo1PkoUtUQ7eogZqIoAw9o1f05jw5L8678zFrXXHmM2X0B87nD11clJQ=</latexit>

�̄ 2 Ck

<latexit sha1_base64="eU1Pt6pVNtP58tmDm1I0lGtd1UQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQklE0WOxF48V7Ae0sWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoJRbeq3nlBpHssHM07Qj+hA8pAzaqzUqj1mo3Nv0iuV3Yo7A1kmXk7KkKPeK311+zFLI5SGCap1x3MT42dUGc4ETordVGNC2YgOsGOppBFqP5udOyGnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhDd+xmWSGpRsvihMBTExmf5O+lwhM2JsCWWK21sJG1JFmbEJFW0I3uLLy6R5UfGuKu79Zbl6m8dRgGM4gTPw4BqqcAd1aACDETzDK7w5ifPivDsf89YVJ585gj9wPn8Ar/mPJA==</latexit>

Ck+1<latexit sha1_base64="eU1Pt6pVNtP58tmDm1I0lGtd1UQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQklE0WOxF48V7Ae0sWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoJRbeq3nlBpHssHM07Qj+hA8pAzaqzUqj1mo3Nv0iuV3Yo7A1kmXk7KkKPeK311+zFLI5SGCap1x3MT42dUGc4ETordVGNC2YgOsGOppBFqP5udOyGnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhDd+xmWSGpRsvihMBTExmf5O+lwhM2JsCWWK21sJG1JFmbEJFW0I3uLLy6R5UfGuKu79Zbl6m8dRgGM4gTPw4BqqcAd1aACDETzDK7w5ifPivDsf89YVJ585gj9wPn8Ar/mPJA==</latexit>

Ck+1
<latexit sha1_base64="eU1Pt6pVNtP58tmDm1I0lGtd1UQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQklE0WOxF48V7Ae0sWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoJRbeq3nlBpHssHM07Qj+hA8pAzaqzUqj1mo3Nv0iuV3Yo7A1kmXk7KkKPeK311+zFLI5SGCap1x3MT42dUGc4ETordVGNC2YgOsGOppBFqP5udOyGnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhDd+xmWSGpRsvihMBTExmf5O+lwhM2JsCWWK21sJG1JFmbEJFW0I3uLLy6R5UfGuKu79Zbl6m8dRgGM4gTPw4BqqcAd1aACDETzDK7w5ifPivDsf89YVJ585gj9wPn8Ar/mPJA==</latexit>

Ck+1

<latexit sha1_base64="tZv1K/Fr9cgPRx+mddyZy9K7p5Y="></latexit>

�↵
�� = �i

jk
@y↵

@xi

@xj

@y�
@xk

@y�

<latexit sha1_base64="gKzixiS9xzVQOfg2Tm+rsApvaqQ=">AAACUHicbZHLSgMxFIbP1Hu9VV26CRZBEMpMUXQpunGpYKvQacuZNNOGJjNDkhHLMI/oxp3P4caFoulFtK0HQn6+c0nyJ0gE18Z1X53CwuLS8srqWnF9Y3Nru7SzW9dxqiir0VjE6iFAzQSPWM1wI9hDohjKQLD7oH81zN8/MqV5HN2ZQcKaErsRDzlFY1G71D32Q4U08xNUhqMgg1bmo0h6mOe/8KmV8TyfrmxVLeb5dGfADOZTpItS2lntUtmtuKMg88KbiDJM4qZdevE7MU0liwwVqHXDcxPTzIaTqWB50U81S5D2scsaVkYomW5mI0NycmhJh4SxsisyZET/dmQotR7IwFZKND09mxvC/3KN1ITnzYxHSWpYRMcHhakgJiZDd0mHK0aNGFiBVHF7V0J7aG0z9g+K1gRv9snzol6teKcV9/akfHE5sWMV9uEAjsCDM7iAa7iBGlB4hjf4gE/nxXl3vgrOuPRnhz2YikLxGxCJt+s=</latexit>

+
@y↵

@xi

@2xi

@y�@y�
<latexit sha1_base64="Hb4S6QgINqhP2TlTsotXk3jZb3g=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoQY8VrC00oUy2m3bp7ibsboQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8KOVMG8/7dkorq2vrG+XNytb2zu5edf/gUSeZIrRFEp6oToSaciZpyzDDaSdVFEXEaTsa3Uz99hNVmiXywYxTGgocSBYzgsZKQRChyoNbFAInvWrNq3szuMvEL0gNCjR71a+gn5BMUGkIR627vpeaMEdlGOF0UgkyTVMkIxzQrqUSBdVhPrt54p5Ype/GibIljTtTf0/kKLQei8h2CjRDvehNxf+8bmbiqzBnMs0MlWS+KM64axJ3GoDbZ4oSw8eWIFHM3uqSISokxsZUsSH4iy8vk8ezun9R9+7Pa43rIo4yHMExnIIPl9CAO2hCCwik8Ayv8OZkzovz7nzMW0tOMXMIf+B8/gAhO5G+</latexit>

�̄

<latexit sha1_base64="YvOYXJ1ei3+Dt4bjl1SZhvYmb5I=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeiz24rGi/YA2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4JRbeq3nrg2IlYPOE64H9GBEqFgFK10X3sc9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8NrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs3zindZce8uytWbPI4CHMMJnIEHV1CFW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AESp42o</latexit>

Ck
<latexit sha1_base64="YvOYXJ1ei3+Dt4bjl1SZhvYmb5I=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeiz24rGi/YA2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4JRbeq3nrg2IlYPOE64H9GBEqFgFK10X3sc9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8NrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs3zindZce8uytWbPI4CHMMJnIEHV1CFW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AESp42o</latexit>

Ck



In   -coordinates:  <latexit sha1_base64="plO+peCbNVnVEc0GHTvhV3+bFoo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0Io/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHkyXoR3QoecgZNVZqZP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03Mf6EKsOZwGmpl2pMKBvTIXYtlTRC7U/mh07JmVUGJIyVLWnIXP09MaGR1lkU2M6ImpFe9mbif143NeGNP+EySQ1KtlgUpoKYmMy+JgOukBmRWUKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD6Q+NAQ==</latexit>y

Curvature in   -coordinates:  <latexit sha1_base64="plO+peCbNVnVEc0GHTvhV3+bFoo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0Io/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHkyXoR3QoecgZNVZqZP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03Mf6EKsOZwGmpl2pMKBvTIXYtlTRC7U/mh07JmVUGJIyVLWnIXP09MaGR1lkU2M6ImpFe9mbif143NeGNP+EySQ1KtlgUpoKYmMy+JgOukBmRWUKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD6Q+NAQ==</latexit>y

<latexit sha1_base64="mZI2zNzrGHt5A/l8UTxsfm/dTQk="></latexit>

R↵
��� = Ri

jkl
@y↵

@xi

@xk

@y�
@xl

@y�
@xj

@y�
<latexit sha1_base64="/b+BvTo2WPyAh/hn9wtyrXeEO8U=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF49V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqzU7gVUZQ/TfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzcKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7Hcy4AqZERNLKFPc3krYiCrKjE2oZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQzG8Ayv8OYkzovz7nwsWgtOPnMMf+B8/gBrjI+f</latexit>

R̄

<latexit sha1_base64="YvOYXJ1ei3+Dt4bjl1SZhvYmb5I=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeiz24rGi/YA2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4JRbeq3nrg2IlYPOE64H9GBEqFgFK10X3sc9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8NrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs3zindZce8uytWbPI4CHMMJnIEHV1CFW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AESp42o</latexit>

Ck
<latexit sha1_base64="YvOYXJ1ei3+Dt4bjl1SZhvYmb5I=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeiz24rGi/YA2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4JRbeq3nrg2IlYPOE64H9GBEqFgFK10X3sc9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8NrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs3zindZce8uytWbPI4CHMMJnIEHV1CFW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AESp42o</latexit>

Ck

<latexit sha1_base64="ZeCmlxWAZ8T6JBI8U7aj2J6HrS4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0WOxF49V7Ac0sWy2m3bpZhN2N4US8k+8eFDEq//Em//GbZuDtj4YeLw3w8y8IOFMacf5tkpr6xubW+Xtys7u3v6BfXjUVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wbsz8zoRKxWLxqKcJ9SM8FCxkBGsj9W3bC7DMHnKPCdR4ysZ53646NWcOtErcglShQLNvf3mDmKQRFZpwrFTPdRLtZ1hqRjjNK16qaILJGA9pz1CBI6r8bH55js6MMkBhLE0Jjebq74kMR0pNo8B0RliP1LI3E//zeqkOb/yMiSTVVJDFojDlSMdoFgMaMEmJ5lNDMJHM3IrICEtMtAmrYkJwl19eJe2LmntVc+4vq/XbIo4ynMApnIML11CHO2hCCwhM4Ble4c3KrBfr3fpYtJasYuYY/sD6/AFmipOB</latexit>

R̄ 2 Ck

<latexit sha1_base64="eU1Pt6pVNtP58tmDm1I0lGtd1UQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQklE0WOxF48V7Ae0sWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoJRbeq3nlBpHssHM07Qj+hA8pAzaqzUqj1mo3Nv0iuV3Yo7A1kmXk7KkKPeK311+zFLI5SGCap1x3MT42dUGc4ETordVGNC2YgOsGOppBFqP5udOyGnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhDd+xmWSGpRsvihMBTExmf5O+lwhM2JsCWWK21sJG1JFmbEJFW0I3uLLy6R5UfGuKu79Zbl6m8dRgGM4gTPw4BqqcAd1aACDETzDK7w5ifPivDsf89YVJ585gj9wPn8Ar/mPJA==</latexit>

Ck+1



Conclude:   Under  

A  coord trans              at regularity 
lowers the regularity of         by one order, 
but preserves regularity of curvature     .

<latexit sha1_base64="2p+7TTviB4y1YcktdOiUxqQALcM=">AAACKHicbVDLSgMxFM34tr6qLt0EiyAoZUYU3Sl2ocsqtgqdsdxJ0xqaZIYkI5RhPseNv+JGRBG3fomZOvionhA4nHMuyT1hzJk2rvvmjI1PTE5Nz8yW5uYXFpfKyytNHSWK0AaJeKSuQtCUM0kbhhlOr2JFQYScXob9Wu5f3lKlWSQvzCCmgYCeZF1GwFipXT70Q1DpeeYziWvXaT/b9rE9ueifgBBQOP1vvfcV3vKydrniVt0h8F/iFaSCCtTb5Se/E5FEUGkIB61bnhubIAVlGOE0K/mJpjGQPvRoy1IJguogHS6a4Q2rdHA3UvZKg4fqz4kUhNYDEdqkAHOjR71c/M9rJaZ7EKRMxomhknw+1E04NhHOW8MdpigxfGAJEMXsXzG5AQXE2G5LtgRvdOW/pLlT9faq7tlu5ei4qGMGraF1tIk8tI+O0CmqowYi6A49oGf04tw7j86r8/YZHXOKmVX0C877ByvWpWk=</latexit>

R̄ 2 Ck, �̄ 2 Ck, ḡ 2 Ck+1

<latexit sha1_base64="0x7KJbDJ9JUPkTuUVSgyPdzfTTw=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyyCoJSZouiy2IUuq9gLdMaSSTNtaJIZkoxQhj6HG1/FjQtF3Ikb38a0HUVbTwj8fP85JOcPYkaVdpxPa25+YXFpObeSX11b39i0t7brKkokJjUcsUg2A6QIo4LUNNWMNGNJEA8YaQT9yshv3BGpaCRu9CAmPkddQUOKkTaobbvXHhWwcpv2h0ceNOcCcY6+2aE7od0fUBq27YJTdMYFZ4WbiQLIqtq2371OhBNOhMYMKdVynVj7KZKaYkaGeS9RJEa4j7qkZaRAnCg/Ha82hPuGdGAYSXOFhmP6eyJFXKkBD0wnR7qnpr0R/M9rJTo881Mq4kQTgScPhQmDOoKjnGCHSoI1GxiBsKTmrxD3kERYmzTzJgR3euVZUS8V3ZOic3VcKJ9nceTALtgDB8AFp6AMLkEV1AAG9+ARPIMX68F6sl6tt0nrnJXN7IA/ZX18AWQ5npc=</latexit>

R 2 Ck, � 2 Ck+1, g 2 Ck+2

<latexit sha1_base64="Rf2J3hoVkOMTHwzskXFPRCSPh2Y=">AAAB7XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irih6LXjxWcNtCu5Rsmm1js8mSZMVl6X/w4kERr/4fb/4b03YP2joQGGbeI28mTDjTxnW/ndLK6tr6RnmzsrW9s7tX3T9oaZkqQn0iuVSdEGvKmaC+YYbTTqIojkNO2+H4Zuq3H6nSTIp7kyU0iPFQsIgRbKzUeuoZibJ+tebW3RnQMvEKUoMCzX71qzeQJI2pMIRjrbuem5ggx8owwumk0ks1TTAZ4yHtWipwTHWQz66doBOrDFAklX3CoJn6eyPHsdZZHNrJGJuRXvSm4n9eNzXRVZAzkaSGCjL/KEo5shGn0dGAKUoMzyzBRDF7KyIjrDAxtqCKLcFbjLxMWmd176Lu3p3XGtdFHWU4gmM4BQ8uoQG30AQfCDzAM7zCmyOdF+fd+ZiPlpxi5xD+wPn8AXHRjwo=</latexit>

x ! y

<latexit sha1_base64="Rf2J3hoVkOMTHwzskXFPRCSPh2Y=">AAAB7XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irih6LXjxWcNtCu5Rsmm1js8mSZMVl6X/w4kERr/4fb/4b03YP2joQGGbeI28mTDjTxnW/ndLK6tr6RnmzsrW9s7tX3T9oaZkqQn0iuVSdEGvKmaC+YYbTTqIojkNO2+H4Zuq3H6nSTIp7kyU0iPFQsIgRbKzUeuoZibJ+tebW3RnQMvEKUoMCzX71qzeQJI2pMIRjrbuem5ggx8owwumk0ks1TTAZ4yHtWipwTHWQz66doBOrDFAklX3CoJn6eyPHsdZZHNrJGJuRXvSm4n9eNzXRVZAzkaSGCjL/KEo5shGn0dGAKUoMzyzBRDF7KyIjrDAxtqCKLcFbjLxMWmd176Lu3p3XGtdFHWU4gmM4BQ8uoQG30AQfCDzAM7zCmyOdF+fd+ZiPlpxi5xD+wPn8AXHRjwo=</latexit>

x ! y <latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g
<latexit sha1_base64="IUit3IOEnH+EYdKHmheVCLJzY5U=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4kJKIoseiBz1WsB/QhjLZbtqlu0nc3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777Swtr6yurRc2iptb2zu7pb39ho5TRVmdxiJWrQA1EzxidcONYK1EMZSBYM1geDPxm09MaR5HD2aUMF9iP+Ihp2is1Oqfdm5RSuyWym7FnYIsEi8nZchR65a+Or2YppJFhgrUuu25ifEzVIZTwcbFTqpZgnSIfda2NELJtJ9N7x2TY6v0SBgrW5EhU/X3RIZS65EMbKdEM9Dz3kT8z2unJrzyMx4lqWERnS0KU0FMTCbPkx5XjBoxsgSp4vZWQgeokBobUdGG4M2/vEgaZxXvouLen5er13kcBTiEIzgBDy6hCndQgzpQEPAMr/DmPDovzrvzMWtdcvKZA/gD5/MHg8+PoA==</latexit>

g,�
<latexit sha1_base64="PC1eMqXKc5yKD21NqNJX4erdtCY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diK/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDrfOM2g==</latexit>

R



Same result in Sobolev spaces           :   
<latexit sha1_base64="ezSDMHLvJ1eADpqLjKAuvXgLQKQ=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBg5RdUfRY9OKxgu0W2rVk07QNTbIhyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzYsWZsb7/7RVWVtfWN4qbpa3tnd298v5B0ySpJrRBEp7oVowN5UzShmWW05bSFIuY0zAe3U798IlqwxL5YMeKRgIPJOszgq2TwvAxE2dq0i1X/Ko/A1omQU4qkKPeLX91eglJBZWWcGxMO/CVjTKsLSOcTkqd1FCFyQgPaNtRiQU1UTY7d4JOnNJD/US7khbN1N8TGRbGjEXsOgW2Q7PoTcX/vHZq+9dRxqRKLZVkvqifcmQTNP0d9ZimxPKxI5ho5m5FZIg1JtYlVHIhBIsvL5PmeTW4rPr3F5XaTR5HEY7gGE4hgCuowR3UoQEERvAMr/DmKe/Fe/c+5q0FL585hD/wPn8AMx+Peg==</latexit>

Wm,p

<latexit sha1_base64="h5ywkNhIKwbjFugiN+J9gphLsis=">AAACIHicbZDLSgMxFIYzXmu9jbp0EyyCYCkzRanLogtdVrEX6Iwlk6ZtaJIZkoxQhj6KG1/FjQtFdKdPY9pORVtPCPx8/zkk5w8iRpV2nE9rYXFpeWU1s5Zd39jc2rZ3dmsqjCUmVRyyUDYCpAijglQ11Yw0IkkQDxipB/2LkV+/J1LRUNzqQUR8jrqCdihG2qCWXbrxqID1u4Tno2Heg+ZcIs7RlB67U979QUWDWnbOKTjjgvPCTUUOpFVp2R9eO8QxJ0JjhpRquk6k/QRJTTEjw6wXKxIh3Edd0jRSIE6Un4wXHMJDQ9qwE0pzhYZj+nsiQVypAQ9MJ0e6p2a9EfzPa8a6c+YnVESxJgJPHurEDOoQjtKCbSoJ1mxgBMKSmr9C3EMSYW0yzZoQ3NmV50WtWHBPC871Sa58nsaRAfvgABwBF5RAGVyBCqgCDB7AE3gBr9aj9Wy9We+T1gUrndkDf8r6+gbXYaDp</latexit>

R 2 Wm,p, � 2 Wm+1,p, g 2 Wm+2,p

<latexit sha1_base64="d7qhOR4nvauQWlKToSIcuQq+uqM=">AAACMHicbZDLSgMxFIYzXmu9VV26CRZBsJQZUXRZdFGXVewFOrWcSdM2NMkMSUYoQx/JjY+iGwVF3PoUphdE254Q+Pn+c0jOH0ScaeO6b87C4tLyympqLb2+sbm1ndnZregwVoSWSchDVQtAU84kLRtmOK1FioIIOK0GvauhX32gSrNQ3pl+RBsCOpK1GQFjUTNT9ANQye3AZxJX7xORiwY5H9szxH4RhID5XucXH3vWaGaybt4dFZ4V3kRk0aRKzcyz3wpJLKg0hIPWdc+NTCMBZRjhdJD2Y00jID3o0LqVEgTVjWS08AAfWtLC7VDZKw0e0b8TCQit+yKwnQJMV097QzjPq8emfdFImIxiQyUZP9SOOTYhHqaHW0xRYnjfCiCK2b9i0gUFxNiM0zYEb3rlWVE5yXtneffmNFu4nMSRQvvoAB0hD52jArpGJVRGBD2iF/SOPpwn59X5dL7GrQvOZGYP/Svn+we+d6jH</latexit>

R̄ 2 Wm,p, �̄ 2 Wm,p, ḡ 2 Wm+1,p

A  coord trans              at regularity 
lowers the regularity of         by one order, 
but preserves regularity of curvature     .

<latexit sha1_base64="Rf2J3hoVkOMTHwzskXFPRCSPh2Y=">AAAB7XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irih6LXjxWcNtCu5Rsmm1js8mSZMVl6X/w4kERr/4fb/4b03YP2joQGGbeI28mTDjTxnW/ndLK6tr6RnmzsrW9s7tX3T9oaZkqQn0iuVSdEGvKmaC+YYbTTqIojkNO2+H4Zuq3H6nSTIp7kyU0iPFQsIgRbKzUeuoZibJ+tebW3RnQMvEKUoMCzX71qzeQJI2pMIRjrbuem5ggx8owwumk0ks1TTAZ4yHtWipwTHWQz66doBOrDFAklX3CoJn6eyPHsdZZHNrJGJuRXvSm4n9eNzXRVZAzkaSGCjL/KEo5shGn0dGAKUoMzyzBRDF7KyIjrDAxtqCKLcFbjLxMWmd176Lu3p3XGtdFHWU4gmM4BQ8uoQG30AQfCDzAM7zCmyOdF+fd+ZiPlpxi5xD+wPn8AXHRjwo=</latexit>

x ! y <latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g
<latexit sha1_base64="IUit3IOEnH+EYdKHmheVCLJzY5U=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4kJKIoseiBz1WsB/QhjLZbtqlu0nc3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777Swtr6yurRc2iptb2zu7pb39ho5TRVmdxiJWrQA1EzxidcONYK1EMZSBYM1geDPxm09MaR5HD2aUMF9iP+Ihp2is1Oqfdm5RSuyWym7FnYIsEi8nZchR65a+Or2YppJFhgrUuu25ifEzVIZTwcbFTqpZgnSIfda2NELJtJ9N7x2TY6v0SBgrW5EhU/X3RIZS65EMbKdEM9Dz3kT8z2unJrzyMx4lqWERnS0KU0FMTCbPkx5XjBoxsgSp4vZWQgeokBobUdGG4M2/vEgaZxXvouLen5er13kcBTiEIzgBDy6hCndQgzpQEPAMr/DmPDovzrvzMWtdcvKZA/gD5/MHg8+PoA==</latexit>

g,�
<latexit sha1_base64="PC1eMqXKc5yKD21NqNJX4erdtCY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diK/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDrfOM2g==</latexit>

R



Our Question:  Does the reverse hold?

I.e.,  given non-optimal         , can you always 
find a coordinate transformation            
which smooths them to optimal regularity?

At the lowest regularity, points of non-
optimality in metrics and connections look 
like singularities…

<latexit sha1_base64="IUit3IOEnH+EYdKHmheVCLJzY5U=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4kJKIoseiBz1WsB/QhjLZbtqlu0nc3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777Swtr6yurRc2iptb2zu7pb39ho5TRVmdxiJWrQA1EzxidcONYK1EMZSBYM1geDPxm09MaR5HD2aUMF9iP+Ihp2is1Oqfdm5RSuyWym7FnYIsEi8nZchR65a+Or2YppJFhgrUuu25ifEzVIZTwcbFTqpZgnSIfda2NELJtJ9N7x2TY6v0SBgrW5EhU/X3RIZS65EMbKdEM9Dz3kT8z2unJrzyMx4lqWERnS0KU0FMTCbPkx5XjBoxsgSp4vZWQgeokBobUdGG4M2/vEgaZxXvouLen5er13kcBTiEIzgBDy6hCndQgzpQEPAMr/DmPDovzrvzMWtdcvKZA/gD5/MHg8+PoA==</latexit>

g,�
<latexit sha1_base64="Rf2J3hoVkOMTHwzskXFPRCSPh2Y=">AAAB7XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irih6LXjxWcNtCu5Rsmm1js8mSZMVl6X/w4kERr/4fb/4b03YP2joQGGbeI28mTDjTxnW/ndLK6tr6RnmzsrW9s7tX3T9oaZkqQn0iuVSdEGvKmaC+YYbTTqIojkNO2+H4Zuq3H6nSTIp7kyU0iPFQsIgRbKzUeuoZibJ+tebW3RnQMvEKUoMCzX71qzeQJI2pMIRjrbuem5ggx8owwumk0ks1TTAZ4yHtWipwTHWQz66doBOrDFAklX3CoJn6eyPHsdZZHNrJGJuRXvSm4n9eNzXRVZAzkaSGCjL/KEo5shGn0dGAKUoMzyzBRDF7KyIjrDAxtqCKLcFbjLxMWmd176Lu3p3XGtdFHWU4gmM4BQ8uoQG30AQfCDzAM7zCmyOdF+fd+ZiPlpxi5xD+wPn8AXHRjwo=</latexit>

x ! y



Our work began with GR shock wave 
solutions of the Einstein equations 
constructed by the Glimm Scheme:



For Shock-Waves in GR:



g is Lipschitz
<latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit>

For Shock-Waves in GR:



g is Lipschitz
<latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit>

� ⇡ @g is L1
<latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit>

For Shock-Waves in GR:



g is Lipschitz
<latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit>

� ⇡ @g is L1
<latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit>

R ⇡ @2g is L1
<latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit><latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit><latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit><latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit>

d� 2 L1
<latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit><latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit><latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit><latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit>(            )

For Shock-Waves in GR:



g is Lipschitz
<latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit>

� ⇡ @g is L1
<latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit>

R ⇡ @2g is L1
<latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit><latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit><latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit><latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit>

d� 2 L1
<latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit><latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit><latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit><latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit>(            )

For Shock-Waves in GR:

d�
<latexit sha1_base64="7pl/2XjHmDI+rjR16pjFGcSOAm0=">AAAB7nicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosetBjBfsBbSiTzaZdursJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGHKmTae9+2U1tY3NrfK25Wd3b39g+rhUVsnmSK0RRKeqG6ImnImacsww2k3VRRFyGknHN/O6p0nqjRL5KOZpDQQOJQsZgSNtTpR/w6FwEG15tW9udxV8AuoQaHmoPrVjxKSCSoN4ah1z/dSE+SoDCOcTiv9TNMUyRiHtGdRoqA6yOfrTt0z60RunCj7pHHn7u+JHIXWExHaToFmpJdrM/O/Wi8z8XWQM5lmhkqy+CjOuGsSd3a7GzFFieETC0gUs7u6ZIQKibEJVWwI/vLJq9C+qPuWHy5rjZsijjKcwCmcgw9X0IB7aEILCIzhGV7hzUmdF+fd+Vi0lpxi5hj+yPn8ARTSj2M=</latexit><latexit sha1_base64="7pl/2XjHmDI+rjR16pjFGcSOAm0=">AAAB7nicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosetBjBfsBbSiTzaZdursJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGHKmTae9+2U1tY3NrfK25Wd3b39g+rhUVsnmSK0RRKeqG6ImnImacsww2k3VRRFyGknHN/O6p0nqjRL5KOZpDQQOJQsZgSNtTpR/w6FwEG15tW9udxV8AuoQaHmoPrVjxKSCSoN4ah1z/dSE+SoDCOcTiv9TNMUyRiHtGdRoqA6yOfrTt0z60RunCj7pHHn7u+JHIXWExHaToFmpJdrM/O/Wi8z8XWQM5lmhkqy+CjOuGsSd3a7GzFFieETC0gUs7u6ZIQKibEJVWwI/vLJq9C+qPuWHy5rjZsijjKcwCmcgw9X0IB7aEILCIzhGV7hzUmdF+fd+Vi0lpxi5hj+yPn8ARTSj2M=</latexit><latexit sha1_base64="7pl/2XjHmDI+rjR16pjFGcSOAm0=">AAAB7nicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosetBjBfsBbSiTzaZdursJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGHKmTae9+2U1tY3NrfK25Wd3b39g+rhUVsnmSK0RRKeqG6ImnImacsww2k3VRRFyGknHN/O6p0nqjRL5KOZpDQQOJQsZgSNtTpR/w6FwEG15tW9udxV8AuoQaHmoPrVjxKSCSoN4ah1z/dSE+SoDCOcTiv9TNMUyRiHtGdRoqA6yOfrTt0z60RunCj7pHHn7u+JHIXWExHaToFmpJdrM/O/Wi8z8XWQM5lmhkqy+CjOuGsSd3a7GzFFieETC0gUs7u6ZIQKibEJVWwI/vLJq9C+qPuWHy5rjZsijjKcwCmcgw9X0IB7aEILCIzhGV7hzUmdF+fd+Vi0lpxi5hj+yPn8ARTSj2M=</latexit><latexit sha1_base64="7pl/2XjHmDI+rjR16pjFGcSOAm0=">AAAB7nicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosetBjBfsBbSiTzaZdursJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGHKmTae9+2U1tY3NrfK25Wd3b39g+rhUVsnmSK0RRKeqG6ImnImacsww2k3VRRFyGknHN/O6p0nqjRL5KOZpDQQOJQsZgSNtTpR/w6FwEG15tW9udxV8AuoQaHmoPrVjxKSCSoN4ah1z/dSE+SoDCOcTiv9TNMUyRiHtGdRoqA6yOfrTt0z60RunCj7pHHn7u+JHIXWExHaToFmpJdrM/O/Wi8z8XWQM5lmhkqy+CjOuGsSd3a7GzFFieETC0gUs7u6ZIQKibEJVWwI/vLJq9C+qPuWHy5rjZsijjKcwCmcgw9X0IB7aEILCIzhGV7hzUmdF+fd+Vi0lpxi5hj+yPn8ARTSj2M=</latexit>

“All delta functions cancel out in         ”



“…but metric only one derivative above curvature” 

g is Lipschitz
<latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit>

� ⇡ @g is L1
<latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit>

R ⇡ @2g is L1
<latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit><latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit><latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit><latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit>

d� 2 L1
<latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit><latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit><latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit><latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit>(            )

For Shock-Waves in GR:

d�
<latexit sha1_base64="7pl/2XjHmDI+rjR16pjFGcSOAm0=">AAAB7nicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosetBjBfsBbSiTzaZdursJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGHKmTae9+2U1tY3NrfK25Wd3b39g+rhUVsnmSK0RRKeqG6ImnImacsww2k3VRRFyGknHN/O6p0nqjRL5KOZpDQQOJQsZgSNtTpR/w6FwEG15tW9udxV8AuoQaHmoPrVjxKSCSoN4ah1z/dSE+SoDCOcTiv9TNMUyRiHtGdRoqA6yOfrTt0z60RunCj7pHHn7u+JHIXWExHaToFmpJdrM/O/Wi8z8XWQM5lmhkqy+CjOuGsSd3a7GzFFieETC0gUs7u6ZIQKibEJVWwI/vLJq9C+qPuWHy5rjZsijjKcwCmcgw9X0IB7aEILCIzhGV7hzUmdF+fd+Vi0lpxi5hj+yPn8ARTSj2M=</latexit><latexit sha1_base64="7pl/2XjHmDI+rjR16pjFGcSOAm0=">AAAB7nicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosetBjBfsBbSiTzaZdursJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGHKmTae9+2U1tY3NrfK25Wd3b39g+rhUVsnmSK0RRKeqG6ImnImacsww2k3VRRFyGknHN/O6p0nqjRL5KOZpDQQOJQsZgSNtTpR/w6FwEG15tW9udxV8AuoQaHmoPrVjxKSCSoN4ah1z/dSE+SoDCOcTiv9TNMUyRiHtGdRoqA6yOfrTt0z60RunCj7pHHn7u+JHIXWExHaToFmpJdrM/O/Wi8z8XWQM5lmhkqy+CjOuGsSd3a7GzFFieETC0gUs7u6ZIQKibEJVWwI/vLJq9C+qPuWHy5rjZsijjKcwCmcgw9X0IB7aEILCIzhGV7hzUmdF+fd+Vi0lpxi5hj+yPn8ARTSj2M=</latexit><latexit sha1_base64="7pl/2XjHmDI+rjR16pjFGcSOAm0=">AAAB7nicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosetBjBfsBbSiTzaZdursJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGHKmTae9+2U1tY3NrfK25Wd3b39g+rhUVsnmSK0RRKeqG6ImnImacsww2k3VRRFyGknHN/O6p0nqjRL5KOZpDQQOJQsZgSNtTpR/w6FwEG15tW9udxV8AuoQaHmoPrVjxKSCSoN4ah1z/dSE+SoDCOcTiv9TNMUyRiHtGdRoqA6yOfrTt0z60RunCj7pHHn7u+JHIXWExHaToFmpJdrM/O/Wi8z8XWQM5lmhkqy+CjOuGsSd3a7GzFFieETC0gUs7u6ZIQKibEJVWwI/vLJq9C+qPuWHy5rjZsijjKcwCmcgw9X0IB7aEILCIzhGV7hzUmdF+fd+Vi0lpxi5hj+yPn8ARTSj2M=</latexit><latexit sha1_base64="7pl/2XjHmDI+rjR16pjFGcSOAm0=">AAAB7nicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosetBjBfsBbSiTzaZdursJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGHKmTae9+2U1tY3NrfK25Wd3b39g+rhUVsnmSK0RRKeqG6ImnImacsww2k3VRRFyGknHN/O6p0nqjRL5KOZpDQQOJQsZgSNtTpR/w6FwEG15tW9udxV8AuoQaHmoPrVjxKSCSoN4ah1z/dSE+SoDCOcTiv9TNMUyRiHtGdRoqA6yOfrTt0z60RunCj7pHHn7u+JHIXWExHaToFmpJdrM/O/Wi8z8XWQM5lmhkqy+CjOuGsSd3a7GzFFieETC0gUs7u6ZIQKibEJVWwI/vLJq9C+qPuWHy5rjZsijjKcwCmcgw9X0IB7aEILCIzhGV7hzUmdF+fd+Vi0lpxi5hj+yPn8ARTSj2M=</latexit>

“All delta functions cancel out in         ”



At this regularity shock waves look like singularities:

g is Lipschitz
<latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit>

� ⇡ @g is L1
<latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit>

R ⇡ @2g is L1
<latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit><latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit><latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit><latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit>

d� 2 L1
<latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit><latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit><latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit><latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit>(            )

For Shock-Waves in GR:



<latexit sha1_base64="JYYklx7pJAX4DnKoLr/YSxkG+gg=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKohch6EGPEfLCZAm9k0kyZHZ2mZkVwpK/8OJBEa/+jTf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFGV1GolItQLUTHDJ6oYbwVqxYhgGgjWD0e3Ubz4xpXkka2YcMz/EgeR9TtFY6fHuujPCOEZS6xZLbtmdgSwTLyMlyFDtFr86vYgmIZOGCtS67bmx8VNUhlPBJoVOolmMdIQD1rZUYsi0n84unpATq/RIP1K2pCEz9fdEiqHW4zCwnSGaoV70puJ/Xjsx/Ss/5TJODJN0vqifCGIiMn2f9Lhi1IixJUgVt7cSOkSF1NiQCjYEb/HlZdI4K3sXZffhvFS5yeLIwxEcwyl4cAkVuIcq1IGChGd4hTdHOy/Ou/Mxb8052cwh/IHz+QOsmZBD</latexit>

G = T only holds in the weak sense:

g is Lipschitz
<latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit>

� ⇡ @g is L1
<latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit>

R ⇡ @2g is L1
<latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit><latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit><latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit><latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit>

d� 2 L1
<latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit><latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit><latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit><latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit>(            )

For Shock-Waves in GR:

At this regularity shock waves look like singularities:



g is Lipschitz
<latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit>

� ⇡ @g is L1
<latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit>

R ⇡ @2g is L1
<latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit><latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit><latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit><latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit>

d� 2 L1
<latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit><latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit><latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit><latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit>(            )

For Shock-Waves in GR:

Locally inertial coordinates don’t exist

At this regularity shock waves look like singularities:



g is Lipschitz
<latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit>

� ⇡ @g is L1
<latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit>

R ⇡ @2g is L1
<latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit><latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit><latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit><latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit>

d� 2 L1
<latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit><latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit><latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit><latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit>(            )

For Shock-Waves in GR:

At this regularity shock waves look like singularities:

Spacetime does not look “locally flat”



g is Lipschitz
<latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit><latexit sha1_base64="GKP8avoJi2o4MLb/VO0M2hds/GA=">AAAB+XicbZC7TgJBFIbP4g3xtmppMxFMrMgujZZEGwsLTOSSwIbMDrMwYfaSmbMkuOFNbCw0xtY3sfNtHGALBf9kki//OSfnzO8nUmh0nG+rsLG5tb1T3C3t7R8cHtnHJy0dp4rxJotlrDo+1VyKiDdRoOSdRHEa+pK3/fHtvN6ecKVFHD3iNOFeSIeRCASjaKy+bVeGFSI0uReJZiOBT3277FSdhcg6uDmUIVejb3/1BjFLQx4hk1Trrusk6GVUoWCSz0q9VPOEsjEd8q7BiIZce9ni8hm5MM6ABLEyL0KycH9PZDTUehr6pjOkONKrtbn5X62bYnDtZSJKUuQRWy4KUkkwJvMYyEAozlBODVCmhLmVsBFVlKEJq2RCcFe/vA6tWtU1/FAr12/yOIpwBudwCS5cQR3uoAFNYDCBZ3iFNyuzXqx362PZWrDymVP4I+vzB1NRks4=</latexit>

� ⇡ @g is L1
<latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit><latexit sha1_base64="qFpDYzlHWEiNbdKclJQNHyCqQQo=">AAACEnicbZC9TgJBFIVn8R//UEubiWCiDdml0ZJooYWFJgImLJK7wyxMmJmdzMwayYZnsPFVbCw0xtbKzrdxQAoFTzLJl3PvzZ17IsWZsb7/5eXm5hcWl5ZX8qtr6xubha3tuklSTWiNJDzRNxEYypmkNcsspzdKUxARp42ofzqqN+6oNiyR13agaEtAV7KYEbDOahcOS+EZCAEhKKWT+1CBtgw47pYwM7h0cZuFTMZ2MCy1C0W/7I+FZyGYQBFNdNkufIadhKSCSks4GNMMfGVb2WgB4XSYD1NDFZA+dGnToQRBTSsbnzTE+87p4DjR7kmLx+7viQyEMQMRuU4BtmemayPzv1oztfFxK2NSpZZK8rMoTjm2CR7lgztMU2L5wAEQzdxfMemBBmJdinkXQjB98izUK+XA8VWlWD2ZxLGMdtEeOkABOkJVdI4uUQ0R9ICe0At69R69Z+/Ne/9pzXmTmR30R97HNyHqnRw=</latexit>

R ⇡ @2g is L1
<latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit><latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit><latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit><latexit sha1_base64="xYFG1MV7Y7c62YmLQA+MiVJ8NCQ=">AAACD3icbZC7TsMwFIYdrqXcAowsFi2IqUq6wFjBwsBQEL1ITVs5rtNadWzLdhBV1Ddg4VVYGECIlZWNt8FpO0DLL1n69J9zdHz+UDKqjed9O0vLK6tr67mN/ObW9s6uu7df1yJRmNSwYEI1Q6QJo5zUDDWMNKUiKA4ZaYTDy6zeuCdKU8HvzEiSdoz6nEYUI2OtrntSvA2QlEo8BBIpQxHrlGG/CKmGxetOGlAemdG42HULXsmbCC6CP4MCmKnadb+CnsBJTLjBDGnd8j1p2mm2AjMyzgeJJhLhIeqTlkWOYqLb6eSeMTy2Tg9GQtnHDZy4vydSFGs9ikPbGSMz0PO1zPyv1kpMdN5OKZeJIRxPF0UJg0bALBzYo4pgw0YWEFbU/hXiAVIIGxth3obgz5+8CPVyybd8Uy5ULmZx5MAhOAKnwAdnoAKuQBXUAAaP4Bm8gjfnyXlx3p2PaeuSM5s5AH/kfP4AcdSboQ==</latexit>

d� 2 L1
<latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit><latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit><latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit><latexit sha1_base64="+I5Gl4+YZkecMZiYE7W8oJin0Yg=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZEUGXRRe6cFHBXqAzljNppg1NMkOSEcpQ8FXcuFDErc/hzrcxvSy09UDIx/+fQ07+KOVMG8/7dgpLyyura8X10sbm1vaOu7vX0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGV2O/+UiVZom8N8OUhgJ6ksWMgLFSxz3oBtcgBARM4tuH3F6xGY46btmreJPCi+DPoIxmVeu4X0E3IZmg0hAOWrd9LzVhDsowwumoFGSapkAG0KNtixIE1WE+WX+Ej63SxXGi7JEGT9TfEzkIrYcisp0CTF/Pe2PxP6+dmfgizJlMM0MlmT4UZxybBI+zwF2mKDF8aAGIYnZXTPqggBibWMmG4M9/eREapxXf8t1ZuXo5i6OIDtEROkE+OkdVdINqqI4IytEzekVvzpPz4rw7H9PWgjOb2Ud/yvn8ASgdlZs=</latexit>(            )

For Shock-Waves in GR:

At this regularity shock waves look like singularities:

The classical limit is suspect



Reintjes and I concluded that either:  

(1) There exist coordinate transformations which give 
the metric one more derivative…  



Reintjes and I concluded that either:  

(1) There exist coordinate transformations which give 
the metric one more derivative…  

OR  



Reintjes and I concluded that either:  

(2) GR shock waves represent a new kind of  

(1) There exist coordinate transformations which give 
the metric one more derivative…  

OR  

Regularity Singularity



The problem of constructing such a coordinate 
transformation            directly looks impossible…<latexit sha1_base64="Rf2J3hoVkOMTHwzskXFPRCSPh2Y=">AAAB7XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irih6LXjxWcNtCu5Rsmm1js8mSZMVl6X/w4kERr/4fb/4b03YP2joQGGbeI28mTDjTxnW/ndLK6tr6RnmzsrW9s7tX3T9oaZkqQn0iuVSdEGvKmaC+YYbTTqIojkNO2+H4Zuq3H6nSTIp7kyU0iPFQsIgRbKzUeuoZibJ+tebW3RnQMvEKUoMCzX71qzeQJI2pMIRjrbuem5ggx8owwumk0ks1TTAZ4yHtWipwTHWQz66doBOrDFAklX3CoJn6eyPHsdZZHNrJGJuRXvSm4n9eNzXRVZAzkaSGCjL/KEo5shGn0dGAKUoMzyzBRDF7KyIjrDAxtqCKLcFbjLxMWmd176Lu3p3XGtdFHWU4gmM4BQ8uoQG30AQfCDzAM7zCmyOdF+fd+ZiPlpxi5xD+wPn8AXHRjwo=</latexit>

x ! y



The problem of constructing such a coordinate 
transformation            directly looks impossible…<latexit sha1_base64="Rf2J3hoVkOMTHwzskXFPRCSPh2Y=">AAAB7XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irih6LXjxWcNtCu5Rsmm1js8mSZMVl6X/w4kERr/4fb/4b03YP2joQGGbeI28mTDjTxnW/ndLK6tr6RnmzsrW9s7tX3T9oaZkqQn0iuVSdEGvKmaC+YYbTTqIojkNO2+H4Zuq3H6nSTIp7kyU0iPFQsIgRbKzUeuoZibJ+tebW3RnQMvEKUoMCzX71qzeQJI2pMIRjrbuem5ggx8owwumk0ks1TTAZ4yHtWipwTHWQz66doBOrDFAklX3CoJn6eyPHsdZZHNrJGJuRXvSm4n9eNzXRVZAzkaSGCjL/KEo5shGn0dGAKUoMzyzBRDF7KyIjrDAxtqCKLcFbjLxMWmd176Lu3p3XGtdFHWU4gmM4BQ8uoQG30AQfCDzAM7zCmyOdF+fd+ZiPlpxi5xD+wPn8AXHRjwo=</latexit>

x ! y

Lipschitz

<latexit sha1_base64="fRGok4kOBoWz56tYVNEtDOZptgg="></latexit>

ḡ↵� = gij
@xi

@y↵
@xj

@y�



The problem of constructing such a coordinate 
transformation            directly looks impossible…<latexit sha1_base64="Rf2J3hoVkOMTHwzskXFPRCSPh2Y=">AAAB7XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irih6LXjxWcNtCu5Rsmm1js8mSZMVl6X/w4kERr/4fb/4b03YP2joQGGbeI28mTDjTxnW/ndLK6tr6RnmzsrW9s7tX3T9oaZkqQn0iuVSdEGvKmaC+YYbTTqIojkNO2+H4Zuq3H6nSTIp7kyU0iPFQsIgRbKzUeuoZibJ+tebW3RnQMvEKUoMCzX71qzeQJI2pMIRjrbuem5ggx8owwumk0ks1TTAZ4yHtWipwTHWQz66doBOrDFAklX3CoJn6eyPHsdZZHNrJGJuRXvSm4n9eNzXRVZAzkaSGCjL/KEo5shGn0dGAKUoMzyzBRDF7KyIjrDAxtqCKLcFbjLxMWmd176Lu3p3XGtdFHWU4gmM4BQ8uoQG30AQfCDzAM7zCmyOdF+fd+ZiPlpxi5xD+wPn8AXHRjwo=</latexit>

x ! y

Lipschitz

Continuous

<latexit sha1_base64="fRGok4kOBoWz56tYVNEtDOZptgg="></latexit>

ḡ↵� = gij
@xi

@y↵
@xj

@y�

<latexit sha1_base64="6ceAND4EyFOnwdTQPRw7hKY+oAM="></latexit>

@

@y
ḡ↵� =

@

@y

⇢
gij

@xi

@y↵
@xj

@y�

�



The problem of constructing such a coordinate 
transformation            directly looks impossible…

Lipschitz

<latexit sha1_base64="Rf2J3hoVkOMTHwzskXFPRCSPh2Y=">AAAB7XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irih6LXjxWcNtCu5Rsmm1js8mSZMVl6X/w4kERr/4fb/4b03YP2joQGGbeI28mTDjTxnW/ndLK6tr6RnmzsrW9s7tX3T9oaZkqQn0iuVSdEGvKmaC+YYbTTqIojkNO2+H4Zuq3H6nSTIp7kyU0iPFQsIgRbKzUeuoZibJ+tebW3RnQMvEKUoMCzX71qzeQJI2pMIRjrbuem5ggx8owwumk0ks1TTAZ4yHtWipwTHWQz66doBOrDFAklX3CoJn6eyPHsdZZHNrJGJuRXvSm4n9eNzXRVZAzkaSGCjL/KEo5shGn0dGAKUoMzyzBRDF7KyIjrDAxtqCKLcFbjLxMWmd176Lu3p3XGtdFHWU4gmM4BQ8uoQG30AQfCDzAM7zCmyOdF+fd+ZiPlpxi5xD+wPn8AXHRjwo=</latexit>

x ! y

Continuous

“Discontinuities at shocks have to all miraculously 
cancel out in the Leibniz products!”

<latexit sha1_base64="fRGok4kOBoWz56tYVNEtDOZptgg="></latexit>

ḡ↵� = gij
@xi

@y↵
@xj

@y�

<latexit sha1_base64="6ceAND4EyFOnwdTQPRw7hKY+oAM="></latexit>

@

@y
ḡ↵� =

@

@y

⇢
gij

@xi

@y↵
@xj

@y�

�



The problem of constructing such a coordinate 
transformation            directly looks impossible…

Lipschitz

<latexit sha1_base64="Rf2J3hoVkOMTHwzskXFPRCSPh2Y=">AAAB7XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irih6LXjxWcNtCu5Rsmm1js8mSZMVl6X/w4kERr/4fb/4b03YP2joQGGbeI28mTDjTxnW/ndLK6tr6RnmzsrW9s7tX3T9oaZkqQn0iuVSdEGvKmaC+YYbTTqIojkNO2+H4Zuq3H6nSTIp7kyU0iPFQsIgRbKzUeuoZibJ+tebW3RnQMvEKUoMCzX71qzeQJI2pMIRjrbuem5ggx8owwumk0ks1TTAZ4yHtWipwTHWQz66doBOrDFAklX3CoJn6eyPHsdZZHNrJGJuRXvSm4n9eNzXRVZAzkaSGCjL/KEo5shGn0dGAKUoMzyzBRDF7KyIjrDAxtqCKLcFbjLxMWmd176Lu3p3XGtdFHWU4gmM4BQ8uoQG30AQfCDzAM7zCmyOdF+fd+ZiPlpxi5xD+wPn8AXHRjwo=</latexit>

x ! y

Continuous

<latexit sha1_base64="fRGok4kOBoWz56tYVNEtDOZptgg="></latexit>

ḡ↵� = gij
@xi

@y↵
@xj

@y�

<latexit sha1_base64="6ceAND4EyFOnwdTQPRw7hKY+oAM="></latexit>

@

@y
ḡ↵� =

@

@y

⇢
gij

@xi

@y↵
@xj

@y�

�

Nevertheless…Our theorem says such transformations 
always exists…



Theorem (R-T):  If

and

in a given coordinate system    , <latexit sha1_base64="fLBAq4QNHt6x49astMKifX19cb0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD54uNAA==</latexit>x

<latexit sha1_base64="xSfUNXky0+Jd3f8yEj6vGNt9GCI=">AAAB+3icbVDLSgMxFL1TX7W+al26CRbBVZkRRZdFF7pwUcE+oDOWTJppQ5PMkGTEofRX3LhQxK0/4s6/MW1nodUD93I4515yc8KEM21c98spLC2vrK4V10sbm1vbO+XdSkvHqSK0SWIeq06INeVM0qZhhtNOoigWIaftcHQ59dsPVGkWyzuTJTQQeCBZxAg2VuqVK/4VFgL7TKKbe9sjk/XKVbfmzoD+Ei8nVcjR6JU//X5MUkGlIRxr3fXcxARjrAwjnE5KfqppgskID2jXUokF1cF4dvsEHVqlj6JY2ZIGzdSfG2MstM5EaCcFNkO96E3F/7xuaqLzYMxkkhoqyfyhKOXIxGgaBOozRYnhmSWYKGZvRWSIFSbGxlWyIXiLX/5LWsc177Tm3p5U6xd5HEXYhwM4Ag/OoA7X0IAmEHiEJ3iBV2fiPDtvzvt8tODkO3vwC87HN5QwlCU=</latexit>

� 2 L1 <latexit sha1_base64="XkzvSx4BP3aCp82nhGyYTnT9TAY=">AAACAXicbVC7TsMwFHV4lvIKsCCxWFRIZakSBIKxggEGhoLoQ2pC5bhOa9V2IttBiqKy8CssDCDEyl+w8Te4bQZoOdK9OjrnXtn3BDGjSjvOtzU3v7C4tFxYKa6urW9s2lvbDRUlEpM6jlgkWwFShFFB6ppqRlqxJIgHjDSDwcXIbz4QqWgk7nQaE5+jnqAhxUgbqWPv3lLCy94l4hwdelTA63vTQ5127JJTccaAs8TNSQnkqHXsL68b4YQToTFDSrVdJ9Z+hqSmmJFh0UsUiREeoB5pGyoQJ8rPxhcM4YFRujCMpCmh4Vj9vZEhrlTKAzPJke6raW8k/ue1Ex2e+RkVcaKJwJOHwoRBHcFRHLBLJcGapYYgLKn5K8R9JBHWJrSiCcGdPnmWNI4q7knFuTkuVc/zOApgD+yDMnDBKaiCK1ADdYDBI3gGr+DNerJerHfrYzI6Z+U7O+APrM8fcDSWPw==</latexit>

Riem(�) 2 L1

then there always exist local coord trans 
           such that in   -coordinates,

<latexit sha1_base64="plO+peCbNVnVEc0GHTvhV3+bFoo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0Io/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHkyXoR3QoecgZNVZqZP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03Mf6EKsOZwGmpl2pMKBvTIXYtlTRC7U/mh07JmVUGJIyVLWnIXP09MaGR1lkU2M6ImpFe9mbif143NeGNP+EySQ1KtlgUpoKYmMy+JgOukBmRWUKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD6Q+NAQ==</latexit>y
<latexit sha1_base64="Kg8sEP24ajUaXZ1lBQ+gTl+VDoU=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCBwm7ougx6EGPEcwDsmvonUySITOzy8ysEtZ8ihcPinj1S7z5N04eB00saCiquunuihLOtPG8bye3tLyyupZfL2xsbm3vuMXduo5TRWiNxDxWzQg05UzSmmGG02aiKIiI00Y0uBr7jQeqNIvlnRkmNBTQk6zLCBgrtd1icA1CQMAkbtxn/nEyarslr+xNgBeJPyMlNEO17X4FnZikgkpDOGjd8r3EhBkowwino0KQapoAGUCPtiyVIKgOs8npI3xolQ7uxsqWNHii/p7IQGg9FJHtFGD6et4bi/95rdR0L8KMySQ1VJLpom7KsYnxOAfcYYoSw4eWAFHM3opJHxQQY9Mq2BD8+ZcXSf2k7J+VvdvTUuVyFkce7aMDdIR8dI4q6AZVUQ0R9Iie0St6c56cF+fd+Zi25pzZzB76A+fzB1R5k2U=</latexit>

� 2 W 1,p ,
<latexit sha1_base64="XkzvSx4BP3aCp82nhGyYTnT9TAY=">AAACAXicbVC7TsMwFHV4lvIKsCCxWFRIZakSBIKxggEGhoLoQ2pC5bhOa9V2IttBiqKy8CssDCDEyl+w8Te4bQZoOdK9OjrnXtn3BDGjSjvOtzU3v7C4tFxYKa6urW9s2lvbDRUlEpM6jlgkWwFShFFB6ppqRlqxJIgHjDSDwcXIbz4QqWgk7nQaE5+jnqAhxUgbqWPv3lLCy94l4hwdelTA63vTQ5127JJTccaAs8TNSQnkqHXsL68b4YQToTFDSrVdJ9Z+hqSmmJFh0UsUiREeoB5pGyoQJ8rPxhcM4YFRujCMpCmh4Vj9vZEhrlTKAzPJke6raW8k/ue1Ex2e+RkVcaKJwJOHwoRBHcFRHLBLJcGapYYgLKn5K8R9JBHWJrSiCcGdPnmWNI4q7knFuTkuVc/zOApgD+yDMnDBKaiCK1ADdYDBI3gGr+DNerJerHfrYzI6Z+U7O+APrM8fcDSWPw==</latexit>

Riem(�) 2 L1

<latexit sha1_base64="Rf2J3hoVkOMTHwzskXFPRCSPh2Y=">AAAB7XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irih6LXjxWcNtCu5Rsmm1js8mSZMVl6X/w4kERr/4fb/4b03YP2joQGGbeI28mTDjTxnW/ndLK6tr6RnmzsrW9s7tX3T9oaZkqQn0iuVSdEGvKmaC+YYbTTqIojkNO2+H4Zuq3H6nSTIp7kyU0iPFQsIgRbKzUeuoZibJ+tebW3RnQMvEKUoMCzX71qzeQJI2pMIRjrbuem5ggx8owwumk0ks1TTAZ4yHtWipwTHWQz66doBOrDFAklX3CoJn6eyPHsdZZHNrJGJuRXvSm4n9eNzXRVZAzkaSGCjL/KEo5shGn0dGAKUoMzyzBRDF7KyIjrDAxtqCKLcFbjLxMWmd176Lu3p3XGtdFHWU4gmM4BQ8uoQG30AQfCDzAM7zCmyOdF+fd+ZiPlpxi5xD+wPn8AXHRjwo=</latexit>

x ! y



We get this by solving the RT-equations:



We get this by solving the RT-equations:

Key:  “    comes after    ”:
<latexit sha1_base64="VMtPh98b5ycfLzzDKyv6EwYB8TQ=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUQUPRa9eKxgP6ANZbOZtGs3u2F3I5TQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFKWfaeN63s7K6tr6xWdoqb+/s7u1XDg5bWmaKYpNKLlUnJBo5E9g0zHDspApJEnJsh6Pbqd9+QqWZFA9mnGKQkIFgMaPEWKnVi5Ab0q9UvZo3g7tM/IJUoUCjX/nqRZJmCQpDOdG663upCXKiDKMcJ+VepjEldEQG2LVUkAR1kM+unbinVoncWCpbwrgz9fdEThKtx0loOxNihnrRm4r/ed3MxNdBzkSaGRR0vijOuGukO33djZhCavjYEkIVs7e6dEgUocYGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNkc6L8+58zFtXnGLmCP7A+fwBkt6PIA==</latexit>

�
<latexit sha1_base64="pEwlDp+Fc5Gjf2Fn9fIogcAvOcg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWw2k3btZhN2N0Ip/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hobua3n1BpnsgHM07Rj+lA8ogzaqzUCPvlilt15yCrxMtJBXLU++WvXpiwLEZpmKBadz03Nf6EKsOZwGmpl2lMKRvRAXYtlTRG7U/mh07JmVVCEiXKljRkrv6emNBY63Ec2M6YmqFe9mbif143M9GNP+EyzQxKtlgUZYKYhMy+JiFXyIwYW0KZ4vZWwoZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyTuM7A==</latexit>

d



Our compactness result can be viewed as a 
refinement of compensated compactness:             

Theorem (R-T 2021):  If
and

<latexit sha1_base64="ofHfvq59jYUb4VgJNqrp0Esc/cI=">AAAB/3icbVC7TsMwFHXKq5RXAImFxaJCYqoSBIKxggEGhiLRh9SEyHGd1qrtRLaDFIUO/AoLAwix8hts/A1umwFajnR1j865V74+YcKo0o7zbZUWFpeWV8qrlbX1jc0te3unpeJUYtLEMYtlJ0SKMCpIU1PNSCeRBPGQkXY4vBz77QciFY3Fnc4S4nPUFzSiGGkjBfaed4U4RwH1qIA397lpkc5GgV11as4EcJ64BamCAo3A/vJ6MU45ERozpFTXdRLt50hqihkZVbxUkQThIeqTrqECcaL8fHL/CB4apQejWJoSGk7U3xs54kplPDSTHOmBmvXG4n9eN9XRuZ9TkaSaCDx9KEoZ1DEchwF7VBKsWWYIwpKaWyEeIImwNpFVTAju7JfnSeu45p7WnNuTav2iiKMM9sEBOAIuOAN1cA0aoAkweATP4BW8WU/Wi/VufUxHS1axswv+wPr8Ae4llg0=</latexit>

�i 2 L1 <latexit sha1_base64="c7swDcEw1d8wKsbsEjKtSidSLns=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhgsTdoGglQQstLKKYB2RjmJ3MJkNmZpeZWSEsKW38FRsLRWz9BDv/xkmyhRoPXDiccy/33uNHjCrtOF9WZmZ2bn4hu5hbWl5ZXbPXN2oqjCUmVRyyUDZ8pAijglQ11Yw0IkkQ9xmp+/3zkV+/J1LRUNzqQURaHHUFDShG2khte/uGEl7wLhDnqE33PCrg1V0SDfc9GJ2Kg1LbzjtFZww4TdyU5EGKStv+9DohjjkRGjOkVNN1It1KkNQUMzLMebEiEcJ91CVNQwXiRLWS8SNDuGuUDgxCaUpoOFZ/TiSIKzXgvunkSPfUX28k/uc1Yx2ctBIqolgTgSeLgphBHcJRKrBDJcGaDQxBWFJzK8Q9JBHWJrucCcH9+/I0qZWK7lHRuT7Ml8/SOLJgC+yAAnDBMSiDS1ABVYDBA3gCL+DVerSerTfrfdKasdKZTfAL1sc3dbOYVA==</latexit>

Riem(�i) 2 Lp, p > n/2

with uniform bounds,  then there exists a 
convergent subsequence in    -coordinates:<latexit sha1_base64="plO+peCbNVnVEc0GHTvhV3+bFoo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0Io/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHkyXoR3QoecgZNVZqZP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03Mf6EKsOZwGmpl2pMKBvTIXYtlTRC7U/mh07JmVUGJIyVLWnIXP09MaGR1lkU2M6ImpFe9mbif143NeGNP+EySQ1KtlgUpoKYmMy+JgOukBmRWUKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD6Q+NAQ==</latexit>y

<latexit sha1_base64="bVCRLRMwaOtezn5VY0MzXk7R46o=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN4Ot4KokBdFl0YUuK9gLNCFMppN26EwSZiZCCQVfxY0LRdz6HO58G6dtFtr6w8DHf85hzvnDlDOlHefbWlldW9/YLG2Vt3d29/btg8O2SjJJaIskPJHdECvKWUxbmmlOu6mkWIScdsLRzbTeeaRSsSR+0OOU+gIPYhYxgrWxAvu46t1iIXDAPJ2gOVdRYFecmjMTWga3gAoUagb2l9dPSCZorAnHSvVcJ9V+jqVmhNNJ2csUTTEZ4QHtGYyxoMrPZ+tP0Jlx+ihKpHmxRjP390SOhVJjEZpOgfVQLdam5n+1XqajKz9ncZppGpP5R1HGkbl0mgXqM0mJ5mMDmEhmdkVkiCUm2iRWNiG4iycvQ7tecy9qzn290rgu4ijBCZzCObhwCQ24gya0gEAOz/AKb9aT9WK9Wx/z1hWrmDmCP7I+fwCF9pSM</latexit>

�i ! � strongly in     ,          weakly in     
<latexit sha1_base64="aME6I7QtVOX/XGxlTqrQkEPZAxI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtwFRMugjYVFBC8JJGfY2+wlS/Z2j909IRz5DTYWitj6g+z8N26SKzTxwcDjvRlm5oUJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHRy0tU0WoTySXqhNiTTkT1DfMcNpJFMVxyGk7HN/M/PYTVZpJ8WAmCQ1iPBQsYgQbK/nVu8ek2i9X3Jo7B1olXk4qkKPZL3/1BpKkMRWGcKx113MTE2RYGUY4nZZ6qaYJJmM8pF1LBY6pDrL5sVN0ZpUBiqSyJQyaq78nMhxrPYlD2xljM9LL3kz8z+umJroKMiaS1FBBFouilCMj0exzNGCKEsMnlmCimL0VkRFWmBibT8mG4C2/vEpa9Zp3UXPv65XGdR5HEU7gFM7Bg0towC00wQcCDJ7hFd4c4bw4787HorXg5DPH8AfO5w/f7Y4Q</latexit>

Lp
<latexit sha1_base64="L0ZCwAbWsJfmflU2e3hH4I4iJWw=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCBym7haLHohePFeyHtGvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRvDeTmPoCDyULGcHGSg/l9mPqXcTTcr9YcivuHGiVeBkpQYZGv/jVG0QkEVQawrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtlVhQ7afzg6fozCoDFEbKljRorv6eSLHQeiIC2ymwGellbyb+53UTE175KZNxYqgki0VhwpGJ0Ox7NGCKEsMnlmCimL0VkRFWmBibUcGG4C2/vEpa1YpXq7h31VL9OosjDydwCufgwSXU4RYa0AQCAp7hFd4c5bw4787HojXnZDPH8AfO5w+Rd4+Y</latexit>

W 1,p



Our compactness result can be viewed as a 
refinement of Div-Curl lemma:             

Theorem (R-T 2021):  If
and

<latexit sha1_base64="ofHfvq59jYUb4VgJNqrp0Esc/cI=">AAAB/3icbVC7TsMwFHXKq5RXAImFxaJCYqoSBIKxggEGhiLRh9SEyHGd1qrtRLaDFIUO/AoLAwix8hts/A1umwFajnR1j865V74+YcKo0o7zbZUWFpeWV8qrlbX1jc0te3unpeJUYtLEMYtlJ0SKMCpIU1PNSCeRBPGQkXY4vBz77QciFY3Fnc4S4nPUFzSiGGkjBfaed4U4RwH1qIA397lpkc5GgV11as4EcJ64BamCAo3A/vJ6MU45ERozpFTXdRLt50hqihkZVbxUkQThIeqTrqECcaL8fHL/CB4apQejWJoSGk7U3xs54kplPDSTHOmBmvXG4n9eN9XRuZ9TkaSaCDx9KEoZ1DEchwF7VBKsWWYIwpKaWyEeIImwNpFVTAju7JfnSeu45p7WnNuTav2iiKMM9sEBOAIuOAN1cA0aoAkweATP4BW8WU/Wi/VufUxHS1axswv+wPr8Ae4llg0=</latexit>

�i 2 L1 <latexit sha1_base64="c7swDcEw1d8wKsbsEjKtSidSLns=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhgsTdoGglQQstLKKYB2RjmJ3MJkNmZpeZWSEsKW38FRsLRWz9BDv/xkmyhRoPXDiccy/33uNHjCrtOF9WZmZ2bn4hu5hbWl5ZXbPXN2oqjCUmVRyyUDZ8pAijglQ11Yw0IkkQ9xmp+/3zkV+/J1LRUNzqQURaHHUFDShG2khte/uGEl7wLhDnqE33PCrg1V0SDfc9GJ2Kg1LbzjtFZww4TdyU5EGKStv+9DohjjkRGjOkVNN1It1KkNQUMzLMebEiEcJ91CVNQwXiRLWS8SNDuGuUDgxCaUpoOFZ/TiSIKzXgvunkSPfUX28k/uc1Yx2ctBIqolgTgSeLgphBHcJRKrBDJcGaDQxBWFJzK8Q9JBHWJrucCcH9+/I0qZWK7lHRuT7Ml8/SOLJgC+yAAnDBMSiDS1ABVYDBA3gCL+DVerSerTfrfdKasdKZTfAL1sc3dbOYVA==</latexit>

Riem(�i) 2 Lp, p > n/2

with uniform bounds,  then there exists a 
convergent subsequence in    -coordinates:<latexit sha1_base64="plO+peCbNVnVEc0GHTvhV3+bFoo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0Io/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHkyXoR3QoecgZNVZqZP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03Mf6EKsOZwGmpl2pMKBvTIXYtlTRC7U/mh07JmVUGJIyVLWnIXP09MaGR1lkU2M6ImpFe9mbif143NeGNP+EySQ1KtlgUpoKYmMy+JgOukBmRWUKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD6Q+NAQ==</latexit>y

<latexit sha1_base64="bVCRLRMwaOtezn5VY0MzXk7R46o=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN4Ot4KokBdFl0YUuK9gLNCFMppN26EwSZiZCCQVfxY0LRdz6HO58G6dtFtr6w8DHf85hzvnDlDOlHefbWlldW9/YLG2Vt3d29/btg8O2SjJJaIskPJHdECvKWUxbmmlOu6mkWIScdsLRzbTeeaRSsSR+0OOU+gIPYhYxgrWxAvu46t1iIXDAPJ2gOVdRYFecmjMTWga3gAoUagb2l9dPSCZorAnHSvVcJ9V+jqVmhNNJ2csUTTEZ4QHtGYyxoMrPZ+tP0Jlx+ihKpHmxRjP390SOhVJjEZpOgfVQLdam5n+1XqajKz9ncZppGpP5R1HGkbl0mgXqM0mJ5mMDmEhmdkVkiCUm2iRWNiG4iycvQ7tecy9qzn290rgu4ijBCZzCObhwCQ24gya0gEAOz/AKb9aT9WK9Wx/z1hWrmDmCP7I+fwCF9pSM</latexit>

�i ! � strongly in     ,          weakly in     
<latexit sha1_base64="aME6I7QtVOX/XGxlTqrQkEPZAxI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtwFRMugjYVFBC8JJGfY2+wlS/Z2j909IRz5DTYWitj6g+z8N26SKzTxwcDjvRlm5oUJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHRy0tU0WoTySXqhNiTTkT1DfMcNpJFMVxyGk7HN/M/PYTVZpJ8WAmCQ1iPBQsYgQbK/nVu8ek2i9X3Jo7B1olXk4qkKPZL3/1BpKkMRWGcKx113MTE2RYGUY4nZZ6qaYJJmM8pF1LBY6pDrL5sVN0ZpUBiqSyJQyaq78nMhxrPYlD2xljM9LL3kz8z+umJroKMiaS1FBBFouilCMj0exzNGCKEsMnlmCimL0VkRFWmBibT8mG4C2/vEpa9Zp3UXPv65XGdR5HEU7gFM7Bg0towC00wQcCDJ7hFd4c4bw4787HorXg5DPH8AfO5w/f7Y4Q</latexit>

Lp
<latexit sha1_base64="L0ZCwAbWsJfmflU2e3hH4I4iJWw=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCBym7haLHohePFeyHtGvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRvDeTmPoCDyULGcHGSg/l9mPqXcTTcr9YcivuHGiVeBkpQYZGv/jVG0QkEVQawrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtlVhQ7afzg6fozCoDFEbKljRorv6eSLHQeiIC2ymwGellbyb+53UTE175KZNxYqgki0VhwpGJ0Ox7NGCKEsMnlmCimL0VkRFWmBibUcGG4C2/vEpa1YpXq7h31VL9OosjDydwCufgwSXU4RYa0AQCAp7hFd4c5bw4787HojXnZDPH8AfO5w+Rd4+Y</latexit>

W 1,p



Compensated Compactness          



<latexit sha1_base64="bVCRLRMwaOtezn5VY0MzXk7R46o=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN4Ot4KokBdFl0YUuK9gLNCFMppN26EwSZiZCCQVfxY0LRdz6HO58G6dtFtr6w8DHf85hzvnDlDOlHefbWlldW9/YLG2Vt3d29/btg8O2SjJJaIskPJHdECvKWUxbmmlOu6mkWIScdsLRzbTeeaRSsSR+0OOU+gIPYhYxgrWxAvu46t1iIXDAPJ2gOVdRYFecmjMTWga3gAoUagb2l9dPSCZorAnHSvVcJ9V+jqVmhNNJ2csUTTEZ4QHtGYyxoMrPZ+tP0Jlx+ihKpHmxRjP390SOhVJjEZpOgfVQLdam5n+1XqajKz9ncZppGpP5R1HGkbl0mgXqM0mJ5mMDmEhmdkVkiCUm2iRWNiG4iycvQ7tecy9qzn290rgu4ijBCZzCObhwCQ24gya0gEAOz/AKb9aT9WK9Wx/z1hWrmDmCP7I+fwCF9pSM</latexit>

�i ! � weakly in          
<latexit sha1_base64="GBFhb91tBclF96IiPIKuZ15G5Y0=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp0oWgZtLCwimA9IzrC32UuW7O2du3NCOPInbCwUsfXv2Plv3CRXaOKDgcd7M8zMCxIpDLrut7O0vLK6tl7YKG5ube/slvb2GyZONeN1FstYtwJquBSK11Gg5K1EcxoFkjeD4fXEbz5xbUSs7nGUcD+ifSVCwShaqXX70BEqxFG3VHYr7hRkkXg5KUOOWrf01enFLI24QiapMW3PTdDPqEbBJB8XO6nhCWVD2udtSxWNuPGz6b1jcmyVHgljbUshmaq/JzIaGTOKAtsZURyYeW8i/ue1Uwwv/UyoJEWu2GxRmEqCMZk8T3pCc4ZyZAllWthbCRtQTRnaiIo2BG/+5UXSOK145xX37qxcvcrjKMAhHMEJeHABVbiBGtSBgYRneIU359F5cd6dj1nrkpPPHMAfOJ8/E22P/g==</latexit>

L1<latexit sha1_base64="Hr3VylVJggBhEKcnb0K+u6RYALE=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCUIBGNFBxiLRB9SU0WO67RWbSfYDlKUdmDhV1gYQIiVj2Djb3DbDNBypCsdnXOv7r0niBlV2nG+rcLK6tr6RnGztLW9s7tn7x+0VJRITJo4YpHsBEgRRgVpaqoZ6cSSIB4w0g5G9anffiBS0Ujc6TQmPY4GgoYUI20k3y57Y+8acY586o39zKMi1OnEY+Qe1n274lSdGeAycXNSATkavv3l9SOccCI0ZkipruvEupchqSlmZFLyEkVihEdoQLqGCsSJ6mWzJybw2Ch9GEbSlNBwpv6eyBBXKuWB6eRID9WiNxX/87qJDi97GRVxoonA80VhwqCO4DQR2KeSYM1SQxCW1NwK8RBJhLXJrWRCcBdfXiat06p7XnVuzyq1qzyOIiiDI3ACXHABauAGNEATYPAInsEreLOerBfr3fqYtxasfOYQ/IH1+QMDY5hS</latexit>

k�ik1  C

Compensated Compactness          



<latexit sha1_base64="bVCRLRMwaOtezn5VY0MzXk7R46o=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN4Ot4KokBdFl0YUuK9gLNCFMppN26EwSZiZCCQVfxY0LRdz6HO58G6dtFtr6w8DHf85hzvnDlDOlHefbWlldW9/YLG2Vt3d29/btg8O2SjJJaIskPJHdECvKWUxbmmlOu6mkWIScdsLRzbTeeaRSsSR+0OOU+gIPYhYxgrWxAvu46t1iIXDAPJ2gOVdRYFecmjMTWga3gAoUagb2l9dPSCZorAnHSvVcJ9V+jqVmhNNJ2csUTTEZ4QHtGYyxoMrPZ+tP0Jlx+ihKpHmxRjP390SOhVJjEZpOgfVQLdam5n+1XqajKz9ncZppGpP5R1HGkbl0mgXqM0mJ5mMDmEhmdkVkiCUm2iRWNiG4iycvQ7tecy9qzn290rgu4ijBCZzCObhwCQ24gya0gEAOz/AKb9aT9WK9Wx/z1hWrmDmCP7I+fwCF9pSM</latexit>

�i ! � weakly in          
<latexit sha1_base64="GBFhb91tBclF96IiPIKuZ15G5Y0=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp0oWgZtLCwimA9IzrC32UuW7O2du3NCOPInbCwUsfXv2Plv3CRXaOKDgcd7M8zMCxIpDLrut7O0vLK6tl7YKG5ube/slvb2GyZONeN1FstYtwJquBSK11Gg5K1EcxoFkjeD4fXEbz5xbUSs7nGUcD+ifSVCwShaqXX70BEqxFG3VHYr7hRkkXg5KUOOWrf01enFLI24QiapMW3PTdDPqEbBJB8XO6nhCWVD2udtSxWNuPGz6b1jcmyVHgljbUshmaq/JzIaGTOKAtsZURyYeW8i/ue1Uwwv/UyoJEWu2GxRmEqCMZk8T3pCc4ZyZAllWthbCRtQTRnaiIo2BG/+5UXSOK145xX37qxcvcrjKMAhHMEJeHABVbiBGtSBgYRneIU359F5cd6dj1nrkpPPHMAfOJ8/E22P/g==</latexit>

L1

<latexit sha1_base64="4d79UuD0PyKvdQOLc+7k25uTOV4=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUoQCMaKDjAWiT6kJoocx2mt2k6wHaQq7cLCr7AwgBAr/8DG3+A+Bmg50pWOzrlX994Tpowq7TjfVmFpeWV1rbhe2tjc2t6xd/eaKskkJg2csES2Q6QIo4I0NNWMtFNJEA8ZaYX92thvPRCpaCLu9CAlPkddQWOKkTZSYB96w8i7RpyjgHrDIPeoiPVg5DFyD2uBXXYqzgRwkbgzUgYz1AP7y4sSnHEiNGZIqY7rpNrPkdQUMzIqeZkiKcJ91CUdQwXiRPn55IsRPDZKBONEmhIaTtTfEzniSg14aDo50j01743F/7xOpuNLP6cizTQReLoozhjUCRxHAiMqCdZsYAjCkppbIe4hibA2wZVMCO78y4ukeVpxzyvO7Vm5ejWLowgOwBE4AS64AFVwA+qgATB4BM/gFbxZT9aL9W59TFsL1mxmH/yB9fkDysaYwA==</latexit>

kd�ik1  C

<latexit sha1_base64="Hr3VylVJggBhEKcnb0K+u6RYALE=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCUIBGNFBxiLRB9SU0WO67RWbSfYDlKUdmDhV1gYQIiVj2Djb3DbDNBypCsdnXOv7r0niBlV2nG+rcLK6tr6RnGztLW9s7tn7x+0VJRITJo4YpHsBEgRRgVpaqoZ6cSSIB4w0g5G9anffiBS0Ujc6TQmPY4GgoYUI20k3y57Y+8acY586o39zKMi1OnEY+Qe1n274lSdGeAycXNSATkavv3l9SOccCI0ZkipruvEupchqSlmZFLyEkVihEdoQLqGCsSJ6mWzJybw2Ch9GEbSlNBwpv6eyBBXKuWB6eRID9WiNxX/87qJDi97GRVxoonA80VhwqCO4DQR2KeSYM1SQxCW1NwK8RBJhLXJrWRCcBdfXiat06p7XnVuzyq1qzyOIiiDI3ACXHABauAGNEATYPAInsEreLOerBfr3fqYtxasfOYQ/IH1+QMDY5hS</latexit>

k�ik1  C

weakly in          
<latexit sha1_base64="GBFhb91tBclF96IiPIKuZ15G5Y0=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp0oWgZtLCwimA9IzrC32UuW7O2du3NCOPInbCwUsfXv2Plv3CRXaOKDgcd7M8zMCxIpDLrut7O0vLK6tl7YKG5ube/slvb2GyZONeN1FstYtwJquBSK11Gg5K1EcxoFkjeD4fXEbz5xbUSs7nGUcD+ifSVCwShaqXX70BEqxFG3VHYr7hRkkXg5KUOOWrf01enFLI24QiapMW3PTdDPqEbBJB8XO6nhCWVD2udtSxWNuPGz6b1jcmyVHgljbUshmaq/JzIaGTOKAtsZURyYeW8i/ue1Uwwv/UyoJEWu2GxRmEqCMZk8T3pCc4ZyZAllWthbCRtQTRnaiIo2BG/+5UXSOK145xX37qxcvcrjKMAhHMEJeHABVbiBGtSBgYRneIU359F5cd6dj1nrkpPPHMAfOJ8/E22P/g==</latexit>

L1<latexit sha1_base64="U5TgthV/z5QSHxNocnEpxL66amk=">AAACAXicbVBPS8MwHE3nvzn/Vb0IXoJD2C6jFUWPQw96nOI2YS0lzdItLElLkgqjzItfxYsHRbz6Lbz5bcy2Crr5IPDy3u9H8l6YMKq043xZhYXFpeWV4mppbX1jc8ve3mmpOJWYNHHMYnkXIkUYFaSpqWbkLpEE8ZCRdji4GPvteyIVjcWtHibE56gnaEQx0kYK7L2bineJOEcBrXo6hj/XamCXnZozAZwnbk7KIEcjsD+9boxTToTGDCnVcZ1E+xmSmmJGRiUvVSRBeIB6pGOoQJwoP5skGMFDo3RhFEtzhIYT9fdGhrhSQx6aSY50X816Y/E/r5Pq6MzPqEhSTQSePhSlDJqo4zpgl0qCNRsagrCk5q8Q95FEWJvSSqYEdzbyPGkd1dyTmnN9XK6f53UUwT44ABXgglNQB1egAZoAgwfwBF7Aq/VoPVtv1vt0tGDlO7vgD6yPb1l4lYo=</latexit>

R(�i) ! R(�)

…by generalized Div-Curl Lemma          

Compensated Compactness          



<latexit sha1_base64="bVCRLRMwaOtezn5VY0MzXk7R46o=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN4Ot4KokBdFl0YUuK9gLNCFMppN26EwSZiZCCQVfxY0LRdz6HO58G6dtFtr6w8DHf85hzvnDlDOlHefbWlldW9/YLG2Vt3d29/btg8O2SjJJaIskPJHdECvKWUxbmmlOu6mkWIScdsLRzbTeeaRSsSR+0OOU+gIPYhYxgrWxAvu46t1iIXDAPJ2gOVdRYFecmjMTWga3gAoUagb2l9dPSCZorAnHSvVcJ9V+jqVmhNNJ2csUTTEZ4QHtGYyxoMrPZ+tP0Jlx+ihKpHmxRjP390SOhVJjEZpOgfVQLdam5n+1XqajKz9ncZppGpP5R1HGkbl0mgXqM0mJ5mMDmEhmdkVkiCUm2iRWNiG4iycvQ7tecy9qzn290rgu4ijBCZzCObhwCQ24gya0gEAOz/AKb9aT9WK9Wx/z1hWrmDmCP7I+fwCF9pSM</latexit>

�i ! � weakly in          
<latexit sha1_base64="GBFhb91tBclF96IiPIKuZ15G5Y0=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp0oWgZtLCwimA9IzrC32UuW7O2du3NCOPInbCwUsfXv2Plv3CRXaOKDgcd7M8zMCxIpDLrut7O0vLK6tl7YKG5ube/slvb2GyZONeN1FstYtwJquBSK11Gg5K1EcxoFkjeD4fXEbz5xbUSs7nGUcD+ifSVCwShaqXX70BEqxFG3VHYr7hRkkXg5KUOOWrf01enFLI24QiapMW3PTdDPqEbBJB8XO6nhCWVD2udtSxWNuPGz6b1jcmyVHgljbUshmaq/JzIaGTOKAtsZURyYeW8i/ue1Uwwv/UyoJEWu2GxRmEqCMZk8T3pCc4ZyZAllWthbCRtQTRnaiIo2BG/+5UXSOK145xX37qxcvcrjKMAhHMEJeHABVbiBGtSBgYRneIU359F5cd6dj1nrkpPPHMAfOJ8/E22P/g==</latexit>

L1

<latexit sha1_base64="w5mkRwIRyewW8Dd3KeWqUl+dNC4=">AAACK3icbVDLSgMxFM34rPVVdelmsAiCUGZE0Y1Q6kKXVewD2mHIZG7b0CQzJBmllP6PG3/FhS584Nb/MG1Hsa0XAifnnEtyThAzqrTjvFtz8wuLS8uZlezq2vrGZm5ru6qiRBKokIhFsh5gBYwKqGiqGdRjCZgHDGpB92Ko1+5AKhqJW92LweO4LWiLEqwN5edKNz49D5uXmHPs08Mf0LyHsA2/Nx3ZqSd1TOi5vFNwRmPPAjcFeZRO2c89N8OIJByEJgwr1XCdWHt9LDUlDAbZZqIgxqSL29AwUGAOyuuPsg7sfcOEdiuS5ghtj9i/G33MlerxwDg51h01rQ3J/7RGoltnXp+KONEgyPihVsJsk31YnB1SCUSzngGYSGr+apMOlphoU2/WlOBOR54F1aOCe1Jwro/zxVJaRwbtoj10gFx0ioroCpVRBRH0gJ7QK3qzHq0X68P6HFvnrHRnB02M9fUNRpqnuQ==</latexit>

Ri = d�i + �i ^ �i ! d�+ � ^ �

<latexit sha1_base64="4d79UuD0PyKvdQOLc+7k25uTOV4=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUoQCMaKDjAWiT6kJoocx2mt2k6wHaQq7cLCr7AwgBAr/8DG3+A+Bmg50pWOzrlX994Tpowq7TjfVmFpeWV1rbhe2tjc2t6xd/eaKskkJg2csES2Q6QIo4I0NNWMtFNJEA8ZaYX92thvPRCpaCLu9CAlPkddQWOKkTZSYB96w8i7RpyjgHrDIPeoiPVg5DFyD2uBXXYqzgRwkbgzUgYz1AP7y4sSnHEiNGZIqY7rpNrPkdQUMzIqeZkiKcJ91CUdQwXiRPn55IsRPDZKBONEmhIaTtTfEzniSg14aDo50j01743F/7xOpuNLP6cizTQReLoozhjUCRxHAiMqCdZsYAjCkppbIe4hibA2wZVMCO78y4ukeVpxzyvO7Vm5ejWLowgOwBE4AS64AFVwA+qgATB4BM/gFbxZT9aL9W59TFsL1mxmH/yB9fkDysaYwA==</latexit>

kd�ik1  C

<latexit sha1_base64="Hr3VylVJggBhEKcnb0K+u6RYALE=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCUIBGNFBxiLRB9SU0WO67RWbSfYDlKUdmDhV1gYQIiVj2Djb3DbDNBypCsdnXOv7r0niBlV2nG+rcLK6tr6RnGztLW9s7tn7x+0VJRITJo4YpHsBEgRRgVpaqoZ6cSSIB4w0g5G9anffiBS0Ujc6TQmPY4GgoYUI20k3y57Y+8acY586o39zKMi1OnEY+Qe1n274lSdGeAycXNSATkavv3l9SOccCI0ZkipruvEupchqSlmZFLyEkVihEdoQLqGCsSJ6mWzJybw2Ch9GEbSlNBwpv6eyBBXKuWB6eRID9WiNxX/87qJDi97GRVxoonA80VhwqCO4DQR2KeSYM1SQxCW1NwK8RBJhLXJrWRCcBdfXiat06p7XnVuzyq1qzyOIiiDI3ACXHABauAGNEATYPAInsEreLOerBfr3fqYtxasfOYQ/IH1+QMDY5hS</latexit>

k�ik1  C

weakly in          
<latexit sha1_base64="GBFhb91tBclF96IiPIKuZ15G5Y0=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp0oWgZtLCwimA9IzrC32UuW7O2du3NCOPInbCwUsfXv2Plv3CRXaOKDgcd7M8zMCxIpDLrut7O0vLK6tl7YKG5ube/slvb2GyZONeN1FstYtwJquBSK11Gg5K1EcxoFkjeD4fXEbz5xbUSs7nGUcD+ifSVCwShaqXX70BEqxFG3VHYr7hRkkXg5KUOOWrf01enFLI24QiapMW3PTdDPqEbBJB8XO6nhCWVD2udtSxWNuPGz6b1jcmyVHgljbUshmaq/JzIaGTOKAtsZURyYeW8i/ue1Uwwv/UyoJEWu2GxRmEqCMZk8T3pCc4ZyZAllWthbCRtQTRnaiIo2BG/+5UXSOK145xX37qxcvcrjKMAhHMEJeHABVbiBGtSBgYRneIU359F5cd6dj1nrkpPPHMAfOJ8/E22P/g==</latexit>

L1<latexit sha1_base64="U5TgthV/z5QSHxNocnEpxL66amk=">AAACAXicbVBPS8MwHE3nvzn/Vb0IXoJD2C6jFUWPQw96nOI2YS0lzdItLElLkgqjzItfxYsHRbz6Lbz5bcy2Crr5IPDy3u9H8l6YMKq043xZhYXFpeWV4mppbX1jc8ve3mmpOJWYNHHMYnkXIkUYFaSpqWbkLpEE8ZCRdji4GPvteyIVjcWtHibE56gnaEQx0kYK7L2bineJOEcBrXo6hj/XamCXnZozAZwnbk7KIEcjsD+9boxTToTGDCnVcZ1E+xmSmmJGRiUvVSRBeIB6pGOoQJwoP5skGMFDo3RhFEtzhIYT9fdGhrhSQx6aSY50X816Y/E/r5Pq6MzPqEhSTQSePhSlDJqo4zpgl0qCNRsagrCk5q8Q95FEWJvSSqYEdzbyPGkd1dyTmnN9XK6f53UUwT44ABXgglNQB1egAZoAgwfwBF7Aq/VoPVtv1vt0tGDlO7vgD6yPb1l4lYo=</latexit>

R(�i) ! R(�)

…by generalized Div-Curl Lemma          

I.e.

Compensated Compactness          



<latexit sha1_base64="bVCRLRMwaOtezn5VY0MzXk7R46o=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN4Ot4KokBdFl0YUuK9gLNCFMppN26EwSZiZCCQVfxY0LRdz6HO58G6dtFtr6w8DHf85hzvnDlDOlHefbWlldW9/YLG2Vt3d29/btg8O2SjJJaIskPJHdECvKWUxbmmlOu6mkWIScdsLRzbTeeaRSsSR+0OOU+gIPYhYxgrWxAvu46t1iIXDAPJ2gOVdRYFecmjMTWga3gAoUagb2l9dPSCZorAnHSvVcJ9V+jqVmhNNJ2csUTTEZ4QHtGYyxoMrPZ+tP0Jlx+ihKpHmxRjP390SOhVJjEZpOgfVQLdam5n+1XqajKz9ncZppGpP5R1HGkbl0mgXqM0mJ5mMDmEhmdkVkiCUm2iRWNiG4iycvQ7tecy9qzn290rgu4ijBCZzCObhwCQ24gya0gEAOz/AKb9aT9WK9Wx/z1hWrmDmCP7I+fwCF9pSM</latexit>

�i ! � weakly in          
<latexit sha1_base64="GBFhb91tBclF96IiPIKuZ15G5Y0=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp0oWgZtLCwimA9IzrC32UuW7O2du3NCOPInbCwUsfXv2Plv3CRXaOKDgcd7M8zMCxIpDLrut7O0vLK6tl7YKG5ube/slvb2GyZONeN1FstYtwJquBSK11Gg5K1EcxoFkjeD4fXEbz5xbUSs7nGUcD+ifSVCwShaqXX70BEqxFG3VHYr7hRkkXg5KUOOWrf01enFLI24QiapMW3PTdDPqEbBJB8XO6nhCWVD2udtSxWNuPGz6b1jcmyVHgljbUshmaq/JzIaGTOKAtsZURyYeW8i/ue1Uwwv/UyoJEWu2GxRmEqCMZk8T3pCc4ZyZAllWthbCRtQTRnaiIo2BG/+5UXSOK145xX37qxcvcrjKMAhHMEJeHABVbiBGtSBgYRneIU359F5cd6dj1nrkpPPHMAfOJ8/E22P/g==</latexit>

L1

<latexit sha1_base64="w5mkRwIRyewW8Dd3KeWqUl+dNC4=">AAACK3icbVDLSgMxFM34rPVVdelmsAiCUGZE0Y1Q6kKXVewD2mHIZG7b0CQzJBmllP6PG3/FhS584Nb/MG1Hsa0XAifnnEtyThAzqrTjvFtz8wuLS8uZlezq2vrGZm5ru6qiRBKokIhFsh5gBYwKqGiqGdRjCZgHDGpB92Ko1+5AKhqJW92LweO4LWiLEqwN5edKNz49D5uXmHPs08Mf0LyHsA2/Nx3ZqSd1TOi5vFNwRmPPAjcFeZRO2c89N8OIJByEJgwr1XCdWHt9LDUlDAbZZqIgxqSL29AwUGAOyuuPsg7sfcOEdiuS5ghtj9i/G33MlerxwDg51h01rQ3J/7RGoltnXp+KONEgyPihVsJsk31YnB1SCUSzngGYSGr+apMOlphoU2/WlOBOR54F1aOCe1Jwro/zxVJaRwbtoj10gFx0ioroCpVRBRH0gJ7QK3qzHq0X68P6HFvnrHRnB02M9fUNRpqnuQ==</latexit>

Ri = d�i + �i ^ �i ! d�+ � ^ �

<latexit sha1_base64="4d79UuD0PyKvdQOLc+7k25uTOV4=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUoQCMaKDjAWiT6kJoocx2mt2k6wHaQq7cLCr7AwgBAr/8DG3+A+Bmg50pWOzrlX994Tpowq7TjfVmFpeWV1rbhe2tjc2t6xd/eaKskkJg2csES2Q6QIo4I0NNWMtFNJEA8ZaYX92thvPRCpaCLu9CAlPkddQWOKkTZSYB96w8i7RpyjgHrDIPeoiPVg5DFyD2uBXXYqzgRwkbgzUgYz1AP7y4sSnHEiNGZIqY7rpNrPkdQUMzIqeZkiKcJ91CUdQwXiRPn55IsRPDZKBONEmhIaTtTfEzniSg14aDo50j01743F/7xOpuNLP6cizTQReLoozhjUCRxHAiMqCdZsYAjCkppbIe4hibA2wZVMCO78y4ukeVpxzyvO7Vm5ejWLowgOwBE4AS64AFVwA+qgATB4BM/gFbxZT9aL9W59TFsL1mxmH/yB9fkDysaYwA==</latexit>

kd�ik1  C

<latexit sha1_base64="Hr3VylVJggBhEKcnb0K+u6RYALE=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCUIBGNFBxiLRB9SU0WO67RWbSfYDlKUdmDhV1gYQIiVj2Djb3DbDNBypCsdnXOv7r0niBlV2nG+rcLK6tr6RnGztLW9s7tn7x+0VJRITJo4YpHsBEgRRgVpaqoZ6cSSIB4w0g5G9anffiBS0Ujc6TQmPY4GgoYUI20k3y57Y+8acY586o39zKMi1OnEY+Qe1n274lSdGeAycXNSATkavv3l9SOccCI0ZkipruvEupchqSlmZFLyEkVihEdoQLqGCsSJ6mWzJybw2Ch9GEbSlNBwpv6eyBBXKuWB6eRID9WiNxX/87qJDi97GRVxoonA80VhwqCO4DQR2KeSYM1SQxCW1NwK8RBJhLXJrWRCcBdfXiat06p7XnVuzyq1qzyOIiiDI3ACXHABauAGNEATYPAInsEreLOerBfr3fqYtxasfOYQ/IH1+QMDY5hS</latexit>

k�ik1  C

weakly in          
<latexit sha1_base64="GBFhb91tBclF96IiPIKuZ15G5Y0=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp0oWgZtLCwimA9IzrC32UuW7O2du3NCOPInbCwUsfXv2Plv3CRXaOKDgcd7M8zMCxIpDLrut7O0vLK6tl7YKG5ube/slvb2GyZONeN1FstYtwJquBSK11Gg5K1EcxoFkjeD4fXEbz5xbUSs7nGUcD+ifSVCwShaqXX70BEqxFG3VHYr7hRkkXg5KUOOWrf01enFLI24QiapMW3PTdDPqEbBJB8XO6nhCWVD2udtSxWNuPGz6b1jcmyVHgljbUshmaq/JzIaGTOKAtsZURyYeW8i/ue1Uwwv/UyoJEWu2GxRmEqCMZk8T3pCc4ZyZAllWthbCRtQTRnaiIo2BG/+5UXSOK145xX37qxcvcrjKMAhHMEJeHABVbiBGtSBgYRneIU359F5cd6dj1nrkpPPHMAfOJ8/E22P/g==</latexit>

L1<latexit sha1_base64="U5TgthV/z5QSHxNocnEpxL66amk=">AAACAXicbVBPS8MwHE3nvzn/Vb0IXoJD2C6jFUWPQw96nOI2YS0lzdItLElLkgqjzItfxYsHRbz6Lbz5bcy2Crr5IPDy3u9H8l6YMKq043xZhYXFpeWV4mppbX1jc8ve3mmpOJWYNHHMYnkXIkUYFaSpqWbkLpEE8ZCRdji4GPvteyIVjcWtHibE56gnaEQx0kYK7L2bineJOEcBrXo6hj/XamCXnZozAZwnbk7KIEcjsD+9boxTToTGDCnVcZ1E+xmSmmJGRiUvVSRBeIB6pGOoQJwoP5skGMFDo3RhFEtzhIYT9fdGhrhSQx6aSY50X816Y/E/r5Pq6MzPqEhSTQSePhSlDJqo4zpgl0qCNRsagrCk5q8Q95FEWJvSSqYEdzbyPGkd1dyTmnN9XK6f53UUwT44ABXgglNQB1egAZoAgwfwBF7Aq/VoPVtv1vt0tGDlO7vgD6yPb1l4lYo=</latexit>

R(�i) ! R(�)

…by generalized Div-Curl Lemma          

I.e.

linear          

Compensated Compactness          



<latexit sha1_base64="bVCRLRMwaOtezn5VY0MzXk7R46o=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN4Ot4KokBdFl0YUuK9gLNCFMppN26EwSZiZCCQVfxY0LRdz6HO58G6dtFtr6w8DHf85hzvnDlDOlHefbWlldW9/YLG2Vt3d29/btg8O2SjJJaIskPJHdECvKWUxbmmlOu6mkWIScdsLRzbTeeaRSsSR+0OOU+gIPYhYxgrWxAvu46t1iIXDAPJ2gOVdRYFecmjMTWga3gAoUagb2l9dPSCZorAnHSvVcJ9V+jqVmhNNJ2csUTTEZ4QHtGYyxoMrPZ+tP0Jlx+ihKpHmxRjP390SOhVJjEZpOgfVQLdam5n+1XqajKz9ncZppGpP5R1HGkbl0mgXqM0mJ5mMDmEhmdkVkiCUm2iRWNiG4iycvQ7tecy9qzn290rgu4ijBCZzCObhwCQ24gya0gEAOz/AKb9aT9WK9Wx/z1hWrmDmCP7I+fwCF9pSM</latexit>

�i ! � weakly in          

“Wedge products weakly continuous when
derivative bounds are exterior derivative…”

<latexit sha1_base64="GBFhb91tBclF96IiPIKuZ15G5Y0=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp0oWgZtLCwimA9IzrC32UuW7O2du3NCOPInbCwUsfXv2Plv3CRXaOKDgcd7M8zMCxIpDLrut7O0vLK6tl7YKG5ube/slvb2GyZONeN1FstYtwJquBSK11Gg5K1EcxoFkjeD4fXEbz5xbUSs7nGUcD+ifSVCwShaqXX70BEqxFG3VHYr7hRkkXg5KUOOWrf01enFLI24QiapMW3PTdDPqEbBJB8XO6nhCWVD2udtSxWNuPGz6b1jcmyVHgljbUshmaq/JzIaGTOKAtsZURyYeW8i/ue1Uwwv/UyoJEWu2GxRmEqCMZk8T3pCc4ZyZAllWthbCRtQTRnaiIo2BG/+5UXSOK145xX37qxcvcrjKMAhHMEJeHABVbiBGtSBgYRneIU359F5cd6dj1nrkpPPHMAfOJ8/E22P/g==</latexit>

L1

<latexit sha1_base64="w5mkRwIRyewW8Dd3KeWqUl+dNC4=">AAACK3icbVDLSgMxFM34rPVVdelmsAiCUGZE0Y1Q6kKXVewD2mHIZG7b0CQzJBmllP6PG3/FhS584Nb/MG1Hsa0XAifnnEtyThAzqrTjvFtz8wuLS8uZlezq2vrGZm5ru6qiRBKokIhFsh5gBYwKqGiqGdRjCZgHDGpB92Ko1+5AKhqJW92LweO4LWiLEqwN5edKNz49D5uXmHPs08Mf0LyHsA2/Nx3ZqSd1TOi5vFNwRmPPAjcFeZRO2c89N8OIJByEJgwr1XCdWHt9LDUlDAbZZqIgxqSL29AwUGAOyuuPsg7sfcOEdiuS5ghtj9i/G33MlerxwDg51h01rQ3J/7RGoltnXp+KONEgyPihVsJsk31YnB1SCUSzngGYSGr+apMOlphoU2/WlOBOR54F1aOCe1Jwro/zxVJaRwbtoj10gFx0ioroCpVRBRH0gJ7QK3qzHq0X68P6HFvnrHRnB02M9fUNRpqnuQ==</latexit>

Ri = d�i + �i ^ �i ! d�+ � ^ �

<latexit sha1_base64="4d79UuD0PyKvdQOLc+7k25uTOV4=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUoQCMaKDjAWiT6kJoocx2mt2k6wHaQq7cLCr7AwgBAr/8DG3+A+Bmg50pWOzrlX994Tpowq7TjfVmFpeWV1rbhe2tjc2t6xd/eaKskkJg2csES2Q6QIo4I0NNWMtFNJEA8ZaYX92thvPRCpaCLu9CAlPkddQWOKkTZSYB96w8i7RpyjgHrDIPeoiPVg5DFyD2uBXXYqzgRwkbgzUgYz1AP7y4sSnHEiNGZIqY7rpNrPkdQUMzIqeZkiKcJ91CUdQwXiRPn55IsRPDZKBONEmhIaTtTfEzniSg14aDo50j01743F/7xOpuNLP6cizTQReLoozhjUCRxHAiMqCdZsYAjCkppbIe4hibA2wZVMCO78y4ukeVpxzyvO7Vm5ejWLowgOwBE4AS64AFVwA+qgATB4BM/gFbxZT9aL9W59TFsL1mxmH/yB9fkDysaYwA==</latexit>

kd�ik1  C

<latexit sha1_base64="Hr3VylVJggBhEKcnb0K+u6RYALE=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCUIBGNFBxiLRB9SU0WO67RWbSfYDlKUdmDhV1gYQIiVj2Djb3DbDNBypCsdnXOv7r0niBlV2nG+rcLK6tr6RnGztLW9s7tn7x+0VJRITJo4YpHsBEgRRgVpaqoZ6cSSIB4w0g5G9anffiBS0Ujc6TQmPY4GgoYUI20k3y57Y+8acY586o39zKMi1OnEY+Qe1n274lSdGeAycXNSATkavv3l9SOccCI0ZkipruvEupchqSlmZFLyEkVihEdoQLqGCsSJ6mWzJybw2Ch9GEbSlNBwpv6eyBBXKuWB6eRID9WiNxX/87qJDi97GRVxoonA80VhwqCO4DQR2KeSYM1SQxCW1NwK8RBJhLXJrWRCcBdfXiat06p7XnVuzyq1qzyOIiiDI3ACXHABauAGNEATYPAInsEreLOerBfr3fqYtxasfOYQ/IH1+QMDY5hS</latexit>

k�ik1  C

weakly in          
<latexit sha1_base64="GBFhb91tBclF96IiPIKuZ15G5Y0=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp0oWgZtLCwimA9IzrC32UuW7O2du3NCOPInbCwUsfXv2Plv3CRXaOKDgcd7M8zMCxIpDLrut7O0vLK6tl7YKG5ube/slvb2GyZONeN1FstYtwJquBSK11Gg5K1EcxoFkjeD4fXEbz5xbUSs7nGUcD+ifSVCwShaqXX70BEqxFG3VHYr7hRkkXg5KUOOWrf01enFLI24QiapMW3PTdDPqEbBJB8XO6nhCWVD2udtSxWNuPGz6b1jcmyVHgljbUshmaq/JzIaGTOKAtsZURyYeW8i/ue1Uwwv/UyoJEWu2GxRmEqCMZk8T3pCc4ZyZAllWthbCRtQTRnaiIo2BG/+5UXSOK145xX37qxcvcrjKMAhHMEJeHABVbiBGtSBgYRneIU359F5cd6dj1nrkpPPHMAfOJ8/E22P/g==</latexit>

L1<latexit sha1_base64="U5TgthV/z5QSHxNocnEpxL66amk=">AAACAXicbVBPS8MwHE3nvzn/Vb0IXoJD2C6jFUWPQw96nOI2YS0lzdItLElLkgqjzItfxYsHRbz6Lbz5bcy2Crr5IPDy3u9H8l6YMKq043xZhYXFpeWV4mppbX1jc8ve3mmpOJWYNHHMYnkXIkUYFaSpqWbkLpEE8ZCRdji4GPvteyIVjcWtHibE56gnaEQx0kYK7L2bineJOEcBrXo6hj/XamCXnZozAZwnbk7KIEcjsD+9boxTToTGDCnVcZ1E+xmSmmJGRiUvVSRBeIB6pGOoQJwoP5skGMFDo3RhFEtzhIYT9fdGhrhSQx6aSY50X816Y/E/r5Pq6MzPqEhSTQSePhSlDJqo4zpgl0qCNRsagrCk5q8Q95FEWJvSSqYEdzbyPGkd1dyTmnN9XK6f53UUwT44ABXgglNQB1egAZoAgwfwBF7Aq/VoPVtv1vt0tGDlO7vgD6yPb1l4lYo=</latexit>

R(�i) ! R(�)

…by generalized Div-Curl Lemma          

I.e.

linear          

Compensated Compactness          





Our motivation:   Shock waves in GR 
constructed by the Glimm scheme



GR-Shock Waves



The Einstein equations  

In Einstein’s theory of General Relativity: 

are equns for the gravitational metric  

G = T
<latexit sha1_base64="wimBxheDsX9T7I1vNwcMT79nw7Y=">AAAB8XicbZDLSgMxFIbP1Fsdb1WXboJFcFVm3OimWHShywq9YTuUTJppQzOZkGSEMhR8CDcuFHHrg7h359uYXhba+kPg4//PIeecUHKmjed9O7mV1bX1jfymu7W9s7tX2D9o6CRVhNZJwhPVCrGmnAlaN8xw2pKK4jjktBkOryd584EqzRJRMyNJgxj3BYsYwcZa9zflzhBLiVGtWyh6JW8qtAz+HIqXn275EQCq3cJXp5eQNKbCEI61bvueNEGGlWGE07HbSTWVmAxxn7YtChxTHWTTicfoxDo9FCXKPmHQ1P3dkeFY61Ec2soYm4FezCbmf1k7NdFFkDEhU0MFmX0UpRyZBE3WRz2mKDF8ZAETxeysiAywwsTYI7n2CP7iysvQOCv5lu+8YuUKZsrDERzDKfhwDhW4hSrUgYCAJ3iBV0c7z86b8z4rzTnznkP4I+fjBxlQkgg=</latexit><latexit sha1_base64="u0yAJFxuncNlOI2zb0+BvUjmsM8=">AAAB8XicbZDLSgMxFIYzXut4q7p0EyyCqzLjRjfFogtdVugN26GcSTNtaCYTkoxQhr6FGxeK6NIHce9GfBvTy0Jbfwh8/P855JwTSs608bxvZ2l5ZXVtPbfhbm5t7+zm9/brOkkVoTWS8EQ1Q9CUM0FrhhlOm1JRiENOG+Hgapw37qnSLBFVM5Q0iKEnWMQIGGvdXZfaA5AScLWTL3hFbyK8CP4MChcfbkm+fbmVTv6z3U1IGlNhCAetW74nTZCBMoxwOnLbqaYSyAB6tGVRQEx1kE0mHuFj63RxlCj7hMET93dHBrHWwzi0lTGYvp7PxuZ/WSs10XmQMSFTQwWZfhSlHJsEj9fHXaYoMXxoAYhidlZM+qCAGHsk1x7Bn195EeqnRd/yrVcoX6KpcugQHaET5KMzVEY3qIJqiCCBHtATena08+i8OK/T0iVn1nOA/sh5/wEK35N8</latexit><latexit sha1_base64="u0yAJFxuncNlOI2zb0+BvUjmsM8=">AAAB8XicbZDLSgMxFIYzXut4q7p0EyyCqzLjRjfFogtdVugN26GcSTNtaCYTkoxQhr6FGxeK6NIHce9GfBvTy0Jbfwh8/P855JwTSs608bxvZ2l5ZXVtPbfhbm5t7+zm9/brOkkVoTWS8EQ1Q9CUM0FrhhlOm1JRiENOG+Hgapw37qnSLBFVM5Q0iKEnWMQIGGvdXZfaA5AScLWTL3hFbyK8CP4MChcfbkm+fbmVTv6z3U1IGlNhCAetW74nTZCBMoxwOnLbqaYSyAB6tGVRQEx1kE0mHuFj63RxlCj7hMET93dHBrHWwzi0lTGYvp7PxuZ/WSs10XmQMSFTQwWZfhSlHJsEj9fHXaYoMXxoAYhidlZM+qCAGHsk1x7Bn195EeqnRd/yrVcoX6KpcugQHaET5KMzVEY3qIJqiCCBHtATena08+i8OK/T0iVn1nOA/sh5/wEK35N8</latexit><latexit sha1_base64="wg7BFZwAfXqdaoSY2TULnaOFcAI=">AAAB8XicbZA9SwNBEIbn4leMX1FLm8UgWIU7G22EoIWWEfKFyRHmNnvJkr29Y3dPCEf+hY2FIrb+Gzv/jZvkCk18YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThVlTRqLWHUC1ExwyZqGG8E6iWIYBYK1g/HtrN5+YkrzWDbMJGF+hEPJQ07RWOvx7ro3xiRB0uiXK27VnYusgpdDBXLV++Wv3iCmacSkoQK17npuYvwMleFUsGmpl2qWIB3jkHUtSoyY9rP5xlNyZp0BCWNlnzRk7v6eyDDSehIFtjNCM9LLtZn5X62bmvDKz7hMUsMkXXwUpoKYmMzOJwOuGDViYgGp4nZXQkeokBobUsmG4C2fvAqti6pn+cGt1G7yOIpwAqdwDh5cQg3uoQ5NoCDhGV7hzdHOi/PufCxaC04+cwx/5Hz+AKoJkDs=</latexit>

g = gij
<latexit sha1_base64="UPlAdN215lagu98U6I/oy1kosQU=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGA/oA1ls520azebuLsRSuif8OJBEa/+HW/+G7dtDtr6wsLDOzPszBskgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLUDqlFwiQ3DjcB2opBGgcBWMLqZ1ltPqDSP5b0ZJ+hHdCB5yBk11moPrga9jD9MeuWKW3VnIsvg5VCBXPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHYuSRqj9bLbvhJxYp0/CWNknDZm5vycyGmk9jgLbGVEz1Iu1qflfrZOa8NLPuExSg5LNPwpTQUxMpseTPlfIjBhboExxuythQ6ooMzaikg3BWzx5GZpnVc/y3Xmldp3HUYQjOIZT8OACanALdWgAAwHP8ApvzqPz4rw7H/PWgpPPHMIfOZ8/GdqP/w==</latexit><latexit sha1_base64="UPlAdN215lagu98U6I/oy1kosQU=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGA/oA1ls520azebuLsRSuif8OJBEa/+HW/+G7dtDtr6wsLDOzPszBskgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLUDqlFwiQ3DjcB2opBGgcBWMLqZ1ltPqDSP5b0ZJ+hHdCB5yBk11moPrga9jD9MeuWKW3VnIsvg5VCBXPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHYuSRqj9bLbvhJxYp0/CWNknDZm5vycyGmk9jgLbGVEz1Iu1qflfrZOa8NLPuExSg5LNPwpTQUxMpseTPlfIjBhboExxuythQ6ooMzaikg3BWzx5GZpnVc/y3Xmldp3HUYQjOIZT8OACanALdWgAAwHP8ApvzqPz4rw7H/PWgpPPHMIfOZ8/GdqP/w==</latexit><latexit sha1_base64="UPlAdN215lagu98U6I/oy1kosQU=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGA/oA1ls520azebuLsRSuif8OJBEa/+HW/+G7dtDtr6wsLDOzPszBskgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLUDqlFwiQ3DjcB2opBGgcBWMLqZ1ltPqDSP5b0ZJ+hHdCB5yBk11moPrga9jD9MeuWKW3VnIsvg5VCBXPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHYuSRqj9bLbvhJxYp0/CWNknDZm5vycyGmk9jgLbGVEz1Iu1qflfrZOa8NLPuExSg5LNPwpTQUxMpseTPlfIjBhboExxuythQ6ooMzaikg3BWzx5GZpnVc/y3Xmldp3HUYQjOIZT8OACanALdWgAAwHP8ApvzqPz4rw7H/PWgpPPHMIfOZ8/GdqP/w==</latexit><latexit sha1_base64="UPlAdN215lagu98U6I/oy1kosQU=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGA/oA1ls520azebuLsRSuif8OJBEa/+HW/+G7dtDtr6wsLDOzPszBskgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLUDqlFwiQ3DjcB2opBGgcBWMLqZ1ltPqDSP5b0ZJ+hHdCB5yBk11moPrga9jD9MeuWKW3VnIsvg5VCBXPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHYuSRqj9bLbvhJxYp0/CWNknDZm5vycyGmk9jgLbGVEz1Iu1qflfrZOa8NLPuExSg5LNPwpTQUxMpseTPlfIjBhboExxuythQ6ooMzaikg3BWzx5GZpnVc/y3Xmldp3HUYQjOIZT8OACanALdWgAAwHP8ApvzqPz4rw7H/PWgpPPHMIfOZ8/GdqP/w==</latexit>

coupled to the fluid sources   ⇢, p, u
<latexit sha1_base64="2jNHjhrg2qBYZn9HtxslqiKcYG0=">AAAB73icbZDLSgMxFIbP1Futt6pLN8EiuChlRgRdFt24rGAv0A4lk2ba0Ewy5iKUoS/hxoUibn0dd76NaTsLbf0h8PGfc8g5f5Rypo3vf3uFtfWNza3idmlnd2//oHx41NLSKkKbRHKpOhHWlDNBm4YZTjupojiJOG1H49tZvf1ElWZSPJhJSsMEDwWLGcHGWZ2eGslqWrX9csWv+XOhVQhyqECuRr/81RtIYhMqDOFY627gpybMsDKMcDot9aymKSZjPKRdhwInVIfZfN8pOnPOAMVSuScMmru/JzKcaD1JIteZYDPSy7WZ+V+ta018HWZMpNZQQRYfxZYjI9HseDRgihLDJw4wUcztisgIK0yMi6jkQgiWT16F1kUtcHx/Wanf5HEU4QRO4RwCuII63EEDmkCAwzO8wpv36L14797HorXg5TPH8Efe5w+cGI+s</latexit><latexit sha1_base64="2jNHjhrg2qBYZn9HtxslqiKcYG0=">AAAB73icbZDLSgMxFIbP1Futt6pLN8EiuChlRgRdFt24rGAv0A4lk2ba0Ewy5iKUoS/hxoUibn0dd76NaTsLbf0h8PGfc8g5f5Rypo3vf3uFtfWNza3idmlnd2//oHx41NLSKkKbRHKpOhHWlDNBm4YZTjupojiJOG1H49tZvf1ElWZSPJhJSsMEDwWLGcHGWZ2eGslqWrX9csWv+XOhVQhyqECuRr/81RtIYhMqDOFY627gpybMsDKMcDot9aymKSZjPKRdhwInVIfZfN8pOnPOAMVSuScMmru/JzKcaD1JIteZYDPSy7WZ+V+ta018HWZMpNZQQRYfxZYjI9HseDRgihLDJw4wUcztisgIK0yMi6jkQgiWT16F1kUtcHx/Wanf5HEU4QRO4RwCuII63EEDmkCAwzO8wpv36L14797HorXg5TPH8Efe5w+cGI+s</latexit><latexit sha1_base64="2jNHjhrg2qBYZn9HtxslqiKcYG0=">AAAB73icbZDLSgMxFIbP1Futt6pLN8EiuChlRgRdFt24rGAv0A4lk2ba0Ewy5iKUoS/hxoUibn0dd76NaTsLbf0h8PGfc8g5f5Rypo3vf3uFtfWNza3idmlnd2//oHx41NLSKkKbRHKpOhHWlDNBm4YZTjupojiJOG1H49tZvf1ElWZSPJhJSsMEDwWLGcHGWZ2eGslqWrX9csWv+XOhVQhyqECuRr/81RtIYhMqDOFY627gpybMsDKMcDot9aymKSZjPKRdhwInVIfZfN8pOnPOAMVSuScMmru/JzKcaD1JIteZYDPSy7WZ+V+ta018HWZMpNZQQRYfxZYjI9HseDRgihLDJw4wUcztisgIK0yMi6jkQgiWT16F1kUtcHx/Wanf5HEU4QRO4RwCuII63EEDmkCAwzO8wpv36L14797HorXg5TPH8Efe5w+cGI+s</latexit><latexit sha1_base64="2jNHjhrg2qBYZn9HtxslqiKcYG0=">AAAB73icbZDLSgMxFIbP1Futt6pLN8EiuChlRgRdFt24rGAv0A4lk2ba0Ewy5iKUoS/hxoUibn0dd76NaTsLbf0h8PGfc8g5f5Rypo3vf3uFtfWNza3idmlnd2//oHx41NLSKkKbRHKpOhHWlDNBm4YZTjupojiJOG1H49tZvf1ElWZSPJhJSsMEDwWLGcHGWZ2eGslqWrX9csWv+XOhVQhyqECuRr/81RtIYhMqDOFY627gpybMsDKMcDot9aymKSZjPKRdhwInVIfZfN8pOnPOAMVSuScMmru/JzKcaD1JIteZYDPSy7WZ+V+ta018HWZMpNZQQRYfxZYjI9HseDRgihLDJw4wUcztisgIK0yMi6jkQgiWT16F1kUtcHx/Wanf5HEU4QRO4RwCuII63EEDmkCAwzO8wpv36L14797HorXg5TPH8Efe5w+cGI+s</latexit>

Gij [gij ] = Tij(⇢, p, u)
<latexit sha1_base64="k0GLnOgaIHYGCciZg3mjOZvHHCs=">AAACD3icbVBNS8MwGE7n15xfVY9egkOZMEYrgl6EoQc9TtgXtKWkWbrFpW1IUmGU/QMv/hUvHhTx6tWb/8as20E3Hwh58jzvy5v3CTijUlnWt1FYWl5ZXSuulzY2t7Z3zN29tkxSgUkLJywR3QBJwmhMWooqRrpcEBQFjHSC4fXE7zwQIWkSN9WIEy9C/ZiGFCOlJd88vvEzej92+vnlXbpDxDmCzfxZccUgqfJqeuKbZatm5YCLxJ6RMpih4Ztfbi/BaURihRmS0rEtrrwMCUUxI+OSm0rCER6iPnE0jVFEpJfl+4zhkVZ6MEyEPrGCufq7I0ORlKMo0JURUgM5703E/zwnVeGFl9GYp4rEeDooTBlUCZyEA3tUEKzYSBOEBdV/hXiABMJKR1jSIdjzKy+S9mnN1vzurFy/msVRBAfgEFSADc5BHdyCBmgBDB7BM3gFb8aT8WK8Gx/T0oIx69kHf2B8/gCajZxY</latexit><latexit sha1_base64="k0GLnOgaIHYGCciZg3mjOZvHHCs=">AAACD3icbVBNS8MwGE7n15xfVY9egkOZMEYrgl6EoQc9TtgXtKWkWbrFpW1IUmGU/QMv/hUvHhTx6tWb/8as20E3Hwh58jzvy5v3CTijUlnWt1FYWl5ZXSuulzY2t7Z3zN29tkxSgUkLJywR3QBJwmhMWooqRrpcEBQFjHSC4fXE7zwQIWkSN9WIEy9C/ZiGFCOlJd88vvEzej92+vnlXbpDxDmCzfxZccUgqfJqeuKbZatm5YCLxJ6RMpih4Ztfbi/BaURihRmS0rEtrrwMCUUxI+OSm0rCER6iPnE0jVFEpJfl+4zhkVZ6MEyEPrGCufq7I0ORlKMo0JURUgM5703E/zwnVeGFl9GYp4rEeDooTBlUCZyEA3tUEKzYSBOEBdV/hXiABMJKR1jSIdjzKy+S9mnN1vzurFy/msVRBAfgEFSADc5BHdyCBmgBDB7BM3gFb8aT8WK8Gx/T0oIx69kHf2B8/gCajZxY</latexit><latexit sha1_base64="k0GLnOgaIHYGCciZg3mjOZvHHCs=">AAACD3icbVBNS8MwGE7n15xfVY9egkOZMEYrgl6EoQc9TtgXtKWkWbrFpW1IUmGU/QMv/hUvHhTx6tWb/8as20E3Hwh58jzvy5v3CTijUlnWt1FYWl5ZXSuulzY2t7Z3zN29tkxSgUkLJywR3QBJwmhMWooqRrpcEBQFjHSC4fXE7zwQIWkSN9WIEy9C/ZiGFCOlJd88vvEzej92+vnlXbpDxDmCzfxZccUgqfJqeuKbZatm5YCLxJ6RMpih4Ztfbi/BaURihRmS0rEtrrwMCUUxI+OSm0rCER6iPnE0jVFEpJfl+4zhkVZ6MEyEPrGCufq7I0ORlKMo0JURUgM5703E/zwnVeGFl9GYp4rEeDooTBlUCZyEA3tUEKzYSBOEBdV/hXiABMJKR1jSIdjzKy+S9mnN1vzurFy/msVRBAfgEFSADc5BHdyCBmgBDB7BM3gFb8aT8WK8Gx/T0oIx69kHf2B8/gCajZxY</latexit><latexit sha1_base64="k0GLnOgaIHYGCciZg3mjOZvHHCs=">AAACD3icbVBNS8MwGE7n15xfVY9egkOZMEYrgl6EoQc9TtgXtKWkWbrFpW1IUmGU/QMv/hUvHhTx6tWb/8as20E3Hwh58jzvy5v3CTijUlnWt1FYWl5ZXSuulzY2t7Z3zN29tkxSgUkLJywR3QBJwmhMWooqRrpcEBQFjHSC4fXE7zwQIWkSN9WIEy9C/ZiGFCOlJd88vvEzej92+vnlXbpDxDmCzfxZccUgqfJqeuKbZatm5YCLxJ6RMpih4Ztfbi/BaURihRmS0rEtrrwMCUUxI+OSm0rCER6iPnE0jVFEpJfl+4zhkVZ6MEyEPrGCufq7I0ORlKMo0JURUgM5703E/zwnVeGFl9GYp4rEeDooTBlUCZyEA3tUEKzYSBOEBdV/hXiABMJKR1jSIdjzKy+S9mnN1vzurFy/msVRBAfgEFSADc5BHdyCBmgBDB7BM3gFb8aT8WK8Gx/T0oIx69kHf2B8/gCajZxY</latexit>

DivT = T �
j;� = 0

<latexit sha1_base64="0qbB5CZtpJEJefmZOpUuDiycemQ=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiuCozIihIoagLlxV6g3YcMmmmjU0yQ5IplKErN76KGxeKuPUZ3Pk2pu0stPWHwMd/zuHk/EHMqNKO823llpZXVtfy64WNza3tHXt3r6GiRGJSxxGLZCtAijAqSF1TzUgrlgTxgJFmMLie1JtDIhWNRE2PYuJx1BM0pBhpY/n24Q0dwlq5dp92FO1xNPbTh8sMy45vF52SMxVcBDeDIshU9e2vTjfCCSdCY4aUartOrL0USU0xI+NCJ1EkRniAeqRtUCBOlJdOzxjDY+N0YRhJ84SGU/f3RIq4UiMemE6OdF/N1ybmf7V2osMLL6UiTjQReLYoTBjUEZxkArtUEqzZyADCkpq/QtxHEmFtkiuYENz5kxehcVpyDd+dFStXWRx5cACOwAlwwTmogFtQBXWAwSN4Bq/gzXqyXqx362PWmrOymX3wR9bnD5fGmI4=</latexit><latexit sha1_base64="0qbB5CZtpJEJefmZOpUuDiycemQ=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiuCozIihIoagLlxV6g3YcMmmmjU0yQ5IplKErN76KGxeKuPUZ3Pk2pu0stPWHwMd/zuHk/EHMqNKO823llpZXVtfy64WNza3tHXt3r6GiRGJSxxGLZCtAijAqSF1TzUgrlgTxgJFmMLie1JtDIhWNRE2PYuJx1BM0pBhpY/n24Q0dwlq5dp92FO1xNPbTh8sMy45vF52SMxVcBDeDIshU9e2vTjfCCSdCY4aUartOrL0USU0xI+NCJ1EkRniAeqRtUCBOlJdOzxjDY+N0YRhJ84SGU/f3RIq4UiMemE6OdF/N1ybmf7V2osMLL6UiTjQReLYoTBjUEZxkArtUEqzZyADCkpq/QtxHEmFtkiuYENz5kxehcVpyDd+dFStXWRx5cACOwAlwwTmogFtQBXWAwSN4Bq/gzXqyXqx362PWmrOymX3wR9bnD5fGmI4=</latexit><latexit sha1_base64="0qbB5CZtpJEJefmZOpUuDiycemQ=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiuCozIihIoagLlxV6g3YcMmmmjU0yQ5IplKErN76KGxeKuPUZ3Pk2pu0stPWHwMd/zuHk/EHMqNKO823llpZXVtfy64WNza3tHXt3r6GiRGJSxxGLZCtAijAqSF1TzUgrlgTxgJFmMLie1JtDIhWNRE2PYuJx1BM0pBhpY/n24Q0dwlq5dp92FO1xNPbTh8sMy45vF52SMxVcBDeDIshU9e2vTjfCCSdCY4aUartOrL0USU0xI+NCJ1EkRniAeqRtUCBOlJdOzxjDY+N0YRhJ84SGU/f3RIq4UiMemE6OdF/N1ybmf7V2osMLL6UiTjQReLYoTBjUEZxkArtUEqzZyADCkpq/QtxHEmFtkiuYENz5kxehcVpyDd+dFStXWRx5cACOwAlwwTmogFtQBXWAwSN4Bq/gzXqyXqx362PWmrOymX3wR9bnD5fGmI4=</latexit><latexit sha1_base64="0qbB5CZtpJEJefmZOpUuDiycemQ=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiuCozIihIoagLlxV6g3YcMmmmjU0yQ5IplKErN76KGxeKuPUZ3Pk2pu0stPWHwMd/zuHk/EHMqNKO823llpZXVtfy64WNza3tHXt3r6GiRGJSxxGLZCtAijAqSF1TzUgrlgTxgJFmMLie1JtDIhWNRE2PYuJx1BM0pBhpY/n24Q0dwlq5dp92FO1xNPbTh8sMy45vF52SMxVcBDeDIshU9e2vTjfCCSdCY4aUartOrL0USU0xI+NCJ1EkRniAeqRtUCBOlJdOzxjDY+N0YRhJ84SGU/f3RIq4UiMemE6OdF/N1ybmf7V2osMLL6UiTjQReLYoTBjUEZxkArtUEqzZyADCkpq/QtxHEmFtkiuYENz5kxehcVpyDd+dFStXWRx5cACOwAlwwTmogFtQBXWAwSN4Bq/gzXqyXqx362PWmrOymX3wR9bnD5fGmI4=</latexit>



The gravitational metric tensor       determines the 
properties of spacetime…

In Einstein’s theory of General Relativity: 

g
<latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit><latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit><latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit><latexit sha1_base64="ncz2rDghx1vbTO9DQirCRlsbuOY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZoUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzHeM6w==</latexit>

geodesics, parallel translation, time dilation, arc length…
…as well as the connection       and curvature  �

<latexit sha1_base64="jYJFH8dhHGGV5CY0yjNCYsU6z5c=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosetBjBfsB7VJm02wbm2SXJCuU0v/gxYMiXv0/3vw3pu0etPWFwMM7M2TmjVLBjfX9b29ldW19Y7OwVdze2d3bLx0cNkySacrqNBGJbkVomOCK1S23grVSzVBGgjWj4c203nxi2vBEPdhRykKJfcVjTtE6q9G5RSmxWyr7FX8msgxBDmXIVeuWvjq9hGaSKUsFGtMO/NSGY9SWU8EmxU5mWIp0iH3WdqhQMhOOZ9tOyKlzeiROtHvKkpn7e2KM0piRjFynRDswi7Wp+V+tndn4KhxzlWaWKTr/KM4EsQmZnk56XDNqxcgBUs3droQOUCO1LqCiCyFYPHkZGueVwPH9Rbl6ncdRgGM4gTMI4BKqcAc1qAOFR3iGV3jzEu/Fe/c+5q0rXj5zBH/kff4AVe2O9Q==</latexit><latexit sha1_base64="jYJFH8dhHGGV5CY0yjNCYsU6z5c=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosetBjBfsB7VJm02wbm2SXJCuU0v/gxYMiXv0/3vw3pu0etPWFwMM7M2TmjVLBjfX9b29ldW19Y7OwVdze2d3bLx0cNkySacrqNBGJbkVomOCK1S23grVSzVBGgjWj4c203nxi2vBEPdhRykKJfcVjTtE6q9G5RSmxWyr7FX8msgxBDmXIVeuWvjq9hGaSKUsFGtMO/NSGY9SWU8EmxU5mWIp0iH3WdqhQMhOOZ9tOyKlzeiROtHvKkpn7e2KM0piRjFynRDswi7Wp+V+tndn4KhxzlWaWKTr/KM4EsQmZnk56XDNqxcgBUs3droQOUCO1LqCiCyFYPHkZGueVwPH9Rbl6ncdRgGM4gTMI4BKqcAc1qAOFR3iGV3jzEu/Fe/c+5q0rXj5zBH/kff4AVe2O9Q==</latexit><latexit sha1_base64="jYJFH8dhHGGV5CY0yjNCYsU6z5c=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosetBjBfsB7VJm02wbm2SXJCuU0v/gxYMiXv0/3vw3pu0etPWFwMM7M2TmjVLBjfX9b29ldW19Y7OwVdze2d3bLx0cNkySacrqNBGJbkVomOCK1S23grVSzVBGgjWj4c203nxi2vBEPdhRykKJfcVjTtE6q9G5RSmxWyr7FX8msgxBDmXIVeuWvjq9hGaSKUsFGtMO/NSGY9SWU8EmxU5mWIp0iH3WdqhQMhOOZ9tOyKlzeiROtHvKkpn7e2KM0piRjFynRDswi7Wp+V+tndn4KhxzlWaWKTr/KM4EsQmZnk56XDNqxcgBUs3droQOUCO1LqCiCyFYPHkZGueVwPH9Rbl6ncdRgGM4gTMI4BKqcAc1qAOFR3iGV3jzEu/Fe/c+5q0rXj5zBH/kff4AVe2O9Q==</latexit><latexit sha1_base64="jYJFH8dhHGGV5CY0yjNCYsU6z5c=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosetBjBfsB7VJm02wbm2SXJCuU0v/gxYMiXv0/3vw3pu0etPWFwMM7M2TmjVLBjfX9b29ldW19Y7OwVdze2d3bLx0cNkySacrqNBGJbkVomOCK1S23grVSzVBGgjWj4c203nxi2vBEPdhRykKJfcVjTtE6q9G5RSmxWyr7FX8msgxBDmXIVeuWvjq9hGaSKUsFGtMO/NSGY9SWU8EmxU5mWIp0iH3WdqhQMhOOZ9tOyKlzeiROtHvKkpn7e2KM0piRjFynRDswi7Wp+V+tndn4KhxzlWaWKTr/KM4EsQmZnk56XDNqxcgBUs3droQOUCO1LqCiCyFYPHkZGueVwPH9Rbl6ncdRgGM4gTMI4BKqcAc1qAOFR3iGV3jzEu/Fe/c+5q0rXj5zBH/kff4AVe2O9Q==</latexit>

R
<latexit sha1_base64="+0KSUCHDr5HBmFgEpdEGvK9XkTg=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxFfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH8wkQT+iQ8lDzqixVuO+X664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4ArKOM1g==</latexit><latexit sha1_base64="+0KSUCHDr5HBmFgEpdEGvK9XkTg=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxFfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH8wkQT+iQ8lDzqixVuO+X664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4ArKOM1g==</latexit><latexit sha1_base64="+0KSUCHDr5HBmFgEpdEGvK9XkTg=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxFfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH8wkQT+iQ8lDzqixVuO+X664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4ArKOM1g==</latexit><latexit sha1_base64="+0KSUCHDr5HBmFgEpdEGvK9XkTg=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxFfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH8wkQT+iQ8lDzqixVuO+X664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4ArKOM1g==</latexit>

Connection: �i
jk =

1

2
gi� {�gjk,i + gi,jk + gki,j}

<latexit sha1_base64="P1YCCy6saDROcm7IPYhvBO0eoBA="></latexit><latexit sha1_base64="P1YCCy6saDROcm7IPYhvBO0eoBA="></latexit><latexit sha1_base64="P1YCCy6saDROcm7IPYhvBO0eoBA="></latexit><latexit sha1_base64="P1YCCy6saDROcm7IPYhvBO0eoBA="></latexit>

Riemann
   Curvature:

Rl
ijk = �l

ik,j � �l
ij,k + �l

j��
�
ik � �l

k��
�
ij

<latexit sha1_base64="3RdRwqE21/SUay6d2DiXzqHzW6o="></latexit><latexit sha1_base64="3RdRwqE21/SUay6d2DiXzqHzW6o="></latexit><latexit sha1_base64="3RdRwqE21/SUay6d2DiXzqHzW6o="></latexit><latexit sha1_base64="3RdRwqE21/SUay6d2DiXzqHzW6o="></latexit>



Israel (1960s) resolves issue for smooth shock surfaces

gL
<latexit sha1_base64="zoeDwrtGpc9AmnQV3ZMXsRXEnCE=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOPCRQV7gXYomTTThiaZIckIZegruHGhiFtfyJ1vY6adhbb+EPj4zznknD9MBDfW875RaW19Y3OrvF3Z2d3bP6geHrVNnGrKWjQWse6GxDDBFWtZbgXrJpoRGQrWCSe3eb3zxLThsXq004QFkowUjzglNrdGg/vKoFrz6t5ceBX8AmpQqDmofvWHMU0lU5YKYkzP9xIbZERbTgWbVfqpYQmhEzJiPYeKSGaCbL7rDJ85Z4ijWLunLJ67vycyIo2ZytB1SmLHZrmWm//VeqmNroOMqyS1TNHFR1EqsI1xfjgecs2oFVMHhGrudsV0TDSh1sWTh+Avn7wK7Yu67/jhsta4KeIowwmcwjn4cAUNuIMmtIDCGJ7hFd6QRC/oHX0sWkuomDmGP0KfP0/ajb4=</latexit><latexit sha1_base64="zoeDwrtGpc9AmnQV3ZMXsRXEnCE=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOPCRQV7gXYomTTThiaZIckIZegruHGhiFtfyJ1vY6adhbb+EPj4zznknD9MBDfW875RaW19Y3OrvF3Z2d3bP6geHrVNnGrKWjQWse6GxDDBFWtZbgXrJpoRGQrWCSe3eb3zxLThsXq004QFkowUjzglNrdGg/vKoFrz6t5ceBX8AmpQqDmofvWHMU0lU5YKYkzP9xIbZERbTgWbVfqpYQmhEzJiPYeKSGaCbL7rDJ85Z4ijWLunLJ67vycyIo2ZytB1SmLHZrmWm//VeqmNroOMqyS1TNHFR1EqsI1xfjgecs2oFVMHhGrudsV0TDSh1sWTh+Avn7wK7Yu67/jhsta4KeIowwmcwjn4cAUNuIMmtIDCGJ7hFd6QRC/oHX0sWkuomDmGP0KfP0/ajb4=</latexit><latexit sha1_base64="zoeDwrtGpc9AmnQV3ZMXsRXEnCE=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOPCRQV7gXYomTTThiaZIckIZegruHGhiFtfyJ1vY6adhbb+EPj4zznknD9MBDfW875RaW19Y3OrvF3Z2d3bP6geHrVNnGrKWjQWse6GxDDBFWtZbgXrJpoRGQrWCSe3eb3zxLThsXq004QFkowUjzglNrdGg/vKoFrz6t5ceBX8AmpQqDmofvWHMU0lU5YKYkzP9xIbZERbTgWbVfqpYQmhEzJiPYeKSGaCbL7rDJ85Z4ijWLunLJ67vycyIo2ZytB1SmLHZrmWm//VeqmNroOMqyS1TNHFR1EqsI1xfjgecs2oFVMHhGrudsV0TDSh1sWTh+Avn7wK7Yu67/jhsta4KeIowwmcwjn4cAUNuIMmtIDCGJ7hFd6QRC/oHX0sWkuomDmGP0KfP0/ajb4=</latexit><latexit sha1_base64="zoeDwrtGpc9AmnQV3ZMXsRXEnCE=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOPCRQV7gXYomTTThiaZIckIZegruHGhiFtfyJ1vY6adhbb+EPj4zznknD9MBDfW875RaW19Y3OrvF3Z2d3bP6geHrVNnGrKWjQWse6GxDDBFWtZbgXrJpoRGQrWCSe3eb3zxLThsXq004QFkowUjzglNrdGg/vKoFrz6t5ceBX8AmpQqDmofvWHMU0lU5YKYkzP9xIbZERbTgWbVfqpYQmhEzJiPYeKSGaCbL7rDJ85Z4ijWLunLJ67vycyIo2ZytB1SmLHZrmWm//VeqmNroOMqyS1TNHFR1EqsI1xfjgecs2oFVMHhGrudsV0TDSh1sWTh+Avn7wK7Yu67/jhsta4KeIowwmcwjn4cAUNuIMmtIDCGJ7hFd6QRC/oHX0sWkuomDmGP0KfP0/ajb4=</latexit>

gR
<latexit sha1_base64="FpUAOAziecS/nV32D6Zw7PG9zMA=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyir1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBKbW6PBQ2VQrXl1by68Cn4BNSjUHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeQ0UkM0E233WGz5wzxFGs3VMWz93fExmRxkxl6DolsWOzXMvN/2q91EbXQcZVklqm6OKjKBXYxjg/HA+5ZtSKqQNCNXe7YjommlDr4slD8JdPXoX2Rd13fH9Za9wUcZThBE7hHHy4ggbcQRNaQGEMz/AKb0iiF/SOPhatJVTMHMMfoc8fWPiNxA==</latexit><latexit sha1_base64="FpUAOAziecS/nV32D6Zw7PG9zMA=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyir1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBKbW6PBQ2VQrXl1by68Cn4BNSjUHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeQ0UkM0E233WGz5wzxFGs3VMWz93fExmRxkxl6DolsWOzXMvN/2q91EbXQcZVklqm6OKjKBXYxjg/HA+5ZtSKqQNCNXe7YjommlDr4slD8JdPXoX2Rd13fH9Za9wUcZThBE7hHHy4ggbcQRNaQGEMz/AKb0iiF/SOPhatJVTMHMMfoc8fWPiNxA==</latexit><latexit sha1_base64="FpUAOAziecS/nV32D6Zw7PG9zMA=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyir1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBKbW6PBQ2VQrXl1by68Cn4BNSjUHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeQ0UkM0E233WGz5wzxFGs3VMWz93fExmRxkxl6DolsWOzXMvN/2q91EbXQcZVklqm6OKjKBXYxjg/HA+5ZtSKqQNCNXe7YjommlDr4slD8JdPXoX2Rd13fH9Za9wUcZThBE7hHHy4ggbcQRNaQGEMz/AKb0iiF/SOPhatJVTMHMMfoc8fWPiNxA==</latexit><latexit sha1_base64="FpUAOAziecS/nV32D6Zw7PG9zMA=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyir1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBKbW6PBQ2VQrXl1by68Cn4BNSjUHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeQ0UkM0E233WGz5wzxFGs3VMWz93fExmRxkxl6DolsWOzXMvN/2q91EbXQcZVklqm6OKjKBXYxjg/HA+5ZtSKqQNCNXe7YjommlDr4slD8JdPXoX2Rd13fH9Za9wUcZThBE7hHHy4ggbcQRNaQGEMz/AKb0iiF/SOPhatJVTMHMMfoc8fWPiNxA==</latexit>

shock

gL [ gR
<latexit sha1_base64="3cAicJsZ18LYoV5yVtAlNSFGG0c=">AAAB83icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunHhooq1hSaEyXSSDp1MwlyEUvoablwo4taXcefbOGmz0NYfBj7+cw7nzB/lnCntut9OZWV1bX2julnb2t7Z3avvHzyqzEhCOyTjmexFWFHOBO1opjnt5ZLiNOK0G42ui3r3iUrFMvGgxzkNUpwIFjOCtbX8JLz1iclREt7XwnrDbbozoWXwSmhAqXZY//IHGTEpFZpwrFTfc3MdTLDUjHA6rflG0RyTEU5o36LAKVXBZHbzFJ1YZ4DiTNonNJq5vycmOFVqnEa2M8V6qBZrhflfrW90fBlMmMiNpoLMF8WGI52hIgA0YJISzccWMJHM3orIEEtMtI2pCMFb/PIyPJ41Pct3543WVRlHFY7gGE7BgwtowQ20oQMEcniGV3hzjPPivDsf89aKU84cwh85nz/i9ZDq</latexit><latexit sha1_base64="3cAicJsZ18LYoV5yVtAlNSFGG0c=">AAAB83icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunHhooq1hSaEyXSSDp1MwlyEUvoablwo4taXcefbOGmz0NYfBj7+cw7nzB/lnCntut9OZWV1bX2julnb2t7Z3avvHzyqzEhCOyTjmexFWFHOBO1opjnt5ZLiNOK0G42ui3r3iUrFMvGgxzkNUpwIFjOCtbX8JLz1iclREt7XwnrDbbozoWXwSmhAqXZY//IHGTEpFZpwrFTfc3MdTLDUjHA6rflG0RyTEU5o36LAKVXBZHbzFJ1YZ4DiTNonNJq5vycmOFVqnEa2M8V6qBZrhflfrW90fBlMmMiNpoLMF8WGI52hIgA0YJISzccWMJHM3orIEEtMtI2pCMFb/PIyPJ41Pct3543WVRlHFY7gGE7BgwtowQ20oQMEcniGV3hzjPPivDsf89aKU84cwh85nz/i9ZDq</latexit><latexit sha1_base64="3cAicJsZ18LYoV5yVtAlNSFGG0c=">AAAB83icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunHhooq1hSaEyXSSDp1MwlyEUvoablwo4taXcefbOGmz0NYfBj7+cw7nzB/lnCntut9OZWV1bX2julnb2t7Z3avvHzyqzEhCOyTjmexFWFHOBO1opjnt5ZLiNOK0G42ui3r3iUrFMvGgxzkNUpwIFjOCtbX8JLz1iclREt7XwnrDbbozoWXwSmhAqXZY//IHGTEpFZpwrFTfc3MdTLDUjHA6rflG0RyTEU5o36LAKVXBZHbzFJ1YZ4DiTNonNJq5vycmOFVqnEa2M8V6qBZrhflfrW90fBlMmMiNpoLMF8WGI52hIgA0YJISzccWMJHM3orIEEtMtI2pCMFb/PIyPJ41Pct3543WVRlHFY7gGE7BgwtowQ20oQMEcniGV3hzjPPivDsf89aKU84cwh85nz/i9ZDq</latexit><latexit sha1_base64="3cAicJsZ18LYoV5yVtAlNSFGG0c=">AAAB83icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunHhooq1hSaEyXSSDp1MwlyEUvoablwo4taXcefbOGmz0NYfBj7+cw7nzB/lnCntut9OZWV1bX2julnb2t7Z3avvHzyqzEhCOyTjmexFWFHOBO1opjnt5ZLiNOK0G42ui3r3iUrFMvGgxzkNUpwIFjOCtbX8JLz1iclREt7XwnrDbbozoWXwSmhAqXZY//IHGTEpFZpwrFTfc3MdTLDUjHA6rflG0RyTEU5o36LAKVXBZHbzFJ1YZ4DiTNonNJq5vycmOFVqnEa2M8V6qBZrhflfrW90fBlMmMiNpoLMF8WGI52hIgA0YJISzccWMJHM3orIEEtMtI2pCMFb/PIyPJ41Pct3543WVRlHFY7gGE7BgwtowQ20oQMEcniGV3hzjPPivDsf89aKU84cwh85nz/i9ZDq</latexit>

Assume      and       are smooth solutions of the Einstein 
equations which match Lipschitz continuously across a 
smooth shock surface     , and let…

gR
<latexit sha1_base64="FpUAOAziecS/nV32D6Zw7PG9zMA=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyir1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBKbW6PBQ2VQrXl1by68Cn4BNSjUHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeQ0UkM0E233WGz5wzxFGs3VMWz93fExmRxkxl6DolsWOzXMvN/2q91EbXQcZVklqm6OKjKBXYxjg/HA+5ZtSKqQNCNXe7YjommlDr4slD8JdPXoX2Rd13fH9Za9wUcZThBE7hHHy4ggbcQRNaQGEMz/AKb0iiF/SOPhatJVTMHMMfoc8fWPiNxA==</latexit><latexit sha1_base64="FpUAOAziecS/nV32D6Zw7PG9zMA=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyir1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBKbW6PBQ2VQrXl1by68Cn4BNSjUHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeQ0UkM0E233WGz5wzxFGs3VMWz93fExmRxkxl6DolsWOzXMvN/2q91EbXQcZVklqm6OKjKBXYxjg/HA+5ZtSKqQNCNXe7YjommlDr4slD8JdPXoX2Rd13fH9Za9wUcZThBE7hHHy4ggbcQRNaQGEMz/AKb0iiF/SOPhatJVTMHMMfoc8fWPiNxA==</latexit><latexit sha1_base64="FpUAOAziecS/nV32D6Zw7PG9zMA=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyir1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBKbW6PBQ2VQrXl1by68Cn4BNSjUHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeQ0UkM0E233WGz5wzxFGs3VMWz93fExmRxkxl6DolsWOzXMvN/2q91EbXQcZVklqm6OKjKBXYxjg/HA+5ZtSKqQNCNXe7YjommlDr4slD8JdPXoX2Rd13fH9Za9wUcZThBE7hHHy4ggbcQRNaQGEMz/AKb0iiF/SOPhatJVTMHMMfoc8fWPiNxA==</latexit><latexit sha1_base64="FpUAOAziecS/nV32D6Zw7PG9zMA=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyir1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBKbW6PBQ2VQrXl1by68Cn4BNSjUHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeQ0UkM0E233WGz5wzxFGs3VMWz93fExmRxkxl6DolsWOzXMvN/2q91EbXQcZVklqm6OKjKBXYxjg/HA+5ZtSKqQNCNXe7YjommlDr4slD8JdPXoX2Rd13fH9Za9wUcZThBE7hHHy4ggbcQRNaQGEMz/AKb0iiF/SOPhatJVTMHMMfoc8fWPiNxA==</latexit>

gL
<latexit sha1_base64="zoeDwrtGpc9AmnQV3ZMXsRXEnCE=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOPCRQV7gXYomTTThiaZIckIZegruHGhiFtfyJ1vY6adhbb+EPj4zznknD9MBDfW875RaW19Y3OrvF3Z2d3bP6geHrVNnGrKWjQWse6GxDDBFWtZbgXrJpoRGQrWCSe3eb3zxLThsXq004QFkowUjzglNrdGg/vKoFrz6t5ceBX8AmpQqDmofvWHMU0lU5YKYkzP9xIbZERbTgWbVfqpYQmhEzJiPYeKSGaCbL7rDJ85Z4ijWLunLJ67vycyIo2ZytB1SmLHZrmWm//VeqmNroOMqyS1TNHFR1EqsI1xfjgecs2oFVMHhGrudsV0TDSh1sWTh+Avn7wK7Yu67/jhsta4KeIowwmcwjn4cAUNuIMmtIDCGJ7hFd6QRC/oHX0sWkuomDmGP0KfP0/ajb4=</latexit><latexit sha1_base64="zoeDwrtGpc9AmnQV3ZMXsRXEnCE=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOPCRQV7gXYomTTThiaZIckIZegruHGhiFtfyJ1vY6adhbb+EPj4zznknD9MBDfW875RaW19Y3OrvF3Z2d3bP6geHrVNnGrKWjQWse6GxDDBFWtZbgXrJpoRGQrWCSe3eb3zxLThsXq004QFkowUjzglNrdGg/vKoFrz6t5ceBX8AmpQqDmofvWHMU0lU5YKYkzP9xIbZERbTgWbVfqpYQmhEzJiPYeKSGaCbL7rDJ85Z4ijWLunLJ67vycyIo2ZytB1SmLHZrmWm//VeqmNroOMqyS1TNHFR1EqsI1xfjgecs2oFVMHhGrudsV0TDSh1sWTh+Avn7wK7Yu67/jhsta4KeIowwmcwjn4cAUNuIMmtIDCGJ7hFd6QRC/oHX0sWkuomDmGP0KfP0/ajb4=</latexit><latexit sha1_base64="zoeDwrtGpc9AmnQV3ZMXsRXEnCE=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOPCRQV7gXYomTTThiaZIckIZegruHGhiFtfyJ1vY6adhbb+EPj4zznknD9MBDfW875RaW19Y3OrvF3Z2d3bP6geHrVNnGrKWjQWse6GxDDBFWtZbgXrJpoRGQrWCSe3eb3zxLThsXq004QFkowUjzglNrdGg/vKoFrz6t5ceBX8AmpQqDmofvWHMU0lU5YKYkzP9xIbZERbTgWbVfqpYQmhEzJiPYeKSGaCbL7rDJ85Z4ijWLunLJ67vycyIo2ZytB1SmLHZrmWm//VeqmNroOMqyS1TNHFR1EqsI1xfjgecs2oFVMHhGrudsV0TDSh1sWTh+Avn7wK7Yu67/jhsta4KeIowwmcwjn4cAUNuIMmtIDCGJ7hFd6QRC/oHX0sWkuomDmGP0KfP0/ajb4=</latexit><latexit sha1_base64="zoeDwrtGpc9AmnQV3ZMXsRXEnCE=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOPCRQV7gXYomTTThiaZIckIZegruHGhiFtfyJ1vY6adhbb+EPj4zznknD9MBDfW875RaW19Y3OrvF3Z2d3bP6geHrVNnGrKWjQWse6GxDDBFWtZbgXrJpoRGQrWCSe3eb3zxLThsXq004QFkowUjzglNrdGg/vKoFrz6t5ceBX8AmpQqDmofvWHMU0lU5YKYkzP9xIbZERbTgWbVfqpYQmhEzJiPYeKSGaCbL7rDJ85Z4ijWLunLJ67vycyIo2ZytB1SmLHZrmWm//VeqmNroOMqyS1TNHFR1EqsI1xfjgecs2oFVMHhGrudsV0TDSh1sWTh+Avn7wK7Yu67/jhsta4KeIowwmcwjn4cAUNuIMmtIDCGJ7hFd6QRC/oHX0sWkuomDmGP0KfP0/ajb4=</latexit>

g ⌘ gL [ gR
<latexit sha1_base64="v7zlz4xPC20Z81wcfldMdAudOgM=">AAAB/XicbZC7TsMwFIadcivlFi4bi0WFxFQlCAnGChYGhoLoRWqiyHGd1qrjBF8qlajiVVgYQIiV92DjbXDaDNByJMuf/v8c+fgPU0alcpxvq7S0vLK6Vl6vbGxube/Yu3stmWiBSRMnLBGdEEnCKCdNRRUjnVQQFIeMtMPhVe63R0RImvB7NU6JH6M+pxHFSBkpsA/6HnnQdAT7wY2HdWruu0pgV52aMy24CG4BVVBUI7C/vF6CdUy4wgxJ2XWdVPkZEopiRiYVT0uSIjxEfdI1yFFMpJ9Nt5/AY6P0YJQIc7iCU/X3RIZiKcdxaDpjpAZy3svF/7yuVtGFn1GeakU4nj0UaQZVAvMoYI8KghUbG0BYULMrxAMkEFYmsDwEd/7Li9A6rbmGb8+q9csijjI4BEfgBLjgHNTBNWiAJsDgETyDV/BmPVkv1rv1MWstWcXMPvhT1ucPU2OUeA==</latexit><latexit sha1_base64="v7zlz4xPC20Z81wcfldMdAudOgM=">AAAB/XicbZC7TsMwFIadcivlFi4bi0WFxFQlCAnGChYGhoLoRWqiyHGd1qrjBF8qlajiVVgYQIiV92DjbXDaDNByJMuf/v8c+fgPU0alcpxvq7S0vLK6Vl6vbGxube/Yu3stmWiBSRMnLBGdEEnCKCdNRRUjnVQQFIeMtMPhVe63R0RImvB7NU6JH6M+pxHFSBkpsA/6HnnQdAT7wY2HdWruu0pgV52aMy24CG4BVVBUI7C/vF6CdUy4wgxJ2XWdVPkZEopiRiYVT0uSIjxEfdI1yFFMpJ9Nt5/AY6P0YJQIc7iCU/X3RIZiKcdxaDpjpAZy3svF/7yuVtGFn1GeakU4nj0UaQZVAvMoYI8KghUbG0BYULMrxAMkEFYmsDwEd/7Li9A6rbmGb8+q9csijjI4BEfgBLjgHNTBNWiAJsDgETyDV/BmPVkv1rv1MWstWcXMPvhT1ucPU2OUeA==</latexit><latexit sha1_base64="v7zlz4xPC20Z81wcfldMdAudOgM=">AAAB/XicbZC7TsMwFIadcivlFi4bi0WFxFQlCAnGChYGhoLoRWqiyHGd1qrjBF8qlajiVVgYQIiV92DjbXDaDNByJMuf/v8c+fgPU0alcpxvq7S0vLK6Vl6vbGxube/Yu3stmWiBSRMnLBGdEEnCKCdNRRUjnVQQFIeMtMPhVe63R0RImvB7NU6JH6M+pxHFSBkpsA/6HnnQdAT7wY2HdWruu0pgV52aMy24CG4BVVBUI7C/vF6CdUy4wgxJ2XWdVPkZEopiRiYVT0uSIjxEfdI1yFFMpJ9Nt5/AY6P0YJQIc7iCU/X3RIZiKcdxaDpjpAZy3svF/7yuVtGFn1GeakU4nj0UaQZVAvMoYI8KghUbG0BYULMrxAMkEFYmsDwEd/7Li9A6rbmGb8+q9csijjI4BEfgBLjgHNTBNWiAJsDgETyDV/BmPVkv1rv1MWstWcXMPvhT1ucPU2OUeA==</latexit><latexit sha1_base64="v7zlz4xPC20Z81wcfldMdAudOgM=">AAAB/XicbZC7TsMwFIadcivlFi4bi0WFxFQlCAnGChYGhoLoRWqiyHGd1qrjBF8qlajiVVgYQIiV92DjbXDaDNByJMuf/v8c+fgPU0alcpxvq7S0vLK6Vl6vbGxube/Yu3stmWiBSRMnLBGdEEnCKCdNRRUjnVQQFIeMtMPhVe63R0RImvB7NU6JH6M+pxHFSBkpsA/6HnnQdAT7wY2HdWruu0pgV52aMy24CG4BVVBUI7C/vF6CdUy4wgxJ2XWdVPkZEopiRiYVT0uSIjxEfdI1yFFMpJ9Nt5/AY6P0YJQIc7iCU/X3RIZiKcdxaDpjpAZy3svF/7yuVtGFn1GeakU4nj0UaQZVAvMoYI8KghUbG0BYULMrxAMkEFYmsDwEd/7Li9A6rbmGb8+q9csijjI4BEfgBLjgHNTBNWiAJsDgETyDV/BmPVkv1rv1MWstWcXMPvhT1ucPU2OUeA==</latexit>

⌃
<latexit sha1_base64="eV+l2cCmvwUY5IAEHBUPnMwIvto=">AAAB7nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyor1AO5RMmmlDk8yQZIQy9CHcuFDErc/jzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBLrrE7/gY8kqQyqNa/uzYVXwS+gBoWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzqIhkJsjm687wmXOGOIq1e8riuft7IiPSmKkMXackdmyWa7n5X62X2ug6yLhKUssUXXwUpQLbGOe34yHXjFoxdUCo5m5XTMdEE2pdQnkI/vLJq9C+qPuO7y9rjZsijjKcwCmcgw9X0IA7aEILKEzgGV7hDSXoBb2jj0VrCRUzx/BH6PMHocSPFw==</latexit><latexit sha1_base64="eV+l2cCmvwUY5IAEHBUPnMwIvto=">AAAB7nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyor1AO5RMmmlDk8yQZIQy9CHcuFDErc/jzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBLrrE7/gY8kqQyqNa/uzYVXwS+gBoWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzqIhkJsjm687wmXOGOIq1e8riuft7IiPSmKkMXackdmyWa7n5X62X2ug6yLhKUssUXXwUpQLbGOe34yHXjFoxdUCo5m5XTMdEE2pdQnkI/vLJq9C+qPuO7y9rjZsijjKcwCmcgw9X0IA7aEILKEzgGV7hDSXoBb2jj0VrCRUzx/BH6PMHocSPFw==</latexit><latexit sha1_base64="eV+l2cCmvwUY5IAEHBUPnMwIvto=">AAAB7nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyor1AO5RMmmlDk8yQZIQy9CHcuFDErc/jzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBLrrE7/gY8kqQyqNa/uzYVXwS+gBoWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzqIhkJsjm687wmXOGOIq1e8riuft7IiPSmKkMXackdmyWa7n5X62X2ug6yLhKUssUXXwUpQLbGOe34yHXjFoxdUCo5m5XTMdEE2pdQnkI/vLJq9C+qPuO7y9rjZsijjKcwCmcgw9X0IA7aEILKEzgGV7hDSXoBb2jj0VrCRUzx/BH6PMHocSPFw==</latexit><latexit sha1_base64="eV+l2cCmvwUY5IAEHBUPnMwIvto=">AAAB7nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyor1AO5RMmmlDk8yQZIQy9CHcuFDErc/jzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBLrrE7/gY8kqQyqNa/uzYVXwS+gBoWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzqIhkJsjm687wmXOGOIq1e8riuft7IiPSmKkMXackdmyWa7n5X62X2ug6yLhKUssUXXwUpQLbGOe34yHXjFoxdUCo5m5XTMdEE2pdQnkI/vLJq9C+qPuO7y9rjZsijjKcwCmcgw9X0IA7aEILKEzgGV7hDSXoBb2jj0VrCRUzx/BH6PMHocSPFw==</latexit>

⌃
<latexit sha1_base64="eV+l2cCmvwUY5IAEHBUPnMwIvto=">AAAB7nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyor1AO5RMmmlDk8yQZIQy9CHcuFDErc/jzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBLrrE7/gY8kqQyqNa/uzYVXwS+gBoWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzqIhkJsjm687wmXOGOIq1e8riuft7IiPSmKkMXackdmyWa7n5X62X2ug6yLhKUssUXXwUpQLbGOe34yHXjFoxdUCo5m5XTMdEE2pdQnkI/vLJq9C+qPuO7y9rjZsijjKcwCmcgw9X0IA7aEILKEzgGV7hDSXoBb2jj0VrCRUzx/BH6PMHocSPFw==</latexit><latexit sha1_base64="eV+l2cCmvwUY5IAEHBUPnMwIvto=">AAAB7nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyor1AO5RMmmlDk8yQZIQy9CHcuFDErc/jzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBLrrE7/gY8kqQyqNa/uzYVXwS+gBoWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzqIhkJsjm687wmXOGOIq1e8riuft7IiPSmKkMXackdmyWa7n5X62X2ug6yLhKUssUXXwUpQLbGOe34yHXjFoxdUCo5m5XTMdEE2pdQnkI/vLJq9C+qPuO7y9rjZsijjKcwCmcgw9X0IA7aEILKEzgGV7hDSXoBb2jj0VrCRUzx/BH6PMHocSPFw==</latexit><latexit sha1_base64="eV+l2cCmvwUY5IAEHBUPnMwIvto=">AAAB7nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyor1AO5RMmmlDk8yQZIQy9CHcuFDErc/jzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBLrrE7/gY8kqQyqNa/uzYVXwS+gBoWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzqIhkJsjm687wmXOGOIq1e8riuft7IiPSmKkMXackdmyWa7n5X62X2ug6yLhKUssUXXwUpQLbGOe34yHXjFoxdUCo5m5XTMdEE2pdQnkI/vLJq9C+qPuO7y9rjZsijjKcwCmcgw9X0IA7aEILKEzgGV7hDSXoBb2jj0VrCRUzx/BH6PMHocSPFw==</latexit><latexit sha1_base64="eV+l2cCmvwUY5IAEHBUPnMwIvto=">AAAB7nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyor1AO5RMmmlDk8yQZIQy9CHcuFDErc/jzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBLrrE7/gY8kqQyqNa/uzYVXwS+gBoWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzqIhkJsjm687wmXOGOIq1e8riuft7IiPSmKkMXackdmyWa7n5X62X2ug6yLhKUssUXXwUpQLbGOe34yHXjFoxdUCo5m5XTMdEE2pdQnkI/vLJq9C+qPuO7y9rjZsijjKcwCmcgw9X0IA7aEILKEzgGV7hDSXoBb2jj0VrCRUzx/BH6PMHocSPFw==</latexit>

⌃
<latexit sha1_base64="eV+l2cCmvwUY5IAEHBUPnMwIvto=">AAAB7nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyor1AO5RMmmlDk8yQZIQy9CHcuFDErc/jzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBLrrE7/gY8kqQyqNa/uzYVXwS+gBoWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzqIhkJsjm687wmXOGOIq1e8riuft7IiPSmKkMXackdmyWa7n5X62X2ug6yLhKUssUXXwUpQLbGOe34yHXjFoxdUCo5m5XTMdEE2pdQnkI/vLJq9C+qPuO7y9rjZsijjKcwCmcgw9X0IA7aEILKEzgGV7hDSXoBb2jj0VrCRUzx/BH6PMHocSPFw==</latexit><latexit sha1_base64="eV+l2cCmvwUY5IAEHBUPnMwIvto=">AAAB7nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyor1AO5RMmmlDk8yQZIQy9CHcuFDErc/jzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBLrrE7/gY8kqQyqNa/uzYVXwS+gBoWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzqIhkJsjm687wmXOGOIq1e8riuft7IiPSmKkMXackdmyWa7n5X62X2ug6yLhKUssUXXwUpQLbGOe34yHXjFoxdUCo5m5XTMdEE2pdQnkI/vLJq9C+qPuO7y9rjZsijjKcwCmcgw9X0IA7aEILKEzgGV7hDSXoBb2jj0VrCRUzx/BH6PMHocSPFw==</latexit><latexit sha1_base64="eV+l2cCmvwUY5IAEHBUPnMwIvto=">AAAB7nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyor1AO5RMmmlDk8yQZIQy9CHcuFDErc/jzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBLrrE7/gY8kqQyqNa/uzYVXwS+gBoWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzqIhkJsjm687wmXOGOIq1e8riuft7IiPSmKkMXackdmyWa7n5X62X2ug6yLhKUssUXXwUpQLbGOe34yHXjFoxdUCo5m5XTMdEE2pdQnkI/vLJq9C+qPuO7y9rjZsijjKcwCmcgw9X0IA7aEILKEzgGV7hDSXoBb2jj0VrCRUzx/BH6PMHocSPFw==</latexit><latexit sha1_base64="eV+l2cCmvwUY5IAEHBUPnMwIvto=">AAAB7nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyor1AO5RMmmlDk8yQZIQy9CHcuFDErc/jzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBLrrE7/gY8kqQyqNa/uzYVXwS+gBoWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzqIhkJsjm687wmXOGOIq1e8riuft7IiPSmKkMXackdmyWa7n5X62X2ug6yLhKUssUXXwUpQLbGOe34yHXjFoxdUCo5m5XTMdEE2pdQnkI/vLJq9C+qPuO7y9rjZsijjKcwCmcgw9X0IA7aEILKEzgGV7hDSXoBb2jj0VrCRUzx/BH6PMHocSPFw==</latexit>

gL
<latexit sha1_base64="zoeDwrtGpc9AmnQV3ZMXsRXEnCE=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOPCRQV7gXYomTTThiaZIckIZegruHGhiFtfyJ1vY6adhbb+EPj4zznknD9MBDfW875RaW19Y3OrvF3Z2d3bP6geHrVNnGrKWjQWse6GxDDBFWtZbgXrJpoRGQrWCSe3eb3zxLThsXq004QFkowUjzglNrdGg/vKoFrz6t5ceBX8AmpQqDmofvWHMU0lU5YKYkzP9xIbZERbTgWbVfqpYQmhEzJiPYeKSGaCbL7rDJ85Z4ijWLunLJ67vycyIo2ZytB1SmLHZrmWm//VeqmNroOMqyS1TNHFR1EqsI1xfjgecs2oFVMHhGrudsV0TDSh1sWTh+Avn7wK7Yu67/jhsta4KeIowwmcwjn4cAUNuIMmtIDCGJ7hFd6QRC/oHX0sWkuomDmGP0KfP0/ajb4=</latexit><latexit sha1_base64="zoeDwrtGpc9AmnQV3ZMXsRXEnCE=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOPCRQV7gXYomTTThiaZIckIZegruHGhiFtfyJ1vY6adhbb+EPj4zznknD9MBDfW875RaW19Y3OrvF3Z2d3bP6geHrVNnGrKWjQWse6GxDDBFWtZbgXrJpoRGQrWCSe3eb3zxLThsXq004QFkowUjzglNrdGg/vKoFrz6t5ceBX8AmpQqDmofvWHMU0lU5YKYkzP9xIbZERbTgWbVfqpYQmhEzJiPYeKSGaCbL7rDJ85Z4ijWLunLJ67vycyIo2ZytB1SmLHZrmWm//VeqmNroOMqyS1TNHFR1EqsI1xfjgecs2oFVMHhGrudsV0TDSh1sWTh+Avn7wK7Yu67/jhsta4KeIowwmcwjn4cAUNuIMmtIDCGJ7hFd6QRC/oHX0sWkuomDmGP0KfP0/ajb4=</latexit><latexit sha1_base64="zoeDwrtGpc9AmnQV3ZMXsRXEnCE=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOPCRQV7gXYomTTThiaZIckIZegruHGhiFtfyJ1vY6adhbb+EPj4zznknD9MBDfW875RaW19Y3OrvF3Z2d3bP6geHrVNnGrKWjQWse6GxDDBFWtZbgXrJpoRGQrWCSe3eb3zxLThsXq004QFkowUjzglNrdGg/vKoFrz6t5ceBX8AmpQqDmofvWHMU0lU5YKYkzP9xIbZERbTgWbVfqpYQmhEzJiPYeKSGaCbL7rDJ85Z4ijWLunLJ67vycyIo2ZytB1SmLHZrmWm//VeqmNroOMqyS1TNHFR1EqsI1xfjgecs2oFVMHhGrudsV0TDSh1sWTh+Avn7wK7Yu67/jhsta4KeIowwmcwjn4cAUNuIMmtIDCGJ7hFd6QRC/oHX0sWkuomDmGP0KfP0/ajb4=</latexit><latexit sha1_base64="zoeDwrtGpc9AmnQV3ZMXsRXEnCE=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOPCRQV7gXYomTTThiaZIckIZegruHGhiFtfyJ1vY6adhbb+EPj4zznknD9MBDfW875RaW19Y3OrvF3Z2d3bP6geHrVNnGrKWjQWse6GxDDBFWtZbgXrJpoRGQrWCSe3eb3zxLThsXq004QFkowUjzglNrdGg/vKoFrz6t5ceBX8AmpQqDmofvWHMU0lU5YKYkzP9xIbZERbTgWbVfqpYQmhEzJiPYeKSGaCbL7rDJ85Z4ijWLunLJ67vycyIo2ZytB1SmLHZrmWm//VeqmNroOMqyS1TNHFR1EqsI1xfjgecs2oFVMHhGrudsV0TDSh1sWTh+Avn7wK7Yu67/jhsta4KeIowwmcwjn4cAUNuIMmtIDCGJ7hFd6QRC/oHX0sWkuomDmGP0KfP0/ajb4=</latexit> gR

<latexit sha1_base64="FpUAOAziecS/nV32D6Zw7PG9zMA=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyir1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBKbW6PBQ2VQrXl1by68Cn4BNSjUHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeQ0UkM0E233WGz5wzxFGs3VMWz93fExmRxkxl6DolsWOzXMvN/2q91EbXQcZVklqm6OKjKBXYxjg/HA+5ZtSKqQNCNXe7YjommlDr4slD8JdPXoX2Rd13fH9Za9wUcZThBE7hHHy4ggbcQRNaQGEMz/AKb0iiF/SOPhatJVTMHMMfoc8fWPiNxA==</latexit><latexit sha1_base64="FpUAOAziecS/nV32D6Zw7PG9zMA=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyir1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBKbW6PBQ2VQrXl1by68Cn4BNSjUHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeQ0UkM0E233WGz5wzxFGs3VMWz93fExmRxkxl6DolsWOzXMvN/2q91EbXQcZVklqm6OKjKBXYxjg/HA+5ZtSKqQNCNXe7YjommlDr4slD8JdPXoX2Rd13fH9Za9wUcZThBE7hHHy4ggbcQRNaQGEMz/AKb0iiF/SOPhatJVTMHMMfoc8fWPiNxA==</latexit><latexit sha1_base64="FpUAOAziecS/nV32D6Zw7PG9zMA=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyir1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBKbW6PBQ2VQrXl1by68Cn4BNSjUHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeQ0UkM0E233WGz5wzxFGs3VMWz93fExmRxkxl6DolsWOzXMvN/2q91EbXQcZVklqm6OKjKBXYxjg/HA+5ZtSKqQNCNXe7YjommlDr4slD8JdPXoX2Rd13fH9Za9wUcZThBE7hHHy4ggbcQRNaQGEMz/AKb0iiF/SOPhatJVTMHMMfoc8fWPiNxA==</latexit><latexit sha1_base64="FpUAOAziecS/nV32D6Zw7PG9zMA=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyir1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBKbW6PBQ2VQrXl1by68Cn4BNSjUHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeQ0UkM0E233WGz5wzxFGs3VMWz93fExmRxkxl6DolsWOzXMvN/2q91EbXQcZVklqm6OKjKBXYxjg/HA+5ZtSKqQNCNXe7YjommlDr4slD8JdPXoX2Rd13fH9Za9wUcZThBE7hHHy4ggbcQRNaQGEMz/AKb0iiF/SOPhatJVTMHMMfoc8fWPiNxA==</latexit>



Israel (1960s) resolves issue for smooth shock surfaces

gL
<latexit sha1_base64="zoeDwrtGpc9AmnQV3ZMXsRXEnCE=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOPCRQV7gXYomTTThiaZIckIZegruHGhiFtfyJ1vY6adhbb+EPj4zznknD9MBDfW875RaW19Y3OrvF3Z2d3bP6geHrVNnGrKWjQWse6GxDDBFWtZbgXrJpoRGQrWCSe3eb3zxLThsXq004QFkowUjzglNrdGg/vKoFrz6t5ceBX8AmpQqDmofvWHMU0lU5YKYkzP9xIbZERbTgWbVfqpYQmhEzJiPYeKSGaCbL7rDJ85Z4ijWLunLJ67vycyIo2ZytB1SmLHZrmWm//VeqmNroOMqyS1TNHFR1EqsI1xfjgecs2oFVMHhGrudsV0TDSh1sWTh+Avn7wK7Yu67/jhsta4KeIowwmcwjn4cAUNuIMmtIDCGJ7hFd6QRC/oHX0sWkuomDmGP0KfP0/ajb4=</latexit><latexit sha1_base64="zoeDwrtGpc9AmnQV3ZMXsRXEnCE=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOPCRQV7gXYomTTThiaZIckIZegruHGhiFtfyJ1vY6adhbb+EPj4zznknD9MBDfW875RaW19Y3OrvF3Z2d3bP6geHrVNnGrKWjQWse6GxDDBFWtZbgXrJpoRGQrWCSe3eb3zxLThsXq004QFkowUjzglNrdGg/vKoFrz6t5ceBX8AmpQqDmofvWHMU0lU5YKYkzP9xIbZERbTgWbVfqpYQmhEzJiPYeKSGaCbL7rDJ85Z4ijWLunLJ67vycyIo2ZytB1SmLHZrmWm//VeqmNroOMqyS1TNHFR1EqsI1xfjgecs2oFVMHhGrudsV0TDSh1sWTh+Avn7wK7Yu67/jhsta4KeIowwmcwjn4cAUNuIMmtIDCGJ7hFd6QRC/oHX0sWkuomDmGP0KfP0/ajb4=</latexit><latexit sha1_base64="zoeDwrtGpc9AmnQV3ZMXsRXEnCE=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOPCRQV7gXYomTTThiaZIckIZegruHGhiFtfyJ1vY6adhbb+EPj4zznknD9MBDfW875RaW19Y3OrvF3Z2d3bP6geHrVNnGrKWjQWse6GxDDBFWtZbgXrJpoRGQrWCSe3eb3zxLThsXq004QFkowUjzglNrdGg/vKoFrz6t5ceBX8AmpQqDmofvWHMU0lU5YKYkzP9xIbZERbTgWbVfqpYQmhEzJiPYeKSGaCbL7rDJ85Z4ijWLunLJ67vycyIo2ZytB1SmLHZrmWm//VeqmNroOMqyS1TNHFR1EqsI1xfjgecs2oFVMHhGrudsV0TDSh1sWTh+Avn7wK7Yu67/jhsta4KeIowwmcwjn4cAUNuIMmtIDCGJ7hFd6QRC/oHX0sWkuomDmGP0KfP0/ajb4=</latexit><latexit sha1_base64="zoeDwrtGpc9AmnQV3ZMXsRXEnCE=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOPCRQV7gXYomTTThiaZIckIZegruHGhiFtfyJ1vY6adhbb+EPj4zznknD9MBDfW875RaW19Y3OrvF3Z2d3bP6geHrVNnGrKWjQWse6GxDDBFWtZbgXrJpoRGQrWCSe3eb3zxLThsXq004QFkowUjzglNrdGg/vKoFrz6t5ceBX8AmpQqDmofvWHMU0lU5YKYkzP9xIbZERbTgWbVfqpYQmhEzJiPYeKSGaCbL7rDJ85Z4ijWLunLJ67vycyIo2ZytB1SmLHZrmWm//VeqmNroOMqyS1TNHFR1EqsI1xfjgecs2oFVMHhGrudsV0TDSh1sWTh+Avn7wK7Yu67/jhsta4KeIowwmcwjn4cAUNuIMmtIDCGJ7hFd6QRC/oHX0sWkuomDmGP0KfP0/ajb4=</latexit>

gR
<latexit sha1_base64="FpUAOAziecS/nV32D6Zw7PG9zMA=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyir1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBKbW6PBQ2VQrXl1by68Cn4BNSjUHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeQ0UkM0E233WGz5wzxFGs3VMWz93fExmRxkxl6DolsWOzXMvN/2q91EbXQcZVklqm6OKjKBXYxjg/HA+5ZtSKqQNCNXe7YjommlDr4slD8JdPXoX2Rd13fH9Za9wUcZThBE7hHHy4ggbcQRNaQGEMz/AKb0iiF/SOPhatJVTMHMMfoc8fWPiNxA==</latexit><latexit sha1_base64="FpUAOAziecS/nV32D6Zw7PG9zMA=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyir1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBKbW6PBQ2VQrXl1by68Cn4BNSjUHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeQ0UkM0E233WGz5wzxFGs3VMWz93fExmRxkxl6DolsWOzXMvN/2q91EbXQcZVklqm6OKjKBXYxjg/HA+5ZtSKqQNCNXe7YjommlDr4slD8JdPXoX2Rd13fH9Za9wUcZThBE7hHHy4ggbcQRNaQGEMz/AKb0iiF/SOPhatJVTMHMMfoc8fWPiNxA==</latexit><latexit sha1_base64="FpUAOAziecS/nV32D6Zw7PG9zMA=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyir1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBKbW6PBQ2VQrXl1by68Cn4BNSjUHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeQ0UkM0E233WGz5wzxFGs3VMWz93fExmRxkxl6DolsWOzXMvN/2q91EbXQcZVklqm6OKjKBXYxjg/HA+5ZtSKqQNCNXe7YjommlDr4slD8JdPXoX2Rd13fH9Za9wUcZThBE7hHHy4ggbcQRNaQGEMz/AKb0iiF/SOPhatJVTMHMMfoc8fWPiNxA==</latexit><latexit sha1_base64="FpUAOAziecS/nV32D6Zw7PG9zMA=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyir1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBKbW6PBQ2VQrXl1by68Cn4BNSjUHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeQ0UkM0E233WGz5wzxFGs3VMWz93fExmRxkxl6DolsWOzXMvN/2q91EbXQcZVklqm6OKjKBXYxjg/HA+5ZtSKqQNCNXe7YjommlDr4slD8JdPXoX2Rd13fH9Za9wUcZThBE7hHHy4ggbcQRNaQGEMz/AKb0iiF/SOPhatJVTMHMMfoc8fWPiNxA==</latexit>

shock

gL [ gR
<latexit sha1_base64="3cAicJsZ18LYoV5yVtAlNSFGG0c=">AAAB83icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunHhooq1hSaEyXSSDp1MwlyEUvoablwo4taXcefbOGmz0NYfBj7+cw7nzB/lnCntut9OZWV1bX2julnb2t7Z3avvHzyqzEhCOyTjmexFWFHOBO1opjnt5ZLiNOK0G42ui3r3iUrFMvGgxzkNUpwIFjOCtbX8JLz1iclREt7XwnrDbbozoWXwSmhAqXZY//IHGTEpFZpwrFTfc3MdTLDUjHA6rflG0RyTEU5o36LAKVXBZHbzFJ1YZ4DiTNonNJq5vycmOFVqnEa2M8V6qBZrhflfrW90fBlMmMiNpoLMF8WGI52hIgA0YJISzccWMJHM3orIEEtMtI2pCMFb/PIyPJ41Pct3543WVRlHFY7gGE7BgwtowQ20oQMEcniGV3hzjPPivDsf89aKU84cwh85nz/i9ZDq</latexit><latexit sha1_base64="3cAicJsZ18LYoV5yVtAlNSFGG0c=">AAAB83icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunHhooq1hSaEyXSSDp1MwlyEUvoablwo4taXcefbOGmz0NYfBj7+cw7nzB/lnCntut9OZWV1bX2julnb2t7Z3avvHzyqzEhCOyTjmexFWFHOBO1opjnt5ZLiNOK0G42ui3r3iUrFMvGgxzkNUpwIFjOCtbX8JLz1iclREt7XwnrDbbozoWXwSmhAqXZY//IHGTEpFZpwrFTfc3MdTLDUjHA6rflG0RyTEU5o36LAKVXBZHbzFJ1YZ4DiTNonNJq5vycmOFVqnEa2M8V6qBZrhflfrW90fBlMmMiNpoLMF8WGI52hIgA0YJISzccWMJHM3orIEEtMtI2pCMFb/PIyPJ41Pct3543WVRlHFY7gGE7BgwtowQ20oQMEcniGV3hzjPPivDsf89aKU84cwh85nz/i9ZDq</latexit><latexit sha1_base64="3cAicJsZ18LYoV5yVtAlNSFGG0c=">AAAB83icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunHhooq1hSaEyXSSDp1MwlyEUvoablwo4taXcefbOGmz0NYfBj7+cw7nzB/lnCntut9OZWV1bX2julnb2t7Z3avvHzyqzEhCOyTjmexFWFHOBO1opjnt5ZLiNOK0G42ui3r3iUrFMvGgxzkNUpwIFjOCtbX8JLz1iclREt7XwnrDbbozoWXwSmhAqXZY//IHGTEpFZpwrFTfc3MdTLDUjHA6rflG0RyTEU5o36LAKVXBZHbzFJ1YZ4DiTNonNJq5vycmOFVqnEa2M8V6qBZrhflfrW90fBlMmMiNpoLMF8WGI52hIgA0YJISzccWMJHM3orIEEtMtI2pCMFb/PIyPJ41Pct3543WVRlHFY7gGE7BgwtowQ20oQMEcniGV3hzjPPivDsf89aKU84cwh85nz/i9ZDq</latexit><latexit sha1_base64="3cAicJsZ18LYoV5yVtAlNSFGG0c=">AAAB83icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunHhooq1hSaEyXSSDp1MwlyEUvoablwo4taXcefbOGmz0NYfBj7+cw7nzB/lnCntut9OZWV1bX2julnb2t7Z3avvHzyqzEhCOyTjmexFWFHOBO1opjnt5ZLiNOK0G42ui3r3iUrFMvGgxzkNUpwIFjOCtbX8JLz1iclREt7XwnrDbbozoWXwSmhAqXZY//IHGTEpFZpwrFTfc3MdTLDUjHA6rflG0RyTEU5o36LAKVXBZHbzFJ1YZ4DiTNonNJq5vycmOFVqnEa2M8V6qBZrhflfrW90fBlMmMiNpoLMF8WGI52hIgA0YJISzccWMJHM3orIEEtMtI2pCMFb/PIyPJ41Pct3543WVRlHFY7gGE7BgwtowQ20oQMEcniGV3hzjPPivDsf89aKU84cwh85nz/i9ZDq</latexit>

⌃
<latexit sha1_base64="eV+l2cCmvwUY5IAEHBUPnMwIvto=">AAAB7nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyor1AO5RMmmlDk8yQZIQy9CHcuFDErc/jzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBLrrE7/gY8kqQyqNa/uzYVXwS+gBoWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzqIhkJsjm687wmXOGOIq1e8riuft7IiPSmKkMXackdmyWa7n5X62X2ug6yLhKUssUXXwUpQLbGOe34yHXjFoxdUCo5m5XTMdEE2pdQnkI/vLJq9C+qPuO7y9rjZsijjKcwCmcgw9X0IA7aEILKEzgGV7hDSXoBb2jj0VrCRUzx/BH6PMHocSPFw==</latexit><latexit sha1_base64="eV+l2cCmvwUY5IAEHBUPnMwIvto=">AAAB7nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyor1AO5RMmmlDk8yQZIQy9CHcuFDErc/jzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBLrrE7/gY8kqQyqNa/uzYVXwS+gBoWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzqIhkJsjm687wmXOGOIq1e8riuft7IiPSmKkMXackdmyWa7n5X62X2ug6yLhKUssUXXwUpQLbGOe34yHXjFoxdUCo5m5XTMdEE2pdQnkI/vLJq9C+qPuO7y9rjZsijjKcwCmcgw9X0IA7aEILKEzgGV7hDSXoBb2jj0VrCRUzx/BH6PMHocSPFw==</latexit><latexit sha1_base64="eV+l2cCmvwUY5IAEHBUPnMwIvto=">AAAB7nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyor1AO5RMmmlDk8yQZIQy9CHcuFDErc/jzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBLrrE7/gY8kqQyqNa/uzYVXwS+gBoWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzqIhkJsjm687wmXOGOIq1e8riuft7IiPSmKkMXackdmyWa7n5X62X2ug6yLhKUssUXXwUpQLbGOe34yHXjFoxdUCo5m5XTMdEE2pdQnkI/vLJq9C+qPuO7y9rjZsijjKcwCmcgw9X0IA7aEILKEzgGV7hDSXoBb2jj0VrCRUzx/BH6PMHocSPFw==</latexit><latexit sha1_base64="eV+l2cCmvwUY5IAEHBUPnMwIvto=">AAAB7nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyor1AO5RMmmlDk8yQZIQy9CHcuFDErc/jzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBLrrE7/gY8kqQyqNa/uzYVXwS+gBoWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzqIhkJsjm687wmXOGOIq1e8riuft7IiPSmKkMXackdmyWa7n5X62X2ug6yLhKUssUXXwUpQLbGOe34yHXjFoxdUCo5m5XTMdEE2pdQnkI/vLJq9C+qPuO7y9rjZsijjKcwCmcgw9X0IA7aEILKEzgGV7hDSXoBb2jj0VrCRUzx/BH6PMHocSPFw==</latexit>

⌃
<latexit sha1_base64="eV+l2cCmvwUY5IAEHBUPnMwIvto=">AAAB7nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyor1AO5RMmmlDk8yQZIQy9CHcuFDErc/jzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBLrrE7/gY8kqQyqNa/uzYVXwS+gBoWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzqIhkJsjm687wmXOGOIq1e8riuft7IiPSmKkMXackdmyWa7n5X62X2ug6yLhKUssUXXwUpQLbGOe34yHXjFoxdUCo5m5XTMdEE2pdQnkI/vLJq9C+qPuO7y9rjZsijjKcwCmcgw9X0IA7aEILKEzgGV7hDSXoBb2jj0VrCRUzx/BH6PMHocSPFw==</latexit><latexit sha1_base64="eV+l2cCmvwUY5IAEHBUPnMwIvto=">AAAB7nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyor1AO5RMmmlDk8yQZIQy9CHcuFDErc/jzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBLrrE7/gY8kqQyqNa/uzYVXwS+gBoWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzqIhkJsjm687wmXOGOIq1e8riuft7IiPSmKkMXackdmyWa7n5X62X2ug6yLhKUssUXXwUpQLbGOe34yHXjFoxdUCo5m5XTMdEE2pdQnkI/vLJq9C+qPuO7y9rjZsijjKcwCmcgw9X0IA7aEILKEzgGV7hDSXoBb2jj0VrCRUzx/BH6PMHocSPFw==</latexit><latexit sha1_base64="eV+l2cCmvwUY5IAEHBUPnMwIvto=">AAAB7nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyor1AO5RMmmlDk8yQZIQy9CHcuFDErc/jzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBLrrE7/gY8kqQyqNa/uzYVXwS+gBoWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzqIhkJsjm687wmXOGOIq1e8riuft7IiPSmKkMXackdmyWa7n5X62X2ug6yLhKUssUXXwUpQLbGOe34yHXjFoxdUCo5m5XTMdEE2pdQnkI/vLJq9C+qPuO7y9rjZsijjKcwCmcgw9X0IA7aEILKEzgGV7hDSXoBb2jj0VrCRUzx/BH6PMHocSPFw==</latexit><latexit sha1_base64="eV+l2cCmvwUY5IAEHBUPnMwIvto=">AAAB7nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyor1AO5RMmmlDk8yQZIQy9CHcuFDErc/jzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBLrrE7/gY8kqQyqNa/uzYVXwS+gBoWag+pXfxjTVDJlqSDG9HwvsUFGtOVUsFmlnxqWEDohI9ZzqIhkJsjm687wmXOGOIq1e8riuft7IiPSmKkMXackdmyWa7n5X62X2ug6yLhKUssUXXwUpQLbGOe34yHXjFoxdUCo5m5XTMdEE2pdQnkI/vLJq9C+qPuO7y9rjZsijjKcwCmcgw9X0IA7aEILKEzgGV7hDSXoBb2jj0VrCRUzx/BH6PMHocSPFw==</latexit>

gL
<latexit sha1_base64="zoeDwrtGpc9AmnQV3ZMXsRXEnCE=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOPCRQV7gXYomTTThiaZIckIZegruHGhiFtfyJ1vY6adhbb+EPj4zznknD9MBDfW875RaW19Y3OrvF3Z2d3bP6geHrVNnGrKWjQWse6GxDDBFWtZbgXrJpoRGQrWCSe3eb3zxLThsXq004QFkowUjzglNrdGg/vKoFrz6t5ceBX8AmpQqDmofvWHMU0lU5YKYkzP9xIbZERbTgWbVfqpYQmhEzJiPYeKSGaCbL7rDJ85Z4ijWLunLJ67vycyIo2ZytB1SmLHZrmWm//VeqmNroOMqyS1TNHFR1EqsI1xfjgecs2oFVMHhGrudsV0TDSh1sWTh+Avn7wK7Yu67/jhsta4KeIowwmcwjn4cAUNuIMmtIDCGJ7hFd6QRC/oHX0sWkuomDmGP0KfP0/ajb4=</latexit><latexit sha1_base64="zoeDwrtGpc9AmnQV3ZMXsRXEnCE=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOPCRQV7gXYomTTThiaZIckIZegruHGhiFtfyJ1vY6adhbb+EPj4zznknD9MBDfW875RaW19Y3OrvF3Z2d3bP6geHrVNnGrKWjQWse6GxDDBFWtZbgXrJpoRGQrWCSe3eb3zxLThsXq004QFkowUjzglNrdGg/vKoFrz6t5ceBX8AmpQqDmofvWHMU0lU5YKYkzP9xIbZERbTgWbVfqpYQmhEzJiPYeKSGaCbL7rDJ85Z4ijWLunLJ67vycyIo2ZytB1SmLHZrmWm//VeqmNroOMqyS1TNHFR1EqsI1xfjgecs2oFVMHhGrudsV0TDSh1sWTh+Avn7wK7Yu67/jhsta4KeIowwmcwjn4cAUNuIMmtIDCGJ7hFd6QRC/oHX0sWkuomDmGP0KfP0/ajb4=</latexit><latexit sha1_base64="zoeDwrtGpc9AmnQV3ZMXsRXEnCE=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOPCRQV7gXYomTTThiaZIckIZegruHGhiFtfyJ1vY6adhbb+EPj4zznknD9MBDfW875RaW19Y3OrvF3Z2d3bP6geHrVNnGrKWjQWse6GxDDBFWtZbgXrJpoRGQrWCSe3eb3zxLThsXq004QFkowUjzglNrdGg/vKoFrz6t5ceBX8AmpQqDmofvWHMU0lU5YKYkzP9xIbZERbTgWbVfqpYQmhEzJiPYeKSGaCbL7rDJ85Z4ijWLunLJ67vycyIo2ZytB1SmLHZrmWm//VeqmNroOMqyS1TNHFR1EqsI1xfjgecs2oFVMHhGrudsV0TDSh1sWTh+Avn7wK7Yu67/jhsta4KeIowwmcwjn4cAUNuIMmtIDCGJ7hFd6QRC/oHX0sWkuomDmGP0KfP0/ajb4=</latexit><latexit sha1_base64="zoeDwrtGpc9AmnQV3ZMXsRXEnCE=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOPCRQV7gXYomTTThiaZIckIZegruHGhiFtfyJ1vY6adhbb+EPj4zznknD9MBDfW875RaW19Y3OrvF3Z2d3bP6geHrVNnGrKWjQWse6GxDDBFWtZbgXrJpoRGQrWCSe3eb3zxLThsXq004QFkowUjzglNrdGg/vKoFrz6t5ceBX8AmpQqDmofvWHMU0lU5YKYkzP9xIbZERbTgWbVfqpYQmhEzJiPYeKSGaCbL7rDJ85Z4ijWLunLJ67vycyIo2ZytB1SmLHZrmWm//VeqmNroOMqyS1TNHFR1EqsI1xfjgecs2oFVMHhGrudsV0TDSh1sWTh+Avn7wK7Yu67/jhsta4KeIowwmcwjn4cAUNuIMmtIDCGJ7hFd6QRC/oHX0sWkuomDmGP0KfP0/ajb4=</latexit> gR

<latexit sha1_base64="FpUAOAziecS/nV32D6Zw7PG9zMA=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyir1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBKbW6PBQ2VQrXl1by68Cn4BNSjUHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeQ0UkM0E233WGz5wzxFGs3VMWz93fExmRxkxl6DolsWOzXMvN/2q91EbXQcZVklqm6OKjKBXYxjg/HA+5ZtSKqQNCNXe7YjommlDr4slD8JdPXoX2Rd13fH9Za9wUcZThBE7hHHy4ggbcQRNaQGEMz/AKb0iiF/SOPhatJVTMHMMfoc8fWPiNxA==</latexit><latexit sha1_base64="FpUAOAziecS/nV32D6Zw7PG9zMA=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyir1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBKbW6PBQ2VQrXl1by68Cn4BNSjUHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeQ0UkM0E233WGz5wzxFGs3VMWz93fExmRxkxl6DolsWOzXMvN/2q91EbXQcZVklqm6OKjKBXYxjg/HA+5ZtSKqQNCNXe7YjommlDr4slD8JdPXoX2Rd13fH9Za9wUcZThBE7hHHy4ggbcQRNaQGEMz/AKb0iiF/SOPhatJVTMHMMfoc8fWPiNxA==</latexit><latexit sha1_base64="FpUAOAziecS/nV32D6Zw7PG9zMA=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyir1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBKbW6PBQ2VQrXl1by68Cn4BNSjUHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeQ0UkM0E233WGz5wzxFGs3VMWz93fExmRxkxl6DolsWOzXMvN/2q91EbXQcZVklqm6OKjKBXYxjg/HA+5ZtSKqQNCNXe7YjommlDr4slD8JdPXoX2Rd13fH9Za9wUcZThBE7hHHy4ggbcQRNaQGEMz/AKb0iiF/SOPhatJVTMHMMfoc8fWPiNxA==</latexit><latexit sha1_base64="FpUAOAziecS/nV32D6Zw7PG9zMA=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyir1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t536i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83nli2vBYPdppwgJJRopHnBKbW6PBQ2VQrXl1by68Cn4BNSjUHFS/+sOYppIpSwUxpud7iQ0yoi2ngs0q/dSwhNAJGbGeQ0UkM0E233WGz5wzxFGs3VMWz93fExmRxkxl6DolsWOzXMvN/2q91EbXQcZVklqm6OKjKBXYxjg/HA+5ZtSKqQNCNXe7YjommlDr4slD8JdPXoX2Rd13fH9Za9wUcZThBE7hHHy4ggbcQRNaQGEMz/AKb0iiF/SOPhatJVTMHMMfoc8fWPiNxA==</latexit>

The map            to Gaussian normal coordinates 
regularizes the shock wave when the curvature and 
connection are in        … 

x ! y
<latexit sha1_base64="w/h0whQNtWg24ypmazz3NZnoccY=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KCfUA7lEyaaWPzGJKMOAz9BzcuFHHr/7jzb0zbWWjrgcDhnHvJPSdKODPW97+9ldW19Y3N0lZ5e2d3b79ycNgyKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Obqd9+pNowJe9tltBQ4KFkMSPYOqn11LMKZf1K1a/5M6BlEhSkCgUa/cpXb6BIKqi0hGNjuoGf2DDH2jLC6aTcSw1NMBnjIe06KrGgJsxn107QqVMGKFbaPWnRTP29kWNhTCYiNymwHZlFbyr+53VTG1+FOZNJaqkk84/ilCMXcRodDZimxPLMEUw0c7ciMsIaE+sKKrsSgsXIy6R1Xgscv7uo1q+LOkpwDCdwBgFcQh1uoQFNIPAAz/AKb57yXrx372M+uuIVO0fwB97nD3CBjwY=</latexit><latexit sha1_base64="w/h0whQNtWg24ypmazz3NZnoccY=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KCfUA7lEyaaWPzGJKMOAz9BzcuFHHr/7jzb0zbWWjrgcDhnHvJPSdKODPW97+9ldW19Y3N0lZ5e2d3b79ycNgyKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Obqd9+pNowJe9tltBQ4KFkMSPYOqn11LMKZf1K1a/5M6BlEhSkCgUa/cpXb6BIKqi0hGNjuoGf2DDH2jLC6aTcSw1NMBnjIe06KrGgJsxn107QqVMGKFbaPWnRTP29kWNhTCYiNymwHZlFbyr+53VTG1+FOZNJaqkk84/ilCMXcRodDZimxPLMEUw0c7ciMsIaE+sKKrsSgsXIy6R1Xgscv7uo1q+LOkpwDCdwBgFcQh1uoQFNIPAAz/AKb57yXrx372M+uuIVO0fwB97nD3CBjwY=</latexit><latexit sha1_base64="w/h0whQNtWg24ypmazz3NZnoccY=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KCfUA7lEyaaWPzGJKMOAz9BzcuFHHr/7jzb0zbWWjrgcDhnHvJPSdKODPW97+9ldW19Y3N0lZ5e2d3b79ycNgyKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Obqd9+pNowJe9tltBQ4KFkMSPYOqn11LMKZf1K1a/5M6BlEhSkCgUa/cpXb6BIKqi0hGNjuoGf2DDH2jLC6aTcSw1NMBnjIe06KrGgJsxn107QqVMGKFbaPWnRTP29kWNhTCYiNymwHZlFbyr+53VTG1+FOZNJaqkk84/ilCMXcRodDZimxPLMEUw0c7ciMsIaE+sKKrsSgsXIy6R1Xgscv7uo1q+LOkpwDCdwBgFcQh1uoQFNIPAAz/AKb57yXrx372M+uuIVO0fwB97nD3CBjwY=</latexit><latexit sha1_base64="w/h0whQNtWg24ypmazz3NZnoccY=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KCfUA7lEyaaWPzGJKMOAz9BzcuFHHr/7jzb0zbWWjrgcDhnHvJPSdKODPW97+9ldW19Y3N0lZ5e2d3b79ycNgyKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Obqd9+pNowJe9tltBQ4KFkMSPYOqn11LMKZf1K1a/5M6BlEhSkCgUa/cpXb6BIKqi0hGNjuoGf2DDH2jLC6aTcSw1NMBnjIe06KrGgJsxn107QqVMGKFbaPWnRTP29kWNhTCYiNymwHZlFbyr+53VTG1+FOZNJaqkk84/ilCMXcRodDZimxPLMEUw0c7ciMsIaE+sKKrsSgsXIy6R1Xgscv7uo1q+LOkpwDCdwBgFcQh1uoQFNIPAAz/AKb57yXrx372M+uuIVO0fwB97nD3CBjwY=</latexit>

<latexit sha1_base64="GBFhb91tBclF96IiPIKuZ15G5Y0=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp0oWgZtLCwimA9IzrC32UuW7O2du3NCOPInbCwUsfXv2Plv3CRXaOKDgcd7M8zMCxIpDLrut7O0vLK6tl7YKG5ube/slvb2GyZONeN1FstYtwJquBSK11Gg5K1EcxoFkjeD4fXEbz5xbUSs7nGUcD+ifSVCwShaqXX70BEqxFG3VHYr7hRkkXg5KUOOWrf01enFLI24QiapMW3PTdDPqEbBJB8XO6nhCWVD2udtSxWNuPGz6b1jcmyVHgljbUshmaq/JzIaGTOKAtsZURyYeW8i/ue1Uwwv/UyoJEWu2GxRmEqCMZk8T3pCc4ZyZAllWthbCRtQTRnaiIo2BG/+5UXSOK145xX37qxcvcrjKMAhHMEJeHABVbiBGtSBgYRneIU359F5cd6dj1nrkpPPHMAfOJ8/E22P/g==</latexit>

L1



Theorem (Reintjes 2014):    Extends Israel to regular 
shock-wave interaction with spherical symmetric

⌃1
<latexit sha1_base64="9+CLRDycmvtlHihhLOl6GTFXwbk=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJrMiuUpX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDEjRWxvsdxwkNFB1r0BaPorFbnTgwU7QbdcsWv+jORZQhyqECuerf81enFLFVcI5PU2nbgJxhm1KBgkk9KndTyhLIRHfC2Q00Vt2E223dCTpzTI/3YuKeRzNzfExlV1o5V5DoVxaFdrE3N/2rtFPuXYSZ0kiLXbP5RP5UEYzI9nvSE4Qzl2AFlRrhdCRtSQxm6iEouhGDx5GVonlUDx7fnldpVHkcRjuAYTiGAC6jBDdShAQwkPMMrvHmP3ov37n3MWwtePnMIf+R9/gCUh4+n</latexit><latexit sha1_base64="9+CLRDycmvtlHihhLOl6GTFXwbk=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJrMiuUpX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDEjRWxvsdxwkNFB1r0BaPorFbnTgwU7QbdcsWv+jORZQhyqECuerf81enFLFVcI5PU2nbgJxhm1KBgkk9KndTyhLIRHfC2Q00Vt2E223dCTpzTI/3YuKeRzNzfExlV1o5V5DoVxaFdrE3N/2rtFPuXYSZ0kiLXbP5RP5UEYzI9nvSE4Qzl2AFlRrhdCRtSQxm6iEouhGDx5GVonlUDx7fnldpVHkcRjuAYTiGAC6jBDdShAQwkPMMrvHmP3ov37n3MWwtePnMIf+R9/gCUh4+n</latexit><latexit sha1_base64="9+CLRDycmvtlHihhLOl6GTFXwbk=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJrMiuUpX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDEjRWxvsdxwkNFB1r0BaPorFbnTgwU7QbdcsWv+jORZQhyqECuerf81enFLFVcI5PU2nbgJxhm1KBgkk9KndTyhLIRHfC2Q00Vt2E223dCTpzTI/3YuKeRzNzfExlV1o5V5DoVxaFdrE3N/2rtFPuXYSZ0kiLXbP5RP5UEYzI9nvSE4Qzl2AFlRrhdCRtSQxm6iEouhGDx5GVonlUDx7fnldpVHkcRjuAYTiGAC6jBDdShAQwkPMMrvHmP3ov37n3MWwtePnMIf+R9/gCUh4+n</latexit><latexit sha1_base64="9+CLRDycmvtlHihhLOl6GTFXwbk=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJrMiuUpX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDEjRWxvsdxwkNFB1r0BaPorFbnTgwU7QbdcsWv+jORZQhyqECuerf81enFLFVcI5PU2nbgJxhm1KBgkk9KndTyhLIRHfC2Q00Vt2E223dCTpzTI/3YuKeRzNzfExlV1o5V5DoVxaFdrE3N/2rtFPuXYSZ0kiLXbP5RP5UEYzI9nvSE4Qzl2AFlRrhdCRtSQxm6iEouhGDx5GVonlUDx7fnldpVHkcRjuAYTiGAC6jBDdShAQwkPMMrvHmP3ov37n3MWwtePnMIf+R9/gCUh4+n</latexit>

⌃2
<latexit sha1_base64="k7QLUupyrM156OaZwU5Y4s/q258=">AAAB73icbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIuiy6MZlRXuBdiiZNNOGJpkxyQhl6Eu4caGIW1/HnW9j2s5CW38IfPznHHLOHyaCG+t536iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45tZvf3EtOGxerCThAWSDBWPOCXWWZ3ePR9K0q/1yxWv6s2FV8HPoQK5Gv3yV28Q01QyZakgxnR9L7FBRrTlVLBpqZcalhA6JkPWdaiIZCbI5vtO8ZlzBjiKtXvK4rn7eyIj0piJDF2nJHZklmsz879aN7XRVZBxlaSWKbr4KEoFtjGeHY8HXDNqxcQBoZq7XTEdEU2odRGVXAj+8smr0KpVfcd3F5X6dR5HEU7gFM7Bh0uowy00oAkUBDzDK7yhR/SC3tHHorWA8plj+CP0+QOWC4+o</latexit><latexit sha1_base64="k7QLUupyrM156OaZwU5Y4s/q258=">AAAB73icbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIuiy6MZlRXuBdiiZNNOGJpkxyQhl6Eu4caGIW1/HnW9j2s5CW38IfPznHHLOHyaCG+t536iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45tZvf3EtOGxerCThAWSDBWPOCXWWZ3ePR9K0q/1yxWv6s2FV8HPoQK5Gv3yV28Q01QyZakgxnR9L7FBRrTlVLBpqZcalhA6JkPWdaiIZCbI5vtO8ZlzBjiKtXvK4rn7eyIj0piJDF2nJHZklmsz879aN7XRVZBxlaSWKbr4KEoFtjGeHY8HXDNqxcQBoZq7XTEdEU2odRGVXAj+8smr0KpVfcd3F5X6dR5HEU7gFM7Bh0uowy00oAkUBDzDK7yhR/SC3tHHorWA8plj+CP0+QOWC4+o</latexit><latexit sha1_base64="k7QLUupyrM156OaZwU5Y4s/q258=">AAAB73icbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIuiy6MZlRXuBdiiZNNOGJpkxyQhl6Eu4caGIW1/HnW9j2s5CW38IfPznHHLOHyaCG+t536iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45tZvf3EtOGxerCThAWSDBWPOCXWWZ3ePR9K0q/1yxWv6s2FV8HPoQK5Gv3yV28Q01QyZakgxnR9L7FBRrTlVLBpqZcalhA6JkPWdaiIZCbI5vtO8ZlzBjiKtXvK4rn7eyIj0piJDF2nJHZklmsz879aN7XRVZBxlaSWKbr4KEoFtjGeHY8HXDNqxcQBoZq7XTEdEU2odRGVXAj+8smr0KpVfcd3F5X6dR5HEU7gFM7Bh0uowy00oAkUBDzDK7yhR/SC3tHHorWA8plj+CP0+QOWC4+o</latexit><latexit sha1_base64="k7QLUupyrM156OaZwU5Y4s/q258=">AAAB73icbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIuiy6MZlRXuBdiiZNNOGJpkxyQhl6Eu4caGIW1/HnW9j2s5CW38IfPznHHLOHyaCG+t536iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45tZvf3EtOGxerCThAWSDBWPOCXWWZ3ePR9K0q/1yxWv6s2FV8HPoQK5Gv3yV28Q01QyZakgxnR9L7FBRrTlVLBpqZcalhA6JkPWdaiIZCbI5vtO8ZlzBjiKtXvK4rn7eyIj0piJDF2nJHZklmsz879aN7XRVZBxlaSWKbr4KEoFtjGeHY8HXDNqxcQBoZq7XTEdEU2odRGVXAj+8smr0KpVfcd3F5X6dR5HEU7gFM7Bh0uowy00oAkUBDzDK7yhR/SC3tHHorWA8plj+CP0+QOWC4+o</latexit>
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“Gaussian Normal Coordinates
break down at P”:
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The coordinate transformations solve non-local PDE 
highly tuned to the structure of the interaction…  

Trying to guess the coordinate system (eg harmonic or 
Gaussian normal) didn't work. 

Rankine-Hugoniot jump conditions come in to make 
seemingly over-determined equations consistent…

… the general principle appeared entirely mysterious.



M. Reintjes, Spacetime is Locally Inertial at Points
of General Relativistic Shock Wave Interaction
between Shocks from Di↵erent Characteristic Fam-
ilies, Adv. Theor. Math. Phys., arXiv:1409.5060.
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M. Reintjes and B. Temple, No Regularity Singu-
larities Exist at Points of General Relativistic
Shock Wave Interaction between Shocks from
Di↵erent Characteristic Families,
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GR-Shock Waves
by the

Glimm Scheme



Assume a gravitational metric ansatz of 
the SSC form: 

ds2 = �B(t, r)dt2 +
dr2

A(t, r)
+ r2dr2
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Plug into the Einstein equations : 

G = T
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Theorem:  (Te-Gr)  The equations close in a
 “locally inertial’’ formulation of (1), (2) & Div T=0:
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The metric components A,B… 
are only one derivative 

smoother than the sources T
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The metric is only one order
 derivative smoother than
 the curvature tensor…



Conclude:    For shock wave solutions of the Einstein 
equations             generated by the Glimm Scheme:G = T

<latexit sha1_base64="1w5t1hkuQ38DcPQABoFneTVETi4=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFD3osUK/sA1lst20SzebsLsRSui/8OJBEa/+G2/+G7dtDlp9YeHhnRl25g0SwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThVlTRqLWHUC1ExwyZqGG8E6iWIYBYK1g/HNrN5+ZErzWDbMJGF+hEPJQ07RWOvh9qo3xiRB0uiXK27VnYv8BS+HCuSq98ufvUFM04hJQwVq3fXcxPgZKsOpYNNSL9UsQTrGIetalBgx7WfzjafkxDoDEsbKPmnI3P05kWGk9SQKbGeEZqSXazPzv1o3NeGln3GZpIZJuvgoTAUxMZmdTwZcMWrExAJSxe2uhI5QITU2pJINwVs++S+0zqqe5fvzSu06j6MIR3AMp+DBBdTgDurQBAoSnuAFXh3tPDtvzvuiteDkM4fwS87HN6tJkD8=</latexit><latexit sha1_base64="1w5t1hkuQ38DcPQABoFneTVETi4=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFD3osUK/sA1lst20SzebsLsRSui/8OJBEa/+G2/+G7dtDlp9YeHhnRl25g0SwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThVlTRqLWHUC1ExwyZqGG8E6iWIYBYK1g/HNrN5+ZErzWDbMJGF+hEPJQ07RWOvh9qo3xiRB0uiXK27VnYv8BS+HCuSq98ufvUFM04hJQwVq3fXcxPgZKsOpYNNSL9UsQTrGIetalBgx7WfzjafkxDoDEsbKPmnI3P05kWGk9SQKbGeEZqSXazPzv1o3NeGln3GZpIZJuvgoTAUxMZmdTwZcMWrExAJSxe2uhI5QITU2pJINwVs++S+0zqqe5fvzSu06j6MIR3AMp+DBBdTgDurQBAoSnuAFXh3tPDtvzvuiteDkM4fwS87HN6tJkD8=</latexit><latexit sha1_base64="1w5t1hkuQ38DcPQABoFneTVETi4=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFD3osUK/sA1lst20SzebsLsRSui/8OJBEa/+G2/+G7dtDlp9YeHhnRl25g0SwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThVlTRqLWHUC1ExwyZqGG8E6iWIYBYK1g/HNrN5+ZErzWDbMJGF+hEPJQ07RWOvh9qo3xiRB0uiXK27VnYv8BS+HCuSq98ufvUFM04hJQwVq3fXcxPgZKsOpYNNSL9UsQTrGIetalBgx7WfzjafkxDoDEsbKPmnI3P05kWGk9SQKbGeEZqSXazPzv1o3NeGln3GZpIZJuvgoTAUxMZmdTwZcMWrExAJSxe2uhI5QITU2pJINwVs++S+0zqqe5fvzSu06j6MIR3AMp+DBBdTgDurQBAoSnuAFXh3tPDtvzvuiteDkM4fwS87HN6tJkD8=</latexit><latexit sha1_base64="1w5t1hkuQ38DcPQABoFneTVETi4=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFD3osUK/sA1lst20SzebsLsRSui/8OJBEa/+G2/+G7dtDlp9YeHhnRl25g0SwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThVlTRqLWHUC1ExwyZqGG8E6iWIYBYK1g/HNrN5+ZErzWDbMJGF+hEPJQ07RWOvh9qo3xiRB0uiXK27VnYv8BS+HCuSq98ufvUFM04hJQwVq3fXcxPgZKsOpYNNSL9UsQTrGIetalBgx7WfzjafkxDoDEsbKPmnI3P05kWGk9SQKbGeEZqSXazPzv1o3NeGln3GZpIZJuvgoTAUxMZmdTwZcMWrExAJSxe2uhI5QITU2pJINwVs++S+0zqqe5fvzSu06j6MIR3AMp+DBBdTgDurQBAoSnuAFXh3tPDtvzvuiteDkM4fwS87HN6tJkD8=</latexit>



Conclude:    For shock wave solutions of the Einstein 
equations             generated by the Glimm Scheme:

Solution:

G = T
<latexit sha1_base64="1w5t1hkuQ38DcPQABoFneTVETi4=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFD3osUK/sA1lst20SzebsLsRSui/8OJBEa/+G2/+G7dtDlp9YeHhnRl25g0SwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThVlTRqLWHUC1ExwyZqGG8E6iWIYBYK1g/HNrN5+ZErzWDbMJGF+hEPJQ07RWOvh9qo3xiRB0uiXK27VnYv8BS+HCuSq98ufvUFM04hJQwVq3fXcxPgZKsOpYNNSL9UsQTrGIetalBgx7WfzjafkxDoDEsbKPmnI3P05kWGk9SQKbGeEZqSXazPzv1o3NeGln3GZpIZJuvgoTAUxMZmdTwZcMWrExAJSxe2uhI5QITU2pJINwVs++S+0zqqe5fvzSu06j6MIR3AMp+DBBdTgDurQBAoSnuAFXh3tPDtvzvuiteDkM4fwS87HN6tJkD8=</latexit><latexit sha1_base64="1w5t1hkuQ38DcPQABoFneTVETi4=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFD3osUK/sA1lst20SzebsLsRSui/8OJBEa/+G2/+G7dtDlp9YeHhnRl25g0SwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThVlTRqLWHUC1ExwyZqGG8E6iWIYBYK1g/HNrN5+ZErzWDbMJGF+hEPJQ07RWOvh9qo3xiRB0uiXK27VnYv8BS+HCuSq98ufvUFM04hJQwVq3fXcxPgZKsOpYNNSL9UsQTrGIetalBgx7WfzjafkxDoDEsbKPmnI3P05kWGk9SQKbGeEZqSXazPzv1o3NeGln3GZpIZJuvgoTAUxMZmdTwZcMWrExAJSxe2uhI5QITU2pJINwVs++S+0zqqe5fvzSu06j6MIR3AMp+DBBdTgDurQBAoSnuAFXh3tPDtvzvuiteDkM4fwS87HN6tJkD8=</latexit><latexit sha1_base64="1w5t1hkuQ38DcPQABoFneTVETi4=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFD3osUK/sA1lst20SzebsLsRSui/8OJBEa/+G2/+G7dtDlp9YeHhnRl25g0SwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThVlTRqLWHUC1ExwyZqGG8E6iWIYBYK1g/HNrN5+ZErzWDbMJGF+hEPJQ07RWOvh9qo3xiRB0uiXK27VnYv8BS+HCuSq98ufvUFM04hJQwVq3fXcxPgZKsOpYNNSL9UsQTrGIetalBgx7WfzjafkxDoDEsbKPmnI3P05kWGk9SQKbGeEZqSXazPzv1o3NeGln3GZpIZJuvgoTAUxMZmdTwZcMWrExAJSxe2uhI5QITU2pJINwVs++S+0zqqe5fvzSu06j6MIR3AMp+DBBdTgDurQBAoSnuAFXh3tPDtvzvuiteDkM4fwS87HN6tJkD8=</latexit><latexit sha1_base64="1w5t1hkuQ38DcPQABoFneTVETi4=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFD3osUK/sA1lst20SzebsLsRSui/8OJBEa/+G2/+G7dtDlp9YeHhnRl25g0SwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThVlTRqLWHUC1ExwyZqGG8E6iWIYBYK1g/HNrN5+ZErzWDbMJGF+hEPJQ07RWOvh9qo3xiRB0uiXK27VnYv8BS+HCuSq98ufvUFM04hJQwVq3fXcxPgZKsOpYNNSL9UsQTrGIetalBgx7WfzjafkxDoDEsbKPmnI3P05kWGk9SQKbGeEZqSXazPzv1o3NeGln3GZpIZJuvgoTAUxMZmdTwZcMWrExAJSxe2uhI5QITU2pJINwVs++S+0zqqe5fvzSu06j6MIR3AMp+DBBdTgDurQBAoSnuAFXh3tPDtvzvuiteDkM4fwS87HN6tJkD8=</latexit>

are Lipschitz ContinuousA,B
<latexit sha1_base64="ltDun+5ycbFxXCC9l8M0p38bltU=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEIHqQkIuix1ovHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++2srK6tb2wWtorbO7t7+6WDw6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrfTeusJleaxfDTjBP2IDiQPOaPGWg8357VeqexW3JnIMng5lCFXvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHoqQRaj+brTohp9bpkzBW9klDZu7viYxGWo+jwHZG1Az1Ym1q/lfrpCa89jMuk9SgZPOPwlQQE5Pp3aTPFTIjxhYoU9zuStiQKsqMTadoQ/AWT16G5kXFs3x/Wa7W8jgKcAwncAYeXEEV7qAODWAwgGd4hTdHOC/Ou/Mxb11x8pkj+CPn8weEHo1H</latexit><latexit sha1_base64="ltDun+5ycbFxXCC9l8M0p38bltU=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEIHqQkIuix1ovHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++2srK6tb2wWtorbO7t7+6WDw6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrfTeusJleaxfDTjBP2IDiQPOaPGWg8357VeqexW3JnIMng5lCFXvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHoqQRaj+brTohp9bpkzBW9klDZu7viYxGWo+jwHZG1Az1Ym1q/lfrpCa89jMuk9SgZPOPwlQQE5Pp3aTPFTIjxhYoU9zuStiQKsqMTadoQ/AWT16G5kXFs3x/Wa7W8jgKcAwncAYeXEEV7qAODWAwgGd4hTdHOC/Ou/Mxb11x8pkj+CPn8weEHo1H</latexit><latexit sha1_base64="ltDun+5ycbFxXCC9l8M0p38bltU=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEIHqQkIuix1ovHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++2srK6tb2wWtorbO7t7+6WDw6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrfTeusJleaxfDTjBP2IDiQPOaPGWg8357VeqexW3JnIMng5lCFXvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHoqQRaj+brTohp9bpkzBW9klDZu7viYxGWo+jwHZG1Az1Ym1q/lfrpCa89jMuk9SgZPOPwlQQE5Pp3aTPFTIjxhYoU9zuStiQKsqMTadoQ/AWT16G5kXFs3x/Wa7W8jgKcAwncAYeXEEV7qAODWAwgGd4hTdHOC/Ou/Mxb11x8pkj+CPn8weEHo1H</latexit><latexit sha1_base64="ltDun+5ycbFxXCC9l8M0p38bltU=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEIHqQkIuix1ovHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++2srK6tb2wWtorbO7t7+6WDw6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrfTeusJleaxfDTjBP2IDiQPOaPGWg8357VeqexW3JnIMng5lCFXvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHoqQRaj+brTohp9bpkzBW9klDZu7viYxGWo+jwHZG1Az1Ym1q/lfrpCa89jMuk9SgZPOPwlQQE5Pp3aTPFTIjxhYoU9zuStiQKsqMTadoQ/AWT16G5kXFs3x/Wa7W8jgKcAwncAYeXEEV7qAODWAwgGd4hTdHOC/Ou/Mxb11x8pkj+CPn8weEHo1H</latexit>

<latexit sha1_base64="C+m9BWcEcK+F/vOykGmsby93gSs=">AAACGnicbVDLSsNAFJ3UV62vqks3wSJUqiUJim6EWjfurGAf0LRlMpm0QycPZm6EEvodbvwVNy4UcSdu/BunbRZaPXDhzDn3MvceJ+JMgmF8aZmFxaXllexqbm19Y3Mrv73TkGEsCK2TkIei5WBJOQtoHRhw2ooExb7DadMZXk385j0VkoXBHYwi2vFxP2AeIxiU1MubruxaF8fVIhyJQxe6Vsn2BCaJK7rWOLmcyuOSerj2jU/7uGv18gWjbEyh/yVmSgooRa2X/7DdkMQ+DYBwLGXbNCLoJFgAI5yOc3YsaYTJEPdpW9EA+1R2kulpY/1AKa7uhUJVAPpU/TmRYF/Kke+oTh/DQM57E/E/rx2Dd95JWBDFQAMy+8iLuQ6hPslJd5mgBPhIEUwEU7vqZIBVNKDSzKkQzPmT/5KGVTZPy8btSaFSTePIoj20j4rIRGeogq5RDdURQQ/oCb2gV+1Re9betPdZa0ZLZ3bRL2if3/aSnvo=</latexit>

ds2 = �B(t, r)dt2 +
dr2

A(t, r)
+ r2d⌦2



Conclude:    For shock wave solutions of the Einstein 
equations             generated by the Glimm Scheme:

Solution: ds2 = �B(t, r)dt2 +
dr2

A(t, r)
+ r2d⌦2

<latexit sha1_base64="ts9oyOj7Eazkm3HDG2pIjDVoVEI=">AAACGnicbZDLSsNAFIYn9VbrrerSTbAIlWpJgqAbodaNOyvYCzRtmUwm7dDJhZkToYQ+hxtfxY0LRdyJG9/GadqFtv4w8M1/zmHm/E7EmQTD+NYyS8srq2vZ9dzG5tb2Tn53ryHDWBBaJyEPRcvBknIW0Dow4LQVCYp9h9OmM7ye1JsPVEgWBvcwimjHx/2AeYxgUFYvb7qya12eVotwIo5d6Fol2xOYJK7oWuPkKrXHJXVx7Vuf9nHX6uULRtlIpS+COYMCmqnWy3/abkhinwZAOJaybRoRdBIsgBFOxzk7ljTCZIj7tK0wwD6VnSRdbawfKcfVvVCoE4Ceur8nEuxLOfId1eljGMj52sT8r9aOwbvoJCyIYqABmT7kxVyHUJ/kpLtMUAJ8pAATwdRfdTLAKhpQaeZUCOb8yovQsMqm4ruzQqU6iyOLDtAhKiITnaMKukE1VEcEPaJn9IretCftRXvXPqatGW02s4/+SPv6AfVCnvY=</latexit><latexit sha1_base64="ts9oyOj7Eazkm3HDG2pIjDVoVEI=">AAACGnicbZDLSsNAFIYn9VbrrerSTbAIlWpJgqAbodaNOyvYCzRtmUwm7dDJhZkToYQ+hxtfxY0LRdyJG9/GadqFtv4w8M1/zmHm/E7EmQTD+NYyS8srq2vZ9dzG5tb2Tn53ryHDWBBaJyEPRcvBknIW0Dow4LQVCYp9h9OmM7ye1JsPVEgWBvcwimjHx/2AeYxgUFYvb7qya12eVotwIo5d6Fol2xOYJK7oWuPkKrXHJXVx7Vuf9nHX6uULRtlIpS+COYMCmqnWy3/abkhinwZAOJaybRoRdBIsgBFOxzk7ljTCZIj7tK0wwD6VnSRdbawfKcfVvVCoE4Ceur8nEuxLOfId1eljGMj52sT8r9aOwbvoJCyIYqABmT7kxVyHUJ/kpLtMUAJ8pAATwdRfdTLAKhpQaeZUCOb8yovQsMqm4ruzQqU6iyOLDtAhKiITnaMKukE1VEcEPaJn9IretCftRXvXPqatGW02s4/+SPv6AfVCnvY=</latexit><latexit sha1_base64="ts9oyOj7Eazkm3HDG2pIjDVoVEI=">AAACGnicbZDLSsNAFIYn9VbrrerSTbAIlWpJgqAbodaNOyvYCzRtmUwm7dDJhZkToYQ+hxtfxY0LRdyJG9/GadqFtv4w8M1/zmHm/E7EmQTD+NYyS8srq2vZ9dzG5tb2Tn53ryHDWBBaJyEPRcvBknIW0Dow4LQVCYp9h9OmM7ye1JsPVEgWBvcwimjHx/2AeYxgUFYvb7qya12eVotwIo5d6Fol2xOYJK7oWuPkKrXHJXVx7Vuf9nHX6uULRtlIpS+COYMCmqnWy3/abkhinwZAOJaybRoRdBIsgBFOxzk7ljTCZIj7tK0wwD6VnSRdbawfKcfVvVCoE4Ceur8nEuxLOfId1eljGMj52sT8r9aOwbvoJCyIYqABmT7kxVyHUJ/kpLtMUAJ8pAATwdRfdTLAKhpQaeZUCOb8yovQsMqm4ruzQqU6iyOLDtAhKiITnaMKukE1VEcEPaJn9IretCftRXvXPqatGW02s4/+SPv6AfVCnvY=</latexit><latexit sha1_base64="ts9oyOj7Eazkm3HDG2pIjDVoVEI=">AAACGnicbZDLSsNAFIYn9VbrrerSTbAIlWpJgqAbodaNOyvYCzRtmUwm7dDJhZkToYQ+hxtfxY0LRdyJG9/GadqFtv4w8M1/zmHm/E7EmQTD+NYyS8srq2vZ9dzG5tb2Tn53ryHDWBBaJyEPRcvBknIW0Dow4LQVCYp9h9OmM7ye1JsPVEgWBvcwimjHx/2AeYxgUFYvb7qya12eVotwIo5d6Fol2xOYJK7oWuPkKrXHJXVx7Vuf9nHX6uULRtlIpS+COYMCmqnWy3/abkhinwZAOJaybRoRdBIsgBFOxzk7ljTCZIj7tK0wwD6VnSRdbawfKcfVvVCoE4Ceur8nEuxLOfId1eljGMj52sT8r9aOwbvoJCyIYqABmT7kxVyHUJ/kpLtMUAJ8pAATwdRfdTLAKhpQaeZUCOb8yovQsMqm4ruzQqU6iyOLDtAhKiITnaMKukE1VEcEPaJn9IretCftRXvXPqatGW02s4/+SPv6AfVCnvY=</latexit>

Riemann Curvature Tensor: Ri
lkj(t, r) 2 L1

<latexit sha1_base64="7xjJjQJOM943FEw/m29Hrt1fPlY=">AAACBnicbZDLSgMxFIYz9VbrrepShGARKkiZEUGXRTcuXFSxF2inQybNtLGZzJCcEcrQlRtfxY0LRdz6DO58G9PLQlsPhHz8/zkk5/djwTXY9reVWVhcWl7JrubW1jc2t/LbOzUdJYqyKo1EpBo+0UxwyarAQbBGrBgJfcHqfv9y5NcfmNI8kncwiJkbkq7kAacEjOTl92/b3EtF/35YhGN11OISX7dTcwUwGGIvX7BL9rjwPDhTKKBpVbz8V6sT0SRkEqggWjcdOwY3JQo4FWyYayWaxYT2SZc1DUoSMu2m4zWG+NAoHRxEyhwJeKz+nkhJqPUg9E1nSKCnZ72R+J/XTCA4d1Mu4wSYpJOHgkRgiPAoE9zhilEQAwOEKm7+immPKELBJJczITizK89D7aTkGL45LZQvpnFk0R46QEXkoDNURleogqqIokf0jF7Rm/VkvVjv1sekNWNNZ3bRn7I+fwB97Zh8</latexit><latexit sha1_base64="7xjJjQJOM943FEw/m29Hrt1fPlY=">AAACBnicbZDLSgMxFIYz9VbrrepShGARKkiZEUGXRTcuXFSxF2inQybNtLGZzJCcEcrQlRtfxY0LRdz6DO58G9PLQlsPhHz8/zkk5/djwTXY9reVWVhcWl7JrubW1jc2t/LbOzUdJYqyKo1EpBo+0UxwyarAQbBGrBgJfcHqfv9y5NcfmNI8kncwiJkbkq7kAacEjOTl92/b3EtF/35YhGN11OISX7dTcwUwGGIvX7BL9rjwPDhTKKBpVbz8V6sT0SRkEqggWjcdOwY3JQo4FWyYayWaxYT2SZc1DUoSMu2m4zWG+NAoHRxEyhwJeKz+nkhJqPUg9E1nSKCnZ72R+J/XTCA4d1Mu4wSYpJOHgkRgiPAoE9zhilEQAwOEKm7+immPKELBJJczITizK89D7aTkGL45LZQvpnFk0R46QEXkoDNURleogqqIokf0jF7Rm/VkvVjv1sekNWNNZ3bRn7I+fwB97Zh8</latexit><latexit sha1_base64="7xjJjQJOM943FEw/m29Hrt1fPlY=">AAACBnicbZDLSgMxFIYz9VbrrepShGARKkiZEUGXRTcuXFSxF2inQybNtLGZzJCcEcrQlRtfxY0LRdz6DO58G9PLQlsPhHz8/zkk5/djwTXY9reVWVhcWl7JrubW1jc2t/LbOzUdJYqyKo1EpBo+0UxwyarAQbBGrBgJfcHqfv9y5NcfmNI8kncwiJkbkq7kAacEjOTl92/b3EtF/35YhGN11OISX7dTcwUwGGIvX7BL9rjwPDhTKKBpVbz8V6sT0SRkEqggWjcdOwY3JQo4FWyYayWaxYT2SZc1DUoSMu2m4zWG+NAoHRxEyhwJeKz+nkhJqPUg9E1nSKCnZ72R+J/XTCA4d1Mu4wSYpJOHgkRgiPAoE9zhilEQAwOEKm7+immPKELBJJczITizK89D7aTkGL45LZQvpnFk0R46QEXkoDNURleogqqIokf0jF7Rm/VkvVjv1sekNWNNZ3bRn7I+fwB97Zh8</latexit><latexit sha1_base64="7xjJjQJOM943FEw/m29Hrt1fPlY=">AAACBnicbZDLSgMxFIYz9VbrrepShGARKkiZEUGXRTcuXFSxF2inQybNtLGZzJCcEcrQlRtfxY0LRdz6DO58G9PLQlsPhHz8/zkk5/djwTXY9reVWVhcWl7JrubW1jc2t/LbOzUdJYqyKo1EpBo+0UxwyarAQbBGrBgJfcHqfv9y5NcfmNI8kncwiJkbkq7kAacEjOTl92/b3EtF/35YhGN11OISX7dTcwUwGGIvX7BL9rjwPDhTKKBpVbz8V6sT0SRkEqggWjcdOwY3JQo4FWyYayWaxYT2SZc1DUoSMu2m4zWG+NAoHRxEyhwJeKz+nkhJqPUg9E1nSKCnZ72R+J/XTCA4d1Mu4wSYpJOHgkRgiPAoE9zhilEQAwOEKm7+immPKELBJJczITizK89D7aTkGL45LZQvpnFk0R46QEXkoDNURleogqqIokf0jF7Rm/VkvVjv1sekNWNNZ3bRn7I+fwB97Zh8</latexit>

G = T
<latexit sha1_base64="1w5t1hkuQ38DcPQABoFneTVETi4=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFD3osUK/sA1lst20SzebsLsRSui/8OJBEa/+G2/+G7dtDlp9YeHhnRl25g0SwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThVlTRqLWHUC1ExwyZqGG8E6iWIYBYK1g/HNrN5+ZErzWDbMJGF+hEPJQ07RWOvh9qo3xiRB0uiXK27VnYv8BS+HCuSq98ufvUFM04hJQwVq3fXcxPgZKsOpYNNSL9UsQTrGIetalBgx7WfzjafkxDoDEsbKPmnI3P05kWGk9SQKbGeEZqSXazPzv1o3NeGln3GZpIZJuvgoTAUxMZmdTwZcMWrExAJSxe2uhI5QITU2pJINwVs++S+0zqqe5fvzSu06j6MIR3AMp+DBBdTgDurQBAoSnuAFXh3tPDtvzvuiteDkM4fwS87HN6tJkD8=</latexit><latexit sha1_base64="1w5t1hkuQ38DcPQABoFneTVETi4=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFD3osUK/sA1lst20SzebsLsRSui/8OJBEa/+G2/+G7dtDlp9YeHhnRl25g0SwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThVlTRqLWHUC1ExwyZqGG8E6iWIYBYK1g/HNrN5+ZErzWDbMJGF+hEPJQ07RWOvh9qo3xiRB0uiXK27VnYv8BS+HCuSq98ufvUFM04hJQwVq3fXcxPgZKsOpYNNSL9UsQTrGIetalBgx7WfzjafkxDoDEsbKPmnI3P05kWGk9SQKbGeEZqSXazPzv1o3NeGln3GZpIZJuvgoTAUxMZmdTwZcMWrExAJSxe2uhI5QITU2pJINwVs++S+0zqqe5fvzSu06j6MIR3AMp+DBBdTgDurQBAoSnuAFXh3tPDtvzvuiteDkM4fwS87HN6tJkD8=</latexit><latexit sha1_base64="1w5t1hkuQ38DcPQABoFneTVETi4=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFD3osUK/sA1lst20SzebsLsRSui/8OJBEa/+G2/+G7dtDlp9YeHhnRl25g0SwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThVlTRqLWHUC1ExwyZqGG8E6iWIYBYK1g/HNrN5+ZErzWDbMJGF+hEPJQ07RWOvh9qo3xiRB0uiXK27VnYv8BS+HCuSq98ufvUFM04hJQwVq3fXcxPgZKsOpYNNSL9UsQTrGIetalBgx7WfzjafkxDoDEsbKPmnI3P05kWGk9SQKbGeEZqSXazPzv1o3NeGln3GZpIZJuvgoTAUxMZmdTwZcMWrExAJSxe2uhI5QITU2pJINwVs++S+0zqqe5fvzSu06j6MIR3AMp+DBBdTgDurQBAoSnuAFXh3tPDtvzvuiteDkM4fwS87HN6tJkD8=</latexit><latexit sha1_base64="1w5t1hkuQ38DcPQABoFneTVETi4=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFD3osUK/sA1lst20SzebsLsRSui/8OJBEa/+G2/+G7dtDlp9YeHhnRl25g0SwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThVlTRqLWHUC1ExwyZqGG8E6iWIYBYK1g/HNrN5+ZErzWDbMJGF+hEPJQ07RWOvh9qo3xiRB0uiXK27VnYv8BS+HCuSq98ufvUFM04hJQwVq3fXcxPgZKsOpYNNSL9UsQTrGIetalBgx7WfzjafkxDoDEsbKPmnI3P05kWGk9SQKbGeEZqSXazPzv1o3NeGln3GZpIZJuvgoTAUxMZmdTwZcMWrExAJSxe2uhI5QITU2pJINwVs++S+0zqqe5fvzSu06j6MIR3AMp+DBBdTgDurQBAoSnuAFXh3tPDtvzvuiteDkM4fwS87HN6tJkD8=</latexit>

are Lipschitz ContinuousA,B
<latexit sha1_base64="ltDun+5ycbFxXCC9l8M0p38bltU=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEIHqQkIuix1ovHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++2srK6tb2wWtorbO7t7+6WDw6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrfTeusJleaxfDTjBP2IDiQPOaPGWg8357VeqexW3JnIMng5lCFXvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHoqQRaj+brTohp9bpkzBW9klDZu7viYxGWo+jwHZG1Az1Ym1q/lfrpCa89jMuk9SgZPOPwlQQE5Pp3aTPFTIjxhYoU9zuStiQKsqMTadoQ/AWT16G5kXFs3x/Wa7W8jgKcAwncAYeXEEV7qAODWAwgGd4hTdHOC/Ou/Mxb11x8pkj+CPn8weEHo1H</latexit><latexit sha1_base64="ltDun+5ycbFxXCC9l8M0p38bltU=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEIHqQkIuix1ovHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++2srK6tb2wWtorbO7t7+6WDw6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrfTeusJleaxfDTjBP2IDiQPOaPGWg8357VeqexW3JnIMng5lCFXvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHoqQRaj+brTohp9bpkzBW9klDZu7viYxGWo+jwHZG1Az1Ym1q/lfrpCa89jMuk9SgZPOPwlQQE5Pp3aTPFTIjxhYoU9zuStiQKsqMTadoQ/AWT16G5kXFs3x/Wa7W8jgKcAwncAYeXEEV7qAODWAwgGd4hTdHOC/Ou/Mxb11x8pkj+CPn8weEHo1H</latexit><latexit sha1_base64="ltDun+5ycbFxXCC9l8M0p38bltU=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEIHqQkIuix1ovHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++2srK6tb2wWtorbO7t7+6WDw6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrfTeusJleaxfDTjBP2IDiQPOaPGWg8357VeqexW3JnIMng5lCFXvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHoqQRaj+brTohp9bpkzBW9klDZu7viYxGWo+jwHZG1Az1Ym1q/lfrpCa89jMuk9SgZPOPwlQQE5Pp3aTPFTIjxhYoU9zuStiQKsqMTadoQ/AWT16G5kXFs3x/Wa7W8jgKcAwncAYeXEEV7qAODWAwgGd4hTdHOC/Ou/Mxb11x8pkj+CPn8weEHo1H</latexit><latexit sha1_base64="ltDun+5ycbFxXCC9l8M0p38bltU=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEIHqQkIuix1ovHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++2srK6tb2wWtorbO7t7+6WDw6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrfTeusJleaxfDTjBP2IDiQPOaPGWg8357VeqexW3JnIMng5lCFXvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHoqQRaj+brTohp9bpkzBW9klDZu7viYxGWo+jwHZG1Az1Ym1q/lfrpCa89jMuk9SgZPOPwlQQE5Pp3aTPFTIjxhYoU9zuStiQKsqMTadoQ/AWT16G5kXFs3x/Wa7W8jgKcAwncAYeXEEV7qAODWAwgGd4hTdHOC/Ou/Mxb11x8pkj+CPn8weEHo1H</latexit>



Conclude:    For shock wave solutions of the Einstein 
equations             generated by the Glimm Scheme:

Solution: ds2 = �B(t, r)dt2 +
dr2

A(t, r)
+ r2d⌦2

<latexit sha1_base64="ts9oyOj7Eazkm3HDG2pIjDVoVEI=">AAACGnicbZDLSsNAFIYn9VbrrerSTbAIlWpJgqAbodaNOyvYCzRtmUwm7dDJhZkToYQ+hxtfxY0LRdyJG9/GadqFtv4w8M1/zmHm/E7EmQTD+NYyS8srq2vZ9dzG5tb2Tn53ryHDWBBaJyEPRcvBknIW0Dow4LQVCYp9h9OmM7ye1JsPVEgWBvcwimjHx/2AeYxgUFYvb7qya12eVotwIo5d6Fol2xOYJK7oWuPkKrXHJXVx7Vuf9nHX6uULRtlIpS+COYMCmqnWy3/abkhinwZAOJaybRoRdBIsgBFOxzk7ljTCZIj7tK0wwD6VnSRdbawfKcfVvVCoE4Ceur8nEuxLOfId1eljGMj52sT8r9aOwbvoJCyIYqABmT7kxVyHUJ/kpLtMUAJ8pAATwdRfdTLAKhpQaeZUCOb8yovQsMqm4ruzQqU6iyOLDtAhKiITnaMKukE1VEcEPaJn9IretCftRXvXPqatGW02s4/+SPv6AfVCnvY=</latexit><latexit sha1_base64="ts9oyOj7Eazkm3HDG2pIjDVoVEI=">AAACGnicbZDLSsNAFIYn9VbrrerSTbAIlWpJgqAbodaNOyvYCzRtmUwm7dDJhZkToYQ+hxtfxY0LRdyJG9/GadqFtv4w8M1/zmHm/E7EmQTD+NYyS8srq2vZ9dzG5tb2Tn53ryHDWBBaJyEPRcvBknIW0Dow4LQVCYp9h9OmM7ye1JsPVEgWBvcwimjHx/2AeYxgUFYvb7qya12eVotwIo5d6Fol2xOYJK7oWuPkKrXHJXVx7Vuf9nHX6uULRtlIpS+COYMCmqnWy3/abkhinwZAOJaybRoRdBIsgBFOxzk7ljTCZIj7tK0wwD6VnSRdbawfKcfVvVCoE4Ceur8nEuxLOfId1eljGMj52sT8r9aOwbvoJCyIYqABmT7kxVyHUJ/kpLtMUAJ8pAATwdRfdTLAKhpQaeZUCOb8yovQsMqm4ruzQqU6iyOLDtAhKiITnaMKukE1VEcEPaJn9IretCftRXvXPqatGW02s4/+SPv6AfVCnvY=</latexit><latexit sha1_base64="ts9oyOj7Eazkm3HDG2pIjDVoVEI=">AAACGnicbZDLSsNAFIYn9VbrrerSTbAIlWpJgqAbodaNOyvYCzRtmUwm7dDJhZkToYQ+hxtfxY0LRdyJG9/GadqFtv4w8M1/zmHm/E7EmQTD+NYyS8srq2vZ9dzG5tb2Tn53ryHDWBBaJyEPRcvBknIW0Dow4LQVCYp9h9OmM7ye1JsPVEgWBvcwimjHx/2AeYxgUFYvb7qya12eVotwIo5d6Fol2xOYJK7oWuPkKrXHJXVx7Vuf9nHX6uULRtlIpS+COYMCmqnWy3/abkhinwZAOJaybRoRdBIsgBFOxzk7ljTCZIj7tK0wwD6VnSRdbawfKcfVvVCoE4Ceur8nEuxLOfId1eljGMj52sT8r9aOwbvoJCyIYqABmT7kxVyHUJ/kpLtMUAJ8pAATwdRfdTLAKhpQaeZUCOb8yovQsMqm4ruzQqU6iyOLDtAhKiITnaMKukE1VEcEPaJn9IretCftRXvXPqatGW02s4/+SPv6AfVCnvY=</latexit><latexit sha1_base64="ts9oyOj7Eazkm3HDG2pIjDVoVEI=">AAACGnicbZDLSsNAFIYn9VbrrerSTbAIlWpJgqAbodaNOyvYCzRtmUwm7dDJhZkToYQ+hxtfxY0LRdyJG9/GadqFtv4w8M1/zmHm/E7EmQTD+NYyS8srq2vZ9dzG5tb2Tn53ryHDWBBaJyEPRcvBknIW0Dow4LQVCYp9h9OmM7ye1JsPVEgWBvcwimjHx/2AeYxgUFYvb7qya12eVotwIo5d6Fol2xOYJK7oWuPkKrXHJXVx7Vuf9nHX6uULRtlIpS+COYMCmqnWy3/abkhinwZAOJaybRoRdBIsgBFOxzk7ljTCZIj7tK0wwD6VnSRdbawfKcfVvVCoE4Ceur8nEuxLOfId1eljGMj52sT8r9aOwbvoJCyIYqABmT7kxVyHUJ/kpLtMUAJ8pAATwdRfdTLAKhpQaeZUCOb8yovQsMqm4ruzQqU6iyOLDtAhKiITnaMKukE1VEcEPaJn9IretCftRXvXPqatGW02s4/+SPv6AfVCnvY=</latexit>

Riemann Curvature Tensor: Ri
lkj(t, r) 2 L1

<latexit sha1_base64="7xjJjQJOM943FEw/m29Hrt1fPlY=">AAACBnicbZDLSgMxFIYz9VbrrepShGARKkiZEUGXRTcuXFSxF2inQybNtLGZzJCcEcrQlRtfxY0LRdz6DO58G9PLQlsPhHz8/zkk5/djwTXY9reVWVhcWl7JrubW1jc2t/LbOzUdJYqyKo1EpBo+0UxwyarAQbBGrBgJfcHqfv9y5NcfmNI8kncwiJkbkq7kAacEjOTl92/b3EtF/35YhGN11OISX7dTcwUwGGIvX7BL9rjwPDhTKKBpVbz8V6sT0SRkEqggWjcdOwY3JQo4FWyYayWaxYT2SZc1DUoSMu2m4zWG+NAoHRxEyhwJeKz+nkhJqPUg9E1nSKCnZ72R+J/XTCA4d1Mu4wSYpJOHgkRgiPAoE9zhilEQAwOEKm7+immPKELBJJczITizK89D7aTkGL45LZQvpnFk0R46QEXkoDNURleogqqIokf0jF7Rm/VkvVjv1sekNWNNZ3bRn7I+fwB97Zh8</latexit><latexit sha1_base64="7xjJjQJOM943FEw/m29Hrt1fPlY=">AAACBnicbZDLSgMxFIYz9VbrrepShGARKkiZEUGXRTcuXFSxF2inQybNtLGZzJCcEcrQlRtfxY0LRdz6DO58G9PLQlsPhHz8/zkk5/djwTXY9reVWVhcWl7JrubW1jc2t/LbOzUdJYqyKo1EpBo+0UxwyarAQbBGrBgJfcHqfv9y5NcfmNI8kncwiJkbkq7kAacEjOTl92/b3EtF/35YhGN11OISX7dTcwUwGGIvX7BL9rjwPDhTKKBpVbz8V6sT0SRkEqggWjcdOwY3JQo4FWyYayWaxYT2SZc1DUoSMu2m4zWG+NAoHRxEyhwJeKz+nkhJqPUg9E1nSKCnZ72R+J/XTCA4d1Mu4wSYpJOHgkRgiPAoE9zhilEQAwOEKm7+immPKELBJJczITizK89D7aTkGL45LZQvpnFk0R46QEXkoDNURleogqqIokf0jF7Rm/VkvVjv1sekNWNNZ3bRn7I+fwB97Zh8</latexit><latexit sha1_base64="7xjJjQJOM943FEw/m29Hrt1fPlY=">AAACBnicbZDLSgMxFIYz9VbrrepShGARKkiZEUGXRTcuXFSxF2inQybNtLGZzJCcEcrQlRtfxY0LRdz6DO58G9PLQlsPhHz8/zkk5/djwTXY9reVWVhcWl7JrubW1jc2t/LbOzUdJYqyKo1EpBo+0UxwyarAQbBGrBgJfcHqfv9y5NcfmNI8kncwiJkbkq7kAacEjOTl92/b3EtF/35YhGN11OISX7dTcwUwGGIvX7BL9rjwPDhTKKBpVbz8V6sT0SRkEqggWjcdOwY3JQo4FWyYayWaxYT2SZc1DUoSMu2m4zWG+NAoHRxEyhwJeKz+nkhJqPUg9E1nSKCnZ72R+J/XTCA4d1Mu4wSYpJOHgkRgiPAoE9zhilEQAwOEKm7+immPKELBJJczITizK89D7aTkGL45LZQvpnFk0R46QEXkoDNURleogqqIokf0jF7Rm/VkvVjv1sekNWNNZ3bRn7I+fwB97Zh8</latexit><latexit sha1_base64="7xjJjQJOM943FEw/m29Hrt1fPlY=">AAACBnicbZDLSgMxFIYz9VbrrepShGARKkiZEUGXRTcuXFSxF2inQybNtLGZzJCcEcrQlRtfxY0LRdz6DO58G9PLQlsPhHz8/zkk5/djwTXY9reVWVhcWl7JrubW1jc2t/LbOzUdJYqyKo1EpBo+0UxwyarAQbBGrBgJfcHqfv9y5NcfmNI8kncwiJkbkq7kAacEjOTl92/b3EtF/35YhGN11OISX7dTcwUwGGIvX7BL9rjwPDhTKKBpVbz8V6sT0SRkEqggWjcdOwY3JQo4FWyYayWaxYT2SZc1DUoSMu2m4zWG+NAoHRxEyhwJeKz+nkhJqPUg9E1nSKCnZ72R+J/XTCA4d1Mu4wSYpJOHgkRgiPAoE9zhilEQAwOEKm7+immPKELBJJczITizK89D7aTkGL45LZQvpnFk0R46QEXkoDNURleogqqIokf0jF7Rm/VkvVjv1sekNWNNZ3bRn7I+fwB97Zh8</latexit>

Fluid variables: ⇢(t, r), p(r, t), v(r, t) 2 L1
<latexit sha1_base64="Rmbx7AukX6SuRjglkefX4PXWbBs=">AAACD3icbVC7SgNBFJ2NrxhfUUubwaAkEMKuCFoGbSwsIpgHJDHMTmaTIbOzy8zdwLLkD2z8FRsLRWxt7fwbJ8kWmnhguIdz7uXOPW4ouAbb/rYyK6tr6xvZzdzW9s7uXn7/oKGDSFFWp4EIVMslmgkuWR04CNYKFSO+K1jTHV1P/eaYKc0DeQ9xyLo+GUjucUrASL38aUcNgyKUVakcFlUZSuXxrHS4xLcPiSkexBPcyxfsij0DXiZOSgooRa2X/+r0Axr5TAIVROu2Y4fQTYgCTgWb5DqRZiGhIzJgbUMl8ZnuJrN7JvjEKH3sBco8CXim/p5IiK917Lum0ycw1IveVPzPa0fgXXYTLsMImKTzRV4kMAR4Gg7uc8UoiNgQQhU3f8V0SBShYCLMmRCcxZOXSeOs4hh+d16oXqVxZNEROkZF5KALVEU3qIbqiKJH9Ixe0Zv1ZL1Y79bHvDVjpTOH6A+szx8Vt5rO</latexit><latexit sha1_base64="Rmbx7AukX6SuRjglkefX4PXWbBs=">AAACD3icbVC7SgNBFJ2NrxhfUUubwaAkEMKuCFoGbSwsIpgHJDHMTmaTIbOzy8zdwLLkD2z8FRsLRWxt7fwbJ8kWmnhguIdz7uXOPW4ouAbb/rYyK6tr6xvZzdzW9s7uXn7/oKGDSFFWp4EIVMslmgkuWR04CNYKFSO+K1jTHV1P/eaYKc0DeQ9xyLo+GUjucUrASL38aUcNgyKUVakcFlUZSuXxrHS4xLcPiSkexBPcyxfsij0DXiZOSgooRa2X/+r0Axr5TAIVROu2Y4fQTYgCTgWb5DqRZiGhIzJgbUMl8ZnuJrN7JvjEKH3sBco8CXim/p5IiK917Lum0ycw1IveVPzPa0fgXXYTLsMImKTzRV4kMAR4Gg7uc8UoiNgQQhU3f8V0SBShYCLMmRCcxZOXSeOs4hh+d16oXqVxZNEROkZF5KALVEU3qIbqiKJH9Ixe0Zv1ZL1Y79bHvDVjpTOH6A+szx8Vt5rO</latexit><latexit sha1_base64="Rmbx7AukX6SuRjglkefX4PXWbBs=">AAACD3icbVC7SgNBFJ2NrxhfUUubwaAkEMKuCFoGbSwsIpgHJDHMTmaTIbOzy8zdwLLkD2z8FRsLRWxt7fwbJ8kWmnhguIdz7uXOPW4ouAbb/rYyK6tr6xvZzdzW9s7uXn7/oKGDSFFWp4EIVMslmgkuWR04CNYKFSO+K1jTHV1P/eaYKc0DeQ9xyLo+GUjucUrASL38aUcNgyKUVakcFlUZSuXxrHS4xLcPiSkexBPcyxfsij0DXiZOSgooRa2X/+r0Axr5TAIVROu2Y4fQTYgCTgWb5DqRZiGhIzJgbUMl8ZnuJrN7JvjEKH3sBco8CXim/p5IiK917Lum0ycw1IveVPzPa0fgXXYTLsMImKTzRV4kMAR4Gg7uc8UoiNgQQhU3f8V0SBShYCLMmRCcxZOXSeOs4hh+d16oXqVxZNEROkZF5KALVEU3qIbqiKJH9Ixe0Zv1ZL1Y79bHvDVjpTOH6A+szx8Vt5rO</latexit><latexit sha1_base64="Rmbx7AukX6SuRjglkefX4PXWbBs=">AAACD3icbVC7SgNBFJ2NrxhfUUubwaAkEMKuCFoGbSwsIpgHJDHMTmaTIbOzy8zdwLLkD2z8FRsLRWxt7fwbJ8kWmnhguIdz7uXOPW4ouAbb/rYyK6tr6xvZzdzW9s7uXn7/oKGDSFFWp4EIVMslmgkuWR04CNYKFSO+K1jTHV1P/eaYKc0DeQ9xyLo+GUjucUrASL38aUcNgyKUVakcFlUZSuXxrHS4xLcPiSkexBPcyxfsij0DXiZOSgooRa2X/+r0Axr5TAIVROu2Y4fQTYgCTgWb5DqRZiGhIzJgbUMl8ZnuJrN7JvjEKH3sBco8CXim/p5IiK917Lum0ycw1IveVPzPa0fgXXYTLsMImKTzRV4kMAR4Gg7uc8UoiNgQQhU3f8V0SBShYCLMmRCcxZOXSeOs4hh+d16oXqVxZNEROkZF5KALVEU3qIbqiKJH9Ixe0Zv1ZL1Y79bHvDVjpTOH6A+szx8Vt5rO</latexit>

G = T
<latexit sha1_base64="1w5t1hkuQ38DcPQABoFneTVETi4=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFD3osUK/sA1lst20SzebsLsRSui/8OJBEa/+G2/+G7dtDlp9YeHhnRl25g0SwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThVlTRqLWHUC1ExwyZqGG8E6iWIYBYK1g/HNrN5+ZErzWDbMJGF+hEPJQ07RWOvh9qo3xiRB0uiXK27VnYv8BS+HCuSq98ufvUFM04hJQwVq3fXcxPgZKsOpYNNSL9UsQTrGIetalBgx7WfzjafkxDoDEsbKPmnI3P05kWGk9SQKbGeEZqSXazPzv1o3NeGln3GZpIZJuvgoTAUxMZmdTwZcMWrExAJSxe2uhI5QITU2pJINwVs++S+0zqqe5fvzSu06j6MIR3AMp+DBBdTgDurQBAoSnuAFXh3tPDtvzvuiteDkM4fwS87HN6tJkD8=</latexit><latexit sha1_base64="1w5t1hkuQ38DcPQABoFneTVETi4=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFD3osUK/sA1lst20SzebsLsRSui/8OJBEa/+G2/+G7dtDlp9YeHhnRl25g0SwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThVlTRqLWHUC1ExwyZqGG8E6iWIYBYK1g/HNrN5+ZErzWDbMJGF+hEPJQ07RWOvh9qo3xiRB0uiXK27VnYv8BS+HCuSq98ufvUFM04hJQwVq3fXcxPgZKsOpYNNSL9UsQTrGIetalBgx7WfzjafkxDoDEsbKPmnI3P05kWGk9SQKbGeEZqSXazPzv1o3NeGln3GZpIZJuvgoTAUxMZmdTwZcMWrExAJSxe2uhI5QITU2pJINwVs++S+0zqqe5fvzSu06j6MIR3AMp+DBBdTgDurQBAoSnuAFXh3tPDtvzvuiteDkM4fwS87HN6tJkD8=</latexit><latexit sha1_base64="1w5t1hkuQ38DcPQABoFneTVETi4=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFD3osUK/sA1lst20SzebsLsRSui/8OJBEa/+G2/+G7dtDlp9YeHhnRl25g0SwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThVlTRqLWHUC1ExwyZqGG8E6iWIYBYK1g/HNrN5+ZErzWDbMJGF+hEPJQ07RWOvh9qo3xiRB0uiXK27VnYv8BS+HCuSq98ufvUFM04hJQwVq3fXcxPgZKsOpYNNSL9UsQTrGIetalBgx7WfzjafkxDoDEsbKPmnI3P05kWGk9SQKbGeEZqSXazPzv1o3NeGln3GZpIZJuvgoTAUxMZmdTwZcMWrExAJSxe2uhI5QITU2pJINwVs++S+0zqqe5fvzSu06j6MIR3AMp+DBBdTgDurQBAoSnuAFXh3tPDtvzvuiteDkM4fwS87HN6tJkD8=</latexit><latexit sha1_base64="1w5t1hkuQ38DcPQABoFneTVETi4=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFD3osUK/sA1lst20SzebsLsRSui/8OJBEa/+G2/+G7dtDlp9YeHhnRl25g0SwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThVlTRqLWHUC1ExwyZqGG8E6iWIYBYK1g/HNrN5+ZErzWDbMJGF+hEPJQ07RWOvh9qo3xiRB0uiXK27VnYv8BS+HCuSq98ufvUFM04hJQwVq3fXcxPgZKsOpYNNSL9UsQTrGIetalBgx7WfzjafkxDoDEsbKPmnI3P05kWGk9SQKbGeEZqSXazPzv1o3NeGln3GZpIZJuvgoTAUxMZmdTwZcMWrExAJSxe2uhI5QITU2pJINwVs++S+0zqqe5fvzSu06j6MIR3AMp+DBBdTgDurQBAoSnuAFXh3tPDtvzvuiteDkM4fwS87HN6tJkD8=</latexit>

are Lipschitz ContinuousA,B
<latexit sha1_base64="ltDun+5ycbFxXCC9l8M0p38bltU=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEIHqQkIuix1ovHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++2srK6tb2wWtorbO7t7+6WDw6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrfTeusJleaxfDTjBP2IDiQPOaPGWg8357VeqexW3JnIMng5lCFXvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHoqQRaj+brTohp9bpkzBW9klDZu7viYxGWo+jwHZG1Az1Ym1q/lfrpCa89jMuk9SgZPOPwlQQE5Pp3aTPFTIjxhYoU9zuStiQKsqMTadoQ/AWT16G5kXFs3x/Wa7W8jgKcAwncAYeXEEV7qAODWAwgGd4hTdHOC/Ou/Mxb11x8pkj+CPn8weEHo1H</latexit><latexit sha1_base64="ltDun+5ycbFxXCC9l8M0p38bltU=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEIHqQkIuix1ovHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++2srK6tb2wWtorbO7t7+6WDw6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrfTeusJleaxfDTjBP2IDiQPOaPGWg8357VeqexW3JnIMng5lCFXvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHoqQRaj+brTohp9bpkzBW9klDZu7viYxGWo+jwHZG1Az1Ym1q/lfrpCa89jMuk9SgZPOPwlQQE5Pp3aTPFTIjxhYoU9zuStiQKsqMTadoQ/AWT16G5kXFs3x/Wa7W8jgKcAwncAYeXEEV7qAODWAwgGd4hTdHOC/Ou/Mxb11x8pkj+CPn8weEHo1H</latexit><latexit sha1_base64="ltDun+5ycbFxXCC9l8M0p38bltU=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEIHqQkIuix1ovHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++2srK6tb2wWtorbO7t7+6WDw6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrfTeusJleaxfDTjBP2IDiQPOaPGWg8357VeqexW3JnIMng5lCFXvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHoqQRaj+brTohp9bpkzBW9klDZu7viYxGWo+jwHZG1Az1Ym1q/lfrpCa89jMuk9SgZPOPwlQQE5Pp3aTPFTIjxhYoU9zuStiQKsqMTadoQ/AWT16G5kXFs3x/Wa7W8jgKcAwncAYeXEEV7qAODWAwgGd4hTdHOC/Ou/Mxb11x8pkj+CPn8weEHo1H</latexit><latexit sha1_base64="ltDun+5ycbFxXCC9l8M0p38bltU=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEIHqQkIuix1ovHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++2srK6tb2wWtorbO7t7+6WDw6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrfTeusJleaxfDTjBP2IDiQPOaPGWg8357VeqexW3JnIMng5lCFXvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHoqQRaj+brTohp9bpkzBW9klDZu7viYxGWo+jwHZG1Az1Ym1q/lfrpCa89jMuk9SgZPOPwlQQE5Pp3aTPFTIjxhYoU9zuStiQKsqMTadoQ/AWT16G5kXFs3x/Wa7W8jgKcAwncAYeXEEV7qAODWAwgGd4hTdHOC/Ou/Mxb11x8pkj+CPn8weEHo1H</latexit>



Conclude:    For shock wave solutions of the Einstein 
equations             generated by the Glimm Scheme:

Solution: ds2 = �B(t, r)dt2 +
dr2

A(t, r)
+ r2d⌦2

<latexit sha1_base64="ts9oyOj7Eazkm3HDG2pIjDVoVEI=">AAACGnicbZDLSsNAFIYn9VbrrerSTbAIlWpJgqAbodaNOyvYCzRtmUwm7dDJhZkToYQ+hxtfxY0LRdyJG9/GadqFtv4w8M1/zmHm/E7EmQTD+NYyS8srq2vZ9dzG5tb2Tn53ryHDWBBaJyEPRcvBknIW0Dow4LQVCYp9h9OmM7ye1JsPVEgWBvcwimjHx/2AeYxgUFYvb7qya12eVotwIo5d6Fol2xOYJK7oWuPkKrXHJXVx7Vuf9nHX6uULRtlIpS+COYMCmqnWy3/abkhinwZAOJaybRoRdBIsgBFOxzk7ljTCZIj7tK0wwD6VnSRdbawfKcfVvVCoE4Ceur8nEuxLOfId1eljGMj52sT8r9aOwbvoJCyIYqABmT7kxVyHUJ/kpLtMUAJ8pAATwdRfdTLAKhpQaeZUCOb8yovQsMqm4ruzQqU6iyOLDtAhKiITnaMKukE1VEcEPaJn9IretCftRXvXPqatGW02s4/+SPv6AfVCnvY=</latexit><latexit sha1_base64="ts9oyOj7Eazkm3HDG2pIjDVoVEI=">AAACGnicbZDLSsNAFIYn9VbrrerSTbAIlWpJgqAbodaNOyvYCzRtmUwm7dDJhZkToYQ+hxtfxY0LRdyJG9/GadqFtv4w8M1/zmHm/E7EmQTD+NYyS8srq2vZ9dzG5tb2Tn53ryHDWBBaJyEPRcvBknIW0Dow4LQVCYp9h9OmM7ye1JsPVEgWBvcwimjHx/2AeYxgUFYvb7qya12eVotwIo5d6Fol2xOYJK7oWuPkKrXHJXVx7Vuf9nHX6uULRtlIpS+COYMCmqnWy3/abkhinwZAOJaybRoRdBIsgBFOxzk7ljTCZIj7tK0wwD6VnSRdbawfKcfVvVCoE4Ceur8nEuxLOfId1eljGMj52sT8r9aOwbvoJCyIYqABmT7kxVyHUJ/kpLtMUAJ8pAATwdRfdTLAKhpQaeZUCOb8yovQsMqm4ruzQqU6iyOLDtAhKiITnaMKukE1VEcEPaJn9IretCftRXvXPqatGW02s4/+SPv6AfVCnvY=</latexit><latexit sha1_base64="ts9oyOj7Eazkm3HDG2pIjDVoVEI=">AAACGnicbZDLSsNAFIYn9VbrrerSTbAIlWpJgqAbodaNOyvYCzRtmUwm7dDJhZkToYQ+hxtfxY0LRdyJG9/GadqFtv4w8M1/zmHm/E7EmQTD+NYyS8srq2vZ9dzG5tb2Tn53ryHDWBBaJyEPRcvBknIW0Dow4LQVCYp9h9OmM7ye1JsPVEgWBvcwimjHx/2AeYxgUFYvb7qya12eVotwIo5d6Fol2xOYJK7oWuPkKrXHJXVx7Vuf9nHX6uULRtlIpS+COYMCmqnWy3/abkhinwZAOJaybRoRdBIsgBFOxzk7ljTCZIj7tK0wwD6VnSRdbawfKcfVvVCoE4Ceur8nEuxLOfId1eljGMj52sT8r9aOwbvoJCyIYqABmT7kxVyHUJ/kpLtMUAJ8pAATwdRfdTLAKhpQaeZUCOb8yovQsMqm4ruzQqU6iyOLDtAhKiITnaMKukE1VEcEPaJn9IretCftRXvXPqatGW02s4/+SPv6AfVCnvY=</latexit><latexit sha1_base64="ts9oyOj7Eazkm3HDG2pIjDVoVEI=">AAACGnicbZDLSsNAFIYn9VbrrerSTbAIlWpJgqAbodaNOyvYCzRtmUwm7dDJhZkToYQ+hxtfxY0LRdyJG9/GadqFtv4w8M1/zmHm/E7EmQTD+NYyS8srq2vZ9dzG5tb2Tn53ryHDWBBaJyEPRcvBknIW0Dow4LQVCYp9h9OmM7ye1JsPVEgWBvcwimjHx/2AeYxgUFYvb7qya12eVotwIo5d6Fol2xOYJK7oWuPkKrXHJXVx7Vuf9nHX6uULRtlIpS+COYMCmqnWy3/abkhinwZAOJaybRoRdBIsgBFOxzk7ljTCZIj7tK0wwD6VnSRdbawfKcfVvVCoE4Ceur8nEuxLOfId1eljGMj52sT8r9aOwbvoJCyIYqABmT7kxVyHUJ/kpLtMUAJ8pAATwdRfdTLAKhpQaeZUCOb8yovQsMqm4ruzQqU6iyOLDtAhKiITnaMKukE1VEcEPaJn9IretCftRXvXPqatGW02s4/+SPv6AfVCnvY=</latexit>

Riemann Curvature Tensor: Ri
lkj(t, r) 2 L1

<latexit sha1_base64="7xjJjQJOM943FEw/m29Hrt1fPlY=">AAACBnicbZDLSgMxFIYz9VbrrepShGARKkiZEUGXRTcuXFSxF2inQybNtLGZzJCcEcrQlRtfxY0LRdz6DO58G9PLQlsPhHz8/zkk5/djwTXY9reVWVhcWl7JrubW1jc2t/LbOzUdJYqyKo1EpBo+0UxwyarAQbBGrBgJfcHqfv9y5NcfmNI8kncwiJkbkq7kAacEjOTl92/b3EtF/35YhGN11OISX7dTcwUwGGIvX7BL9rjwPDhTKKBpVbz8V6sT0SRkEqggWjcdOwY3JQo4FWyYayWaxYT2SZc1DUoSMu2m4zWG+NAoHRxEyhwJeKz+nkhJqPUg9E1nSKCnZ72R+J/XTCA4d1Mu4wSYpJOHgkRgiPAoE9zhilEQAwOEKm7+immPKELBJJczITizK89D7aTkGL45LZQvpnFk0R46QEXkoDNURleogqqIokf0jF7Rm/VkvVjv1sekNWNNZ3bRn7I+fwB97Zh8</latexit><latexit sha1_base64="7xjJjQJOM943FEw/m29Hrt1fPlY=">AAACBnicbZDLSgMxFIYz9VbrrepShGARKkiZEUGXRTcuXFSxF2inQybNtLGZzJCcEcrQlRtfxY0LRdz6DO58G9PLQlsPhHz8/zkk5/djwTXY9reVWVhcWl7JrubW1jc2t/LbOzUdJYqyKo1EpBo+0UxwyarAQbBGrBgJfcHqfv9y5NcfmNI8kncwiJkbkq7kAacEjOTl92/b3EtF/35YhGN11OISX7dTcwUwGGIvX7BL9rjwPDhTKKBpVbz8V6sT0SRkEqggWjcdOwY3JQo4FWyYayWaxYT2SZc1DUoSMu2m4zWG+NAoHRxEyhwJeKz+nkhJqPUg9E1nSKCnZ72R+J/XTCA4d1Mu4wSYpJOHgkRgiPAoE9zhilEQAwOEKm7+immPKELBJJczITizK89D7aTkGL45LZQvpnFk0R46QEXkoDNURleogqqIokf0jF7Rm/VkvVjv1sekNWNNZ3bRn7I+fwB97Zh8</latexit><latexit sha1_base64="7xjJjQJOM943FEw/m29Hrt1fPlY=">AAACBnicbZDLSgMxFIYz9VbrrepShGARKkiZEUGXRTcuXFSxF2inQybNtLGZzJCcEcrQlRtfxY0LRdz6DO58G9PLQlsPhHz8/zkk5/djwTXY9reVWVhcWl7JrubW1jc2t/LbOzUdJYqyKo1EpBo+0UxwyarAQbBGrBgJfcHqfv9y5NcfmNI8kncwiJkbkq7kAacEjOTl92/b3EtF/35YhGN11OISX7dTcwUwGGIvX7BL9rjwPDhTKKBpVbz8V6sT0SRkEqggWjcdOwY3JQo4FWyYayWaxYT2SZc1DUoSMu2m4zWG+NAoHRxEyhwJeKz+nkhJqPUg9E1nSKCnZ72R+J/XTCA4d1Mu4wSYpJOHgkRgiPAoE9zhilEQAwOEKm7+immPKELBJJczITizK89D7aTkGL45LZQvpnFk0R46QEXkoDNURleogqqIokf0jF7Rm/VkvVjv1sekNWNNZ3bRn7I+fwB97Zh8</latexit><latexit sha1_base64="7xjJjQJOM943FEw/m29Hrt1fPlY=">AAACBnicbZDLSgMxFIYz9VbrrepShGARKkiZEUGXRTcuXFSxF2inQybNtLGZzJCcEcrQlRtfxY0LRdz6DO58G9PLQlsPhHz8/zkk5/djwTXY9reVWVhcWl7JrubW1jc2t/LbOzUdJYqyKo1EpBo+0UxwyarAQbBGrBgJfcHqfv9y5NcfmNI8kncwiJkbkq7kAacEjOTl92/b3EtF/35YhGN11OISX7dTcwUwGGIvX7BL9rjwPDhTKKBpVbz8V6sT0SRkEqggWjcdOwY3JQo4FWyYayWaxYT2SZc1DUoSMu2m4zWG+NAoHRxEyhwJeKz+nkhJqPUg9E1nSKCnZ72R+J/XTCA4d1Mu4wSYpJOHgkRgiPAoE9zhilEQAwOEKm7+immPKELBJJczITizK89D7aTkGL45LZQvpnFk0R46QEXkoDNURleogqqIokf0jF7Rm/VkvVjv1sekNWNNZ3bRn7I+fwB97Zh8</latexit>

Fluid variables: ⇢(t, r), p(r, t), v(r, t) 2 L1
<latexit sha1_base64="Rmbx7AukX6SuRjglkefX4PXWbBs=">AAACD3icbVC7SgNBFJ2NrxhfUUubwaAkEMKuCFoGbSwsIpgHJDHMTmaTIbOzy8zdwLLkD2z8FRsLRWxt7fwbJ8kWmnhguIdz7uXOPW4ouAbb/rYyK6tr6xvZzdzW9s7uXn7/oKGDSFFWp4EIVMslmgkuWR04CNYKFSO+K1jTHV1P/eaYKc0DeQ9xyLo+GUjucUrASL38aUcNgyKUVakcFlUZSuXxrHS4xLcPiSkexBPcyxfsij0DXiZOSgooRa2X/+r0Axr5TAIVROu2Y4fQTYgCTgWb5DqRZiGhIzJgbUMl8ZnuJrN7JvjEKH3sBco8CXim/p5IiK917Lum0ycw1IveVPzPa0fgXXYTLsMImKTzRV4kMAR4Gg7uc8UoiNgQQhU3f8V0SBShYCLMmRCcxZOXSeOs4hh+d16oXqVxZNEROkZF5KALVEU3qIbqiKJH9Ixe0Zv1ZL1Y79bHvDVjpTOH6A+szx8Vt5rO</latexit><latexit sha1_base64="Rmbx7AukX6SuRjglkefX4PXWbBs=">AAACD3icbVC7SgNBFJ2NrxhfUUubwaAkEMKuCFoGbSwsIpgHJDHMTmaTIbOzy8zdwLLkD2z8FRsLRWxt7fwbJ8kWmnhguIdz7uXOPW4ouAbb/rYyK6tr6xvZzdzW9s7uXn7/oKGDSFFWp4EIVMslmgkuWR04CNYKFSO+K1jTHV1P/eaYKc0DeQ9xyLo+GUjucUrASL38aUcNgyKUVakcFlUZSuXxrHS4xLcPiSkexBPcyxfsij0DXiZOSgooRa2X/+r0Axr5TAIVROu2Y4fQTYgCTgWb5DqRZiGhIzJgbUMl8ZnuJrN7JvjEKH3sBco8CXim/p5IiK917Lum0ycw1IveVPzPa0fgXXYTLsMImKTzRV4kMAR4Gg7uc8UoiNgQQhU3f8V0SBShYCLMmRCcxZOXSeOs4hh+d16oXqVxZNEROkZF5KALVEU3qIbqiKJH9Ixe0Zv1ZL1Y79bHvDVjpTOH6A+szx8Vt5rO</latexit><latexit sha1_base64="Rmbx7AukX6SuRjglkefX4PXWbBs=">AAACD3icbVC7SgNBFJ2NrxhfUUubwaAkEMKuCFoGbSwsIpgHJDHMTmaTIbOzy8zdwLLkD2z8FRsLRWxt7fwbJ8kWmnhguIdz7uXOPW4ouAbb/rYyK6tr6xvZzdzW9s7uXn7/oKGDSFFWp4EIVMslmgkuWR04CNYKFSO+K1jTHV1P/eaYKc0DeQ9xyLo+GUjucUrASL38aUcNgyKUVakcFlUZSuXxrHS4xLcPiSkexBPcyxfsij0DXiZOSgooRa2X/+r0Axr5TAIVROu2Y4fQTYgCTgWb5DqRZiGhIzJgbUMl8ZnuJrN7JvjEKH3sBco8CXim/p5IiK917Lum0ycw1IveVPzPa0fgXXYTLsMImKTzRV4kMAR4Gg7uc8UoiNgQQhU3f8V0SBShYCLMmRCcxZOXSeOs4hh+d16oXqVxZNEROkZF5KALVEU3qIbqiKJH9Ixe0Zv1ZL1Y79bHvDVjpTOH6A+szx8Vt5rO</latexit><latexit sha1_base64="Rmbx7AukX6SuRjglkefX4PXWbBs=">AAACD3icbVC7SgNBFJ2NrxhfUUubwaAkEMKuCFoGbSwsIpgHJDHMTmaTIbOzy8zdwLLkD2z8FRsLRWxt7fwbJ8kWmnhguIdz7uXOPW4ouAbb/rYyK6tr6xvZzdzW9s7uXn7/oKGDSFFWp4EIVMslmgkuWR04CNYKFSO+K1jTHV1P/eaYKc0DeQ9xyLo+GUjucUrASL38aUcNgyKUVakcFlUZSuXxrHS4xLcPiSkexBPcyxfsij0DXiZOSgooRa2X/+r0Axr5TAIVROu2Y4fQTYgCTgWb5DqRZiGhIzJgbUMl8ZnuJrN7JvjEKH3sBco8CXim/p5IiK917Lum0ycw1IveVPzPa0fgXXYTLsMImKTzRV4kMAR4Gg7uc8UoiNgQQhU3f8V0SBShYCLMmRCcxZOXSeOs4hh+d16oXqVxZNEROkZF5KALVEU3qIbqiKJH9Ixe0Zv1ZL1Y79bHvDVjpTOH6A+szx8Vt5rO</latexit>

Conclude:  These are non-optimal solutions which 
can be smoothed to optimal regularity by our THM…

G = T
<latexit sha1_base64="1w5t1hkuQ38DcPQABoFneTVETi4=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFD3osUK/sA1lst20SzebsLsRSui/8OJBEa/+G2/+G7dtDlp9YeHhnRl25g0SwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThVlTRqLWHUC1ExwyZqGG8E6iWIYBYK1g/HNrN5+ZErzWDbMJGF+hEPJQ07RWOvh9qo3xiRB0uiXK27VnYv8BS+HCuSq98ufvUFM04hJQwVq3fXcxPgZKsOpYNNSL9UsQTrGIetalBgx7WfzjafkxDoDEsbKPmnI3P05kWGk9SQKbGeEZqSXazPzv1o3NeGln3GZpIZJuvgoTAUxMZmdTwZcMWrExAJSxe2uhI5QITU2pJINwVs++S+0zqqe5fvzSu06j6MIR3AMp+DBBdTgDurQBAoSnuAFXh3tPDtvzvuiteDkM4fwS87HN6tJkD8=</latexit><latexit sha1_base64="1w5t1hkuQ38DcPQABoFneTVETi4=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFD3osUK/sA1lst20SzebsLsRSui/8OJBEa/+G2/+G7dtDlp9YeHhnRl25g0SwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThVlTRqLWHUC1ExwyZqGG8E6iWIYBYK1g/HNrN5+ZErzWDbMJGF+hEPJQ07RWOvh9qo3xiRB0uiXK27VnYv8BS+HCuSq98ufvUFM04hJQwVq3fXcxPgZKsOpYNNSL9UsQTrGIetalBgx7WfzjafkxDoDEsbKPmnI3P05kWGk9SQKbGeEZqSXazPzv1o3NeGln3GZpIZJuvgoTAUxMZmdTwZcMWrExAJSxe2uhI5QITU2pJINwVs++S+0zqqe5fvzSu06j6MIR3AMp+DBBdTgDurQBAoSnuAFXh3tPDtvzvuiteDkM4fwS87HN6tJkD8=</latexit><latexit sha1_base64="1w5t1hkuQ38DcPQABoFneTVETi4=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFD3osUK/sA1lst20SzebsLsRSui/8OJBEa/+G2/+G7dtDlp9YeHhnRl25g0SwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThVlTRqLWHUC1ExwyZqGG8E6iWIYBYK1g/HNrN5+ZErzWDbMJGF+hEPJQ07RWOvh9qo3xiRB0uiXK27VnYv8BS+HCuSq98ufvUFM04hJQwVq3fXcxPgZKsOpYNNSL9UsQTrGIetalBgx7WfzjafkxDoDEsbKPmnI3P05kWGk9SQKbGeEZqSXazPzv1o3NeGln3GZpIZJuvgoTAUxMZmdTwZcMWrExAJSxe2uhI5QITU2pJINwVs++S+0zqqe5fvzSu06j6MIR3AMp+DBBdTgDurQBAoSnuAFXh3tPDtvzvuiteDkM4fwS87HN6tJkD8=</latexit><latexit sha1_base64="1w5t1hkuQ38DcPQABoFneTVETi4=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFD3osUK/sA1lst20SzebsLsRSui/8OJBEa/+G2/+G7dtDlp9YeHhnRl25g0SwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThVlTRqLWHUC1ExwyZqGG8E6iWIYBYK1g/HNrN5+ZErzWDbMJGF+hEPJQ07RWOvh9qo3xiRB0uiXK27VnYv8BS+HCuSq98ufvUFM04hJQwVq3fXcxPgZKsOpYNNSL9UsQTrGIetalBgx7WfzjafkxDoDEsbKPmnI3P05kWGk9SQKbGeEZqSXazPzv1o3NeGln3GZpIZJuvgoTAUxMZmdTwZcMWrExAJSxe2uhI5QITU2pJINwVs++S+0zqqe5fvzSu06j6MIR3AMp+DBBdTgDurQBAoSnuAFXh3tPDtvzvuiteDkM4fwS87HN6tJkD8=</latexit>

are Lipschitz ContinuousA,B
<latexit sha1_base64="ltDun+5ycbFxXCC9l8M0p38bltU=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEIHqQkIuix1ovHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++2srK6tb2wWtorbO7t7+6WDw6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrfTeusJleaxfDTjBP2IDiQPOaPGWg8357VeqexW3JnIMng5lCFXvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHoqQRaj+brTohp9bpkzBW9klDZu7viYxGWo+jwHZG1Az1Ym1q/lfrpCa89jMuk9SgZPOPwlQQE5Pp3aTPFTIjxhYoU9zuStiQKsqMTadoQ/AWT16G5kXFs3x/Wa7W8jgKcAwncAYeXEEV7qAODWAwgGd4hTdHOC/Ou/Mxb11x8pkj+CPn8weEHo1H</latexit><latexit sha1_base64="ltDun+5ycbFxXCC9l8M0p38bltU=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEIHqQkIuix1ovHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++2srK6tb2wWtorbO7t7+6WDw6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrfTeusJleaxfDTjBP2IDiQPOaPGWg8357VeqexW3JnIMng5lCFXvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHoqQRaj+brTohp9bpkzBW9klDZu7viYxGWo+jwHZG1Az1Ym1q/lfrpCa89jMuk9SgZPOPwlQQE5Pp3aTPFTIjxhYoU9zuStiQKsqMTadoQ/AWT16G5kXFs3x/Wa7W8jgKcAwncAYeXEEV7qAODWAwgGd4hTdHOC/Ou/Mxb11x8pkj+CPn8weEHo1H</latexit><latexit sha1_base64="ltDun+5ycbFxXCC9l8M0p38bltU=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEIHqQkIuix1ovHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++2srK6tb2wWtorbO7t7+6WDw6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrfTeusJleaxfDTjBP2IDiQPOaPGWg8357VeqexW3JnIMng5lCFXvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHoqQRaj+brTohp9bpkzBW9klDZu7viYxGWo+jwHZG1Az1Ym1q/lfrpCa89jMuk9SgZPOPwlQQE5Pp3aTPFTIjxhYoU9zuStiQKsqMTadoQ/AWT16G5kXFs3x/Wa7W8jgKcAwncAYeXEEV7qAODWAwgGd4hTdHOC/Ou/Mxb11x8pkj+CPn8weEHo1H</latexit><latexit sha1_base64="ltDun+5ycbFxXCC9l8M0p38bltU=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEIHqQkIuix1ovHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++2srK6tb2wWtorbO7t7+6WDw6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrfTeusJleaxfDTjBP2IDiQPOaPGWg8357VeqexW3JnIMng5lCFXvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHoqQRaj+brTohp9bpkzBW9klDZu7viYxGWo+jwHZG1Az1Ym1q/lfrpCa89jMuk9SgZPOPwlQQE5Pp3aTPFTIjxhYoU9zuStiQKsqMTadoQ/AWT16G5kXFs3x/Wa7W8jgKcAwncAYeXEEV7qAODWAwgGd4hTdHOC/Ou/Mxb11x8pkj+CPn8weEHo1H</latexit>
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-Existence by Glimm’s method could only be 
accomplished in “singular’’ coordinate systems (SSC)

Comments:

-Non-optimal coordinates are not special to spherical 
symmetry…

-Wave equation methods have not reproduced 
Glimm’s theorem, even for  classical fluids1 + 1
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Prior results on optimal regularity GR were 
derived from 3+1 formulation   

Our theory is based on 4-d elliptic equations 
based on 4-d geometry of spacetime…

Comparison with other results: 
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Comparison with other results: 

Positive Definite case: (Kazdan-DeTurck 1981) 

Some regularity theorems in riemannian geometry

Deturck, Dennis M. ; Kazdan, Jerry L.

Annales scientifiques de l'École Normale Supérieure, 
Série 4, Tome 14 (1981) no. 3, pp. 249-260.


http://www.numdam.org/search/%22DeTurck,%20Dennis%22-c/
http://www.numdam.org/search/%22Kazdan,%20Jerry%20L.%22-c/


Comparison with other results: 

Positive Definite case: (Kazdan-DeTurck 1981) 
“ Transformation to Harmonic Coordinates
regularizes the metric…”  

<latexit sha1_base64="/vAbaaFSNP9EtyeZMaz/FmUeXRc=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdQbQRgzaWiZgLJEuYnZxNxsxemJkVwpInsLFQxFYfxt5GfBsniYUm/jDw8f/nMOccPxFcacf5snILi0vLK/lVe219Y3OrsL1TV3EqGdZYLGLZ9KlCwSOsaa4FNhOJNPQFNvzB5Thv3KFUPI5u9DBBL6S9iAecUW2s6nWnUHRKzkRkHtwfKJ6/22fJ26dd6RQ+2t2YpSFGmgmqVMt1Eu1lVGrOBI7sdqowoWxAe9gyGNEQlZdNBh2RA+N0SRBL8yJNJu7vjoyGSg1D31SGVPfVbDY2/8taqQ5OvYxHSaoxYtOPglQQHZPx1qTLJTIthgYok9zMSlifSsq0uY1tjuDOrjwP9aOSe1xyqk6xfAFT5WEP9uEQXDiBMlxBBWrAAOEeHuHJurUerGfrZVqas356duGPrNdvDYmQFw==</latexit>
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Comparison with other results: 

Positive Definite case: (Kazdan-DeTurck 1981) 
“ Transformation to Harmonic Coordinates
regularizes the metric…”  

Harmonic Coordinates:    
<latexit sha1_base64="u6lDSrX1tLglbKy6cuPkSJOZUvg=">AAAB+nicbVDLSgMxFM3UV219THXpJlgFV2VGEF0WdeGygn1AZxgyaaYNTTJDkqmUsZ/ixoUibsUf8A/c+SG6Nn0stPXAhcM593LvPWHCqNKO82nllpZXVtfy64XixubWtl3aaag4lZjUccxi2QqRIowKUtdUM9JKJEE8ZKQZ9i/GfnNApKKxuNHDhPgcdQWNKEbaSIFd8i4J0yjIPMURY7A7CuyyU3EmgIvEnZFy9eDr7X1Q/K4F9ofXiXHKidCYIaXarpNoP0NSU8zIqOCliiQI91GXtA0ViBPlZ5PTR/DQKB0YxdKU0HCi/p7IEFdqyEPTyZHuqXlvLP7ntVMdnfkZFUmqicDTRVHKoI7hOAfYoZJgzYaGICypuRXiHpIIa5NWwYTgzr+8SBrHFfek4lybNM7BFHmwB/bBEXDBKaiCK1ADdYDBLbgHj+DJurMerGfrZdqas2Yzu+APrNcf76uYNw==</latexit>

�g

<latexit sha1_base64="Nqo9OBV5N4nsY8U1uzzwEliJGjw=">AAAB7HicbZDNSgMxFIXv1L86/lVdugkWwVXJCKKbYtGNywpOW2hryaSZNjSTGZKMWIY+gxsXirgSfBX3bsS3MW1daOuBwMc595J7b5AIrg3GX05uYXFpeSW/6q6tb2xuFbZ3ajpOFWU+jUWsGgHRTHDJfMONYI1EMRIFgtWDwcU4r98ypXksr80wYe2I9CQPOSXGWv7dDS/jTqGIS3giNA/eDxTP3t1y8vrpVjuFj1Y3pmnEpKGCaN30cGLaGVGGU8FGbivVLCF0QHqsaVGSiOl2Nhl2hA6s00VhrOyTBk3c3x0ZibQeRoGtjIjp69lsbP6XNVMTnrYzLpPUMEmnH4WpQCZG481RlytGjRhaIFRxOyuifaIINfY+rj2CN7vyPNSOSt5xCV/hYuUcpsrDHuzDIXhwAhW4hCr4QIHDPTzCkyOdB+fZeZmW5pyfnl34I+ftG7G0kZk=</latexit>

xi = 0



Comparison with other results: 

Positive Definite case: (Kazdan-DeTurck 1981) 
“ Transformation to Harmonic Coordinates
regularizes the metric…”  

<latexit sha1_base64="u6lDSrX1tLglbKy6cuPkSJOZUvg=">AAAB+nicbVDLSgMxFM3UV219THXpJlgFV2VGEF0WdeGygn1AZxgyaaYNTTJDkqmUsZ/ixoUibsUf8A/c+SG6Nn0stPXAhcM593LvPWHCqNKO82nllpZXVtfy64XixubWtl3aaag4lZjUccxi2QqRIowKUtdUM9JKJEE8ZKQZ9i/GfnNApKKxuNHDhPgcdQWNKEbaSIFd8i4J0yjIPMURY7A7CuyyU3EmgIvEnZFy9eDr7X1Q/K4F9ofXiXHKidCYIaXarpNoP0NSU8zIqOCliiQI91GXtA0ViBPlZ5PTR/DQKB0YxdKU0HCi/p7IEFdqyEPTyZHuqXlvLP7ntVMdnfkZFUmqicDTRVHKoI7hOAfYoZJgzYaGICypuRXiHpIIa5NWwYTgzr+8SBrHFfek4lybNM7BFHmwB/bBEXDBKaiCK1ADdYDBLbgHj+DJurMerGfrZdqas2Yzu+APrNcf76uYNw==</latexit>

�g
<latexit sha1_base64="NVQafBOtPE70615tb5PG6fA/nAc=">AAAB7XicbVDLSgNBEOyNr5j4iHr0MhgFT2FXED0GvXiMYB6QLGF2MptMMjuzzMwGwpJ/8OJBEa/+gT/gH3jzQ/Ts5HHQxIKGoqqb7q4g5kwb1/10Miura+sb2c1cfmt7Z7ewt1/TMlGEVonkUjUCrClnglYNM5w2YkVxFHBaDwbXE78+pEozKe7MKKZ+hLuChYxgY6Vat52y/rhdKLoldwq0TLw5KZaPv97eh/nvSrvw0epIkkRUGMKx1k3PjY2fYmUY4XScayWaxpgMcJc2LRU4otpPp9eO0YlVOiiUypYwaKr+nkhxpPUoCmxnhE1PL3oT8T+vmZjw0k+ZiBNDBZktChOOjEST11GHKUoMH1mCiWL2VkR6WGFibEA5G4K3+PIyqZ2VvPOSe2vTuIIZsnAIR3AKHlxAGW6gAlUg0Id7eIQnRzoPzrPzMmvNOPOZA/gD5/UHli+TkA==</latexit>gij

<latexit sha1_base64="NK1VipPZY0481euwEGUoWLj6f1Q=">AAAB7nicbVDLSgNBEOyNr5j4iHr0MhgFT2FXEL0IQS8eo5gHJEuYncwmY2Zml5nZQFjyEV48KOLVL/AH/ANvfoienTwOGi1oKKq66e4KYs60cd0PJ7OwuLS8kl3N5dfWNzYLW9s1HSWK0CqJeKQaAdaUM0mrhhlOG7GiWASc1oP+xdivD6jSLJI3ZhhTX+CuZCEj2Fipft1O2e3orF0ouiV3AvSXeDNSLO9/vr4N8l+VduG91YlIIqg0hGOtm54bGz/FyjDC6SjXSjSNMenjLm1aKrGg2k8n547QgVU6KIyULWnQRP05kWKh9VAEtlNg09Pz3lj8z2smJjz1UybjxFBJpovChCMTofHvqMMUJYYPLcFEMXsrIj2sMDE2oZwNwZt/+S+pHZW845J7ZdM4hymysAt7cAgenEAZLqECVSDQhzt4gEcndu6dJ+d52ppxZjM78AvOyzf50JPC</latexit>

Rij =
<latexit sha1_base64="POX/Bn4C10Sd0z3AR7wAUl50pac=">AAAB8HicbVDLSgNBEOyNryS+oh69DAZREJZdQfQY9OIxgnlosoTZyWwyZHZmmZkVQ8hXeFFQxKsX/8WbX6OTx0ETCxqKqm66u8KEM20878vJLCwuLa9kc/nVtfWNzcLWdlXLVBFaIZJLVQ+xppwJWjHMcFpPFMVxyGkt7F2M/NodVZpJcW36CQ1i3BEsYgQbK90ccVe6xj3QrULRc70x0Dzxp6RYyiVPtx/33+VW4bPZliSNqTCEY60bvpeYYICVYYTTYb6Zappg0sMd2rBU4JjqYDA+eIj2rdJGkVS2hEFj9ffEAMda9+PQdsbYdPWsNxL/8xqpic6CARNJaqggk0VRypGRaPQ9ajNFieF9SzBRzN6KSBcrTIzNKG9D8GdfnifVY9c/cb0rm8Y5TJCFXdiDQ/DhFEpwCWWoAIEYHuAZXhzlPDqvztukNeNMZ3bgD5z3H3obk0Q=</latexit>

+l.o.t.0s

Harmonic Coordinates:    
<latexit sha1_base64="u6lDSrX1tLglbKy6cuPkSJOZUvg=">AAAB+nicbVDLSgMxFM3UV219THXpJlgFV2VGEF0WdeGygn1AZxgyaaYNTTJDkqmUsZ/ixoUibsUf8A/c+SG6Nn0stPXAhcM593LvPWHCqNKO82nllpZXVtfy64XixubWtl3aaag4lZjUccxi2QqRIowKUtdUM9JKJEE8ZKQZ9i/GfnNApKKxuNHDhPgcdQWNKEbaSIFd8i4J0yjIPMURY7A7CuyyU3EmgIvEnZFy9eDr7X1Q/K4F9ofXiXHKidCYIaXarpNoP0NSU8zIqOCliiQI91GXtA0ViBPlZ5PTR/DQKB0YxdKU0HCi/p7IEFdqyEPTyZHuqXlvLP7ntVMdnfkZFUmqicDTRVHKoI7hOAfYoZJgzYaGICypuRXiHpIIa5NWwYTgzr+8SBrHFfek4lybNM7BFHmwB/bBEXDBKaiCK1ADdYDBLbgHj+DJurMerGfrZdqas2Yzu+APrNcf76uYNw==</latexit>

�g

<latexit sha1_base64="Nqo9OBV5N4nsY8U1uzzwEliJGjw=">AAAB7HicbZDNSgMxFIXv1L86/lVdugkWwVXJCKKbYtGNywpOW2hryaSZNjSTGZKMWIY+gxsXirgSfBX3bsS3MW1daOuBwMc595J7b5AIrg3GX05uYXFpeSW/6q6tb2xuFbZ3ajpOFWU+jUWsGgHRTHDJfMONYI1EMRIFgtWDwcU4r98ypXksr80wYe2I9CQPOSXGWv7dDS/jTqGIS3giNA/eDxTP3t1y8vrpVjuFj1Y3pmnEpKGCaN30cGLaGVGGU8FGbivVLCF0QHqsaVGSiOl2Nhl2hA6s00VhrOyTBk3c3x0ZibQeRoGtjIjp69lsbP6XNVMTnrYzLpPUMEmnH4WpQCZG481RlytGjRhaIFRxOyuifaIINfY+rj2CN7vyPNSOSt5xCV/hYuUcpsrDHuzDIXhwAhW4hCr4QIHDPTzCkyOdB+fZeZmW5pyfnl34I+ftG7G0kZk=</latexit>

xi = 0



Comparison with other results: 

Positive Definite case: (Kazdan-DeTurck 1981) 
“ Transformation to Harmonic Coordinates
regularizes the metric…”  

<latexit sha1_base64="u6lDSrX1tLglbKy6cuPkSJOZUvg=">AAAB+nicbVDLSgMxFM3UV219THXpJlgFV2VGEF0WdeGygn1AZxgyaaYNTTJDkqmUsZ/ixoUibsUf8A/c+SG6Nn0stPXAhcM593LvPWHCqNKO82nllpZXVtfy64XixubWtl3aaag4lZjUccxi2QqRIowKUtdUM9JKJEE8ZKQZ9i/GfnNApKKxuNHDhPgcdQWNKEbaSIFd8i4J0yjIPMURY7A7CuyyU3EmgIvEnZFy9eDr7X1Q/K4F9ofXiXHKidCYIaXarpNoP0NSU8zIqOCliiQI91GXtA0ViBPlZ5PTR/DQKB0YxdKU0HCi/p7IEFdqyEPTyZHuqXlvLP7ntVMdnfkZFUmqicDTRVHKoI7hOAfYoZJgzYaGICypuRXiHpIIa5NWwYTgzr+8SBrHFfek4lybNM7BFHmwB/bBEXDBKaiCK1ADdYDBLbgHj+DJurMerGfrZdqas2Yzu+APrNcf76uYNw==</latexit>

�g
<latexit sha1_base64="NVQafBOtPE70615tb5PG6fA/nAc=">AAAB7XicbVDLSgNBEOyNr5j4iHr0MhgFT2FXED0GvXiMYB6QLGF2MptMMjuzzMwGwpJ/8OJBEa/+gT/gH3jzQ/Ts5HHQxIKGoqqb7q4g5kwb1/10Miura+sb2c1cfmt7Z7ewt1/TMlGEVonkUjUCrClnglYNM5w2YkVxFHBaDwbXE78+pEozKe7MKKZ+hLuChYxgY6Vat52y/rhdKLoldwq0TLw5KZaPv97eh/nvSrvw0epIkkRUGMKx1k3PjY2fYmUY4XScayWaxpgMcJc2LRU4otpPp9eO0YlVOiiUypYwaKr+nkhxpPUoCmxnhE1PL3oT8T+vmZjw0k+ZiBNDBZktChOOjEST11GHKUoMH1mCiWL2VkR6WGFibEA5G4K3+PIyqZ2VvPOSe2vTuIIZsnAIR3AKHlxAGW6gAlUg0Id7eIQnRzoPzrPzMmvNOPOZA/gD5/UHli+TkA==</latexit>gij

<latexit sha1_base64="NK1VipPZY0481euwEGUoWLj6f1Q=">AAAB7nicbVDLSgNBEOyNr5j4iHr0MhgFT2FXEL0IQS8eo5gHJEuYncwmY2Zml5nZQFjyEV48KOLVL/AH/ANvfoienTwOGi1oKKq66e4KYs60cd0PJ7OwuLS8kl3N5dfWNzYLW9s1HSWK0CqJeKQaAdaUM0mrhhlOG7GiWASc1oP+xdivD6jSLJI3ZhhTX+CuZCEj2Fipft1O2e3orF0ouiV3AvSXeDNSLO9/vr4N8l+VduG91YlIIqg0hGOtm54bGz/FyjDC6SjXSjSNMenjLm1aKrGg2k8n547QgVU6KIyULWnQRP05kWKh9VAEtlNg09Pz3lj8z2smJjz1UybjxFBJpovChCMTofHvqMMUJYYPLcFEMXsrIj2sMDE2oZwNwZt/+S+pHZW845J7ZdM4hymysAt7cAgenEAZLqECVSDQhzt4gEcndu6dJ+d52ppxZjM78AvOyzf50JPC</latexit>

Rij =
<latexit sha1_base64="POX/Bn4C10Sd0z3AR7wAUl50pac=">AAAB8HicbVDLSgNBEOyNryS+oh69DAZREJZdQfQY9OIxgnlosoTZyWwyZHZmmZkVQ8hXeFFQxKsX/8WbX6OTx0ETCxqKqm66u8KEM20878vJLCwuLa9kc/nVtfWNzcLWdlXLVBFaIZJLVQ+xppwJWjHMcFpPFMVxyGkt7F2M/NodVZpJcW36CQ1i3BEsYgQbK90ccVe6xj3QrULRc70x0Dzxp6RYyiVPtx/33+VW4bPZliSNqTCEY60bvpeYYICVYYTTYb6Zappg0sMd2rBU4JjqYDA+eIj2rdJGkVS2hEFj9ffEAMda9+PQdsbYdPWsNxL/8xqpic6CARNJaqggk0VRypGRaPQ9ajNFieF9SzBRzN6KSBcrTIzNKG9D8GdfnifVY9c/cb0rm8Y5TJCFXdiDQ/DhFEpwCWWoAIEYHuAZXhzlPDqvztukNeNMZ3bgD5z3H3obk0Q=</latexit>

+l.o.t.0s

Harmonic Coordinates:    
<latexit sha1_base64="u6lDSrX1tLglbKy6cuPkSJOZUvg=">AAAB+nicbVDLSgMxFM3UV219THXpJlgFV2VGEF0WdeGygn1AZxgyaaYNTTJDkqmUsZ/ixoUibsUf8A/c+SG6Nn0stPXAhcM593LvPWHCqNKO82nllpZXVtfy64XixubWtl3aaag4lZjUccxi2QqRIowKUtdUM9JKJEE8ZKQZ9i/GfnNApKKxuNHDhPgcdQWNKEbaSIFd8i4J0yjIPMURY7A7CuyyU3EmgIvEnZFy9eDr7X1Q/K4F9ofXiXHKidCYIaXarpNoP0NSU8zIqOCliiQI91GXtA0ViBPlZ5PTR/DQKB0YxdKU0HCi/p7IEFdqyEPTyZHuqXlvLP7ntVMdnfkZFUmqicDTRVHKoI7hOAfYoZJgzYaGICypuRXiHpIIa5NWwYTgzr+8SBrHFfek4lybNM7BFHmwB/bBEXDBKaiCK1ADdYDBLbgHj+DJurMerGfrZdqas2Yzu+APrNcf76uYNw==</latexit>

�g

<latexit sha1_base64="Nqo9OBV5N4nsY8U1uzzwEliJGjw=">AAAB7HicbZDNSgMxFIXv1L86/lVdugkWwVXJCKKbYtGNywpOW2hryaSZNjSTGZKMWIY+gxsXirgSfBX3bsS3MW1daOuBwMc595J7b5AIrg3GX05uYXFpeSW/6q6tb2xuFbZ3ajpOFWU+jUWsGgHRTHDJfMONYI1EMRIFgtWDwcU4r98ypXksr80wYe2I9CQPOSXGWv7dDS/jTqGIS3giNA/eDxTP3t1y8vrpVjuFj1Y3pmnEpKGCaN30cGLaGVGGU8FGbivVLCF0QHqsaVGSiOl2Nhl2hA6s00VhrOyTBk3c3x0ZibQeRoGtjIjp69lsbP6XNVMTnrYzLpPUMEmnH4WpQCZG481RlytGjRhaIFRxOyuifaIINfY+rj2CN7vyPNSOSt5xCV/hYuUcpsrDHuzDIXhwAhW4hCr4QIHDPTzCkyOdB+fZeZmW5pyfnl34I+ftG7G0kZk=</latexit>

xi = 0

<latexit sha1_base64="u6lDSrX1tLglbKy6cuPkSJOZUvg=">AAAB+nicbVDLSgMxFM3UV219THXpJlgFV2VGEF0WdeGygn1AZxgyaaYNTTJDkqmUsZ/ixoUibsUf8A/c+SG6Nn0stPXAhcM593LvPWHCqNKO82nllpZXVtfy64XixubWtl3aaag4lZjUccxi2QqRIowKUtdUM9JKJEE8ZKQZ9i/GfnNApKKxuNHDhPgcdQWNKEbaSIFd8i4J0yjIPMURY7A7CuyyU3EmgIvEnZFy9eDr7X1Q/K4F9ofXiXHKidCYIaXarpNoP0NSU8zIqOCliiQI91GXtA0ViBPlZ5PTR/DQKB0YxdKU0HCi/p7IEFdqyEPTyZHuqXlvLP7ntVMdnfkZFUmqicDTRVHKoI7hOAfYoZJgzYaGICypuRXiHpIIa5NWwYTgzr+8SBrHFfek4lybNM7BFHmwB/bBEXDBKaiCK1ADdYDBLbgHj+DJurMerGfrZdqas2Yzu+APrNcf76uYNw==</latexit>

�g
<latexit sha1_base64="NVQafBOtPE70615tb5PG6fA/nAc=">AAAB7XicbVDLSgNBEOyNr5j4iHr0MhgFT2FXED0GvXiMYB6QLGF2MptMMjuzzMwGwpJ/8OJBEa/+gT/gH3jzQ/Ts5HHQxIKGoqqb7q4g5kwb1/10Miura+sb2c1cfmt7Z7ewt1/TMlGEVonkUjUCrClnglYNM5w2YkVxFHBaDwbXE78+pEozKe7MKKZ+hLuChYxgY6Vat52y/rhdKLoldwq0TLw5KZaPv97eh/nvSrvw0epIkkRUGMKx1k3PjY2fYmUY4XScayWaxpgMcJc2LRU4otpPp9eO0YlVOiiUypYwaKr+nkhxpPUoCmxnhE1PL3oT8T+vmZjw0k+ZiBNDBZktChOOjEST11GHKUoMH1mCiWL2VkR6WGFibEA5G4K3+PIyqZ2VvPOSe2vTuIIZsnAIR3AKHlxAGW6gAlUg0Id7eIQnRzoPzrPzMmvNOPOZA/gD5/UHli+TkA==</latexit>gij

<latexit sha1_base64="Wz5wRazYdSV1vrEo+DpXSIVu5MA=">AAAB+XicbVDLSgMxFM34rK2PUZduglUUhGFGEN0IRTcuq9gHtMOQSTNtbCYZkkyhDP0TNy4UcSv4A/6BOz9E16aPhbYeuHA4517uvSdMGFXadT+tufmFxaXl3Eq+sLq2vmFvblWVSCUmFSyYkPUQKcIoJxVNNSP1RBIUh4zUwu7l0K/1iFRU8FvdT4gfozanEcVIGymw7fObIKN3gyPmCEc7Byqwi67jjgBniTchxdLe19t7r/BdDuyPZkvgNCZcY4aUanhuov0MSU0xI4N8M1UkQbiL2qRhKEcxUX42unwA943SgpGQpriGI/X3RIZipfpxaDpjpDtq2huK/3mNVEdnfkZ5kmrC8XhRlDKoBRzGAFtUEqxZ3xCEJTW3QtxBEmFtwsqbELzpl2dJ9djxThz32qRxAcbIgR2wCw6BB05BCVyBMqgADHrgHjyCJyuzHqxn62XcOmdNZrbBH1ivP9fDlus=</latexit>

= Rij + l.o.t.0s

Elliptic Regularity lifts    2-derivatives above     <latexit sha1_base64="GFT5am7JTVBDVIEN/Yyn8QuwqKI=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9gVRI9BLx4TMA9IljA76SRjZmeXmVkhLDl68uJBEa9+Rb7Dm9/gTzh5HDRa0FBUddPdFcSCa+O6n05maXlldS27ntvY3Nreye/u1XSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJ749XtUmkfy1gxj9EPak7zLGTVWqvTa+YJbdKcgf4k3J4XS4bjy9XA0LrfzH61OxJIQpWGCat303Nj4KVWGM4GjXCvRGFM2oD1sWippiNpPp4eOyIlVOqQbKVvSkKn6cyKlodbDMLCdITV9vehNxP+8ZmK6l37KZZwYlGy2qJsIYiIy+Zp0uEJmxNASyhS3txLWp4oyY7PJ2RC8xZf/ktpZ0TsvuhWbxhXMkIUDOIZT8OACSnADZagCA4RHeIYX5855cl6dt1lrxpnP7MMvOO/fusaQlg==</latexit>g
<latexit sha1_base64="/vAbaaFSNP9EtyeZMaz/FmUeXRc=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdQbQRgzaWiZgLJEuYnZxNxsxemJkVwpInsLFQxFYfxt5GfBsniYUm/jDw8f/nMOccPxFcacf5snILi0vLK/lVe219Y3OrsL1TV3EqGdZYLGLZ9KlCwSOsaa4FNhOJNPQFNvzB5Thv3KFUPI5u9DBBL6S9iAecUW2s6nWnUHRKzkRkHtwfKJ6/22fJ26dd6RQ+2t2YpSFGmgmqVMt1Eu1lVGrOBI7sdqowoWxAe9gyGNEQlZdNBh2RA+N0SRBL8yJNJu7vjoyGSg1D31SGVPfVbDY2/8taqQ5OvYxHSaoxYtOPglQQHZPx1qTLJTIthgYok9zMSlifSsq0uY1tjuDOrjwP9aOSe1xyqk6xfAFT5WEP9uEQXDiBMlxBBWrAAOEeHuHJurUerGfrZVqas356duGPrNdvDYmQFw==</latexit>

R



Harmonic Coordinates:

Lorentzian Case is Problematic…
<latexit sha1_base64="Opy59ZWd7cAg7CrF8B2p7JMlpfM=">AAAB+HicbVC7TsMwFHXKq7RAA4wsFgWJqUqQEIxVWRiLRB9SE0WO67RWbSeynYoS9UtYGECIlYEf4A/Y+BCYcR8DtBzpSkfn3Kt77wkTRpV2nE8rt7K6tr6R3ywUt7Z3SvbuXlPFqcSkgWMWy3aIFGFUkIammpF2IgniISOtcHA58VtDIhWNxY0eJcTnqCdoRDHSRgrskleLb4PMUxwxBnvjwC47FWcKuEzcOSlXj77e3ofF73pgf3jdGKecCI0ZUqrjOon2MyQ1xYyMC16qSILwAPVIx1CBOFF+Nj18DI+N0oVRLE0JDafq74kMcaVGPDSdHOm+WvQm4n9eJ9XRhZ9RkaSaCDxbFKUM6hhOUoBdKgnWbGQIwpKaWyHuI4mwNlkVTAju4svLpHlacc8qzrVJowZmyIMDcAhOgAvOQRVcgTpoAAxScA8ewZN1Zz1Yz9bLrDVnzWf2wR9Yrz91PZdi</latexit>⇤g

<latexit sha1_base64="Nqo9OBV5N4nsY8U1uzzwEliJGjw=">AAAB7HicbZDNSgMxFIXv1L86/lVdugkWwVXJCKKbYtGNywpOW2hryaSZNjSTGZKMWIY+gxsXirgSfBX3bsS3MW1daOuBwMc595J7b5AIrg3GX05uYXFpeSW/6q6tb2xuFbZ3ajpOFWU+jUWsGgHRTHDJfMONYI1EMRIFgtWDwcU4r98ypXksr80wYe2I9CQPOSXGWv7dDS/jTqGIS3giNA/eDxTP3t1y8vrpVjuFj1Y3pmnEpKGCaN30cGLaGVGGU8FGbivVLCF0QHqsaVGSiOl2Nhl2hA6s00VhrOyTBk3c3x0ZibQeRoGtjIjp69lsbP6XNVMTnrYzLpPUMEmnH4WpQCZG481RlytGjRhaIFRxOyuifaIINfY+rj2CN7vyPNSOSt5xCV/hYuUcpsrDHuzDIXhwAhW4hCr4QIHDPTzCkyOdB+fZeZmW5pyfnl34I+ftG7G0kZk=</latexit>

xi = 0

<latexit sha1_base64="Opy59ZWd7cAg7CrF8B2p7JMlpfM=">AAAB+HicbVC7TsMwFHXKq7RAA4wsFgWJqUqQEIxVWRiLRB9SE0WO67RWbSeynYoS9UtYGECIlYEf4A/Y+BCYcR8DtBzpSkfn3Kt77wkTRpV2nE8rt7K6tr6R3ywUt7Z3SvbuXlPFqcSkgWMWy3aIFGFUkIammpF2IgniISOtcHA58VtDIhWNxY0eJcTnqCdoRDHSRgrskleLb4PMUxwxBnvjwC47FWcKuEzcOSlXj77e3ofF73pgf3jdGKecCI0ZUqrjOon2MyQ1xYyMC16qSILwAPVIx1CBOFF+Nj18DI+N0oVRLE0JDafq74kMcaVGPDSdHOm+WvQm4n9eJ9XRhZ9RkaSaCDxbFKUM6hhOUoBdKgnWbGQIwpKaWyHuI4mwNlkVTAju4svLpHlacc8qzrVJowZmyIMDcAhOgAvOQRVcgTpoAAxScA8ewZN1Zz1Yz9bLrDVnzWf2wR9Yrz91PZdi</latexit>⇤g
<latexit sha1_base64="NVQafBOtPE70615tb5PG6fA/nAc=">AAAB7XicbVDLSgNBEOyNr5j4iHr0MhgFT2FXED0GvXiMYB6QLGF2MptMMjuzzMwGwpJ/8OJBEa/+gT/gH3jzQ/Ts5HHQxIKGoqqb7q4g5kwb1/10Miura+sb2c1cfmt7Z7ewt1/TMlGEVonkUjUCrClnglYNM5w2YkVxFHBaDwbXE78+pEozKe7MKKZ+hLuChYxgY6Vat52y/rhdKLoldwq0TLw5KZaPv97eh/nvSrvw0epIkkRUGMKx1k3PjY2fYmUY4XScayWaxpgMcJc2LRU4otpPp9eO0YlVOiiUypYwaKr+nkhxpPUoCmxnhE1PL3oT8T+vmZjw0k+ZiBNDBZktChOOjEST11GHKUoMH1mCiWL2VkR6WGFibEA5G4K3+PIyqZ2VvPOSe2vTuIIZsnAIR3AKHlxAGW6gAlUg0Id7eIQnRzoPzrPzMmvNOPOZA/gD5/UHli+TkA==</latexit>gij

<latexit sha1_base64="Wz5wRazYdSV1vrEo+DpXSIVu5MA=">AAAB+XicbVDLSgMxFM34rK2PUZduglUUhGFGEN0IRTcuq9gHtMOQSTNtbCYZkkyhDP0TNy4UcSv4A/6BOz9E16aPhbYeuHA4517uvSdMGFXadT+tufmFxaXl3Eq+sLq2vmFvblWVSCUmFSyYkPUQKcIoJxVNNSP1RBIUh4zUwu7l0K/1iFRU8FvdT4gfozanEcVIGymw7fObIKN3gyPmCEc7Byqwi67jjgBniTchxdLe19t7r/BdDuyPZkvgNCZcY4aUanhuov0MSU0xI4N8M1UkQbiL2qRhKEcxUX42unwA943SgpGQpriGI/X3RIZipfpxaDpjpDtq2huK/3mNVEdnfkZ5kmrC8XhRlDKoBRzGAFtUEqxZ3xCEJTW3QtxBEmFtwsqbELzpl2dJ9djxThz32qRxAcbIgR2wCw6BB05BCVyBMqgADHrgHjyCJyuzHqxn62XcOmdNZrbBH1ivP9fDlus=</latexit>

= Rij + l.o.t.0s

Regularity of g comes from the boundary

Results based on 3+1…

Anderson, Lefloch-Chen (vacuum)…



Harmonic Coordinates:

Lorentzian Case is Problematic…
<latexit sha1_base64="Opy59ZWd7cAg7CrF8B2p7JMlpfM=">AAAB+HicbVC7TsMwFHXKq7RAA4wsFgWJqUqQEIxVWRiLRB9SE0WO67RWbSeynYoS9UtYGECIlYEf4A/Y+BCYcR8DtBzpSkfn3Kt77wkTRpV2nE8rt7K6tr6R3ywUt7Z3SvbuXlPFqcSkgWMWy3aIFGFUkIammpF2IgniISOtcHA58VtDIhWNxY0eJcTnqCdoRDHSRgrskleLb4PMUxwxBnvjwC47FWcKuEzcOSlXj77e3ofF73pgf3jdGKecCI0ZUqrjOon2MyQ1xYyMC16qSILwAPVIx1CBOFF+Nj18DI+N0oVRLE0JDafq74kMcaVGPDSdHOm+WvQm4n9eJ9XRhZ9RkaSaCDxbFKUM6hhOUoBdKgnWbGQIwpKaWyHuI4mwNlkVTAju4svLpHlacc8qzrVJowZmyIMDcAhOgAvOQRVcgTpoAAxScA8ewZN1Zz1Yz9bLrDVnzWf2wR9Yrz91PZdi</latexit>⇤g

<latexit sha1_base64="Nqo9OBV5N4nsY8U1uzzwEliJGjw=">AAAB7HicbZDNSgMxFIXv1L86/lVdugkWwVXJCKKbYtGNywpOW2hryaSZNjSTGZKMWIY+gxsXirgSfBX3bsS3MW1daOuBwMc595J7b5AIrg3GX05uYXFpeSW/6q6tb2xuFbZ3ajpOFWU+jUWsGgHRTHDJfMONYI1EMRIFgtWDwcU4r98ypXksr80wYe2I9CQPOSXGWv7dDS/jTqGIS3giNA/eDxTP3t1y8vrpVjuFj1Y3pmnEpKGCaN30cGLaGVGGU8FGbivVLCF0QHqsaVGSiOl2Nhl2hA6s00VhrOyTBk3c3x0ZibQeRoGtjIjp69lsbP6XNVMTnrYzLpPUMEmnH4WpQCZG481RlytGjRhaIFRxOyuifaIINfY+rj2CN7vyPNSOSt5xCV/hYuUcpsrDHuzDIXhwAhW4hCr4QIHDPTzCkyOdB+fZeZmW5pyfnl34I+ftG7G0kZk=</latexit>

xi = 0

<latexit sha1_base64="Opy59ZWd7cAg7CrF8B2p7JMlpfM=">AAAB+HicbVC7TsMwFHXKq7RAA4wsFgWJqUqQEIxVWRiLRB9SE0WO67RWbSeynYoS9UtYGECIlYEf4A/Y+BCYcR8DtBzpSkfn3Kt77wkTRpV2nE8rt7K6tr6R3ywUt7Z3SvbuXlPFqcSkgWMWy3aIFGFUkIammpF2IgniISOtcHA58VtDIhWNxY0eJcTnqCdoRDHSRgrskleLb4PMUxwxBnvjwC47FWcKuEzcOSlXj77e3ofF73pgf3jdGKecCI0ZUqrjOon2MyQ1xYyMC16qSILwAPVIx1CBOFF+Nj18DI+N0oVRLE0JDafq74kMcaVGPDSdHOm+WvQm4n9eJ9XRhZ9RkaSaCDxbFKUM6hhOUoBdKgnWbGQIwpKaWyHuI4mwNlkVTAju4svLpHlacc8qzrVJowZmyIMDcAhOgAvOQRVcgTpoAAxScA8ewZN1Zz1Yz9bLrDVnzWf2wR9Yrz91PZdi</latexit>⇤g
<latexit sha1_base64="NVQafBOtPE70615tb5PG6fA/nAc=">AAAB7XicbVDLSgNBEOyNr5j4iHr0MhgFT2FXED0GvXiMYB6QLGF2MptMMjuzzMwGwpJ/8OJBEa/+gT/gH3jzQ/Ts5HHQxIKGoqqb7q4g5kwb1/10Miura+sb2c1cfmt7Z7ewt1/TMlGEVonkUjUCrClnglYNM5w2YkVxFHBaDwbXE78+pEozKe7MKKZ+hLuChYxgY6Vat52y/rhdKLoldwq0TLw5KZaPv97eh/nvSrvw0epIkkRUGMKx1k3PjY2fYmUY4XScayWaxpgMcJc2LRU4otpPp9eO0YlVOiiUypYwaKr+nkhxpPUoCmxnhE1PL3oT8T+vmZjw0k+ZiBNDBZktChOOjEST11GHKUoMH1mCiWL2VkR6WGFibEA5G4K3+PIyqZ2VvPOSe2vTuIIZsnAIR3AKHlxAGW6gAlUg0Id7eIQnRzoPzrPzMmvNOPOZA/gD5/UHli+TkA==</latexit>gij

<latexit sha1_base64="Wz5wRazYdSV1vrEo+DpXSIVu5MA=">AAAB+XicbVDLSgMxFM34rK2PUZduglUUhGFGEN0IRTcuq9gHtMOQSTNtbCYZkkyhDP0TNy4UcSv4A/6BOz9E16aPhbYeuHA4517uvSdMGFXadT+tufmFxaXl3Eq+sLq2vmFvblWVSCUmFSyYkPUQKcIoJxVNNSP1RBIUh4zUwu7l0K/1iFRU8FvdT4gfozanEcVIGymw7fObIKN3gyPmCEc7Byqwi67jjgBniTchxdLe19t7r/BdDuyPZkvgNCZcY4aUanhuov0MSU0xI4N8M1UkQbiL2qRhKEcxUX42unwA943SgpGQpriGI/X3RIZipfpxaDpjpDtq2huK/3mNVEdnfkZ5kmrC8XhRlDKoBRzGAFtUEqxZ3xCEJTW3QtxBEmFtwsqbELzpl2dJ9djxThz32qRxAcbIgR2wCw6BB05BCVyBMqgADHrgHjyCJyuzHqxn62XcOmdNZrbBH1ivP9fDlus=</latexit>

= Rij + l.o.t.0s

Regularity of g comes from the boundary

Results based on 3+1…

Anderson, Lefloch-Chen (vacuum)…

(Not sufficient to regularize GR-shock waves)



Harmonic Coordinates:

Lorentzian Case is Problematic…
<latexit sha1_base64="Opy59ZWd7cAg7CrF8B2p7JMlpfM=">AAAB+HicbVC7TsMwFHXKq7RAA4wsFgWJqUqQEIxVWRiLRB9SE0WO67RWbSeynYoS9UtYGECIlYEf4A/Y+BCYcR8DtBzpSkfn3Kt77wkTRpV2nE8rt7K6tr6R3ywUt7Z3SvbuXlPFqcSkgWMWy3aIFGFUkIammpF2IgniISOtcHA58VtDIhWNxY0eJcTnqCdoRDHSRgrskleLb4PMUxwxBnvjwC47FWcKuEzcOSlXj77e3ofF73pgf3jdGKecCI0ZUqrjOon2MyQ1xYyMC16qSILwAPVIx1CBOFF+Nj18DI+N0oVRLE0JDafq74kMcaVGPDSdHOm+WvQm4n9eJ9XRhZ9RkaSaCDxbFKUM6hhOUoBdKgnWbGQIwpKaWyHuI4mwNlkVTAju4svLpHlacc8qzrVJowZmyIMDcAhOgAvOQRVcgTpoAAxScA8ewZN1Zz1Yz9bLrDVnzWf2wR9Yrz91PZdi</latexit>⇤g

<latexit sha1_base64="Nqo9OBV5N4nsY8U1uzzwEliJGjw=">AAAB7HicbZDNSgMxFIXv1L86/lVdugkWwVXJCKKbYtGNywpOW2hryaSZNjSTGZKMWIY+gxsXirgSfBX3bsS3MW1daOuBwMc595J7b5AIrg3GX05uYXFpeSW/6q6tb2xuFbZ3ajpOFWU+jUWsGgHRTHDJfMONYI1EMRIFgtWDwcU4r98ypXksr80wYe2I9CQPOSXGWv7dDS/jTqGIS3giNA/eDxTP3t1y8vrpVjuFj1Y3pmnEpKGCaN30cGLaGVGGU8FGbivVLCF0QHqsaVGSiOl2Nhl2hA6s00VhrOyTBk3c3x0ZibQeRoGtjIjp69lsbP6XNVMTnrYzLpPUMEmnH4WpQCZG481RlytGjRhaIFRxOyuifaIINfY+rj2CN7vyPNSOSt5xCV/hYuUcpsrDHuzDIXhwAhW4hCr4QIHDPTzCkyOdB+fZeZmW5pyfnl34I+ftG7G0kZk=</latexit>

xi = 0

<latexit sha1_base64="Opy59ZWd7cAg7CrF8B2p7JMlpfM=">AAAB+HicbVC7TsMwFHXKq7RAA4wsFgWJqUqQEIxVWRiLRB9SE0WO67RWbSeynYoS9UtYGECIlYEf4A/Y+BCYcR8DtBzpSkfn3Kt77wkTRpV2nE8rt7K6tr6R3ywUt7Z3SvbuXlPFqcSkgWMWy3aIFGFUkIammpF2IgniISOtcHA58VtDIhWNxY0eJcTnqCdoRDHSRgrskleLb4PMUxwxBnvjwC47FWcKuEzcOSlXj77e3ofF73pgf3jdGKecCI0ZUqrjOon2MyQ1xYyMC16qSILwAPVIx1CBOFF+Nj18DI+N0oVRLE0JDafq74kMcaVGPDSdHOm+WvQm4n9eJ9XRhZ9RkaSaCDxbFKUM6hhOUoBdKgnWbGQIwpKaWyHuI4mwNlkVTAju4svLpHlacc8qzrVJowZmyIMDcAhOgAvOQRVcgTpoAAxScA8ewZN1Zz1Yz9bLrDVnzWf2wR9Yrz91PZdi</latexit>⇤g
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Regularity of g comes from the boundary

Results based on 3+1…

Anderson, Lefloch-Chen (vacuum)…

(Our theory removes all technical assumptions…)



Harmonic Coordinates:

Lorentzian Case is Problematic…
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Results based on 3+1…
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(…and applies to general connections.)
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THEOREM 1.6 (Main theorem). Let (M, g) an asymp-
totically flat solution to the Einstein vacuum equations
(1.1) together with a maximal foliation by space-like hy-
persurfaces ⌃t defined as level hypersurfaces of a time
function t. Assume that the initial slice (⌃0, g, k) is such
that the Ricci curvature Ric 2 L2(⌃0), rk 2 L2(⌃0),
and ⌃0 has a strictly positive volume radius on scales
 1, i.e. rvol(⌃0, 1) > 0. Then the following control
holds on 0  t  T :

kRkL1
[0,T ]L

2(⌃t)  C, krkkL1
[0,T ]L

2(⌃t)  C

inf
0tT

rvol(⌃t, 1) � 1.

(2) Higher regularity. Within the same time interval as
in part (1) we also have the higher derivative estimates,
X

|↵|m

kD(↵)RkL1
[0,T ]L

2(⌃t)  Cm

X

im

h
kr(i)RickL2(⌃0) + kr(i)rkkL2(⌃0)

i
,

where Cm depends only on the previous C and m.

Remark 1.7. Since the core of the main theorem is
local in nature we do not need to be very precise here
with our asymptotic flatness assumption...
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Applies to vacuum Einstein 
equations  G = 0
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The assumption on initial data:    

Ric 2 L2(⌃0), rk 2 L2(⌃0)
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Requires the second fundamental form be one 
degree smoother than curvature…
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where Cm depends only on the previous C and m.

Remark 1.7. Since the core of the main theorem is
local in nature we do not need to be very precise here
with our asymptotic flatness assumption...
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Claim:  Non-optimal solutions do not meet this 
condition in wave-gauge…
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Remark 1.7. Since the core of the main theorem is
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Eg:                  means             � 2 L1
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THEOREM 1.6 (Main theorem). Let (M, g) an asymp-
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(1.1) together with a maximal foliation by space-like hy-
persurfaces ⌃t defined as level hypersurfaces of a time
function t. Assume that the initial slice (⌃0, g, k) is such
that the Ricci curvature Ric 2 L2(⌃0), rk 2 L2(⌃0),
and ⌃0 has a strictly positive volume radius on scales
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where Cm depends only on the previous C and m.

Remark 1.7. Since the core of the main theorem is
local in nature we do not need to be very precise here
with our asymptotic flatness assumption...
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Conclude:   The L2 theory does 
not apply when                         

�, Riem(�) 2 L1
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 Even for vacuum solutions…                         



�, Riem(�), k 2 L1
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Conclude:  The Regularity Transformation 
equations apply at regularities too low to apply 
the L2-Theory… 



Summary (Our view):   Regularizing coordinate 
transformations are highly tuned to a particular 
solution, (you have to solve the RT- equations), 
and there’s no one ansatz that regularizes them 
“all at once”.

C.f.  Discussion on our webpage:

https://www.math.ucdavis.edu/~temple/WebPageRT-
equations.pdf



Derivation of the 
RT-equations

“The Regularity Transformation Equations: An 
elliptic mechanism for smoothing gravitational 
metrics in General Relativity”

Moritz Reintjes, Blake Temple
https://arxiv.org/abs/1805.01004

https://arxiv.org/search/gr-qc?searchtype=author&query=Reintjes%2C+M
https://arxiv.org/search/gr-qc?searchtype=author&query=Temple,+B
https://arxiv.org/abs/1805.01004


The RT-equations:
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d ~J = 0 on @⌦.
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The RT-equations:

free to be chosen
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Here:       is a matrix valued 1-form,      and
are matrix valued 0-forms,  and    ,     are vector 
valued 1-forms as follows:

J
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~J
<latexit sha1_base64="xnQGHUBU7nIjEv7TiN4T61wPz70=">AAAB8HicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijbHCRD4MXMjeMsCG3bvL7h4JufArbCw0xtafY+e/cYErFHyTTZ68M5OdeYNYcG1c99vJbWxube/kdwt7+weHR8Xjk6aOEsWwwSIRqXZANQoeYsNwI7AdK6QyENgKxrfzemuCSvMofDTTGH1JhyEfcEaNtZ7K3Qmy9H5W7hVLbsVdiKyDl0EJMtV7xa9uP2KJxNAwQbXueG5s/JQqw5nAWaGbaIwpG9MhdiyGVKL208XCM3JhnT4ZRMq+0JCF+3sipVLrqQxsp6RmpFdrc/O/Wicxg2s/5WGcGAzZ8qNBIoiJyPx60ucKmRFTC5QpbnclbEQVZcZmVLAheKsnr0OzWvEsP1RLtZssjjycwTlcggdXUIM7qEMDGEh4hld4c5Tz4rw7H8vWnJPNnMIfOZ8/JmyP9g==</latexit><latexit sha1_base64="xnQGHUBU7nIjEv7TiN4T61wPz70=">AAAB8HicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijbHCRD4MXMjeMsCG3bvL7h4JufArbCw0xtafY+e/cYErFHyTTZ68M5OdeYNYcG1c99vJbWxube/kdwt7+weHR8Xjk6aOEsWwwSIRqXZANQoeYsNwI7AdK6QyENgKxrfzemuCSvMofDTTGH1JhyEfcEaNtZ7K3Qmy9H5W7hVLbsVdiKyDl0EJMtV7xa9uP2KJxNAwQbXueG5s/JQqw5nAWaGbaIwpG9MhdiyGVKL208XCM3JhnT4ZRMq+0JCF+3sipVLrqQxsp6RmpFdrc/O/Wicxg2s/5WGcGAzZ8qNBIoiJyPx60ucKmRFTC5QpbnclbEQVZcZmVLAheKsnr0OzWvEsP1RLtZssjjycwTlcggdXUIM7qEMDGEh4hld4c5Tz4rw7H8vWnJPNnMIfOZ8/JmyP9g==</latexit><latexit sha1_base64="xnQGHUBU7nIjEv7TiN4T61wPz70=">AAAB8HicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijbHCRD4MXMjeMsCG3bvL7h4JufArbCw0xtafY+e/cYErFHyTTZ68M5OdeYNYcG1c99vJbWxube/kdwt7+weHR8Xjk6aOEsWwwSIRqXZANQoeYsNwI7AdK6QyENgKxrfzemuCSvMofDTTGH1JhyEfcEaNtZ7K3Qmy9H5W7hVLbsVdiKyDl0EJMtV7xa9uP2KJxNAwQbXueG5s/JQqw5nAWaGbaIwpG9MhdiyGVKL208XCM3JhnT4ZRMq+0JCF+3sipVLrqQxsp6RmpFdrc/O/Wicxg2s/5WGcGAzZ8qNBIoiJyPx60ucKmRFTC5QpbnclbEQVZcZmVLAheKsnr0OzWvEsP1RLtZssjjycwTlcggdXUIM7qEMDGEh4hld4c5Tz4rw7H8vWnJPNnMIfOZ8/JmyP9g==</latexit><latexit sha1_base64="xnQGHUBU7nIjEv7TiN4T61wPz70=">AAAB8HicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijbHCRD4MXMjeMsCG3bvL7h4JufArbCw0xtafY+e/cYErFHyTTZ68M5OdeYNYcG1c99vJbWxube/kdwt7+weHR8Xjk6aOEsWwwSIRqXZANQoeYsNwI7AdK6QyENgKxrfzemuCSvMofDTTGH1JhyEfcEaNtZ7K3Qmy9H5W7hVLbsVdiKyDl0EJMtV7xa9uP2KJxNAwQbXueG5s/JQqw5nAWaGbaIwpG9MhdiyGVKL208XCM3JhnT4ZRMq+0JCF+3sipVLrqQxsp6RmpFdrc/O/Wicxg2s/5WGcGAzZ8qNBIoiJyPx60ucKmRFTC5QpbnclbEQVZcZmVLAheKsnr0OzWvEsP1RLtZssjjycwTlcggdXUIM7qEMDGEh4hld4c5Tz4rw7H8vWnJPNnMIfOZ8/JmyP9g==</latexit>

~A
<latexit sha1_base64="VSFb5n7AiorVn/Lfj8NvWoXNCds=">AAAB8HicbZA9TwJBEIbn8AvxC7W02QgmVuSORkvUxhIT+TBwIXvLABt27y67eyTkwq+wsdAYW3+Onf/GBa5Q8E02efLOTHbmDWLBtXHdbye3sbm1vZPfLeztHxweFY9PmjpKFMMGi0Sk2gHVKHiIDcONwHaskMpAYCsY383rrQkqzaPw0Uxj9CUdhnzAGTXWeip3J8jSm1m5Vyy5FXchsg5eBiXIVO8Vv7r9iCUSQ8ME1brjubHxU6oMZwJnhW6iMaZsTIfYsRhSidpPFwvPyIV1+mQQKftCQxbu74mUSq2nMrCdkpqRXq3Nzf9qncQMrv2Uh3FiMGTLjwaJICYi8+tJnytkRkwtUKa43ZWwEVWUGZtRwYbgrZ68Ds1qxbP8UC3VbrM48nAG53AJHlxBDe6hDg1gIOEZXuHNUc6L8+58LFtzTjZzCn/kfP4AGLaP7Q==</latexit><latexit sha1_base64="VSFb5n7AiorVn/Lfj8NvWoXNCds=">AAAB8HicbZA9TwJBEIbn8AvxC7W02QgmVuSORkvUxhIT+TBwIXvLABt27y67eyTkwq+wsdAYW3+Onf/GBa5Q8E02efLOTHbmDWLBtXHdbye3sbm1vZPfLeztHxweFY9PmjpKFMMGi0Sk2gHVKHiIDcONwHaskMpAYCsY383rrQkqzaPw0Uxj9CUdhnzAGTXWeip3J8jSm1m5Vyy5FXchsg5eBiXIVO8Vv7r9iCUSQ8ME1brjubHxU6oMZwJnhW6iMaZsTIfYsRhSidpPFwvPyIV1+mQQKftCQxbu74mUSq2nMrCdkpqRXq3Nzf9qncQMrv2Uh3FiMGTLjwaJICYi8+tJnytkRkwtUKa43ZWwEVWUGZtRwYbgrZ68Ds1qxbP8UC3VbrM48nAG53AJHlxBDe6hDg1gIOEZXuHNUc6L8+58LFtzTjZzCn/kfP4AGLaP7Q==</latexit><latexit sha1_base64="VSFb5n7AiorVn/Lfj8NvWoXNCds=">AAAB8HicbZA9TwJBEIbn8AvxC7W02QgmVuSORkvUxhIT+TBwIXvLABt27y67eyTkwq+wsdAYW3+Onf/GBa5Q8E02efLOTHbmDWLBtXHdbye3sbm1vZPfLeztHxweFY9PmjpKFMMGi0Sk2gHVKHiIDcONwHaskMpAYCsY383rrQkqzaPw0Uxj9CUdhnzAGTXWeip3J8jSm1m5Vyy5FXchsg5eBiXIVO8Vv7r9iCUSQ8ME1brjubHxU6oMZwJnhW6iMaZsTIfYsRhSidpPFwvPyIV1+mQQKftCQxbu74mUSq2nMrCdkpqRXq3Nzf9qncQMrv2Uh3FiMGTLjwaJICYi8+tJnytkRkwtUKa43ZWwEVWUGZtRwYbgrZ68Ds1qxbP8UC3VbrM48nAG53AJHlxBDe6hDg1gIOEZXuHNUc6L8+58LFtzTjZzCn/kfP4AGLaP7Q==</latexit><latexit sha1_base64="VSFb5n7AiorVn/Lfj8NvWoXNCds=">AAAB8HicbZA9TwJBEIbn8AvxC7W02QgmVuSORkvUxhIT+TBwIXvLABt27y67eyTkwq+wsdAYW3+Onf/GBa5Q8E02efLOTHbmDWLBtXHdbye3sbm1vZPfLeztHxweFY9PmjpKFMMGi0Sk2gHVKHiIDcONwHaskMpAYCsY383rrQkqzaPw0Uxj9CUdhnzAGTXWeip3J8jSm1m5Vyy5FXchsg5eBiXIVO8Vv7r9iCUSQ8ME1brjubHxU6oMZwJnhW6iMaZsTIfYsRhSidpPFwvPyIV1+mQQKftCQxbu74mUSq2nMrCdkpqRXq3Nzf9qncQMrv2Uh3FiMGTLjwaJICYi8+tJnytkRkwtUKa43ZWwEVWUGZtRwYbgrZ68Ds1qxbP8UC3VbrM48nAG53AJHlxBDe6hDg1gIOEZXuHNUc6L8+58LFtzTjZzCn/kfP4AGLaP7Q==</latexit>

~A ⌘ Aµ
i dx

i
<latexit sha1_base64="FA3Bu6KikXUw2qkSp7HZSWlinnk=">AAACCXicbZC7TgJBFIZn8YZ4W7W0mQgmVmSXRkvQxhITuSQsbGaHA0yYvTgzSySbbW18FRsLjbH1Dex8GwfYQsE/meTLf87JmfN7EWdSWda3kVtb39jcym8Xdnb39g/Mw6OmDGNBoUFDHoq2RyRwFkBDMcWhHQkgvseh5Y2vZ/XWBIRkYXCnphF0fTIM2IBRorTlmrjkTIAmtRQ7cB+zCa71EsePUzdhaf+hx0quWbTK1lx4FewMiihT3TW/nH5IYx8CRTmRsmNbkeomRChGOaQFJ5YQETomQ+hoDIgPspvML0nxmXb6eBAK/QKF5+7viYT4Uk59T3f6RI3kcm1m/lfrxGpw2U1YEMUKArpYNIg5ViGexYL7TABVfKqBUMH0XzEdEUGo0uEVdAj28smr0KyUbc23lWL1Kosjj07QKTpHNrpAVXSD6qiBKHpEz+gVvRlPxovxbnwsWnNGNnOM/sj4/AEy5JoC</latexit><latexit sha1_base64="FA3Bu6KikXUw2qkSp7HZSWlinnk=">AAACCXicbZC7TgJBFIZn8YZ4W7W0mQgmVmSXRkvQxhITuSQsbGaHA0yYvTgzSySbbW18FRsLjbH1Dex8GwfYQsE/meTLf87JmfN7EWdSWda3kVtb39jcym8Xdnb39g/Mw6OmDGNBoUFDHoq2RyRwFkBDMcWhHQkgvseh5Y2vZ/XWBIRkYXCnphF0fTIM2IBRorTlmrjkTIAmtRQ7cB+zCa71EsePUzdhaf+hx0quWbTK1lx4FewMiihT3TW/nH5IYx8CRTmRsmNbkeomRChGOaQFJ5YQETomQ+hoDIgPspvML0nxmXb6eBAK/QKF5+7viYT4Uk59T3f6RI3kcm1m/lfrxGpw2U1YEMUKArpYNIg5ViGexYL7TABVfKqBUMH0XzEdEUGo0uEVdAj28smr0KyUbc23lWL1Kosjj07QKTpHNrpAVXSD6qiBKHpEz+gVvRlPxovxbnwsWnNGNnOM/sj4/AEy5JoC</latexit><latexit sha1_base64="FA3Bu6KikXUw2qkSp7HZSWlinnk=">AAACCXicbZC7TgJBFIZn8YZ4W7W0mQgmVmSXRkvQxhITuSQsbGaHA0yYvTgzSySbbW18FRsLjbH1Dex8GwfYQsE/meTLf87JmfN7EWdSWda3kVtb39jcym8Xdnb39g/Mw6OmDGNBoUFDHoq2RyRwFkBDMcWhHQkgvseh5Y2vZ/XWBIRkYXCnphF0fTIM2IBRorTlmrjkTIAmtRQ7cB+zCa71EsePUzdhaf+hx0quWbTK1lx4FewMiihT3TW/nH5IYx8CRTmRsmNbkeomRChGOaQFJ5YQETomQ+hoDIgPspvML0nxmXb6eBAK/QKF5+7viYT4Uk59T3f6RI3kcm1m/lfrxGpw2U1YEMUKArpYNIg5ViGexYL7TABVfKqBUMH0XzEdEUGo0uEVdAj28smr0KyUbc23lWL1Kosjj07QKTpHNrpAVXSD6qiBKHpEz+gVvRlPxovxbnwsWnNGNnOM/sj4/AEy5JoC</latexit><latexit sha1_base64="FA3Bu6KikXUw2qkSp7HZSWlinnk=">AAACCXicbZC7TgJBFIZn8YZ4W7W0mQgmVmSXRkvQxhITuSQsbGaHA0yYvTgzSySbbW18FRsLjbH1Dex8GwfYQsE/meTLf87JmfN7EWdSWda3kVtb39jcym8Xdnb39g/Mw6OmDGNBoUFDHoq2RyRwFkBDMcWhHQkgvseh5Y2vZ/XWBIRkYXCnphF0fTIM2IBRorTlmrjkTIAmtRQ7cB+zCa71EsePUzdhaf+hx0quWbTK1lx4FewMiihT3TW/nH5IYx8CRTmRsmNbkeomRChGOaQFJ5YQETomQ+hoDIgPspvML0nxmXb6eBAK/QKF5+7viYT4Uk59T3f6RI3kcm1m/lfrxGpw2U1YEMUKArpYNIg5ViGexYL7TABVfKqBUMH0XzEdEUGo0uEVdAj28smr0KyUbc23lWL1Kosjj07QKTpHNrpAVXSD6qiBKHpEz+gVvRlPxovxbnwsWnNGNnOM/sj4/AEy5JoC</latexit>

A ⌘ Aµ
⌫

<latexit sha1_base64="xTy6qofTAen8JkPkwhzFjQXG0VY=">AAACAHicbZC7TsMwFIadcivlFmBgYLFokZiqpAuMLSyMRaIXqQmR47qtVccJvlSqoiy8CgsDCLHyGGy8DW6bAVp+ydKn/5yj4/OHCaNSOc63VVhb39jcKm6Xdnb39g/sw6O2jLXApIVjFotuiCRhlJOWooqRbiIIikJGOuH4ZlbvTIiQNOb3apoQP0JDTgcUI2WswD6pNDzyqOkENh5SL9JZkHpcZ5XALjtVZy64Cm4OZZCrGdhfXj/GOiJcYYak7LlOovwUCUUxI1nJ05IkCI/RkPQMchQR6afzAzJ4bpw+HMTCPK7g3P09kaJIymkUms4IqZFcrs3M/2o9rQZXfkp5ohXheLFooBlUMZylAftUEKzY1ADCgpq/QjxCAmFlMiuZENzlk1ehXau6hu9q5fp1HkcRnIIzcAFccAnq4BY0QQtgkIFn8ArerCfrxXq3PhatBSufOQZ/ZH3+ADqClik=</latexit><latexit sha1_base64="xTy6qofTAen8JkPkwhzFjQXG0VY=">AAACAHicbZC7TsMwFIadcivlFmBgYLFokZiqpAuMLSyMRaIXqQmR47qtVccJvlSqoiy8CgsDCLHyGGy8DW6bAVp+ydKn/5yj4/OHCaNSOc63VVhb39jcKm6Xdnb39g/sw6O2jLXApIVjFotuiCRhlJOWooqRbiIIikJGOuH4ZlbvTIiQNOb3apoQP0JDTgcUI2WswD6pNDzyqOkENh5SL9JZkHpcZ5XALjtVZy64Cm4OZZCrGdhfXj/GOiJcYYak7LlOovwUCUUxI1nJ05IkCI/RkPQMchQR6afzAzJ4bpw+HMTCPK7g3P09kaJIymkUms4IqZFcrs3M/2o9rQZXfkp5ohXheLFooBlUMZylAftUEKzY1ADCgpq/QjxCAmFlMiuZENzlk1ehXau6hu9q5fp1HkcRnIIzcAFccAnq4BY0QQtgkIFn8ArerCfrxXq3PhatBSufOQZ/ZH3+ADqClik=</latexit><latexit sha1_base64="xTy6qofTAen8JkPkwhzFjQXG0VY=">AAACAHicbZC7TsMwFIadcivlFmBgYLFokZiqpAuMLSyMRaIXqQmR47qtVccJvlSqoiy8CgsDCLHyGGy8DW6bAVp+ydKn/5yj4/OHCaNSOc63VVhb39jcKm6Xdnb39g/sw6O2jLXApIVjFotuiCRhlJOWooqRbiIIikJGOuH4ZlbvTIiQNOb3apoQP0JDTgcUI2WswD6pNDzyqOkENh5SL9JZkHpcZ5XALjtVZy64Cm4OZZCrGdhfXj/GOiJcYYak7LlOovwUCUUxI1nJ05IkCI/RkPQMchQR6afzAzJ4bpw+HMTCPK7g3P09kaJIymkUms4IqZFcrs3M/2o9rQZXfkp5ohXheLFooBlUMZylAftUEKzY1ADCgpq/QjxCAmFlMiuZENzlk1ehXau6hu9q5fp1HkcRnIIzcAFccAnq4BY0QQtgkIFn8ArerCfrxXq3PhatBSufOQZ/ZH3+ADqClik=</latexit><latexit sha1_base64="xTy6qofTAen8JkPkwhzFjQXG0VY=">AAACAHicbZC7TsMwFIadcivlFmBgYLFokZiqpAuMLSyMRaIXqQmR47qtVccJvlSqoiy8CgsDCLHyGGy8DW6bAVp+ydKn/5yj4/OHCaNSOc63VVhb39jcKm6Xdnb39g/sw6O2jLXApIVjFotuiCRhlJOWooqRbiIIikJGOuH4ZlbvTIiQNOb3apoQP0JDTgcUI2WswD6pNDzyqOkENh5SL9JZkHpcZ5XALjtVZy64Cm4OZZCrGdhfXj/GOiJcYYak7LlOovwUCUUxI1nJ05IkCI/RkPQMchQR6afzAzJ4bpw+HMTCPK7g3P09kaJIymkUms4IqZFcrs3M/2o9rQZXfkp5ohXheLFooBlUMZylAftUEKzY1ADCgpq/QjxCAmFlMiuZENzlk1ehXau6hu9q5fp1HkcRnIIzcAFccAnq4BY0QQtgkIFn8ArerCfrxXq3PhatBSufOQZ/ZH3+ADqClik=</latexit>

J ⌘ Jµ
⌫

<latexit sha1_base64="dlRmPmcH3y5YqKt7W3XMVFFlAzc=">AAACAHicbZC7TsMwFIadcivlFmBgYLFokZiqpAuMFSyoU5HoRWpC5Lhua9Vxgi+VqigLr8LCAEKsPAYbb4PbZoCWX7L06T/n6Pj8YcKoVI7zbRXW1jc2t4rbpZ3dvf0D+/CoLWMtMGnhmMWiGyJJGOWkpahipJsIgqKQkU44vpnVOxMiJI35vZomxI/QkNMBxUgZK7BPKg2PPGo6gY2H1It0FqQe11klsMtO1ZkLroKbQxnkagb2l9ePsY4IV5ghKXuukyg/RUJRzEhW8rQkCcJjNCQ9gxxFRPrp/IAMnhunDwexMI8rOHd/T6QoknIahaYzQmokl2sz879aT6vBlZ9SnmhFOF4sGmgGVQxnacA+FQQrNjWAsKDmrxCPkEBYmcxKJgR3+eRVaNeqruG7Wrl+ncdRBKfgDFwAF1yCOrgFTdACGGTgGbyCN+vJerHerY9Fa8HKZ47BH1mfP1b8ljs=</latexit><latexit sha1_base64="dlRmPmcH3y5YqKt7W3XMVFFlAzc=">AAACAHicbZC7TsMwFIadcivlFmBgYLFokZiqpAuMFSyoU5HoRWpC5Lhua9Vxgi+VqigLr8LCAEKsPAYbb4PbZoCWX7L06T/n6Pj8YcKoVI7zbRXW1jc2t4rbpZ3dvf0D+/CoLWMtMGnhmMWiGyJJGOWkpahipJsIgqKQkU44vpnVOxMiJI35vZomxI/QkNMBxUgZK7BPKg2PPGo6gY2H1It0FqQe11klsMtO1ZkLroKbQxnkagb2l9ePsY4IV5ghKXuukyg/RUJRzEhW8rQkCcJjNCQ9gxxFRPrp/IAMnhunDwexMI8rOHd/T6QoknIahaYzQmokl2sz879aT6vBlZ9SnmhFOF4sGmgGVQxnacA+FQQrNjWAsKDmrxCPkEBYmcxKJgR3+eRVaNeqruG7Wrl+ncdRBKfgDFwAF1yCOrgFTdACGGTgGbyCN+vJerHerY9Fa8HKZ47BH1mfP1b8ljs=</latexit><latexit sha1_base64="dlRmPmcH3y5YqKt7W3XMVFFlAzc=">AAACAHicbZC7TsMwFIadcivlFmBgYLFokZiqpAuMFSyoU5HoRWpC5Lhua9Vxgi+VqigLr8LCAEKsPAYbb4PbZoCWX7L06T/n6Pj8YcKoVI7zbRXW1jc2t4rbpZ3dvf0D+/CoLWMtMGnhmMWiGyJJGOWkpahipJsIgqKQkU44vpnVOxMiJI35vZomxI/QkNMBxUgZK7BPKg2PPGo6gY2H1It0FqQe11klsMtO1ZkLroKbQxnkagb2l9ePsY4IV5ghKXuukyg/RUJRzEhW8rQkCcJjNCQ9gxxFRPrp/IAMnhunDwexMI8rOHd/T6QoknIahaYzQmokl2sz879aT6vBlZ9SnmhFOF4sGmgGVQxnacA+FQQrNjWAsKDmrxCPkEBYmcxKJgR3+eRVaNeqruG7Wrl+ncdRBKfgDFwAF1yCOrgFTdACGGTgGbyCN+vJerHerY9Fa8HKZ47BH1mfP1b8ljs=</latexit><latexit sha1_base64="dlRmPmcH3y5YqKt7W3XMVFFlAzc=">AAACAHicbZC7TsMwFIadcivlFmBgYLFokZiqpAuMFSyoU5HoRWpC5Lhua9Vxgi+VqigLr8LCAEKsPAYbb4PbZoCWX7L06T/n6Pj8YcKoVI7zbRXW1jc2t4rbpZ3dvf0D+/CoLWMtMGnhmMWiGyJJGOWkpahipJsIgqKQkU44vpnVOxMiJI35vZomxI/QkNMBxUgZK7BPKg2PPGo6gY2H1It0FqQe11klsMtO1ZkLroKbQxnkagb2l9ePsY4IV5ghKXuukyg/RUJRzEhW8rQkCcJjNCQ9gxxFRPrp/IAMnhunDwexMI8rOHd/T6QoknIahaYzQmokl2sz879aT6vBlZ9SnmhFOF4sGmgGVQxnacA+FQQrNjWAsKDmrxCPkEBYmcxKJgR3+eRVaNeqruG7Wrl+ncdRBKfgDFwAF1yCOrgFTdACGGTgGbyCN+vJerHerY9Fa8HKZ47BH1mfP1b8ljs=</latexit>

~J ⌘ Jµ
i dx

i
<latexit sha1_base64="qlGpBWnjilpmLKqtFr9GqOcD+WI=">AAACCHicbZC7TgJBFIZnvSLeVi0tnAgmVmSXRkuijaHCRC4JC5vZ4QATZi/OzBLJZksbX8XGQmNsfQQ738YBtlDwTyb58p9zcub8XsSZVJb1baysrq1vbOa28ts7u3v75sFhQ4axoFCnIQ9FyyMSOAugrpji0IoEEN/j0PRG19N6cwxCsjC4U5MIOj4ZBKzPKFHacs2TojMGmlRTB+5jNsbVbuL4ceomLO09dFnRNQtWyZoJL4OdQQFlqrnml9MLaexDoCgnUrZtK1KdhAjFKIc078QSIkJHZABtjQHxQXaS2SEpPtNOD/dDoV+g8Mz9PZEQX8qJ7+lOn6ihXKxNzf9q7Vj1LzsJC6JYQUDni/oxxyrE01Rwjwmgik80ECqY/iumQyIIVTq7vA7BXjx5GRrlkq35tlyoXGVx5NAxOkXnyEYXqIJuUA3VEUWP6Bm9ojfjyXgx3o2PeeuKkc0coT8yPn8A8+aZ6g==</latexit><latexit sha1_base64="qlGpBWnjilpmLKqtFr9GqOcD+WI=">AAACCHicbZC7TgJBFIZnvSLeVi0tnAgmVmSXRkuijaHCRC4JC5vZ4QATZi/OzBLJZksbX8XGQmNsfQQ738YBtlDwTyb58p9zcub8XsSZVJb1baysrq1vbOa28ts7u3v75sFhQ4axoFCnIQ9FyyMSOAugrpji0IoEEN/j0PRG19N6cwxCsjC4U5MIOj4ZBKzPKFHacs2TojMGmlRTB+5jNsbVbuL4ceomLO09dFnRNQtWyZoJL4OdQQFlqrnml9MLaexDoCgnUrZtK1KdhAjFKIc078QSIkJHZABtjQHxQXaS2SEpPtNOD/dDoV+g8Mz9PZEQX8qJ7+lOn6ihXKxNzf9q7Vj1LzsJC6JYQUDni/oxxyrE01Rwjwmgik80ECqY/iumQyIIVTq7vA7BXjx5GRrlkq35tlyoXGVx5NAxOkXnyEYXqIJuUA3VEUWP6Bm9ojfjyXgx3o2PeeuKkc0coT8yPn8A8+aZ6g==</latexit><latexit sha1_base64="qlGpBWnjilpmLKqtFr9GqOcD+WI=">AAACCHicbZC7TgJBFIZnvSLeVi0tnAgmVmSXRkuijaHCRC4JC5vZ4QATZi/OzBLJZksbX8XGQmNsfQQ738YBtlDwTyb58p9zcub8XsSZVJb1baysrq1vbOa28ts7u3v75sFhQ4axoFCnIQ9FyyMSOAugrpji0IoEEN/j0PRG19N6cwxCsjC4U5MIOj4ZBKzPKFHacs2TojMGmlRTB+5jNsbVbuL4ceomLO09dFnRNQtWyZoJL4OdQQFlqrnml9MLaexDoCgnUrZtK1KdhAjFKIc078QSIkJHZABtjQHxQXaS2SEpPtNOD/dDoV+g8Mz9PZEQX8qJ7+lOn6ihXKxNzf9q7Vj1LzsJC6JYQUDni/oxxyrE01Rwjwmgik80ECqY/iumQyIIVTq7vA7BXjx5GRrlkq35tlyoXGVx5NAxOkXnyEYXqIJuUA3VEUWP6Bm9ojfjyXgx3o2PeeuKkc0coT8yPn8A8+aZ6g==</latexit><latexit sha1_base64="qlGpBWnjilpmLKqtFr9GqOcD+WI=">AAACCHicbZC7TgJBFIZnvSLeVi0tnAgmVmSXRkuijaHCRC4JC5vZ4QATZi/OzBLJZksbX8XGQmNsfQQ738YBtlDwTyb58p9zcub8XsSZVJb1baysrq1vbOa28ts7u3v75sFhQ4axoFCnIQ9FyyMSOAugrpji0IoEEN/j0PRG19N6cwxCsjC4U5MIOj4ZBKzPKFHacs2TojMGmlRTB+5jNsbVbuL4ceomLO09dFnRNQtWyZoJL4OdQQFlqrnml9MLaexDoCgnUrZtK1KdhAjFKIc078QSIkJHZABtjQHxQXaS2SEpPtNOD/dDoV+g8Mz9PZEQX8qJ7+lOn6ihXKxNzf9q7Vj1LzsJC6JYQUDni/oxxyrE01Rwjwmgik80ECqY/iumQyIIVTq7vA7BXjx5GRrlkq35tlyoXGVx5NAxOkXnyEYXqIJuUA3VEUWP6Bm9ojfjyXgx3o2PeeuKkc0coT8yPn8A8+aZ6g==</latexit>

�̃ ⌘ �̃µ
⌫idx

i
<latexit sha1_base64="RtZ2Zo+hY051E4pfSzdqglTzeR0=">AAACInicbZC5TgMxEIa9nCFcAUoaiwSJKtqlAboICiiDRA4pGyKvdwIWtnfxERGt9lloeBUaChBQIfEwOEfB9UuWPv0zo/H8UcqZNr7/4c3Mzs0vLBaWissrq2vrpY3Npk6sotCgCU9UOyIaOJPQMMxwaKcKiIg4tKKbk1G9NQClWSIvzDCFriBXkvUZJcZZvdJRJTSMx5CFp0QIkodwa9kA/zQvs1DYvJeF0mKWx3eXGcsrvVLZr/pj4b8QTKGMpqr3Sm9hnFArQBrKidadwE9NNyPKMMohL4ZWQ0roDbmCjkNJBOhuNj4xx7vOiXE/Ue5Jg8fu94mMCK2HInKdgphr/bs2Mv+rdazpH3YzJlNrQNLJor7l2CR4lBeOmQJq+NABoYq5v2J6TRShxqVadCEEv0/+C839auD4fL9cO57GUUDbaAftoQAdoBo6Q3XUQBTdo0f0jF68B+/Je/XeJ60z3nRmC/2Q9/kFYF2laQ==</latexit><latexit sha1_base64="RtZ2Zo+hY051E4pfSzdqglTzeR0=">AAACInicbZC5TgMxEIa9nCFcAUoaiwSJKtqlAboICiiDRA4pGyKvdwIWtnfxERGt9lloeBUaChBQIfEwOEfB9UuWPv0zo/H8UcqZNr7/4c3Mzs0vLBaWissrq2vrpY3Npk6sotCgCU9UOyIaOJPQMMxwaKcKiIg4tKKbk1G9NQClWSIvzDCFriBXkvUZJcZZvdJRJTSMx5CFp0QIkodwa9kA/zQvs1DYvJeF0mKWx3eXGcsrvVLZr/pj4b8QTKGMpqr3Sm9hnFArQBrKidadwE9NNyPKMMohL4ZWQ0roDbmCjkNJBOhuNj4xx7vOiXE/Ue5Jg8fu94mMCK2HInKdgphr/bs2Mv+rdazpH3YzJlNrQNLJor7l2CR4lBeOmQJq+NABoYq5v2J6TRShxqVadCEEv0/+C839auD4fL9cO57GUUDbaAftoQAdoBo6Q3XUQBTdo0f0jF68B+/Je/XeJ60z3nRmC/2Q9/kFYF2laQ==</latexit><latexit sha1_base64="RtZ2Zo+hY051E4pfSzdqglTzeR0=">AAACInicbZC5TgMxEIa9nCFcAUoaiwSJKtqlAboICiiDRA4pGyKvdwIWtnfxERGt9lloeBUaChBQIfEwOEfB9UuWPv0zo/H8UcqZNr7/4c3Mzs0vLBaWissrq2vrpY3Npk6sotCgCU9UOyIaOJPQMMxwaKcKiIg4tKKbk1G9NQClWSIvzDCFriBXkvUZJcZZvdJRJTSMx5CFp0QIkodwa9kA/zQvs1DYvJeF0mKWx3eXGcsrvVLZr/pj4b8QTKGMpqr3Sm9hnFArQBrKidadwE9NNyPKMMohL4ZWQ0roDbmCjkNJBOhuNj4xx7vOiXE/Ue5Jg8fu94mMCK2HInKdgphr/bs2Mv+rdazpH3YzJlNrQNLJor7l2CR4lBeOmQJq+NABoYq5v2J6TRShxqVadCEEv0/+C839auD4fL9cO57GUUDbaAftoQAdoBo6Q3XUQBTdo0f0jF68B+/Je/XeJ60z3nRmC/2Q9/kFYF2laQ==</latexit><latexit sha1_base64="RtZ2Zo+hY051E4pfSzdqglTzeR0=">AAACInicbZC5TgMxEIa9nCFcAUoaiwSJKtqlAboICiiDRA4pGyKvdwIWtnfxERGt9lloeBUaChBQIfEwOEfB9UuWPv0zo/H8UcqZNr7/4c3Mzs0vLBaWissrq2vrpY3Npk6sotCgCU9UOyIaOJPQMMxwaKcKiIg4tKKbk1G9NQClWSIvzDCFriBXkvUZJcZZvdJRJTSMx5CFp0QIkodwa9kA/zQvs1DYvJeF0mKWx3eXGcsrvVLZr/pj4b8QTKGMpqr3Sm9hnFArQBrKidadwE9NNyPKMMohL4ZWQ0roDbmCjkNJBOhuNj4xx7vOiXE/Ue5Jg8fu94mMCK2HInKdgphr/bs2Mv+rdazpH3YzJlNrQNLJor7l2CR4lBeOmQJq+NABoYq5v2J6TRShxqVadCEEv0/+C839auD4fL9cO57GUUDbaAftoQAdoBo6Q3XUQBTdo0f0jF68B+/Je/XeJ60z3nRmC/2Q9/kFYF2laQ==</latexit>

 The integrability condition for       is: Curl(J) = 0
<latexit sha1_base64="+B1HdX58yrzzCH97IrM0RXPy3Vg=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAV6qbMdKMbodiNuKpgLzAdSibNtKGZZEjOCKX0Mdy4UMStT+POtzFtZ6GtPwQ+/nMOOecPE8ENuO63k9vY3Nreye8W9vYPDo+Kxydto1JNWYsqoXQ3JIYJLlkLOAjWTTQjcShYJxw35vXOE9OGK/kIk4QFMRlKHnFKwFp+uZFqUbm/vHHL/WLJrboL4XXwMiihTM1+8as3UDSNmQQqiDG+5yYQTIkGTgWbFXqpYQmhYzJkvkVJYmaC6WLlGb6wzgBHStsnAS/c3xNTEhsziUPbGRMYmdXa3Pyv5qcQXQdTLpMUmKTLj6JUYFB4fj8ecM0oiIkFQjW3u2I6IppQsCkVbAje6snr0K5VPcsPtVL9Nosjj87QOaogD12hOrpDTdRCFCn0jF7RmwPOi/PufCxbc042c4r+yPn8ARYVj8w=</latexit><latexit sha1_base64="+B1HdX58yrzzCH97IrM0RXPy3Vg=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAV6qbMdKMbodiNuKpgLzAdSibNtKGZZEjOCKX0Mdy4UMStT+POtzFtZ6GtPwQ+/nMOOecPE8ENuO63k9vY3Nreye8W9vYPDo+Kxydto1JNWYsqoXQ3JIYJLlkLOAjWTTQjcShYJxw35vXOE9OGK/kIk4QFMRlKHnFKwFp+uZFqUbm/vHHL/WLJrboL4XXwMiihTM1+8as3UDSNmQQqiDG+5yYQTIkGTgWbFXqpYQmhYzJkvkVJYmaC6WLlGb6wzgBHStsnAS/c3xNTEhsziUPbGRMYmdXa3Pyv5qcQXQdTLpMUmKTLj6JUYFB4fj8ecM0oiIkFQjW3u2I6IppQsCkVbAje6snr0K5VPcsPtVL9Nosjj87QOaogD12hOrpDTdRCFCn0jF7RmwPOi/PufCxbc042c4r+yPn8ARYVj8w=</latexit><latexit sha1_base64="+B1HdX58yrzzCH97IrM0RXPy3Vg=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAV6qbMdKMbodiNuKpgLzAdSibNtKGZZEjOCKX0Mdy4UMStT+POtzFtZ6GtPwQ+/nMOOecPE8ENuO63k9vY3Nreye8W9vYPDo+Kxydto1JNWYsqoXQ3JIYJLlkLOAjWTTQjcShYJxw35vXOE9OGK/kIk4QFMRlKHnFKwFp+uZFqUbm/vHHL/WLJrboL4XXwMiihTM1+8as3UDSNmQQqiDG+5yYQTIkGTgWbFXqpYQmhYzJkvkVJYmaC6WLlGb6wzgBHStsnAS/c3xNTEhsziUPbGRMYmdXa3Pyv5qcQXQdTLpMUmKTLj6JUYFB4fj8ecM0oiIkFQjW3u2I6IppQsCkVbAje6snr0K5VPcsPtVL9Nosjj87QOaogD12hOrpDTdRCFCn0jF7RmwPOi/PufCxbc042c4r+yPn8ARYVj8w=</latexit><latexit sha1_base64="+B1HdX58yrzzCH97IrM0RXPy3Vg=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAV6qbMdKMbodiNuKpgLzAdSibNtKGZZEjOCKX0Mdy4UMStT+POtzFtZ6GtPwQ+/nMOOecPE8ENuO63k9vY3Nreye8W9vYPDo+Kxydto1JNWYsqoXQ3JIYJLlkLOAjWTTQjcShYJxw35vXOE9OGK/kIk4QFMRlKHnFKwFp+uZFqUbm/vHHL/WLJrboL4XXwMiihTM1+8as3UDSNmQQqiDG+5yYQTIkGTgWbFXqpYQmhYzJkvkVJYmaC6WLlGb6wzgBHStsnAS/c3xNTEhsziUPbGRMYmdXa3Pyv5qcQXQdTLpMUmKTLj6JUYFB4fj8ecM0oiIkFQjW3u2I6IppQsCkVbAje6snr0K5VPcsPtVL9Nosjj87QOaogD12hOrpDTdRCFCn0jF7RmwPOi/PufCxbc042c4r+yPn8ARYVj8w=</latexit>

J
<latexit sha1_base64="IA9tE1xYgC+chiSM4gZql44SaMg=">AAAB6nicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijbHCKEgCF7K3zMGGvb3L7p4JufATbCw0xtZfZOe/cYErFHyTTZ68M5OdeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo7aOU8WwxWIRq05ANQousWW4EdhJFNIoEPgYjK9n9ccnVJrH8sFMEvQjOpQ85Iwaa91Xb6v9csWtuXORVfByqECuZr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSuRUkj1H42X3VKzqwzIGGs7JOGzN3fExmNtJ5Ege2MqBnp5drM/K/WTU146WdcJqlByRYfhakgJiazu8mAK2RGTCxQprjdlbARVZQZm07JhuAtn7wK7XrNs3xXrzSu8jiKcAKncA4eXEADbqAJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/JHz+QNXbo0o</latexit><latexit sha1_base64="IA9tE1xYgC+chiSM4gZql44SaMg=">AAAB6nicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijbHCKEgCF7K3zMGGvb3L7p4JufATbCw0xtZfZOe/cYErFHyTTZ68M5OdeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo7aOU8WwxWIRq05ANQousWW4EdhJFNIoEPgYjK9n9ccnVJrH8sFMEvQjOpQ85Iwaa91Xb6v9csWtuXORVfByqECuZr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSuRUkj1H42X3VKzqwzIGGs7JOGzN3fExmNtJ5Ege2MqBnp5drM/K/WTU146WdcJqlByRYfhakgJiazu8mAK2RGTCxQprjdlbARVZQZm07JhuAtn7wK7XrNs3xXrzSu8jiKcAKncA4eXEADbqAJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/JHz+QNXbo0o</latexit><latexit sha1_base64="IA9tE1xYgC+chiSM4gZql44SaMg=">AAAB6nicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijbHCKEgCF7K3zMGGvb3L7p4JufATbCw0xtZfZOe/cYErFHyTTZ68M5OdeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo7aOU8WwxWIRq05ANQousWW4EdhJFNIoEPgYjK9n9ccnVJrH8sFMEvQjOpQ85Iwaa91Xb6v9csWtuXORVfByqECuZr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSuRUkj1H42X3VKzqwzIGGs7JOGzN3fExmNtJ5Ege2MqBnp5drM/K/WTU146WdcJqlByRYfhakgJiazu8mAK2RGTCxQprjdlbARVZQZm07JhuAtn7wK7XrNs3xXrzSu8jiKcAKncA4eXEADbqAJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/JHz+QNXbo0o</latexit><latexit sha1_base64="IA9tE1xYgC+chiSM4gZql44SaMg=">AAAB6nicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijbHCKEgCF7K3zMGGvb3L7p4JufATbCw0xtZfZOe/cYErFHyTTZ68M5OdeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo7aOU8WwxWIRq05ANQousWW4EdhJFNIoEPgYjK9n9ccnVJrH8sFMEvQjOpQ85Iwaa91Xb6v9csWtuXORVfByqECuZr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSuRUkj1H42X3VKzqwzIGGs7JOGzN3fExmNtJ5Ege2MqBnp5drM/K/WTU146WdcJqlByRYfhakgJiazu8mAK2RGTCxQprjdlbARVZQZm07JhuAtn7wK7XrNs3xXrzSu8jiKcAKncA4eXEADbqAJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/JHz+QNXbo0o</latexit>

<latexit sha1_base64="Y7jWNEOPr2EjvhWMp2TKD5KMVnQ=">AAAB+XicbVDLSsNAFJ3UV62vqEs3oUWoCCURRDdCsRvpqoJ9QBPKZHLbDp1MwsykEEL/wqUbF4q49U/c9W+cPhbaeuDC4Zx7ufceP2ZUKtueGrmNza3tnfxuYW//4PDIPD5pySgRBJokYpHo+FgCoxyaiioGnVgADn0GbX9Um/ntMQhJI/6k0hi8EA847VOClZZ6phm4YyBZfXJXSwQr1y96Zsmu2HNY68RZklK16F4+T6tpo2d+u0FEkhC4IgxL2XXsWHkZFooSBpOCm0iIMRnhAXQ15TgE6WXzyyfWuVYCqx8JXVxZc/X3RIZDKdPQ150hVkO56s3E/7xuovq3XkZ5nCjgZLGonzBLRdYsBiugAohiqSaYCKpvtcgQC0yUDqugQ3BWX14nrauKc12xH3Ua92iBPDpDRVRGDrpBVfSAGqiJCBqjF/SG3o3MeDU+jM9Fa85YzpyiPzC+fgC5DpYI</latexit>

d ~J = Curl(J)

<latexit sha1_base64="18DMpsEaDoxzbWUtkILUFtvM7Ng=">AAAB+XicbVDLSsNAFL2pr1pfUZduQotQEUoiiG6E1m5cVrAPaEKZTKbt0MkkzEwKIfQvXLpxoYhb/8Rd/8bpY6GtBy4czrmXe+/xY0alsu2pkdvY3Nreye8W9vYPDo/M45OWjBKBSRNHLBIdH0nCKCdNRRUjnVgQFPqMtP1Rfea3x0RIGvEnlcbEC9GA0z7FSGmpZ5qBOyY4q03u6olg5dpFzyzZFXsOa504S1KqFt3L52k1bfTMbzeIcBISrjBDUnYdO1ZehoSimJFJwU0kiREeoQHpaspRSKSXzS+fWOdaCax+JHRxZc3V3xMZCqVMQ193hkgN5ao3E//zuonq33oZ5XGiCMeLRf2EWSqyZjFYARUEK5ZqgrCg+lYLD5FAWOmwCjoEZ/XlddK6qjjXFftRp3EPC+ThDIpQBgduoAoP0IAmYBjDC7zBu5EZr8aH8blozRnLmVP4A+PrB51slfY=</latexit>

d ~A = Curl(A)



Two operations on matrix valued forms:

�!
div(!)↵ ⌘

nX

l=1

@l
�
(!↵

l )i1,,,ik
�
dxi1 ^ ... ^ dxik

<latexit sha1_base64="ynyVjH5m2GBJM7LAgUob/umafpk="></latexit><latexit sha1_base64="ynyVjH5m2GBJM7LAgUob/umafpk="></latexit><latexit sha1_base64="ynyVjH5m2GBJM7LAgUob/umafpk="></latexit><latexit sha1_base64="ynyVjH5m2GBJM7LAgUob/umafpk="></latexit>

(“take divergence in lower matrix component”)

hA ;Biµ⌫ ⌘
X

i1<...<ik

Aµ
� i1...ik

B�
⌫ i1...ik

<latexit sha1_base64="8GD4GP1PTg/djpyMyQSCqGr+QPo="></latexit><latexit sha1_base64="8GD4GP1PTg/djpyMyQSCqGr+QPo="></latexit><latexit sha1_base64="8GD4GP1PTg/djpyMyQSCqGr+QPo="></latexit><latexit sha1_base64="8GD4GP1PTg/djpyMyQSCqGr+QPo="></latexit>

( “matrix valued inner product”)





The first breakthrough was the Riemann-flat 
condition…

To derive the RT-equations…



“Shock Wave Interactions in General Relativity: The 
Geometry behind Metric Smoothing and the Existence
 of Locally Inertial Frames”

Moritz Reintjes, Blake Temple 

https://arxiv.org/abs/1610.02390

The Riemann-flat 
Condition  

https://arxiv.org/search/gr-qc?searchtype=author&query=Reintjes%2C+M
https://arxiv.org/search/gr-qc?searchtype=author&query=Temple%2C+B


The Riemann-flat condition:
<latexit sha1_base64="+/ShbENJDiG4R2vAGR79A+o2P0Q=">AAACGHicbVC7TsMwFHV4E14FRhaLComFkrCAmBAsDAyA+pLaqrpxblqrjh3ZDlJV8Rks/AoLAwixsvE3OG0HXkeydHTuubbPiTLBjQ2CT29mdm5+YXFp2V9ZXVvfKG1u1Y3KNcMaU0LpZgQGBZdYs9wKbGYaIY0ENqLBRTFv3KE2XMmqHWbYSaEnecIZWCd1S4ftK9A99NtScRmjtLTaR3rLMQUpDxIBljIlY164T33f75bKQSUYg/4l4ZSUyRTX3dJHO1YsT93VTIAxrTDIbGcE2nIm8N5v5wYzYAPoYctRCSmazmgc7J7uOSWmidLuyOInTv2+MYLUmGEaOWcKtm9+zwrxv1krt8lJZ8RllluUbPJQkgtqFS1aojHXyKwYOgJMu/SMsj5oYNZ1WZQQ/o78l9SPKqHjN0fls/NpHUtkh+ySfRKSY3JGLsk1qRFGHsgTeSGv3qP37L157xPrjDfd2SY/4H18AY3Onsk=</latexit><latexit sha1_base64="+/ShbENJDiG4R2vAGR79A+o2P0Q=">AAACGHicbVC7TsMwFHV4E14FRhaLComFkrCAmBAsDAyA+pLaqrpxblqrjh3ZDlJV8Rks/AoLAwixsvE3OG0HXkeydHTuubbPiTLBjQ2CT29mdm5+YXFp2V9ZXVvfKG1u1Y3KNcMaU0LpZgQGBZdYs9wKbGYaIY0ENqLBRTFv3KE2XMmqHWbYSaEnecIZWCd1S4ftK9A99NtScRmjtLTaR3rLMQUpDxIBljIlY164T33f75bKQSUYg/4l4ZSUyRTX3dJHO1YsT93VTIAxrTDIbGcE2nIm8N5v5wYzYAPoYctRCSmazmgc7J7uOSWmidLuyOInTv2+MYLUmGEaOWcKtm9+zwrxv1krt8lJZ8RllluUbPJQkgtqFS1aojHXyKwYOgJMu/SMsj5oYNZ1WZQQ/o78l9SPKqHjN0fls/NpHUtkh+ySfRKSY3JGLsk1qRFGHsgTeSGv3qP37L157xPrjDfd2SY/4H18AY3Onsk=</latexit><latexit sha1_base64="+/ShbENJDiG4R2vAGR79A+o2P0Q=">AAACGHicbVC7TsMwFHV4E14FRhaLComFkrCAmBAsDAyA+pLaqrpxblqrjh3ZDlJV8Rks/AoLAwixsvE3OG0HXkeydHTuubbPiTLBjQ2CT29mdm5+YXFp2V9ZXVvfKG1u1Y3KNcMaU0LpZgQGBZdYs9wKbGYaIY0ENqLBRTFv3KE2XMmqHWbYSaEnecIZWCd1S4ftK9A99NtScRmjtLTaR3rLMQUpDxIBljIlY164T33f75bKQSUYg/4l4ZSUyRTX3dJHO1YsT93VTIAxrTDIbGcE2nIm8N5v5wYzYAPoYctRCSmazmgc7J7uOSWmidLuyOInTv2+MYLUmGEaOWcKtm9+zwrxv1krt8lJZ8RllluUbPJQkgtqFS1aojHXyKwYOgJMu/SMsj5oYNZ1WZQQ/o78l9SPKqHjN0fls/NpHUtkh+ySfRKSY3JGLsk1qRFGHsgTeSGv3qP37L157xPrjDfd2SY/4H18AY3Onsk=</latexit><latexit sha1_base64="+/ShbENJDiG4R2vAGR79A+o2P0Q=">AAACGHicbVC7TsMwFHV4E14FRhaLComFkrCAmBAsDAyA+pLaqrpxblqrjh3ZDlJV8Rks/AoLAwixsvE3OG0HXkeydHTuubbPiTLBjQ2CT29mdm5+YXFp2V9ZXVvfKG1u1Y3KNcMaU0LpZgQGBZdYs9wKbGYaIY0ENqLBRTFv3KE2XMmqHWbYSaEnecIZWCd1S4ftK9A99NtScRmjtLTaR3rLMQUpDxIBljIlY164T33f75bKQSUYg/4l4ZSUyRTX3dJHO1YsT93VTIAxrTDIbGcE2nIm8N5v5wYzYAPoYctRCSmazmgc7J7uOSWmidLuyOInTv2+MYLUmGEaOWcKtm9+zwrxv1krt8lJZ8RllluUbPJQkgtqFS1aojHXyKwYOgJMu/SMsj5oYNZ1WZQQ/o78l9SPKqHjN0fls/NpHUtkh+ySfRKSY3JGLsk1qRFGHsgTeSGv3qP37L157xPrjDfd2SY/4H18AY3Onsk=</latexit>

Assume �, R 2 L1.
<latexit sha1_base64="UwKxV04aq9EnKjAMiU6mEyOg3b8=">AAACH3icbVC7TgMxEPTxJrwClDQWAYkCRXcpgDJAAQUFIBKQciHac/aCFdt3sn1I0Sl/QsOv0FCAEKLjb3AeBa+RLI9mdu3diVLBjfX9T29icmp6ZnZuvrCwuLS8Ulxdq5sk0wxrLBGJvonAoOAKa5ZbgTepRpCRwOuoezzwr+9RG56oK9tLsSmho3jMGVgntYp74RnoDhZClXDVRmUppYfGZBLpVngCUsLuJQ25ome3ubti2+uXt2ihVSz5ZX8I+pcEY1IiY5y3ih9hO2HuWWWZAGMagZ/aZg7aciawXwgzgymwLnSw4agCiaaZD/fr022ntGmcaHfchEP1e0cO0piejFylBHtnfnsD8T+vkdn4oJlzlWYWFRt9FGeC2oQOwqJtrpFZ0XMEmOZuVsruQAOzLtJBCMHvlf+SeqUcOH5RKVWPxnHMkQ2ySXZIQPZJlZySc1IjjDyQJ/JCXr1H79l7895HpRPeuGed/ID3+QV5OqC3</latexit><latexit sha1_base64="UwKxV04aq9EnKjAMiU6mEyOg3b8=">AAACH3icbVC7TgMxEPTxJrwClDQWAYkCRXcpgDJAAQUFIBKQciHac/aCFdt3sn1I0Sl/QsOv0FCAEKLjb3AeBa+RLI9mdu3diVLBjfX9T29icmp6ZnZuvrCwuLS8Ulxdq5sk0wxrLBGJvonAoOAKa5ZbgTepRpCRwOuoezzwr+9RG56oK9tLsSmho3jMGVgntYp74RnoDhZClXDVRmUppYfGZBLpVngCUsLuJQ25ome3ubti2+uXt2ihVSz5ZX8I+pcEY1IiY5y3ih9hO2HuWWWZAGMagZ/aZg7aciawXwgzgymwLnSw4agCiaaZD/fr022ntGmcaHfchEP1e0cO0piejFylBHtnfnsD8T+vkdn4oJlzlWYWFRt9FGeC2oQOwqJtrpFZ0XMEmOZuVsruQAOzLtJBCMHvlf+SeqUcOH5RKVWPxnHMkQ2ySXZIQPZJlZySc1IjjDyQJ/JCXr1H79l7895HpRPeuGed/ID3+QV5OqC3</latexit><latexit sha1_base64="UwKxV04aq9EnKjAMiU6mEyOg3b8=">AAACH3icbVC7TgMxEPTxJrwClDQWAYkCRXcpgDJAAQUFIBKQciHac/aCFdt3sn1I0Sl/QsOv0FCAEKLjb3AeBa+RLI9mdu3diVLBjfX9T29icmp6ZnZuvrCwuLS8Ulxdq5sk0wxrLBGJvonAoOAKa5ZbgTepRpCRwOuoezzwr+9RG56oK9tLsSmho3jMGVgntYp74RnoDhZClXDVRmUppYfGZBLpVngCUsLuJQ25ome3ubti2+uXt2ihVSz5ZX8I+pcEY1IiY5y3ih9hO2HuWWWZAGMagZ/aZg7aciawXwgzgymwLnSw4agCiaaZD/fr022ntGmcaHfchEP1e0cO0piejFylBHtnfnsD8T+vkdn4oJlzlWYWFRt9FGeC2oQOwqJtrpFZ0XMEmOZuVsruQAOzLtJBCMHvlf+SeqUcOH5RKVWPxnHMkQ2ySXZIQPZJlZySc1IjjDyQJ/JCXr1H79l7895HpRPeuGed/ID3+QV5OqC3</latexit><latexit sha1_base64="UwKxV04aq9EnKjAMiU6mEyOg3b8=">AAACH3icbVC7TgMxEPTxJrwClDQWAYkCRXcpgDJAAQUFIBKQciHac/aCFdt3sn1I0Sl/QsOv0FCAEKLjb3AeBa+RLI9mdu3diVLBjfX9T29icmp6ZnZuvrCwuLS8Ulxdq5sk0wxrLBGJvonAoOAKa5ZbgTepRpCRwOuoezzwr+9RG56oK9tLsSmho3jMGVgntYp74RnoDhZClXDVRmUppYfGZBLpVngCUsLuJQ25ome3ubti2+uXt2ihVSz5ZX8I+pcEY1IiY5y3ih9hO2HuWWWZAGMagZ/aZg7aciawXwgzgymwLnSw4agCiaaZD/fr022ntGmcaHfchEP1e0cO0piejFylBHtnfnsD8T+vkdn4oJlzlWYWFRt9FGeC2oQOwqJtrpFZ0XMEmOZuVsruQAOzLtJBCMHvlf+SeqUcOH5RKVWPxnHMkQ2ySXZIQPZJlZySc1IjjDyQJ/JCXr1H79l7895HpRPeuGed/ID3+QV5OqC3</latexit>

Then:   There exists a         coordinate 
transformation which smooths      to    
if and only if there exists a tensor              st       

C1,1
<latexit sha1_base64="29stz3IMYALTBYi78gJFbwb1nYY=">AAAB8HicbZDLTgIxFIbP4A3xhrp00wgmLgyZYYNLIhuXmMjFwEg6pQMNbWfSdkzIhKdw40Jj3Po47nwbC8xCwT9p8uU/56Tn/EHMmTau++3kNja3tnfyu4W9/YPDo+LxSVtHiSK0RSIeqW6ANeVM0pZhhtNurCgWAaedYNKY1ztPVGkWyXszjakv8EiykBFsrPVQbjym3pU3Kw+KJbfiLoTWwcugBJmag+JXfxiRRFBpCMda9zw3Nn6KlWGE01mhn2gaYzLBI9qzKLGg2k8XC8/QhXWGKIyUfdKghft7IsVC66kIbKfAZqxXa3Pzv1ovMeG1nzIZJ4ZKsvwoTDgyEZpfj4ZMUWL41AImitldERljhYmxGRVsCN7qyevQrlY8y3fVUv0miyMPZ3AOl+BBDepwC01oAQEBz/AKb45yXpx352PZmnOymVP4I+fzBxFRj0E=</latexit><latexit sha1_base64="29stz3IMYALTBYi78gJFbwb1nYY=">AAAB8HicbZDLTgIxFIbP4A3xhrp00wgmLgyZYYNLIhuXmMjFwEg6pQMNbWfSdkzIhKdw40Jj3Po47nwbC8xCwT9p8uU/56Tn/EHMmTau++3kNja3tnfyu4W9/YPDo+LxSVtHiSK0RSIeqW6ANeVM0pZhhtNurCgWAaedYNKY1ztPVGkWyXszjakv8EiykBFsrPVQbjym3pU3Kw+KJbfiLoTWwcugBJmag+JXfxiRRFBpCMda9zw3Nn6KlWGE01mhn2gaYzLBI9qzKLGg2k8XC8/QhXWGKIyUfdKghft7IsVC66kIbKfAZqxXa3Pzv1ovMeG1nzIZJ4ZKsvwoTDgyEZpfj4ZMUWL41AImitldERljhYmxGRVsCN7qyevQrlY8y3fVUv0miyMPZ3AOl+BBDepwC01oAQEBz/AKb45yXpx352PZmnOymVP4I+fzBxFRj0E=</latexit><latexit sha1_base64="29stz3IMYALTBYi78gJFbwb1nYY=">AAAB8HicbZDLTgIxFIbP4A3xhrp00wgmLgyZYYNLIhuXmMjFwEg6pQMNbWfSdkzIhKdw40Jj3Po47nwbC8xCwT9p8uU/56Tn/EHMmTau++3kNja3tnfyu4W9/YPDo+LxSVtHiSK0RSIeqW6ANeVM0pZhhtNurCgWAaedYNKY1ztPVGkWyXszjakv8EiykBFsrPVQbjym3pU3Kw+KJbfiLoTWwcugBJmag+JXfxiRRFBpCMda9zw3Nn6KlWGE01mhn2gaYzLBI9qzKLGg2k8XC8/QhXWGKIyUfdKghft7IsVC66kIbKfAZqxXa3Pzv1ovMeG1nzIZJ4ZKsvwoTDgyEZpfj4ZMUWL41AImitldERljhYmxGRVsCN7qyevQrlY8y3fVUv0miyMPZ3AOl+BBDepwC01oAQEBz/AKb45yXpx352PZmnOymVP4I+fzBxFRj0E=</latexit><latexit sha1_base64="29stz3IMYALTBYi78gJFbwb1nYY=">AAAB8HicbZDLTgIxFIbP4A3xhrp00wgmLgyZYYNLIhuXmMjFwEg6pQMNbWfSdkzIhKdw40Jj3Po47nwbC8xCwT9p8uU/56Tn/EHMmTau++3kNja3tnfyu4W9/YPDo+LxSVtHiSK0RSIeqW6ANeVM0pZhhtNurCgWAaedYNKY1ztPVGkWyXszjakv8EiykBFsrPVQbjym3pU3Kw+KJbfiLoTWwcugBJmag+JXfxiRRFBpCMda9zw3Nn6KlWGE01mhn2gaYzLBI9qzKLGg2k8XC8/QhXWGKIyUfdKghft7IsVC66kIbKfAZqxXa3Pzv1ovMeG1nzIZJ4ZKsvwoTDgyEZpfj4ZMUWL41AImitldERljhYmxGRVsCN7qyevQrlY8y3fVUv0miyMPZ3AOl+BBDepwC01oAQEBz/AKb45yXpx352PZmnOymVP4I+fzBxFRj0E=</latexit>

�<latexit sha1_base64="b6SUI563IlawlR//DuGZ5GjV+80=">AAAB8XicbZBNTwIxEIZn8QvxC/XopRFMPJFdLnoketAjJgJG2JDZ0oWGtrtpuyaE8C+8eNAYr/4bb/4by8dBwTdp8uSdmXTmjVLBjfX9by+3tr6xuZXfLuzs7u0fFA+PmibJNGUNmohEP0RomOCKNSy3gj2kmqGMBGtFw+tpvfXEtOGJurejlIUS+4rHnKJ11mO5c4NSYpkUusWSX/FnIqsQLKAEC9W7xa9OL6GZZMpSgca0Az+14Ri15VSwSaGTGZYiHWKftR0qlMyE49nGE3LmnB6JE+2esmTm/p4YozRmJCPXKdEOzHJtav5Xa2c2vgzHXKWZZYrOP4ozQWxCpueTHteMWjFygFRztyuhA9RIrQtpGkKwfPIqNKuVwPFdtVS7WsSRhxM4hXMI4AJqcAt1aAAFBc/wCm+e8V68d+9j3przFjPH8Efe5w+eUY+N</latexit><latexit sha1_base64="b6SUI563IlawlR//DuGZ5GjV+80=">AAAB8XicbZBNTwIxEIZn8QvxC/XopRFMPJFdLnoketAjJgJG2JDZ0oWGtrtpuyaE8C+8eNAYr/4bb/4by8dBwTdp8uSdmXTmjVLBjfX9by+3tr6xuZXfLuzs7u0fFA+PmibJNGUNmohEP0RomOCKNSy3gj2kmqGMBGtFw+tpvfXEtOGJurejlIUS+4rHnKJ11mO5c4NSYpkUusWSX/FnIqsQLKAEC9W7xa9OL6GZZMpSgca0Az+14Ri15VSwSaGTGZYiHWKftR0qlMyE49nGE3LmnB6JE+2esmTm/p4YozRmJCPXKdEOzHJtav5Xa2c2vgzHXKWZZYrOP4ozQWxCpueTHteMWjFygFRztyuhA9RIrQtpGkKwfPIqNKuVwPFdtVS7WsSRhxM4hXMI4AJqcAt1aAAFBc/wCm+e8V68d+9j3przFjPH8Efe5w+eUY+N</latexit><latexit sha1_base64="b6SUI563IlawlR//DuGZ5GjV+80=">AAAB8XicbZBNTwIxEIZn8QvxC/XopRFMPJFdLnoketAjJgJG2JDZ0oWGtrtpuyaE8C+8eNAYr/4bb/4by8dBwTdp8uSdmXTmjVLBjfX9by+3tr6xuZXfLuzs7u0fFA+PmibJNGUNmohEP0RomOCKNSy3gj2kmqGMBGtFw+tpvfXEtOGJurejlIUS+4rHnKJ11mO5c4NSYpkUusWSX/FnIqsQLKAEC9W7xa9OL6GZZMpSgca0Az+14Ri15VSwSaGTGZYiHWKftR0qlMyE49nGE3LmnB6JE+2esmTm/p4YozRmJCPXKdEOzHJtav5Xa2c2vgzHXKWZZYrOP4ozQWxCpueTHteMWjFygFRztyuhA9RIrQtpGkKwfPIqNKuVwPFdtVS7WsSRhxM4hXMI4AJqcAt1aAAFBc/wCm+e8V68d+9j3przFjPH8Efe5w+eUY+N</latexit><latexit sha1_base64="b6SUI563IlawlR//DuGZ5GjV+80=">AAAB8XicbZBNTwIxEIZn8QvxC/XopRFMPJFdLnoketAjJgJG2JDZ0oWGtrtpuyaE8C+8eNAYr/4bb/4by8dBwTdp8uSdmXTmjVLBjfX9by+3tr6xuZXfLuzs7u0fFA+PmibJNGUNmohEP0RomOCKNSy3gj2kmqGMBGtFw+tpvfXEtOGJurejlIUS+4rHnKJ11mO5c4NSYpkUusWSX/FnIqsQLKAEC9W7xa9OL6GZZMpSgca0Az+14Ri15VSwSaGTGZYiHWKftR0qlMyE49nGE3LmnB6JE+2esmTm/p4YozRmJCPXKdEOzHJtav5Xa2c2vgzHXKWZZYrOP4ozQWxCpueTHteMWjFygFRztyuhA9RIrQtpGkKwfPIqNKuVwPFdtVS7WsSRhxM4hXMI4AJqcAt1aAAFBc/wCm+e8V68d+9j3przFjPH8Efe5w+eUY+N</latexit>

C0,1
<latexit sha1_base64="XOmTVT7ztgsL0uIqqQZk8nvKZeI=">AAAB8HicbZDLTgIxFIbP4A3xhrp00wgmLgyZYYNLIhuXmMjFwEg6pQMNbWfSdkzIhKdw40Jj3Po47nwbC8xCwT9p8uU/56Tn/EHMmTau++3kNja3tnfyu4W9/YPDo+LxSVtHiSK0RSIeqW6ANeVM0pZhhtNurCgWAaedYNKY1ztPVGkWyXszjakv8EiykBFsrPVQbjym7pU3Kw+KJbfiLoTWwcugBJmag+JXfxiRRFBpCMda9zw3Nn6KlWGE01mhn2gaYzLBI9qzKLGg2k8XC8/QhXWGKIyUfdKghft7IsVC66kIbKfAZqxXa3Pzv1ovMeG1nzIZJ4ZKsvwoTDgyEZpfj4ZMUWL41AImitldERljhYmxGRVsCN7qyevQrlY8y3fVUv0miyMPZ3AOl+BBDepwC01oAQEBz/AKb45yXpx352PZmnOymVP4I+fzBw/Jj0A=</latexit><latexit sha1_base64="XOmTVT7ztgsL0uIqqQZk8nvKZeI=">AAAB8HicbZDLTgIxFIbP4A3xhrp00wgmLgyZYYNLIhuXmMjFwEg6pQMNbWfSdkzIhKdw40Jj3Po47nwbC8xCwT9p8uU/56Tn/EHMmTau++3kNja3tnfyu4W9/YPDo+LxSVtHiSK0RSIeqW6ANeVM0pZhhtNurCgWAaedYNKY1ztPVGkWyXszjakv8EiykBFsrPVQbjym7pU3Kw+KJbfiLoTWwcugBJmag+JXfxiRRFBpCMda9zw3Nn6KlWGE01mhn2gaYzLBI9qzKLGg2k8XC8/QhXWGKIyUfdKghft7IsVC66kIbKfAZqxXa3Pzv1ovMeG1nzIZJ4ZKsvwoTDgyEZpfj4ZMUWL41AImitldERljhYmxGRVsCN7qyevQrlY8y3fVUv0miyMPZ3AOl+BBDepwC01oAQEBz/AKb45yXpx352PZmnOymVP4I+fzBw/Jj0A=</latexit><latexit sha1_base64="XOmTVT7ztgsL0uIqqQZk8nvKZeI=">AAAB8HicbZDLTgIxFIbP4A3xhrp00wgmLgyZYYNLIhuXmMjFwEg6pQMNbWfSdkzIhKdw40Jj3Po47nwbC8xCwT9p8uU/56Tn/EHMmTau++3kNja3tnfyu4W9/YPDo+LxSVtHiSK0RSIeqW6ANeVM0pZhhtNurCgWAaedYNKY1ztPVGkWyXszjakv8EiykBFsrPVQbjym7pU3Kw+KJbfiLoTWwcugBJmag+JXfxiRRFBpCMda9zw3Nn6KlWGE01mhn2gaYzLBI9qzKLGg2k8XC8/QhXWGKIyUfdKghft7IsVC66kIbKfAZqxXa3Pzv1ovMeG1nzIZJ4ZKsvwoTDgyEZpfj4ZMUWL41AImitldERljhYmxGRVsCN7qyevQrlY8y3fVUv0miyMPZ3AOl+BBDepwC01oAQEBz/AKb45yXpx352PZmnOymVP4I+fzBw/Jj0A=</latexit><latexit sha1_base64="XOmTVT7ztgsL0uIqqQZk8nvKZeI=">AAAB8HicbZDLTgIxFIbP4A3xhrp00wgmLgyZYYNLIhuXmMjFwEg6pQMNbWfSdkzIhKdw40Jj3Po47nwbC8xCwT9p8uU/56Tn/EHMmTau++3kNja3tnfyu4W9/YPDo+LxSVtHiSK0RSIeqW6ANeVM0pZhhtNurCgWAaedYNKY1ztPVGkWyXszjakv8EiykBFsrPVQbjym7pU3Kw+KJbfiLoTWwcugBJmag+JXfxiRRFBpCMda9zw3Nn6KlWGE01mhn2gaYzLBI9qzKLGg2k8XC8/QhXWGKIyUfdKghft7IsVC66kIbKfAZqxXa3Pzv1ovMeG1nzIZJ4ZKsvwoTDgyEZpfj4ZMUWL41AImitldERljhYmxGRVsCN7qyevQrlY8y3fVUv0miyMPZ3AOl+BBDepwC01oAQEBz/AKb45yXpx352PZmnOymVP4I+fzBw/Jj0A=</latexit>

�̃ 2 C0,1
<latexit sha1_base64="DZVX3fxpWmis/VRHvWVfgPO+cC0=">AAACBHicbZC7TsMwFIadcivlFmDsYtEiMaAq6QJjRQcYi0QvUhMqx3Faq7YT2Q5SFXVg4VVYGECIlYdg421w2wzQ8kuWPv3nHB2fP0gYVdpxvq3C2vrG5lZxu7Szu7d/YB8edVScSkzaOGax7AVIEUYFaWuqGeklkiAeMNINxs1ZvftApKKxuNOThPgcDQWNKEbaWAO7XPU0ZSHJvGvEOZp6VMDmfeacu9PqwK44NWcuuApuDhWQqzWwv7wwxiknQmOGlOq7TqL9DElNMSPTkpcqkiA8RkPSNygQJ8rP5kdM4alxQhjF0jyh4dz9PZEhrtSEB6aTIz1Sy7WZ+V+tn+ro0s+oSFJNBF4silIGdQxnicCQSoI1mxhAWFLzV4hHSCKsTW4lE4K7fPIqdOo11/BtvdK4yuMogjI4AWfABRegAW5AC7QBBo/gGbyCN+vJerHerY9Fa8HKZ47BH1mfPyuflx0=</latexit><latexit sha1_base64="DZVX3fxpWmis/VRHvWVfgPO+cC0=">AAACBHicbZC7TsMwFIadcivlFmDsYtEiMaAq6QJjRQcYi0QvUhMqx3Faq7YT2Q5SFXVg4VVYGECIlYdg421w2wzQ8kuWPv3nHB2fP0gYVdpxvq3C2vrG5lZxu7Szu7d/YB8edVScSkzaOGax7AVIEUYFaWuqGeklkiAeMNINxs1ZvftApKKxuNOThPgcDQWNKEbaWAO7XPU0ZSHJvGvEOZp6VMDmfeacu9PqwK44NWcuuApuDhWQqzWwv7wwxiknQmOGlOq7TqL9DElNMSPTkpcqkiA8RkPSNygQJ8rP5kdM4alxQhjF0jyh4dz9PZEhrtSEB6aTIz1Sy7WZ+V+tn+ro0s+oSFJNBF4silIGdQxnicCQSoI1mxhAWFLzV4hHSCKsTW4lE4K7fPIqdOo11/BtvdK4yuMogjI4AWfABRegAW5AC7QBBo/gGbyCN+vJerHerY9Fa8HKZ47BH1mfPyuflx0=</latexit><latexit sha1_base64="DZVX3fxpWmis/VRHvWVfgPO+cC0=">AAACBHicbZC7TsMwFIadcivlFmDsYtEiMaAq6QJjRQcYi0QvUhMqx3Faq7YT2Q5SFXVg4VVYGECIlYdg421w2wzQ8kuWPv3nHB2fP0gYVdpxvq3C2vrG5lZxu7Szu7d/YB8edVScSkzaOGax7AVIEUYFaWuqGeklkiAeMNINxs1ZvftApKKxuNOThPgcDQWNKEbaWAO7XPU0ZSHJvGvEOZp6VMDmfeacu9PqwK44NWcuuApuDhWQqzWwv7wwxiknQmOGlOq7TqL9DElNMSPTkpcqkiA8RkPSNygQJ8rP5kdM4alxQhjF0jyh4dz9PZEhrtSEB6aTIz1Sy7WZ+V+tn+ro0s+oSFJNBF4silIGdQxnicCQSoI1mxhAWFLzV4hHSCKsTW4lE4K7fPIqdOo11/BtvdK4yuMogjI4AWfABRegAW5AC7QBBo/gGbyCN+vJerHerY9Fa8HKZ47BH1mfPyuflx0=</latexit><latexit sha1_base64="DZVX3fxpWmis/VRHvWVfgPO+cC0=">AAACBHicbZC7TsMwFIadcivlFmDsYtEiMaAq6QJjRQcYi0QvUhMqx3Faq7YT2Q5SFXVg4VVYGECIlYdg421w2wzQ8kuWPv3nHB2fP0gYVdpxvq3C2vrG5lZxu7Szu7d/YB8edVScSkzaOGax7AVIEUYFaWuqGeklkiAeMNINxs1ZvftApKKxuNOThPgcDQWNKEbaWAO7XPU0ZSHJvGvEOZp6VMDmfeacu9PqwK44NWcuuApuDhWQqzWwv7wwxiknQmOGlOq7TqL9DElNMSPTkpcqkiA8RkPSNygQJ8rP5kdM4alxQhjF0jyh4dz9PZEhrtSEB6aTIz1Sy7WZ+V+tn+ro0s+oSFJNBF4silIGdQxnicCQSoI1mxhAWFLzV4hHSCKsTW4lE4K7fPIqdOo11/BtvdK4yuMogjI4AWfABRegAW5AC7QBBo/gGbyCN+vJerHerY9Fa8HKZ47BH1mfPyuflx0=</latexit>

Riem(�+ �̃) = 0.
<latexit sha1_base64="6aWAXpToJ5d3G4BZlZ047V2Ex4Q=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2ArVIQy041uhKILXVaxF+gMJZOetqHJzJBkhDL0Bdz4Km5cKOLWvTvfxrSdhVZ/CHz5zzkk5w9izpR2nC8rt7S8srqWXy9sbG5t79i7e00VJZJCg0Y8ku2AKOAshIZmmkM7lkBEwKEVjC6n9dY9SMWi8E6PY/AFGYSszyjRxurapdItA1H2rogQ5MTTjPcgnd8mx+dOqYIxLnTtolNxZsJ/wc2giDLVu/an14toIiDUlBOlOq4Taz8lUjPKYVLwEgUxoSMygI7BkAhQfjrbZoKPjNPD/UiaE2o8c39OpEQoNRaB6RRED9VibWr+V+skun/mpyyMEw0hnT/UTzjWEZ5Gg3tMAtV8bIBQycxfMR0SSag2AU5DcBdX/gvNasU1fFMt1i6yOPLoAB2iMnLRKaqha1RHDUTRA3pCL+jVerSerTfrfd6as7KZffRL1sc3l36ZSw==</latexit><latexit sha1_base64="6aWAXpToJ5d3G4BZlZ047V2Ex4Q=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2ArVIQy041uhKILXVaxF+gMJZOetqHJzJBkhDL0Bdz4Km5cKOLWvTvfxrSdhVZ/CHz5zzkk5w9izpR2nC8rt7S8srqWXy9sbG5t79i7e00VJZJCg0Y8ku2AKOAshIZmmkM7lkBEwKEVjC6n9dY9SMWi8E6PY/AFGYSszyjRxurapdItA1H2rogQ5MTTjPcgnd8mx+dOqYIxLnTtolNxZsJ/wc2giDLVu/an14toIiDUlBOlOq4Taz8lUjPKYVLwEgUxoSMygI7BkAhQfjrbZoKPjNPD/UiaE2o8c39OpEQoNRaB6RRED9VibWr+V+skun/mpyyMEw0hnT/UTzjWEZ5Gg3tMAtV8bIBQycxfMR0SSag2AU5DcBdX/gvNasU1fFMt1i6yOPLoAB2iMnLRKaqha1RHDUTRA3pCL+jVerSerTfrfd6as7KZffRL1sc3l36ZSw==</latexit><latexit sha1_base64="6aWAXpToJ5d3G4BZlZ047V2Ex4Q=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2ArVIQy041uhKILXVaxF+gMJZOetqHJzJBkhDL0Bdz4Km5cKOLWvTvfxrSdhVZ/CHz5zzkk5w9izpR2nC8rt7S8srqWXy9sbG5t79i7e00VJZJCg0Y8ku2AKOAshIZmmkM7lkBEwKEVjC6n9dY9SMWi8E6PY/AFGYSszyjRxurapdItA1H2rogQ5MTTjPcgnd8mx+dOqYIxLnTtolNxZsJ/wc2giDLVu/an14toIiDUlBOlOq4Taz8lUjPKYVLwEgUxoSMygI7BkAhQfjrbZoKPjNPD/UiaE2o8c39OpEQoNRaB6RRED9VibWr+V+skun/mpyyMEw0hnT/UTzjWEZ5Gg3tMAtV8bIBQycxfMR0SSag2AU5DcBdX/gvNasU1fFMt1i6yOPLoAB2iMnLRKaqha1RHDUTRA3pCL+jVerSerTfrfd6as7KZffRL1sc3l36ZSw==</latexit><latexit sha1_base64="6aWAXpToJ5d3G4BZlZ047V2Ex4Q=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2ArVIQy041uhKILXVaxF+gMJZOetqHJzJBkhDL0Bdz4Km5cKOLWvTvfxrSdhVZ/CHz5zzkk5w9izpR2nC8rt7S8srqWXy9sbG5t79i7e00VJZJCg0Y8ku2AKOAshIZmmkM7lkBEwKEVjC6n9dY9SMWi8E6PY/AFGYSszyjRxurapdItA1H2rogQ5MTTjPcgnd8mx+dOqYIxLnTtolNxZsJ/wc2giDLVu/an14toIiDUlBOlOq4Taz8lUjPKYVLwEgUxoSMygI7BkAhQfjrbZoKPjNPD/UiaE2o8c39OpEQoNRaB6RRED9VibWr+V+skun/mpyyMEw0hnT/UTzjWEZ5Gg3tMAtV8bIBQycxfMR0SSag2AU5DcBdX/gvNasU1fFMt1i6yOPLoAB2iMnLRKaqha1RHDUTRA3pCL+jVerSerTfrfd6as7KZffRL1sc3l36ZSw==</latexit>



�̃ 2 C0,1
<latexit sha1_base64="DZVX3fxpWmis/VRHvWVfgPO+cC0=">AAACBHicbZC7TsMwFIadcivlFmDsYtEiMaAq6QJjRQcYi0QvUhMqx3Faq7YT2Q5SFXVg4VVYGECIlYdg421w2wzQ8kuWPv3nHB2fP0gYVdpxvq3C2vrG5lZxu7Szu7d/YB8edVScSkzaOGax7AVIEUYFaWuqGeklkiAeMNINxs1ZvftApKKxuNOThPgcDQWNKEbaWAO7XPU0ZSHJvGvEOZp6VMDmfeacu9PqwK44NWcuuApuDhWQqzWwv7wwxiknQmOGlOq7TqL9DElNMSPTkpcqkiA8RkPSNygQJ8rP5kdM4alxQhjF0jyh4dz9PZEhrtSEB6aTIz1Sy7WZ+V+tn+ro0s+oSFJNBF4silIGdQxnicCQSoI1mxhAWFLzV4hHSCKsTW4lE4K7fPIqdOo11/BtvdK4yuMogjI4AWfABRegAW5AC7QBBo/gGbyCN+vJerHerY9Fa8HKZ47BH1mfPyuflx0=</latexit><latexit sha1_base64="DZVX3fxpWmis/VRHvWVfgPO+cC0=">AAACBHicbZC7TsMwFIadcivlFmDsYtEiMaAq6QJjRQcYi0QvUhMqx3Faq7YT2Q5SFXVg4VVYGECIlYdg421w2wzQ8kuWPv3nHB2fP0gYVdpxvq3C2vrG5lZxu7Szu7d/YB8edVScSkzaOGax7AVIEUYFaWuqGeklkiAeMNINxs1ZvftApKKxuNOThPgcDQWNKEbaWAO7XPU0ZSHJvGvEOZp6VMDmfeacu9PqwK44NWcuuApuDhWQqzWwv7wwxiknQmOGlOq7TqL9DElNMSPTkpcqkiA8RkPSNygQJ8rP5kdM4alxQhjF0jyh4dz9PZEhrtSEB6aTIz1Sy7WZ+V+tn+ro0s+oSFJNBF4silIGdQxnicCQSoI1mxhAWFLzV4hHSCKsTW4lE4K7fPIqdOo11/BtvdK4yuMogjI4AWfABRegAW5AC7QBBo/gGbyCN+vJerHerY9Fa8HKZ47BH1mfPyuflx0=</latexit><latexit sha1_base64="DZVX3fxpWmis/VRHvWVfgPO+cC0=">AAACBHicbZC7TsMwFIadcivlFmDsYtEiMaAq6QJjRQcYi0QvUhMqx3Faq7YT2Q5SFXVg4VVYGECIlYdg421w2wzQ8kuWPv3nHB2fP0gYVdpxvq3C2vrG5lZxu7Szu7d/YB8edVScSkzaOGax7AVIEUYFaWuqGeklkiAeMNINxs1ZvftApKKxuNOThPgcDQWNKEbaWAO7XPU0ZSHJvGvEOZp6VMDmfeacu9PqwK44NWcuuApuDhWQqzWwv7wwxiknQmOGlOq7TqL9DElNMSPTkpcqkiA8RkPSNygQJ8rP5kdM4alxQhjF0jyh4dz9PZEhrtSEB6aTIz1Sy7WZ+V+tn+ro0s+oSFJNBF4silIGdQxnicCQSoI1mxhAWFLzV4hHSCKsTW4lE4K7fPIqdOo11/BtvdK4yuMogjI4AWfABRegAW5AC7QBBo/gGbyCN+vJerHerY9Fa8HKZ47BH1mfPyuflx0=</latexit><latexit sha1_base64="DZVX3fxpWmis/VRHvWVfgPO+cC0=">AAACBHicbZC7TsMwFIadcivlFmDsYtEiMaAq6QJjRQcYi0QvUhMqx3Faq7YT2Q5SFXVg4VVYGECIlYdg421w2wzQ8kuWPv3nHB2fP0gYVdpxvq3C2vrG5lZxu7Szu7d/YB8edVScSkzaOGax7AVIEUYFaWuqGeklkiAeMNINxs1ZvftApKKxuNOThPgcDQWNKEbaWAO7XPU0ZSHJvGvEOZp6VMDmfeacu9PqwK44NWcuuApuDhWQqzWwv7wwxiknQmOGlOq7TqL9DElNMSPTkpcqkiA8RkPSNygQJ8rP5kdM4alxQhjF0jyh4dz9PZEhrtSEB6aTIz1Sy7WZ+V+tn+ro0s+oSFJNBF4silIGdQxnicCQSoI1mxhAWFLzV4hHSCKsTW4lE4K7fPIqdOo11/BtvdK4yuMogjI4AWfABRegAW5AC7QBBo/gGbyCN+vJerHerY9Fa8HKZ47BH1mfPyuflx0=</latexit>� 2 L1

<latexit sha1_base64="sMOcFRpotAM4ZuV3hTybZ1vKTY4=">AAAB/3icbZDLSgMxFIbPeK31Niq4cRMsgqsyI4Iuiy504aKCvUCnlkyaaUOTzJBkhDJ24au4caGIW1/DnW9jpu1CWw+EfPz/OeTkDxPOtPG8b2dhcWl5ZbWwVlzf2Nzadnd26zpOFaE1EvNYNUOsKWeS1gwznDYTRbEIOW2Eg8vcbzxQpVks78wwoW2Be5JFjGBjpY67H1xhIXDAJLq5z+wVmeEIFTtuySt740Lz4E+hBNOqdtyvoBuTVFBpCMdat3wvMe0MK8MIp6NikGqaYDLAPdqyKLGgup2N9x+hI6t0URQre6RBY/X3RIaF1kMR2k6BTV/Pern4n9dKTXTezphMUkMlmTwUpRyZGOVhoC5TlBg+tICJYnZXRPpYYWJsZHkI/uyX56F+UvYt356WKhfTOApwAIdwDD6cQQWuoQo1IPAIz/AKb86T8+K8Ox+T1gVnOrMHf8r5/AH9FZVr</latexit><latexit sha1_base64="sMOcFRpotAM4ZuV3hTybZ1vKTY4=">AAAB/3icbZDLSgMxFIbPeK31Niq4cRMsgqsyI4Iuiy504aKCvUCnlkyaaUOTzJBkhDJ24au4caGIW1/DnW9jpu1CWw+EfPz/OeTkDxPOtPG8b2dhcWl5ZbWwVlzf2Nzadnd26zpOFaE1EvNYNUOsKWeS1gwznDYTRbEIOW2Eg8vcbzxQpVks78wwoW2Be5JFjGBjpY67H1xhIXDAJLq5z+wVmeEIFTtuySt740Lz4E+hBNOqdtyvoBuTVFBpCMdat3wvMe0MK8MIp6NikGqaYDLAPdqyKLGgup2N9x+hI6t0URQre6RBY/X3RIaF1kMR2k6BTV/Pern4n9dKTXTezphMUkMlmTwUpRyZGOVhoC5TlBg+tICJYnZXRPpYYWJsZHkI/uyX56F+UvYt356WKhfTOApwAIdwDD6cQQWuoQo1IPAIz/AKb86T8+K8Ox+T1gVnOrMHf8r5/AH9FZVr</latexit><latexit sha1_base64="sMOcFRpotAM4ZuV3hTybZ1vKTY4=">AAAB/3icbZDLSgMxFIbPeK31Niq4cRMsgqsyI4Iuiy504aKCvUCnlkyaaUOTzJBkhDJ24au4caGIW1/DnW9jpu1CWw+EfPz/OeTkDxPOtPG8b2dhcWl5ZbWwVlzf2Nzadnd26zpOFaE1EvNYNUOsKWeS1gwznDYTRbEIOW2Eg8vcbzxQpVks78wwoW2Be5JFjGBjpY67H1xhIXDAJLq5z+wVmeEIFTtuySt740Lz4E+hBNOqdtyvoBuTVFBpCMdat3wvMe0MK8MIp6NikGqaYDLAPdqyKLGgup2N9x+hI6t0URQre6RBY/X3RIaF1kMR2k6BTV/Pern4n9dKTXTezphMUkMlmTwUpRyZGOVhoC5TlBg+tICJYnZXRPpYYWJsZHkI/uyX56F+UvYt356WKhfTOApwAIdwDD6cQQWuoQo1IPAIz/AKb86T8+K8Ox+T1gVnOrMHf8r5/AH9FZVr</latexit><latexit sha1_base64="sMOcFRpotAM4ZuV3hTybZ1vKTY4=">AAAB/3icbZDLSgMxFIbPeK31Niq4cRMsgqsyI4Iuiy504aKCvUCnlkyaaUOTzJBkhDJ24au4caGIW1/DnW9jpu1CWw+EfPz/OeTkDxPOtPG8b2dhcWl5ZbWwVlzf2Nzadnd26zpOFaE1EvNYNUOsKWeS1gwznDYTRbEIOW2Eg8vcbzxQpVks78wwoW2Be5JFjGBjpY67H1xhIXDAJLq5z+wVmeEIFTtuySt740Lz4E+hBNOqdtyvoBuTVFBpCMdat3wvMe0MK8MIp6NikGqaYDLAPdqyKLGgup2N9x+hI6t0URQre6RBY/X3RIaF1kMR2k6BTV/Pern4n9dKTXTezphMUkMlmTwUpRyZGOVhoC5TlBg+tICJYnZXRPpYYWJsZHkI/uyX56F+UvYt356WKhfTOApwAIdwDD6cQQWuoQo1IPAIz/AKb86T8+K8Ox+T1gVnOrMHf8r5/AH9FZVr</latexit>

Riem(�+ �̃) = 0
<latexit sha1_base64="4JJoRA9shpS37QPaThd581qMC7M=">AAACDHicbVDLSgMxFM3UV62vqks3wVaoCGWmG90IRRe6rGIf0BlKJr3ThiYzQ5IRytAPcOOvuHGhiFs/wJ1/Y6btQqsHAifnnEtyjx9zprRtf1m5peWV1bX8emFjc2t7p7i711JRIik0acQj2fGJAs5CaGqmOXRiCUT4HNr+6DLz2/cgFYvCOz2OwRNkELKAUaKN1CuWyrcMRMW9IkKQE1cz3od0dpscn9tljHHBpOyqPQX+S5w5KaE5Gr3ip9uPaCIg1JQTpbqOHWsvJVIzymFScBMFMaEjMoCuoSERoLx0uswEHxmlj4NImhNqPFV/TqREKDUWvkkKoodq0cvE/7xuooMzL2VhnGgI6eyhIOFYRzhrBveZBKr52BBCJTN/xXRIJKHa9JeV4Cyu/Je0alXH8JtaqX4xryOPDtAhqiAHnaI6ukYN1EQUPaAn9IJerUfr2Xqz3mfRnDWf2Ue/YH18AyElmRM=</latexit><latexit sha1_base64="4JJoRA9shpS37QPaThd581qMC7M=">AAACDHicbVDLSgMxFM3UV62vqks3wVaoCGWmG90IRRe6rGIf0BlKJr3ThiYzQ5IRytAPcOOvuHGhiFs/wJ1/Y6btQqsHAifnnEtyjx9zprRtf1m5peWV1bX8emFjc2t7p7i711JRIik0acQj2fGJAs5CaGqmOXRiCUT4HNr+6DLz2/cgFYvCOz2OwRNkELKAUaKN1CuWyrcMRMW9IkKQE1cz3od0dpscn9tljHHBpOyqPQX+S5w5KaE5Gr3ip9uPaCIg1JQTpbqOHWsvJVIzymFScBMFMaEjMoCuoSERoLx0uswEHxmlj4NImhNqPFV/TqREKDUWvkkKoodq0cvE/7xuooMzL2VhnGgI6eyhIOFYRzhrBveZBKr52BBCJTN/xXRIJKHa9JeV4Cyu/Je0alXH8JtaqX4xryOPDtAhqiAHnaI6ukYN1EQUPaAn9IJerUfr2Xqz3mfRnDWf2Ue/YH18AyElmRM=</latexit><latexit sha1_base64="4JJoRA9shpS37QPaThd581qMC7M=">AAACDHicbVDLSgMxFM3UV62vqks3wVaoCGWmG90IRRe6rGIf0BlKJr3ThiYzQ5IRytAPcOOvuHGhiFs/wJ1/Y6btQqsHAifnnEtyjx9zprRtf1m5peWV1bX8emFjc2t7p7i711JRIik0acQj2fGJAs5CaGqmOXRiCUT4HNr+6DLz2/cgFYvCOz2OwRNkELKAUaKN1CuWyrcMRMW9IkKQE1cz3od0dpscn9tljHHBpOyqPQX+S5w5KaE5Gr3ip9uPaCIg1JQTpbqOHWsvJVIzymFScBMFMaEjMoCuoSERoLx0uswEHxmlj4NImhNqPFV/TqREKDUWvkkKoodq0cvE/7xuooMzL2VhnGgI6eyhIOFYRzhrBveZBKr52BBCJTN/xXRIJKHa9JeV4Cyu/Je0alXH8JtaqX4xryOPDtAhqiAHnaI6ukYN1EQUPaAn9IJerUfr2Xqz3mfRnDWf2Ue/YH18AyElmRM=</latexit><latexit sha1_base64="4JJoRA9shpS37QPaThd581qMC7M=">AAACDHicbVDLSgMxFM3UV62vqks3wVaoCGWmG90IRRe6rGIf0BlKJr3ThiYzQ5IRytAPcOOvuHGhiFs/wJ1/Y6btQqsHAifnnEtyjx9zprRtf1m5peWV1bX8emFjc2t7p7i711JRIik0acQj2fGJAs5CaGqmOXRiCUT4HNr+6DLz2/cgFYvCOz2OwRNkELKAUaKN1CuWyrcMRMW9IkKQE1cz3od0dpscn9tljHHBpOyqPQX+S5w5KaE5Gr3ip9uPaCIg1JQTpbqOHWsvJVIzymFScBMFMaEjMoCuoSERoLx0uswEHxmlj4NImhNqPFV/TqREKDUWvkkKoodq0cvE/7xuooMzL2VhnGgI6eyhIOFYRzhrBveZBKr52BBCJTN/xXRIJKHa9JeV4Cyu/Je0alXH8JtaqX4xryOPDtAhqiAHnaI6ukYN1EQUPaAn9IJerUfr2Xqz3mfRnDWf2Ue/YH18AyElmRM=</latexit>



The theorem applies at other orders of 
smoothness, for example:   �, �̃ 2 Wm,p

<latexit sha1_base64="XgEG86abCCArb/VkwfJO7x4aljc=">AAACD3icbZC7TsMwFIadcivlFmBksWhBDFWVdIGxggHGItGL1ITKcdzWqu1EtoNURX0DFl6FhQGEWFnZeBucNgO0/JKlz/85R/b5g5hRpR3n2yqsrK6tbxQ3S1vbO7t79v5BW0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gfJXVOw9EKhqJOz2Jic/RUNABxUgbq2+fVrxrxDmqepqykKTz29SjAnbuU16NpxUIYalvl52aMxNcBjeHMsjV7NtfXhjhhBOhMUNK9Vwn1n6KpKaYkWnJSxSJER6jIekZFIgT5aezfabwxDghHETSHKHhzP09kSKu1IQHppMjPVKLtcz8r9ZL9ODCT6mIE00Enj80SBjUEczCgSGVBGs2MYCwpOavEI+QRFibCLMQ3MWVl6Fdr7mGb+vlxmUeRxEcgWNwBlxwDhrgBjRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDZpSa8A==</latexit><latexit sha1_base64="XgEG86abCCArb/VkwfJO7x4aljc=">AAACD3icbZC7TsMwFIadcivlFmBksWhBDFWVdIGxggHGItGL1ITKcdzWqu1EtoNURX0DFl6FhQGEWFnZeBucNgO0/JKlz/85R/b5g5hRpR3n2yqsrK6tbxQ3S1vbO7t79v5BW0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gfJXVOw9EKhqJOz2Jic/RUNABxUgbq2+fVrxrxDmqepqykKTz29SjAnbuU16NpxUIYalvl52aMxNcBjeHMsjV7NtfXhjhhBOhMUNK9Vwn1n6KpKaYkWnJSxSJER6jIekZFIgT5aezfabwxDghHETSHKHhzP09kSKu1IQHppMjPVKLtcz8r9ZL9ODCT6mIE00Enj80SBjUEczCgSGVBGs2MYCwpOavEI+QRFibCLMQ3MWVl6Fdr7mGb+vlxmUeRxEcgWNwBlxwDhrgBjRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDZpSa8A==</latexit><latexit sha1_base64="XgEG86abCCArb/VkwfJO7x4aljc=">AAACD3icbZC7TsMwFIadcivlFmBksWhBDFWVdIGxggHGItGL1ITKcdzWqu1EtoNURX0DFl6FhQGEWFnZeBucNgO0/JKlz/85R/b5g5hRpR3n2yqsrK6tbxQ3S1vbO7t79v5BW0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gfJXVOw9EKhqJOz2Jic/RUNABxUgbq2+fVrxrxDmqepqykKTz29SjAnbuU16NpxUIYalvl52aMxNcBjeHMsjV7NtfXhjhhBOhMUNK9Vwn1n6KpKaYkWnJSxSJER6jIekZFIgT5aezfabwxDghHETSHKHhzP09kSKu1IQHppMjPVKLtcz8r9ZL9ODCT6mIE00Enj80SBjUEczCgSGVBGs2MYCwpOavEI+QRFibCLMQ3MWVl6Fdr7mGb+vlxmUeRxEcgWNwBlxwDhrgBjRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDZpSa8A==</latexit><latexit sha1_base64="XgEG86abCCArb/VkwfJO7x4aljc=">AAACD3icbZC7TsMwFIadcivlFmBksWhBDFWVdIGxggHGItGL1ITKcdzWqu1EtoNURX0DFl6FhQGEWFnZeBucNgO0/JKlz/85R/b5g5hRpR3n2yqsrK6tbxQ3S1vbO7t79v5BW0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gfJXVOw9EKhqJOz2Jic/RUNABxUgbq2+fVrxrxDmqepqykKTz29SjAnbuU16NpxUIYalvl52aMxNcBjeHMsjV7NtfXhjhhBOhMUNK9Vwn1n6KpKaYkWnJSxSJER6jIekZFIgT5aezfabwxDghHETSHKHhzP09kSKu1IQHppMjPVKLtcz8r9ZL9ODCT6mIE00Enj80SBjUEczCgSGVBGs2MYCwpOavEI+QRFibCLMQ3MWVl6Fdr7mGb+vlxmUeRxEcgWNwBlxwDhrgBjRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDZpSa8A==</latexit>



A smoothing transformation  
exists if and only if                         st             �̃ 2 Wm+1,p

<latexit sha1_base64="+pbaUPn18YsvV1NRgP2b03+KDx8=">AAACCnicbZC7TsMwFIadcivlFmBkMbRISKAq6QJjBQOMRaIXqQmV47qtVduJbAepijKz8CosDCDEyhOw8TY4bQZo+SVLn/5zjo7PH0SMKu0431ZhaXllda24XtrY3NresXf3WiqMJSZNHLJQdgKkCKOCNDXVjHQiSRAPGGkH46us3n4gUtFQ3OlJRHyOhoIOKEbaWD37sOJpyvok8a4R5yj1qIDt+4SfumdRWoEQlnp22ak6U8FFcHMog1yNnv3l9UMccyI0ZkiprutE2k+Q1BQzkpa8WJEI4TEakq5BgThRfjI9JYXHxunDQSjNExpO3d8TCeJKTXhgOjnSIzVfy8z/at1YDy78hIoo1kTg2aJBzKAOYZYL7FNJsGYTAwhLav4K8QhJhLVJLwvBnT95EVq1qmv4tlauX+ZxFMEBOAInwAXnoA5uQAM0AQaP4Bm8gjfryXqx3q2PWWvBymf2wR9Znz9Qn5iv</latexit><latexit sha1_base64="+pbaUPn18YsvV1NRgP2b03+KDx8=">AAACCnicbZC7TsMwFIadcivlFmBkMbRISKAq6QJjBQOMRaIXqQmV47qtVduJbAepijKz8CosDCDEyhOw8TY4bQZo+SVLn/5zjo7PH0SMKu0431ZhaXllda24XtrY3NresXf3WiqMJSZNHLJQdgKkCKOCNDXVjHQiSRAPGGkH46us3n4gUtFQ3OlJRHyOhoIOKEbaWD37sOJpyvok8a4R5yj1qIDt+4SfumdRWoEQlnp22ak6U8FFcHMog1yNnv3l9UMccyI0ZkiprutE2k+Q1BQzkpa8WJEI4TEakq5BgThRfjI9JYXHxunDQSjNExpO3d8TCeJKTXhgOjnSIzVfy8z/at1YDy78hIoo1kTg2aJBzKAOYZYL7FNJsGYTAwhLav4K8QhJhLVJLwvBnT95EVq1qmv4tlauX+ZxFMEBOAInwAXnoA5uQAM0AQaP4Bm8gjfryXqx3q2PWWvBymf2wR9Znz9Qn5iv</latexit><latexit sha1_base64="+pbaUPn18YsvV1NRgP2b03+KDx8=">AAACCnicbZC7TsMwFIadcivlFmBkMbRISKAq6QJjBQOMRaIXqQmV47qtVduJbAepijKz8CosDCDEyhOw8TY4bQZo+SVLn/5zjo7PH0SMKu0431ZhaXllda24XtrY3NresXf3WiqMJSZNHLJQdgKkCKOCNDXVjHQiSRAPGGkH46us3n4gUtFQ3OlJRHyOhoIOKEbaWD37sOJpyvok8a4R5yj1qIDt+4SfumdRWoEQlnp22ak6U8FFcHMog1yNnv3l9UMccyI0ZkiprutE2k+Q1BQzkpa8WJEI4TEakq5BgThRfjI9JYXHxunDQSjNExpO3d8TCeJKTXhgOjnSIzVfy8z/at1YDy78hIoo1kTg2aJBzKAOYZYL7FNJsGYTAwhLav4K8QhJhLVJLwvBnT95EVq1qmv4tlauX+ZxFMEBOAInwAXnoA5uQAM0AQaP4Bm8gjfryXqx3q2PWWvBymf2wR9Znz9Qn5iv</latexit><latexit sha1_base64="+pbaUPn18YsvV1NRgP2b03+KDx8=">AAACCnicbZC7TsMwFIadcivlFmBkMbRISKAq6QJjBQOMRaIXqQmV47qtVduJbAepijKz8CosDCDEyhOw8TY4bQZo+SVLn/5zjo7PH0SMKu0431ZhaXllda24XtrY3NresXf3WiqMJSZNHLJQdgKkCKOCNDXVjHQiSRAPGGkH46us3n4gUtFQ3OlJRHyOhoIOKEbaWD37sOJpyvok8a4R5yj1qIDt+4SfumdRWoEQlnp22ak6U8FFcHMog1yNnv3l9UMccyI0ZkiprutE2k+Q1BQzkpa8WJEI4TEakq5BgThRfjI9JYXHxunDQSjNExpO3d8TCeJKTXhgOjnSIzVfy8z/at1YDy78hIoo1kTg2aJBzKAOYZYL7FNJsGYTAwhLav4K8QhJhLVJLwvBnT95EVq1qmv4tlauX+ZxFMEBOAInwAXnoA5uQAM0AQaP4Bm8gjfryXqx3q2PWWvBymf2wR9Znz9Qn5iv</latexit>

9<latexit sha1_base64="jN+VrGUWiFJbkyffUf4eLKZyXWI=">AAAB9HicbZC7TgJBFIbP4g3xhlraTAQTK7JLoyXRxhITuSSwIbPDWZgwe3Fmlkg2PIeNhcbY+jB2vo2zsIWCfzLJl/+ck3Pm92LBlbbtb6uwsbm1vVPcLe3tHxwelY9P2ipKJMMWi0Qkux5VKHiILc21wG4skQaewI43uc3qnSlKxaPwQc9idAM6CrnPGdXGcqt9fDJLVJUQUhqUK3bNXoisg5NDBXI1B+Wv/jBiSYChZoIq1XPsWLsplZozgfNSP1EYUzahI+wZDGmAyk0XR8/JhXGGxI+keaEmC/f3REoDpWaBZzoDqsdqtZaZ/9V6ifav3ZSHcaIxZMtFfiKIjkiWABlyiUyLmQHKJDe3EjamkjJtcspCcFa/vA7tes0xfF+vNG7yOIpwBudwCQ5cQQPuoAktYPAIz/AKb9bUerHerY9la8HKZ07hj6zPH5mSkKg=</latexit><latexit sha1_base64="jN+VrGUWiFJbkyffUf4eLKZyXWI=">AAAB9HicbZC7TgJBFIbP4g3xhlraTAQTK7JLoyXRxhITuSSwIbPDWZgwe3Fmlkg2PIeNhcbY+jB2vo2zsIWCfzLJl/+ck3Pm92LBlbbtb6uwsbm1vVPcLe3tHxwelY9P2ipKJMMWi0Qkux5VKHiILc21wG4skQaewI43uc3qnSlKxaPwQc9idAM6CrnPGdXGcqt9fDJLVJUQUhqUK3bNXoisg5NDBXI1B+Wv/jBiSYChZoIq1XPsWLsplZozgfNSP1EYUzahI+wZDGmAyk0XR8/JhXGGxI+keaEmC/f3REoDpWaBZzoDqsdqtZaZ/9V6ifav3ZSHcaIxZMtFfiKIjkiWABlyiUyLmQHKJDe3EjamkjJtcspCcFa/vA7tes0xfF+vNG7yOIpwBudwCQ5cQQPuoAktYPAIz/AKb9bUerHerY9la8HKZ07hj6zPH5mSkKg=</latexit><latexit sha1_base64="jN+VrGUWiFJbkyffUf4eLKZyXWI=">AAAB9HicbZC7TgJBFIbP4g3xhlraTAQTK7JLoyXRxhITuSSwIbPDWZgwe3Fmlkg2PIeNhcbY+jB2vo2zsIWCfzLJl/+ck3Pm92LBlbbtb6uwsbm1vVPcLe3tHxwelY9P2ipKJMMWi0Qkux5VKHiILc21wG4skQaewI43uc3qnSlKxaPwQc9idAM6CrnPGdXGcqt9fDJLVJUQUhqUK3bNXoisg5NDBXI1B+Wv/jBiSYChZoIq1XPsWLsplZozgfNSP1EYUzahI+wZDGmAyk0XR8/JhXGGxI+keaEmC/f3REoDpWaBZzoDqsdqtZaZ/9V6ifav3ZSHcaIxZMtFfiKIjkiWABlyiUyLmQHKJDe3EjamkjJtcspCcFa/vA7tes0xfF+vNG7yOIpwBudwCQ5cQQPuoAktYPAIz/AKb9bUerHerY9la8HKZ07hj6zPH5mSkKg=</latexit><latexit sha1_base64="jN+VrGUWiFJbkyffUf4eLKZyXWI=">AAAB9HicbZC7TgJBFIbP4g3xhlraTAQTK7JLoyXRxhITuSSwIbPDWZgwe3Fmlkg2PIeNhcbY+jB2vo2zsIWCfzLJl/+ck3Pm92LBlbbtb6uwsbm1vVPcLe3tHxwelY9P2ipKJMMWi0Qkux5VKHiILc21wG4skQaewI43uc3qnSlKxaPwQc9idAM6CrnPGdXGcqt9fDJLVJUQUhqUK3bNXoisg5NDBXI1B+Wv/jBiSYChZoIq1XPsWLsplZozgfNSP1EYUzahI+wZDGmAyk0XR8/JhXGGxI+keaEmC/f3REoDpWaBZzoDqsdqtZaZ/9V6ifav3ZSHcaIxZMtFfiKIjkiWABlyiUyLmQHKJDe3EjamkjJtcspCcFa/vA7tes0xfF+vNG7yOIpwBudwCQ5cQQPuoAktYPAIz/AKb9bUerHerY9la8HKZ07hj6zPH5mSkKg=</latexit>

J 2 Wm+1,p
<latexit sha1_base64="D4B8A1QUYk/6gldDB3MZnTLU3Gw=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8EiCEqZKYIui27EVQV7gXZaMmmmDU0yQ5JRytD3cONCEbe+izvfxrSdhbb+EPj4zzmckz+IOdPGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFGE1knEI9UKsKacSVo3zHDaihXFIuC0GYxupvXmI1WaRfLBjGPqCzyQLGQEG2t17zpMomY3FWfeeTzpFUtu2Z0JLYOXQQky1XrFr04/Iomg0hCOtW57bmz8FCvDCKeTQifRNMZkhAe0bVFiQbWfzq6eoBPr9FEYKfukQTP390SKhdZjEdhOgc1QL9am5n+1dmLCKz9lMk4MlWS+KEw4MhGaRoD6TFFi+NgCJorZWxEZYoWJsUEVbAje4peXoVEpe5bvL0rV6yyOPBzBMZyCB5dQhVuoQR0IKHiGV3hznpwX5935mLfmnGzmEP7I+fwBSKORtQ==</latexit><latexit sha1_base64="D4B8A1QUYk/6gldDB3MZnTLU3Gw=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8EiCEqZKYIui27EVQV7gXZaMmmmDU0yQ5JRytD3cONCEbe+izvfxrSdhbb+EPj4zzmckz+IOdPGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFGE1knEI9UKsKacSVo3zHDaihXFIuC0GYxupvXmI1WaRfLBjGPqCzyQLGQEG2t17zpMomY3FWfeeTzpFUtu2Z0JLYOXQQky1XrFr04/Iomg0hCOtW57bmz8FCvDCKeTQifRNMZkhAe0bVFiQbWfzq6eoBPr9FEYKfukQTP390SKhdZjEdhOgc1QL9am5n+1dmLCKz9lMk4MlWS+KEw4MhGaRoD6TFFi+NgCJorZWxEZYoWJsUEVbAje4peXoVEpe5bvL0rV6yyOPBzBMZyCB5dQhVuoQR0IKHiGV3hznpwX5935mLfmnGzmEP7I+fwBSKORtQ==</latexit><latexit sha1_base64="D4B8A1QUYk/6gldDB3MZnTLU3Gw=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8EiCEqZKYIui27EVQV7gXZaMmmmDU0yQ5JRytD3cONCEbe+izvfxrSdhbb+EPj4zzmckz+IOdPGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFGE1knEI9UKsKacSVo3zHDaihXFIuC0GYxupvXmI1WaRfLBjGPqCzyQLGQEG2t17zpMomY3FWfeeTzpFUtu2Z0JLYOXQQky1XrFr04/Iomg0hCOtW57bmz8FCvDCKeTQifRNMZkhAe0bVFiQbWfzq6eoBPr9FEYKfukQTP390SKhdZjEdhOgc1QL9am5n+1dmLCKz9lMk4MlWS+KEw4MhGaRoD6TFFi+NgCJorZWxEZYoWJsUEVbAje4peXoVEpe5bvL0rV6yyOPBzBMZyCB5dQhVuoQR0IKHiGV3hznpwX5935mLfmnGzmEP7I+fwBSKORtQ==</latexit><latexit sha1_base64="D4B8A1QUYk/6gldDB3MZnTLU3Gw=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8EiCEqZKYIui27EVQV7gXZaMmmmDU0yQ5JRytD3cONCEbe+izvfxrSdhbb+EPj4zzmckz+IOdPGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFGE1knEI9UKsKacSVo3zHDaihXFIuC0GYxupvXmI1WaRfLBjGPqCzyQLGQEG2t17zpMomY3FWfeeTzpFUtu2Z0JLYOXQQky1XrFr04/Iomg0hCOtW57bmz8FCvDCKeTQifRNMZkhAe0bVFiQbWfzq6eoBPr9FEYKfukQTP390SKhdZjEdhOgc1QL9am5n+1dmLCKz9lMk4MlWS+KEw4MhGaRoD6TFFi+NgCJorZWxEZYoWJsUEVbAje4peXoVEpe5bvL0rV6yyOPBzBMZyCB5dQhVuoQR0IKHiGV3hznpwX5935mLfmnGzmEP7I+fwBSKORtQ==</latexit>

The same proof works at other orders of 
smoothness, for example:   �, �̃ 2 Wm,p

<latexit sha1_base64="XgEG86abCCArb/VkwfJO7x4aljc=">AAACD3icbZC7TsMwFIadcivlFmBksWhBDFWVdIGxggHGItGL1ITKcdzWqu1EtoNURX0DFl6FhQGEWFnZeBucNgO0/JKlz/85R/b5g5hRpR3n2yqsrK6tbxQ3S1vbO7t79v5BW0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gfJXVOw9EKhqJOz2Jic/RUNABxUgbq2+fVrxrxDmqepqykKTz29SjAnbuU16NpxUIYalvl52aMxNcBjeHMsjV7NtfXhjhhBOhMUNK9Vwn1n6KpKaYkWnJSxSJER6jIekZFIgT5aezfabwxDghHETSHKHhzP09kSKu1IQHppMjPVKLtcz8r9ZL9ODCT6mIE00Enj80SBjUEczCgSGVBGs2MYCwpOavEI+QRFibCLMQ3MWVl6Fdr7mGb+vlxmUeRxEcgWNwBlxwDhrgBjRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDZpSa8A==</latexit><latexit sha1_base64="XgEG86abCCArb/VkwfJO7x4aljc=">AAACD3icbZC7TsMwFIadcivlFmBksWhBDFWVdIGxggHGItGL1ITKcdzWqu1EtoNURX0DFl6FhQGEWFnZeBucNgO0/JKlz/85R/b5g5hRpR3n2yqsrK6tbxQ3S1vbO7t79v5BW0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gfJXVOw9EKhqJOz2Jic/RUNABxUgbq2+fVrxrxDmqepqykKTz29SjAnbuU16NpxUIYalvl52aMxNcBjeHMsjV7NtfXhjhhBOhMUNK9Vwn1n6KpKaYkWnJSxSJER6jIekZFIgT5aezfabwxDghHETSHKHhzP09kSKu1IQHppMjPVKLtcz8r9ZL9ODCT6mIE00Enj80SBjUEczCgSGVBGs2MYCwpOavEI+QRFibCLMQ3MWVl6Fdr7mGb+vlxmUeRxEcgWNwBlxwDhrgBjRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDZpSa8A==</latexit><latexit sha1_base64="XgEG86abCCArb/VkwfJO7x4aljc=">AAACD3icbZC7TsMwFIadcivlFmBksWhBDFWVdIGxggHGItGL1ITKcdzWqu1EtoNURX0DFl6FhQGEWFnZeBucNgO0/JKlz/85R/b5g5hRpR3n2yqsrK6tbxQ3S1vbO7t79v5BW0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gfJXVOw9EKhqJOz2Jic/RUNABxUgbq2+fVrxrxDmqepqykKTz29SjAnbuU16NpxUIYalvl52aMxNcBjeHMsjV7NtfXhjhhBOhMUNK9Vwn1n6KpKaYkWnJSxSJER6jIekZFIgT5aezfabwxDghHETSHKHhzP09kSKu1IQHppMjPVKLtcz8r9ZL9ODCT6mIE00Enj80SBjUEczCgSGVBGs2MYCwpOavEI+QRFibCLMQ3MWVl6Fdr7mGb+vlxmUeRxEcgWNwBlxwDhrgBjRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDZpSa8A==</latexit><latexit sha1_base64="XgEG86abCCArb/VkwfJO7x4aljc=">AAACD3icbZC7TsMwFIadcivlFmBksWhBDFWVdIGxggHGItGL1ITKcdzWqu1EtoNURX0DFl6FhQGEWFnZeBucNgO0/JKlz/85R/b5g5hRpR3n2yqsrK6tbxQ3S1vbO7t79v5BW0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gfJXVOw9EKhqJOz2Jic/RUNABxUgbq2+fVrxrxDmqepqykKTz29SjAnbuU16NpxUIYalvl52aMxNcBjeHMsjV7NtfXhjhhBOhMUNK9Vwn1n6KpKaYkWnJSxSJER6jIekZFIgT5aezfabwxDghHETSHKHhzP09kSKu1IQHppMjPVKLtcz8r9ZL9ODCT6mIE00Enj80SBjUEczCgSGVBGs2MYCwpOavEI+QRFibCLMQ3MWVl6Fdr7mGb+vlxmUeRxEcgWNwBlxwDhrgBjRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDZpSa8A==</latexit>



Riem(�+ �̃) = 0
<latexit sha1_base64="4JJoRA9shpS37QPaThd581qMC7M=">AAACDHicbVDLSgMxFM3UV62vqks3wVaoCGWmG90IRRe6rGIf0BlKJr3ThiYzQ5IRytAPcOOvuHGhiFs/wJ1/Y6btQqsHAifnnEtyjx9zprRtf1m5peWV1bX8emFjc2t7p7i711JRIik0acQj2fGJAs5CaGqmOXRiCUT4HNr+6DLz2/cgFYvCOz2OwRNkELKAUaKN1CuWyrcMRMW9IkKQE1cz3od0dpscn9tljHHBpOyqPQX+S5w5KaE5Gr3ip9uPaCIg1JQTpbqOHWsvJVIzymFScBMFMaEjMoCuoSERoLx0uswEHxmlj4NImhNqPFV/TqREKDUWvkkKoodq0cvE/7xuooMzL2VhnGgI6eyhIOFYRzhrBveZBKr52BBCJTN/xXRIJKHa9JeV4Cyu/Je0alXH8JtaqX4xryOPDtAhqiAHnaI6ukYN1EQUPaAn9IJerUfr2Xqz3mfRnDWf2Ue/YH18AyElmRM=</latexit><latexit sha1_base64="4JJoRA9shpS37QPaThd581qMC7M=">AAACDHicbVDLSgMxFM3UV62vqks3wVaoCGWmG90IRRe6rGIf0BlKJr3ThiYzQ5IRytAPcOOvuHGhiFs/wJ1/Y6btQqsHAifnnEtyjx9zprRtf1m5peWV1bX8emFjc2t7p7i711JRIik0acQj2fGJAs5CaGqmOXRiCUT4HNr+6DLz2/cgFYvCOz2OwRNkELKAUaKN1CuWyrcMRMW9IkKQE1cz3od0dpscn9tljHHBpOyqPQX+S5w5KaE5Gr3ip9uPaCIg1JQTpbqOHWsvJVIzymFScBMFMaEjMoCuoSERoLx0uswEHxmlj4NImhNqPFV/TqREKDUWvkkKoodq0cvE/7xuooMzL2VhnGgI6eyhIOFYRzhrBveZBKr52BBCJTN/xXRIJKHa9JeV4Cyu/Je0alXH8JtaqX4xryOPDtAhqiAHnaI6ukYN1EQUPaAn9IJerUfr2Xqz3mfRnDWf2Ue/YH18AyElmRM=</latexit><latexit sha1_base64="4JJoRA9shpS37QPaThd581qMC7M=">AAACDHicbVDLSgMxFM3UV62vqks3wVaoCGWmG90IRRe6rGIf0BlKJr3ThiYzQ5IRytAPcOOvuHGhiFs/wJ1/Y6btQqsHAifnnEtyjx9zprRtf1m5peWV1bX8emFjc2t7p7i711JRIik0acQj2fGJAs5CaGqmOXRiCUT4HNr+6DLz2/cgFYvCOz2OwRNkELKAUaKN1CuWyrcMRMW9IkKQE1cz3od0dpscn9tljHHBpOyqPQX+S5w5KaE5Gr3ip9uPaCIg1JQTpbqOHWsvJVIzymFScBMFMaEjMoCuoSERoLx0uswEHxmlj4NImhNqPFV/TqREKDUWvkkKoodq0cvE/7xuooMzL2VhnGgI6eyhIOFYRzhrBveZBKr52BBCJTN/xXRIJKHa9JeV4Cyu/Je0alXH8JtaqX4xryOPDtAhqiAHnaI6ukYN1EQUPaAn9IJerUfr2Xqz3mfRnDWf2Ue/YH18AyElmRM=</latexit><latexit sha1_base64="4JJoRA9shpS37QPaThd581qMC7M=">AAACDHicbVDLSgMxFM3UV62vqks3wVaoCGWmG90IRRe6rGIf0BlKJr3ThiYzQ5IRytAPcOOvuHGhiFs/wJ1/Y6btQqsHAifnnEtyjx9zprRtf1m5peWV1bX8emFjc2t7p7i711JRIik0acQj2fGJAs5CaGqmOXRiCUT4HNr+6DLz2/cgFYvCOz2OwRNkELKAUaKN1CuWyrcMRMW9IkKQE1cz3od0dpscn9tljHHBpOyqPQX+S5w5KaE5Gr3ip9uPaCIg1JQTpbqOHWsvJVIzymFScBMFMaEjMoCuoSERoLx0uswEHxmlj4NImhNqPFV/TqREKDUWvkkKoodq0cvE/7xuooMzL2VhnGgI6eyhIOFYRzhrBveZBKr52BBCJTN/xXRIJKHa9JeV4Cyu/Je0alXH8JtaqX4xryOPDtAhqiAHnaI6ukYN1EQUPaAn9IJerUfr2Xqz3mfRnDWf2Ue/YH18AyElmRM=</latexit>

� 2 Wm,p
<latexit sha1_base64="zV33HS7Gj9z1GxdvL5Kwpj70qpM=">AAACAHicbZC7TsMwFIadcivlFmBgYLFokRhQlXSBsYIBxiLRi9SEynGd1qrtRLaDVEVZeBUWBhBi5THYeBucNgO0/JKlT/85R8fnD2JGlXacb6u0srq2vlHerGxt7+zu2fsHHRUlEpM2jlgkewFShFFB2ppqRnqxJIgHjHSDyXVe7z4SqWgk7vU0Jj5HI0FDipE21sA+qnk3iHPkUQG7Dyk/j7MahLAysKtO3ZkJLoNbQBUUag3sL28Y4YQToTFDSvVdJ9Z+iqSmmJGs4iWKxAhP0Ij0DQrEifLT2QEZPDXOEIaRNE9oOHN/T6SIKzXlgenkSI/VYi03/6v1Ex1e+ikVcaKJwPNFYcKgjmCeBhxSSbBmUwMIS2r+CvEYSYS1ySwPwV08eRk6jbpr+K5RbV4VcZTBMTgBZ8AFF6AJbkELtAEGGXgGr+DNerJerHfrY95asoqZQ/BH1ucPvtOUiQ==</latexit><latexit sha1_base64="zV33HS7Gj9z1GxdvL5Kwpj70qpM=">AAACAHicbZC7TsMwFIadcivlFmBgYLFokRhQlXSBsYIBxiLRi9SEynGd1qrtRLaDVEVZeBUWBhBi5THYeBucNgO0/JKlT/85R8fnD2JGlXacb6u0srq2vlHerGxt7+zu2fsHHRUlEpM2jlgkewFShFFB2ppqRnqxJIgHjHSDyXVe7z4SqWgk7vU0Jj5HI0FDipE21sA+qnk3iHPkUQG7Dyk/j7MahLAysKtO3ZkJLoNbQBUUag3sL28Y4YQToTFDSvVdJ9Z+iqSmmJGs4iWKxAhP0Ij0DQrEifLT2QEZPDXOEIaRNE9oOHN/T6SIKzXlgenkSI/VYi03/6v1Ex1e+ikVcaKJwPNFYcKgjmCeBhxSSbBmUwMIS2r+CvEYSYS1ySwPwV08eRk6jbpr+K5RbV4VcZTBMTgBZ8AFF6AJbkELtAEGGXgGr+DNerJerHfrY95asoqZQ/BH1ucPvtOUiQ==</latexit><latexit sha1_base64="zV33HS7Gj9z1GxdvL5Kwpj70qpM=">AAACAHicbZC7TsMwFIadcivlFmBgYLFokRhQlXSBsYIBxiLRi9SEynGd1qrtRLaDVEVZeBUWBhBi5THYeBucNgO0/JKlT/85R8fnD2JGlXacb6u0srq2vlHerGxt7+zu2fsHHRUlEpM2jlgkewFShFFB2ppqRnqxJIgHjHSDyXVe7z4SqWgk7vU0Jj5HI0FDipE21sA+qnk3iHPkUQG7Dyk/j7MahLAysKtO3ZkJLoNbQBUUag3sL28Y4YQToTFDSvVdJ9Z+iqSmmJGs4iWKxAhP0Ij0DQrEifLT2QEZPDXOEIaRNE9oOHN/T6SIKzXlgenkSI/VYi03/6v1Ex1e+ikVcaKJwPNFYcKgjmCeBhxSSbBmUwMIS2r+CvEYSYS1ySwPwV08eRk6jbpr+K5RbV4VcZTBMTgBZ8AFF6AJbkELtAEGGXgGr+DNerJerHfrY95asoqZQ/BH1ucPvtOUiQ==</latexit><latexit sha1_base64="zV33HS7Gj9z1GxdvL5Kwpj70qpM=">AAACAHicbZC7TsMwFIadcivlFmBgYLFokRhQlXSBsYIBxiLRi9SEynGd1qrtRLaDVEVZeBUWBhBi5THYeBucNgO0/JKlT/85R8fnD2JGlXacb6u0srq2vlHerGxt7+zu2fsHHRUlEpM2jlgkewFShFFB2ppqRnqxJIgHjHSDyXVe7z4SqWgk7vU0Jj5HI0FDipE21sA+qnk3iHPkUQG7Dyk/j7MahLAysKtO3ZkJLoNbQBUUag3sL28Y4YQToTFDSvVdJ9Z+iqSmmJGs4iWKxAhP0Ij0DQrEifLT2QEZPDXOEIaRNE9oOHN/T6SIKzXlgenkSI/VYi03/6v1Ex1e+ikVcaKJwPNFYcKgjmCeBhxSSbBmUwMIS2r+CvEYSYS1ySwPwV08eRk6jbpr+K5RbV4VcZTBMTgBZ8AFF6AJbkELtAEGGXgGr+DNerJerHfrY95asoqZQ/BH1ucPvtOUiQ==</latexit>

� 2 Wm+1,p
<latexit sha1_base64="N202oEf4XGsVABMSoddsJ+ep5bA=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAm2gqCUmW50WXShywr2Ap2xZNJMG5pkhiQjlKG48VXcuFDErU/hzrcx085CW38IfPznHE7OH8SMKu0431ZhaXllda24XtrY3NresXf3WipKJCZNHLFIdgKkCKOCNDXVjHRiSRAPGGkHo6us3n4gUtFI3OlxTHyOBoKGFCNtrJ59UPGuEefIowK271N+6p7FkwqEsNSzy07VmQougptDGeRq9Owvrx/hhBOhMUNKdV0n1n6KpKaYkUnJSxSJER6hAekaFIgT5afTEybw2Dh9GEbSPKHh1P09kSKu1JgHppMjPVTztcz8r9ZNdHjhp1TEiSYCzxaFCYM6glkesE8lwZqNDSAsqfkrxEMkEdYmtSwEd/7kRWjVqq7h21q5fpnHUQSH4AicABecgzq4AQ3QBBg8gmfwCt6sJ+vFerc+Zq0FK5/ZB39kff4AomOU+Q==</latexit><latexit sha1_base64="N202oEf4XGsVABMSoddsJ+ep5bA=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAm2gqCUmW50WXShywr2Ap2xZNJMG5pkhiQjlKG48VXcuFDErU/hzrcx085CW38IfPznHE7OH8SMKu0431ZhaXllda24XtrY3NresXf3WipKJCZNHLFIdgKkCKOCNDXVjHRiSRAPGGkHo6us3n4gUtFI3OlxTHyOBoKGFCNtrJ59UPGuEefIowK271N+6p7FkwqEsNSzy07VmQougptDGeRq9Owvrx/hhBOhMUNKdV0n1n6KpKaYkUnJSxSJER6hAekaFIgT5afTEybw2Dh9GEbSPKHh1P09kSKu1JgHppMjPVTztcz8r9ZNdHjhp1TEiSYCzxaFCYM6glkesE8lwZqNDSAsqfkrxEMkEdYmtSwEd/7kRWjVqq7h21q5fpnHUQSH4AicABecgzq4AQ3QBBg8gmfwCt6sJ+vFerc+Zq0FK5/ZB39kff4AomOU+Q==</latexit><latexit sha1_base64="N202oEf4XGsVABMSoddsJ+ep5bA=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAm2gqCUmW50WXShywr2Ap2xZNJMG5pkhiQjlKG48VXcuFDErU/hzrcx085CW38IfPznHE7OH8SMKu0431ZhaXllda24XtrY3NresXf3WipKJCZNHLFIdgKkCKOCNDXVjHRiSRAPGGkHo6us3n4gUtFI3OlxTHyOBoKGFCNtrJ59UPGuEefIowK271N+6p7FkwqEsNSzy07VmQougptDGeRq9Owvrx/hhBOhMUNKdV0n1n6KpKaYkUnJSxSJER6hAekaFIgT5afTEybw2Dh9GEbSPKHh1P09kSKu1JgHppMjPVTztcz8r9ZNdHjhp1TEiSYCzxaFCYM6glkesE8lwZqNDSAsqfkrxEMkEdYmtSwEd/7kRWjVqq7h21q5fpnHUQSH4AicABecgzq4AQ3QBBg8gmfwCt6sJ+vFerc+Zq0FK5/ZB39kff4AomOU+Q==</latexit><latexit sha1_base64="N202oEf4XGsVABMSoddsJ+ep5bA=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAm2gqCUmW50WXShywr2Ap2xZNJMG5pkhiQjlKG48VXcuFDErU/hzrcx085CW38IfPznHE7OH8SMKu0431ZhaXllda24XtrY3NresXf3WipKJCZNHLFIdgKkCKOCNDXVjHRiSRAPGGkHo6us3n4gUtFI3OlxTHyOBoKGFCNtrJ59UPGuEefIowK271N+6p7FkwqEsNSzy07VmQougptDGeRq9Owvrx/hhBOhMUNKdV0n1n6KpKaYkUnJSxSJER6hAekaFIgT5afTEybw2Dh9GEbSPKHh1P09kSKu1JgHppMjPVTztcz8r9ZNdHjhp1TEiSYCzxaFCYM6glkesE8lwZqNDSAsqfkrxEMkEdYmtSwEd/7kRWjVqq7h21q5fpnHUQSH4AicABecgzq4AQ3QBBg8gmfwCt6sJ+vFerc+Zq0FK5/ZB39kff4AomOU+Q==</latexit>

A smoothing transformation  
exists if and only if                         st             �̃ 2 Wm+1,p

<latexit sha1_base64="+pbaUPn18YsvV1NRgP2b03+KDx8=">AAACCnicbZC7TsMwFIadcivlFmBkMbRISKAq6QJjBQOMRaIXqQmV47qtVduJbAepijKz8CosDCDEyhOw8TY4bQZo+SVLn/5zjo7PH0SMKu0431ZhaXllda24XtrY3NresXf3WiqMJSZNHLJQdgKkCKOCNDXVjHQiSRAPGGkH46us3n4gUtFQ3OlJRHyOhoIOKEbaWD37sOJpyvok8a4R5yj1qIDt+4SfumdRWoEQlnp22ak6U8FFcHMog1yNnv3l9UMccyI0ZkiprutE2k+Q1BQzkpa8WJEI4TEakq5BgThRfjI9JYXHxunDQSjNExpO3d8TCeJKTXhgOjnSIzVfy8z/at1YDy78hIoo1kTg2aJBzKAOYZYL7FNJsGYTAwhLav4K8QhJhLVJLwvBnT95EVq1qmv4tlauX+ZxFMEBOAInwAXnoA5uQAM0AQaP4Bm8gjfryXqx3q2PWWvBymf2wR9Znz9Qn5iv</latexit><latexit sha1_base64="+pbaUPn18YsvV1NRgP2b03+KDx8=">AAACCnicbZC7TsMwFIadcivlFmBkMbRISKAq6QJjBQOMRaIXqQmV47qtVduJbAepijKz8CosDCDEyhOw8TY4bQZo+SVLn/5zjo7PH0SMKu0431ZhaXllda24XtrY3NresXf3WiqMJSZNHLJQdgKkCKOCNDXVjHQiSRAPGGkH46us3n4gUtFQ3OlJRHyOhoIOKEbaWD37sOJpyvok8a4R5yj1qIDt+4SfumdRWoEQlnp22ak6U8FFcHMog1yNnv3l9UMccyI0ZkiprutE2k+Q1BQzkpa8WJEI4TEakq5BgThRfjI9JYXHxunDQSjNExpO3d8TCeJKTXhgOjnSIzVfy8z/at1YDy78hIoo1kTg2aJBzKAOYZYL7FNJsGYTAwhLav4K8QhJhLVJLwvBnT95EVq1qmv4tlauX+ZxFMEBOAInwAXnoA5uQAM0AQaP4Bm8gjfryXqx3q2PWWvBymf2wR9Znz9Qn5iv</latexit><latexit sha1_base64="+pbaUPn18YsvV1NRgP2b03+KDx8=">AAACCnicbZC7TsMwFIadcivlFmBkMbRISKAq6QJjBQOMRaIXqQmV47qtVduJbAepijKz8CosDCDEyhOw8TY4bQZo+SVLn/5zjo7PH0SMKu0431ZhaXllda24XtrY3NresXf3WiqMJSZNHLJQdgKkCKOCNDXVjHQiSRAPGGkH46us3n4gUtFQ3OlJRHyOhoIOKEbaWD37sOJpyvok8a4R5yj1qIDt+4SfumdRWoEQlnp22ak6U8FFcHMog1yNnv3l9UMccyI0ZkiprutE2k+Q1BQzkpa8WJEI4TEakq5BgThRfjI9JYXHxunDQSjNExpO3d8TCeJKTXhgOjnSIzVfy8z/at1YDy78hIoo1kTg2aJBzKAOYZYL7FNJsGYTAwhLav4K8QhJhLVJLwvBnT95EVq1qmv4tlauX+ZxFMEBOAInwAXnoA5uQAM0AQaP4Bm8gjfryXqx3q2PWWvBymf2wR9Znz9Qn5iv</latexit><latexit sha1_base64="+pbaUPn18YsvV1NRgP2b03+KDx8=">AAACCnicbZC7TsMwFIadcivlFmBkMbRISKAq6QJjBQOMRaIXqQmV47qtVduJbAepijKz8CosDCDEyhOw8TY4bQZo+SVLn/5zjo7PH0SMKu0431ZhaXllda24XtrY3NresXf3WiqMJSZNHLJQdgKkCKOCNDXVjHQiSRAPGGkH46us3n4gUtFQ3OlJRHyOhoIOKEbaWD37sOJpyvok8a4R5yj1qIDt+4SfumdRWoEQlnp22ak6U8FFcHMog1yNnv3l9UMccyI0ZkiprutE2k+Q1BQzkpa8WJEI4TEakq5BgThRfjI9JYXHxunDQSjNExpO3d8TCeJKTXhgOjnSIzVfy8z/at1YDy78hIoo1kTg2aJBzKAOYZYL7FNJsGYTAwhLav4K8QhJhLVJLwvBnT95EVq1qmv4tlauX+ZxFMEBOAInwAXnoA5uQAM0AQaP4Bm8gjfryXqx3q2PWWvBymf2wR9Znz9Qn5iv</latexit>

9<latexit sha1_base64="jN+VrGUWiFJbkyffUf4eLKZyXWI=">AAAB9HicbZC7TgJBFIbP4g3xhlraTAQTK7JLoyXRxhITuSSwIbPDWZgwe3Fmlkg2PIeNhcbY+jB2vo2zsIWCfzLJl/+ck3Pm92LBlbbtb6uwsbm1vVPcLe3tHxwelY9P2ipKJMMWi0Qkux5VKHiILc21wG4skQaewI43uc3qnSlKxaPwQc9idAM6CrnPGdXGcqt9fDJLVJUQUhqUK3bNXoisg5NDBXI1B+Wv/jBiSYChZoIq1XPsWLsplZozgfNSP1EYUzahI+wZDGmAyk0XR8/JhXGGxI+keaEmC/f3REoDpWaBZzoDqsdqtZaZ/9V6ifav3ZSHcaIxZMtFfiKIjkiWABlyiUyLmQHKJDe3EjamkjJtcspCcFa/vA7tes0xfF+vNG7yOIpwBudwCQ5cQQPuoAktYPAIz/AKb9bUerHerY9la8HKZ07hj6zPH5mSkKg=</latexit><latexit sha1_base64="jN+VrGUWiFJbkyffUf4eLKZyXWI=">AAAB9HicbZC7TgJBFIbP4g3xhlraTAQTK7JLoyXRxhITuSSwIbPDWZgwe3Fmlkg2PIeNhcbY+jB2vo2zsIWCfzLJl/+ck3Pm92LBlbbtb6uwsbm1vVPcLe3tHxwelY9P2ipKJMMWi0Qkux5VKHiILc21wG4skQaewI43uc3qnSlKxaPwQc9idAM6CrnPGdXGcqt9fDJLVJUQUhqUK3bNXoisg5NDBXI1B+Wv/jBiSYChZoIq1XPsWLsplZozgfNSP1EYUzahI+wZDGmAyk0XR8/JhXGGxI+keaEmC/f3REoDpWaBZzoDqsdqtZaZ/9V6ifav3ZSHcaIxZMtFfiKIjkiWABlyiUyLmQHKJDe3EjamkjJtcspCcFa/vA7tes0xfF+vNG7yOIpwBudwCQ5cQQPuoAktYPAIz/AKb9bUerHerY9la8HKZ07hj6zPH5mSkKg=</latexit><latexit sha1_base64="jN+VrGUWiFJbkyffUf4eLKZyXWI=">AAAB9HicbZC7TgJBFIbP4g3xhlraTAQTK7JLoyXRxhITuSSwIbPDWZgwe3Fmlkg2PIeNhcbY+jB2vo2zsIWCfzLJl/+ck3Pm92LBlbbtb6uwsbm1vVPcLe3tHxwelY9P2ipKJMMWi0Qkux5VKHiILc21wG4skQaewI43uc3qnSlKxaPwQc9idAM6CrnPGdXGcqt9fDJLVJUQUhqUK3bNXoisg5NDBXI1B+Wv/jBiSYChZoIq1XPsWLsplZozgfNSP1EYUzahI+wZDGmAyk0XR8/JhXGGxI+keaEmC/f3REoDpWaBZzoDqsdqtZaZ/9V6ifav3ZSHcaIxZMtFfiKIjkiWABlyiUyLmQHKJDe3EjamkjJtcspCcFa/vA7tes0xfF+vNG7yOIpwBudwCQ5cQQPuoAktYPAIz/AKb9bUerHerY9la8HKZ07hj6zPH5mSkKg=</latexit><latexit sha1_base64="jN+VrGUWiFJbkyffUf4eLKZyXWI=">AAAB9HicbZC7TgJBFIbP4g3xhlraTAQTK7JLoyXRxhITuSSwIbPDWZgwe3Fmlkg2PIeNhcbY+jB2vo2zsIWCfzLJl/+ck3Pm92LBlbbtb6uwsbm1vVPcLe3tHxwelY9P2ipKJMMWi0Qkux5VKHiILc21wG4skQaewI43uc3qnSlKxaPwQc9idAM6CrnPGdXGcqt9fDJLVJUQUhqUK3bNXoisg5NDBXI1B+Wv/jBiSYChZoIq1XPsWLsplZozgfNSP1EYUzahI+wZDGmAyk0XR8/JhXGGxI+keaEmC/f3REoDpWaBZzoDqsdqtZaZ/9V6ifav3ZSHcaIxZMtFfiKIjkiWABlyiUyLmQHKJDe3EjamkjJtcspCcFa/vA7tes0xfF+vNG7yOIpwBudwCQ5cQQPuoAktYPAIz/AKb9bUerHerY9la8HKZ07hj6zPH5mSkKg=</latexit>

J 2 Wm+1,p
<latexit sha1_base64="D4B8A1QUYk/6gldDB3MZnTLU3Gw=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8EiCEqZKYIui27EVQV7gXZaMmmmDU0yQ5JRytD3cONCEbe+izvfxrSdhbb+EPj4zzmckz+IOdPGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFGE1knEI9UKsKacSVo3zHDaihXFIuC0GYxupvXmI1WaRfLBjGPqCzyQLGQEG2t17zpMomY3FWfeeTzpFUtu2Z0JLYOXQQky1XrFr04/Iomg0hCOtW57bmz8FCvDCKeTQifRNMZkhAe0bVFiQbWfzq6eoBPr9FEYKfukQTP390SKhdZjEdhOgc1QL9am5n+1dmLCKz9lMk4MlWS+KEw4MhGaRoD6TFFi+NgCJorZWxEZYoWJsUEVbAje4peXoVEpe5bvL0rV6yyOPBzBMZyCB5dQhVuoQR0IKHiGV3hznpwX5935mLfmnGzmEP7I+fwBSKORtQ==</latexit><latexit sha1_base64="D4B8A1QUYk/6gldDB3MZnTLU3Gw=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8EiCEqZKYIui27EVQV7gXZaMmmmDU0yQ5JRytD3cONCEbe+izvfxrSdhbb+EPj4zzmckz+IOdPGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFGE1knEI9UKsKacSVo3zHDaihXFIuC0GYxupvXmI1WaRfLBjGPqCzyQLGQEG2t17zpMomY3FWfeeTzpFUtu2Z0JLYOXQQky1XrFr04/Iomg0hCOtW57bmz8FCvDCKeTQifRNMZkhAe0bVFiQbWfzq6eoBPr9FEYKfukQTP390SKhdZjEdhOgc1QL9am5n+1dmLCKz9lMk4MlWS+KEw4MhGaRoD6TFFi+NgCJorZWxEZYoWJsUEVbAje4peXoVEpe5bvL0rV6yyOPBzBMZyCB5dQhVuoQR0IKHiGV3hznpwX5935mLfmnGzmEP7I+fwBSKORtQ==</latexit><latexit sha1_base64="D4B8A1QUYk/6gldDB3MZnTLU3Gw=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8EiCEqZKYIui27EVQV7gXZaMmmmDU0yQ5JRytD3cONCEbe+izvfxrSdhbb+EPj4zzmckz+IOdPGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFGE1knEI9UKsKacSVo3zHDaihXFIuC0GYxupvXmI1WaRfLBjGPqCzyQLGQEG2t17zpMomY3FWfeeTzpFUtu2Z0JLYOXQQky1XrFr04/Iomg0hCOtW57bmz8FCvDCKeTQifRNMZkhAe0bVFiQbWfzq6eoBPr9FEYKfukQTP390SKhdZjEdhOgc1QL9am5n+1dmLCKz9lMk4MlWS+KEw4MhGaRoD6TFFi+NgCJorZWxEZYoWJsUEVbAje4peXoVEpe5bvL0rV6yyOPBzBMZyCB5dQhVuoQR0IKHiGV3hznpwX5935mLfmnGzmEP7I+fwBSKORtQ==</latexit><latexit sha1_base64="D4B8A1QUYk/6gldDB3MZnTLU3Gw=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8EiCEqZKYIui27EVQV7gXZaMmmmDU0yQ5JRytD3cONCEbe+izvfxrSdhbb+EPj4zzmckz+IOdPGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFGE1knEI9UKsKacSVo3zHDaihXFIuC0GYxupvXmI1WaRfLBjGPqCzyQLGQEG2t17zpMomY3FWfeeTzpFUtu2Z0JLYOXQQky1XrFr04/Iomg0hCOtW57bmz8FCvDCKeTQifRNMZkhAe0bVFiQbWfzq6eoBPr9FEYKfukQTP390SKhdZjEdhOgc1QL9am5n+1dmLCKz9lMk4MlWS+KEw4MhGaRoD6TFFi+NgCJorZWxEZYoWJsUEVbAje4peXoVEpe5bvL0rV6yyOPBzBMZyCB5dQhVuoQR0IKHiGV3hznpwX5935mLfmnGzmEP7I+fwBSKORtQ==</latexit>

The same proof works at other orders of 
smoothness, for example:   �, �̃ 2 Wm,p

<latexit sha1_base64="XgEG86abCCArb/VkwfJO7x4aljc=">AAACD3icbZC7TsMwFIadcivlFmBksWhBDFWVdIGxggHGItGL1ITKcdzWqu1EtoNURX0DFl6FhQGEWFnZeBucNgO0/JKlz/85R/b5g5hRpR3n2yqsrK6tbxQ3S1vbO7t79v5BW0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gfJXVOw9EKhqJOz2Jic/RUNABxUgbq2+fVrxrxDmqepqykKTz29SjAnbuU16NpxUIYalvl52aMxNcBjeHMsjV7NtfXhjhhBOhMUNK9Vwn1n6KpKaYkWnJSxSJER6jIekZFIgT5aezfabwxDghHETSHKHhzP09kSKu1IQHppMjPVKLtcz8r9ZL9ODCT6mIE00Enj80SBjUEczCgSGVBGs2MYCwpOavEI+QRFibCLMQ3MWVl6Fdr7mGb+vlxmUeRxEcgWNwBlxwDhrgBjRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDZpSa8A==</latexit><latexit sha1_base64="XgEG86abCCArb/VkwfJO7x4aljc=">AAACD3icbZC7TsMwFIadcivlFmBksWhBDFWVdIGxggHGItGL1ITKcdzWqu1EtoNURX0DFl6FhQGEWFnZeBucNgO0/JKlz/85R/b5g5hRpR3n2yqsrK6tbxQ3S1vbO7t79v5BW0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gfJXVOw9EKhqJOz2Jic/RUNABxUgbq2+fVrxrxDmqepqykKTz29SjAnbuU16NpxUIYalvl52aMxNcBjeHMsjV7NtfXhjhhBOhMUNK9Vwn1n6KpKaYkWnJSxSJER6jIekZFIgT5aezfabwxDghHETSHKHhzP09kSKu1IQHppMjPVKLtcz8r9ZL9ODCT6mIE00Enj80SBjUEczCgSGVBGs2MYCwpOavEI+QRFibCLMQ3MWVl6Fdr7mGb+vlxmUeRxEcgWNwBlxwDhrgBjRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDZpSa8A==</latexit><latexit sha1_base64="XgEG86abCCArb/VkwfJO7x4aljc=">AAACD3icbZC7TsMwFIadcivlFmBksWhBDFWVdIGxggHGItGL1ITKcdzWqu1EtoNURX0DFl6FhQGEWFnZeBucNgO0/JKlz/85R/b5g5hRpR3n2yqsrK6tbxQ3S1vbO7t79v5BW0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gfJXVOw9EKhqJOz2Jic/RUNABxUgbq2+fVrxrxDmqepqykKTz29SjAnbuU16NpxUIYalvl52aMxNcBjeHMsjV7NtfXhjhhBOhMUNK9Vwn1n6KpKaYkWnJSxSJER6jIekZFIgT5aezfabwxDghHETSHKHhzP09kSKu1IQHppMjPVKLtcz8r9ZL9ODCT6mIE00Enj80SBjUEczCgSGVBGs2MYCwpOavEI+QRFibCLMQ3MWVl6Fdr7mGb+vlxmUeRxEcgWNwBlxwDhrgBjRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDZpSa8A==</latexit><latexit sha1_base64="XgEG86abCCArb/VkwfJO7x4aljc=">AAACD3icbZC7TsMwFIadcivlFmBksWhBDFWVdIGxggHGItGL1ITKcdzWqu1EtoNURX0DFl6FhQGEWFnZeBucNgO0/JKlz/85R/b5g5hRpR3n2yqsrK6tbxQ3S1vbO7t79v5BW0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gfJXVOw9EKhqJOz2Jic/RUNABxUgbq2+fVrxrxDmqepqykKTz29SjAnbuU16NpxUIYalvl52aMxNcBjeHMsjV7NtfXhjhhBOhMUNK9Vwn1n6KpKaYkWnJSxSJER6jIekZFIgT5aezfabwxDghHETSHKHhzP09kSKu1IQHppMjPVKLtcz8r9ZL9ODCT6mIE00Enj80SBjUEczCgSGVBGs2MYCwpOavEI+QRFibCLMQ3MWVl6Fdr7mGb+vlxmUeRxEcgWNwBlxwDhrgBjRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDZpSa8A==</latexit>



A smoothing transformation  
exists if and only if                         st             �̃ 2 Wm+1,p

<latexit sha1_base64="+pbaUPn18YsvV1NRgP2b03+KDx8=">AAACCnicbZC7TsMwFIadcivlFmBkMbRISKAq6QJjBQOMRaIXqQmV47qtVduJbAepijKz8CosDCDEyhOw8TY4bQZo+SVLn/5zjo7PH0SMKu0431ZhaXllda24XtrY3NresXf3WiqMJSZNHLJQdgKkCKOCNDXVjHQiSRAPGGkH46us3n4gUtFQ3OlJRHyOhoIOKEbaWD37sOJpyvok8a4R5yj1qIDt+4SfumdRWoEQlnp22ak6U8FFcHMog1yNnv3l9UMccyI0ZkiprutE2k+Q1BQzkpa8WJEI4TEakq5BgThRfjI9JYXHxunDQSjNExpO3d8TCeJKTXhgOjnSIzVfy8z/at1YDy78hIoo1kTg2aJBzKAOYZYL7FNJsGYTAwhLav4K8QhJhLVJLwvBnT95EVq1qmv4tlauX+ZxFMEBOAInwAXnoA5uQAM0AQaP4Bm8gjfryXqx3q2PWWvBymf2wR9Znz9Qn5iv</latexit><latexit sha1_base64="+pbaUPn18YsvV1NRgP2b03+KDx8=">AAACCnicbZC7TsMwFIadcivlFmBkMbRISKAq6QJjBQOMRaIXqQmV47qtVduJbAepijKz8CosDCDEyhOw8TY4bQZo+SVLn/5zjo7PH0SMKu0431ZhaXllda24XtrY3NresXf3WiqMJSZNHLJQdgKkCKOCNDXVjHQiSRAPGGkH46us3n4gUtFQ3OlJRHyOhoIOKEbaWD37sOJpyvok8a4R5yj1qIDt+4SfumdRWoEQlnp22ak6U8FFcHMog1yNnv3l9UMccyI0ZkiprutE2k+Q1BQzkpa8WJEI4TEakq5BgThRfjI9JYXHxunDQSjNExpO3d8TCeJKTXhgOjnSIzVfy8z/at1YDy78hIoo1kTg2aJBzKAOYZYL7FNJsGYTAwhLav4K8QhJhLVJLwvBnT95EVq1qmv4tlauX+ZxFMEBOAInwAXnoA5uQAM0AQaP4Bm8gjfryXqx3q2PWWvBymf2wR9Znz9Qn5iv</latexit><latexit sha1_base64="+pbaUPn18YsvV1NRgP2b03+KDx8=">AAACCnicbZC7TsMwFIadcivlFmBkMbRISKAq6QJjBQOMRaIXqQmV47qtVduJbAepijKz8CosDCDEyhOw8TY4bQZo+SVLn/5zjo7PH0SMKu0431ZhaXllda24XtrY3NresXf3WiqMJSZNHLJQdgKkCKOCNDXVjHQiSRAPGGkH46us3n4gUtFQ3OlJRHyOhoIOKEbaWD37sOJpyvok8a4R5yj1qIDt+4SfumdRWoEQlnp22ak6U8FFcHMog1yNnv3l9UMccyI0ZkiprutE2k+Q1BQzkpa8WJEI4TEakq5BgThRfjI9JYXHxunDQSjNExpO3d8TCeJKTXhgOjnSIzVfy8z/at1YDy78hIoo1kTg2aJBzKAOYZYL7FNJsGYTAwhLav4K8QhJhLVJLwvBnT95EVq1qmv4tlauX+ZxFMEBOAInwAXnoA5uQAM0AQaP4Bm8gjfryXqx3q2PWWvBymf2wR9Znz9Qn5iv</latexit><latexit sha1_base64="+pbaUPn18YsvV1NRgP2b03+KDx8=">AAACCnicbZC7TsMwFIadcivlFmBkMbRISKAq6QJjBQOMRaIXqQmV47qtVduJbAepijKz8CosDCDEyhOw8TY4bQZo+SVLn/5zjo7PH0SMKu0431ZhaXllda24XtrY3NresXf3WiqMJSZNHLJQdgKkCKOCNDXVjHQiSRAPGGkH46us3n4gUtFQ3OlJRHyOhoIOKEbaWD37sOJpyvok8a4R5yj1qIDt+4SfumdRWoEQlnp22ak6U8FFcHMog1yNnv3l9UMccyI0ZkiprutE2k+Q1BQzkpa8WJEI4TEakq5BgThRfjI9JYXHxunDQSjNExpO3d8TCeJKTXhgOjnSIzVfy8z/at1YDy78hIoo1kTg2aJBzKAOYZYL7FNJsGYTAwhLav4K8QhJhLVJLwvBnT95EVq1qmv4tlauX+ZxFMEBOAInwAXnoA5uQAM0AQaP4Bm8gjfryXqx3q2PWWvBymf2wR9Znz9Qn5iv</latexit>

9<latexit sha1_base64="jN+VrGUWiFJbkyffUf4eLKZyXWI=">AAAB9HicbZC7TgJBFIbP4g3xhlraTAQTK7JLoyXRxhITuSSwIbPDWZgwe3Fmlkg2PIeNhcbY+jB2vo2zsIWCfzLJl/+ck3Pm92LBlbbtb6uwsbm1vVPcLe3tHxwelY9P2ipKJMMWi0Qkux5VKHiILc21wG4skQaewI43uc3qnSlKxaPwQc9idAM6CrnPGdXGcqt9fDJLVJUQUhqUK3bNXoisg5NDBXI1B+Wv/jBiSYChZoIq1XPsWLsplZozgfNSP1EYUzahI+wZDGmAyk0XR8/JhXGGxI+keaEmC/f3REoDpWaBZzoDqsdqtZaZ/9V6ifav3ZSHcaIxZMtFfiKIjkiWABlyiUyLmQHKJDe3EjamkjJtcspCcFa/vA7tes0xfF+vNG7yOIpwBudwCQ5cQQPuoAktYPAIz/AKb9bUerHerY9la8HKZ07hj6zPH5mSkKg=</latexit><latexit sha1_base64="jN+VrGUWiFJbkyffUf4eLKZyXWI=">AAAB9HicbZC7TgJBFIbP4g3xhlraTAQTK7JLoyXRxhITuSSwIbPDWZgwe3Fmlkg2PIeNhcbY+jB2vo2zsIWCfzLJl/+ck3Pm92LBlbbtb6uwsbm1vVPcLe3tHxwelY9P2ipKJMMWi0Qkux5VKHiILc21wG4skQaewI43uc3qnSlKxaPwQc9idAM6CrnPGdXGcqt9fDJLVJUQUhqUK3bNXoisg5NDBXI1B+Wv/jBiSYChZoIq1XPsWLsplZozgfNSP1EYUzahI+wZDGmAyk0XR8/JhXGGxI+keaEmC/f3REoDpWaBZzoDqsdqtZaZ/9V6ifav3ZSHcaIxZMtFfiKIjkiWABlyiUyLmQHKJDe3EjamkjJtcspCcFa/vA7tes0xfF+vNG7yOIpwBudwCQ5cQQPuoAktYPAIz/AKb9bUerHerY9la8HKZ07hj6zPH5mSkKg=</latexit><latexit sha1_base64="jN+VrGUWiFJbkyffUf4eLKZyXWI=">AAAB9HicbZC7TgJBFIbP4g3xhlraTAQTK7JLoyXRxhITuSSwIbPDWZgwe3Fmlkg2PIeNhcbY+jB2vo2zsIWCfzLJl/+ck3Pm92LBlbbtb6uwsbm1vVPcLe3tHxwelY9P2ipKJMMWi0Qkux5VKHiILc21wG4skQaewI43uc3qnSlKxaPwQc9idAM6CrnPGdXGcqt9fDJLVJUQUhqUK3bNXoisg5NDBXI1B+Wv/jBiSYChZoIq1XPsWLsplZozgfNSP1EYUzahI+wZDGmAyk0XR8/JhXGGxI+keaEmC/f3REoDpWaBZzoDqsdqtZaZ/9V6ifav3ZSHcaIxZMtFfiKIjkiWABlyiUyLmQHKJDe3EjamkjJtcspCcFa/vA7tes0xfF+vNG7yOIpwBudwCQ5cQQPuoAktYPAIz/AKb9bUerHerY9la8HKZ07hj6zPH5mSkKg=</latexit><latexit sha1_base64="jN+VrGUWiFJbkyffUf4eLKZyXWI=">AAAB9HicbZC7TgJBFIbP4g3xhlraTAQTK7JLoyXRxhITuSSwIbPDWZgwe3Fmlkg2PIeNhcbY+jB2vo2zsIWCfzLJl/+ck3Pm92LBlbbtb6uwsbm1vVPcLe3tHxwelY9P2ipKJMMWi0Qkux5VKHiILc21wG4skQaewI43uc3qnSlKxaPwQc9idAM6CrnPGdXGcqt9fDJLVJUQUhqUK3bNXoisg5NDBXI1B+Wv/jBiSYChZoIq1XPsWLsplZozgfNSP1EYUzahI+wZDGmAyk0XR8/JhXGGxI+keaEmC/f3REoDpWaBZzoDqsdqtZaZ/9V6ifav3ZSHcaIxZMtFfiKIjkiWABlyiUyLmQHKJDe3EjamkjJtcspCcFa/vA7tes0xfF+vNG7yOIpwBudwCQ5cQQPuoAktYPAIz/AKb9bUerHerY9la8HKZ07hj6zPH5mSkKg=</latexit>

J 2 Wm+1,p
<latexit sha1_base64="D4B8A1QUYk/6gldDB3MZnTLU3Gw=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8EiCEqZKYIui27EVQV7gXZaMmmmDU0yQ5JRytD3cONCEbe+izvfxrSdhbb+EPj4zzmckz+IOdPGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFGE1knEI9UKsKacSVo3zHDaihXFIuC0GYxupvXmI1WaRfLBjGPqCzyQLGQEG2t17zpMomY3FWfeeTzpFUtu2Z0JLYOXQQky1XrFr04/Iomg0hCOtW57bmz8FCvDCKeTQifRNMZkhAe0bVFiQbWfzq6eoBPr9FEYKfukQTP390SKhdZjEdhOgc1QL9am5n+1dmLCKz9lMk4MlWS+KEw4MhGaRoD6TFFi+NgCJorZWxEZYoWJsUEVbAje4peXoVEpe5bvL0rV6yyOPBzBMZyCB5dQhVuoQR0IKHiGV3hznpwX5935mLfmnGzmEP7I+fwBSKORtQ==</latexit><latexit sha1_base64="D4B8A1QUYk/6gldDB3MZnTLU3Gw=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8EiCEqZKYIui27EVQV7gXZaMmmmDU0yQ5JRytD3cONCEbe+izvfxrSdhbb+EPj4zzmckz+IOdPGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFGE1knEI9UKsKacSVo3zHDaihXFIuC0GYxupvXmI1WaRfLBjGPqCzyQLGQEG2t17zpMomY3FWfeeTzpFUtu2Z0JLYOXQQky1XrFr04/Iomg0hCOtW57bmz8FCvDCKeTQifRNMZkhAe0bVFiQbWfzq6eoBPr9FEYKfukQTP390SKhdZjEdhOgc1QL9am5n+1dmLCKz9lMk4MlWS+KEw4MhGaRoD6TFFi+NgCJorZWxEZYoWJsUEVbAje4peXoVEpe5bvL0rV6yyOPBzBMZyCB5dQhVuoQR0IKHiGV3hznpwX5935mLfmnGzmEP7I+fwBSKORtQ==</latexit><latexit sha1_base64="D4B8A1QUYk/6gldDB3MZnTLU3Gw=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8EiCEqZKYIui27EVQV7gXZaMmmmDU0yQ5JRytD3cONCEbe+izvfxrSdhbb+EPj4zzmckz+IOdPGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFGE1knEI9UKsKacSVo3zHDaihXFIuC0GYxupvXmI1WaRfLBjGPqCzyQLGQEG2t17zpMomY3FWfeeTzpFUtu2Z0JLYOXQQky1XrFr04/Iomg0hCOtW57bmz8FCvDCKeTQifRNMZkhAe0bVFiQbWfzq6eoBPr9FEYKfukQTP390SKhdZjEdhOgc1QL9am5n+1dmLCKz9lMk4MlWS+KEw4MhGaRoD6TFFi+NgCJorZWxEZYoWJsUEVbAje4peXoVEpe5bvL0rV6yyOPBzBMZyCB5dQhVuoQR0IKHiGV3hznpwX5935mLfmnGzmEP7I+fwBSKORtQ==</latexit><latexit sha1_base64="D4B8A1QUYk/6gldDB3MZnTLU3Gw=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8EiCEqZKYIui27EVQV7gXZaMmmmDU0yQ5JRytD3cONCEbe+izvfxrSdhbb+EPj4zzmckz+IOdPGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFGE1knEI9UKsKacSVo3zHDaihXFIuC0GYxupvXmI1WaRfLBjGPqCzyQLGQEG2t17zpMomY3FWfeeTzpFUtu2Z0JLYOXQQky1XrFr04/Iomg0hCOtW57bmz8FCvDCKeTQifRNMZkhAe0bVFiQbWfzq6eoBPr9FEYKfukQTP390SKhdZjEdhOgc1QL9am5n+1dmLCKz9lMk4MlWS+KEw4MhGaRoD6TFFi+NgCJorZWxEZYoWJsUEVbAje4peXoVEpe5bvL0rV6yyOPBzBMZyCB5dQhVuoQR0IKHiGV3hznpwX5935mLfmnGzmEP7I+fwBSKORtQ==</latexit>

The same proof works at other orders of 
smoothness, for example:   �, �̃ 2 Wm,p

<latexit sha1_base64="XgEG86abCCArb/VkwfJO7x4aljc=">AAACD3icbZC7TsMwFIadcivlFmBksWhBDFWVdIGxggHGItGL1ITKcdzWqu1EtoNURX0DFl6FhQGEWFnZeBucNgO0/JKlz/85R/b5g5hRpR3n2yqsrK6tbxQ3S1vbO7t79v5BW0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gfJXVOw9EKhqJOz2Jic/RUNABxUgbq2+fVrxrxDmqepqykKTz29SjAnbuU16NpxUIYalvl52aMxNcBjeHMsjV7NtfXhjhhBOhMUNK9Vwn1n6KpKaYkWnJSxSJER6jIekZFIgT5aezfabwxDghHETSHKHhzP09kSKu1IQHppMjPVKLtcz8r9ZL9ODCT6mIE00Enj80SBjUEczCgSGVBGs2MYCwpOavEI+QRFibCLMQ3MWVl6Fdr7mGb+vlxmUeRxEcgWNwBlxwDhrgBjRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDZpSa8A==</latexit><latexit sha1_base64="XgEG86abCCArb/VkwfJO7x4aljc=">AAACD3icbZC7TsMwFIadcivlFmBksWhBDFWVdIGxggHGItGL1ITKcdzWqu1EtoNURX0DFl6FhQGEWFnZeBucNgO0/JKlz/85R/b5g5hRpR3n2yqsrK6tbxQ3S1vbO7t79v5BW0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gfJXVOw9EKhqJOz2Jic/RUNABxUgbq2+fVrxrxDmqepqykKTz29SjAnbuU16NpxUIYalvl52aMxNcBjeHMsjV7NtfXhjhhBOhMUNK9Vwn1n6KpKaYkWnJSxSJER6jIekZFIgT5aezfabwxDghHETSHKHhzP09kSKu1IQHppMjPVKLtcz8r9ZL9ODCT6mIE00Enj80SBjUEczCgSGVBGs2MYCwpOavEI+QRFibCLMQ3MWVl6Fdr7mGb+vlxmUeRxEcgWNwBlxwDhrgBjRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDZpSa8A==</latexit><latexit sha1_base64="XgEG86abCCArb/VkwfJO7x4aljc=">AAACD3icbZC7TsMwFIadcivlFmBksWhBDFWVdIGxggHGItGL1ITKcdzWqu1EtoNURX0DFl6FhQGEWFnZeBucNgO0/JKlz/85R/b5g5hRpR3n2yqsrK6tbxQ3S1vbO7t79v5BW0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gfJXVOw9EKhqJOz2Jic/RUNABxUgbq2+fVrxrxDmqepqykKTz29SjAnbuU16NpxUIYalvl52aMxNcBjeHMsjV7NtfXhjhhBOhMUNK9Vwn1n6KpKaYkWnJSxSJER6jIekZFIgT5aezfabwxDghHETSHKHhzP09kSKu1IQHppMjPVKLtcz8r9ZL9ODCT6mIE00Enj80SBjUEczCgSGVBGs2MYCwpOavEI+QRFibCLMQ3MWVl6Fdr7mGb+vlxmUeRxEcgWNwBlxwDhrgBjRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDZpSa8A==</latexit><latexit sha1_base64="XgEG86abCCArb/VkwfJO7x4aljc=">AAACD3icbZC7TsMwFIadcivlFmBksWhBDFWVdIGxggHGItGL1ITKcdzWqu1EtoNURX0DFl6FhQGEWFnZeBucNgO0/JKlz/85R/b5g5hRpR3n2yqsrK6tbxQ3S1vbO7t79v5BW0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gfJXVOw9EKhqJOz2Jic/RUNABxUgbq2+fVrxrxDmqepqykKTz29SjAnbuU16NpxUIYalvl52aMxNcBjeHMsjV7NtfXhjhhBOhMUNK9Vwn1n6KpKaYkWnJSxSJER6jIekZFIgT5aezfabwxDghHETSHKHhzP09kSKu1IQHppMjPVKLtcz8r9ZL9ODCT6mIE00Enj80SBjUEczCgSGVBGs2MYCwpOavEI+QRFibCLMQ3MWVl6Fdr7mGb+vlxmUeRxEcgWNwBlxwDhrgBjRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDZpSa8A==</latexit>

Geometric & independent of metric signature…   

Riem(�+ �̃) = 0
<latexit sha1_base64="4JJoRA9shpS37QPaThd581qMC7M=">AAACDHicbVDLSgMxFM3UV62vqks3wVaoCGWmG90IRRe6rGIf0BlKJr3ThiYzQ5IRytAPcOOvuHGhiFs/wJ1/Y6btQqsHAifnnEtyjx9zprRtf1m5peWV1bX8emFjc2t7p7i711JRIik0acQj2fGJAs5CaGqmOXRiCUT4HNr+6DLz2/cgFYvCOz2OwRNkELKAUaKN1CuWyrcMRMW9IkKQE1cz3od0dpscn9tljHHBpOyqPQX+S5w5KaE5Gr3ip9uPaCIg1JQTpbqOHWsvJVIzymFScBMFMaEjMoCuoSERoLx0uswEHxmlj4NImhNqPFV/TqREKDUWvkkKoodq0cvE/7xuooMzL2VhnGgI6eyhIOFYRzhrBveZBKr52BBCJTN/xXRIJKHa9JeV4Cyu/Je0alXH8JtaqX4xryOPDtAhqiAHnaI6ukYN1EQUPaAn9IJerUfr2Xqz3mfRnDWf2Ue/YH18AyElmRM=</latexit><latexit sha1_base64="4JJoRA9shpS37QPaThd581qMC7M=">AAACDHicbVDLSgMxFM3UV62vqks3wVaoCGWmG90IRRe6rGIf0BlKJr3ThiYzQ5IRytAPcOOvuHGhiFs/wJ1/Y6btQqsHAifnnEtyjx9zprRtf1m5peWV1bX8emFjc2t7p7i711JRIik0acQj2fGJAs5CaGqmOXRiCUT4HNr+6DLz2/cgFYvCOz2OwRNkELKAUaKN1CuWyrcMRMW9IkKQE1cz3od0dpscn9tljHHBpOyqPQX+S5w5KaE5Gr3ip9uPaCIg1JQTpbqOHWsvJVIzymFScBMFMaEjMoCuoSERoLx0uswEHxmlj4NImhNqPFV/TqREKDUWvkkKoodq0cvE/7xuooMzL2VhnGgI6eyhIOFYRzhrBveZBKr52BBCJTN/xXRIJKHa9JeV4Cyu/Je0alXH8JtaqX4xryOPDtAhqiAHnaI6ukYN1EQUPaAn9IJerUfr2Xqz3mfRnDWf2Ue/YH18AyElmRM=</latexit><latexit sha1_base64="4JJoRA9shpS37QPaThd581qMC7M=">AAACDHicbVDLSgMxFM3UV62vqks3wVaoCGWmG90IRRe6rGIf0BlKJr3ThiYzQ5IRytAPcOOvuHGhiFs/wJ1/Y6btQqsHAifnnEtyjx9zprRtf1m5peWV1bX8emFjc2t7p7i711JRIik0acQj2fGJAs5CaGqmOXRiCUT4HNr+6DLz2/cgFYvCOz2OwRNkELKAUaKN1CuWyrcMRMW9IkKQE1cz3od0dpscn9tljHHBpOyqPQX+S5w5KaE5Gr3ip9uPaCIg1JQTpbqOHWsvJVIzymFScBMFMaEjMoCuoSERoLx0uswEHxmlj4NImhNqPFV/TqREKDUWvkkKoodq0cvE/7xuooMzL2VhnGgI6eyhIOFYRzhrBveZBKr52BBCJTN/xXRIJKHa9JeV4Cyu/Je0alXH8JtaqX4xryOPDtAhqiAHnaI6ukYN1EQUPaAn9IJerUfr2Xqz3mfRnDWf2Ue/YH18AyElmRM=</latexit><latexit sha1_base64="4JJoRA9shpS37QPaThd581qMC7M=">AAACDHicbVDLSgMxFM3UV62vqks3wVaoCGWmG90IRRe6rGIf0BlKJr3ThiYzQ5IRytAPcOOvuHGhiFs/wJ1/Y6btQqsHAifnnEtyjx9zprRtf1m5peWV1bX8emFjc2t7p7i711JRIik0acQj2fGJAs5CaGqmOXRiCUT4HNr+6DLz2/cgFYvCOz2OwRNkELKAUaKN1CuWyrcMRMW9IkKQE1cz3od0dpscn9tljHHBpOyqPQX+S5w5KaE5Gr3ip9uPaCIg1JQTpbqOHWsvJVIzymFScBMFMaEjMoCuoSERoLx0uswEHxmlj4NImhNqPFV/TqREKDUWvkkKoodq0cvE/7xuooMzL2VhnGgI6eyhIOFYRzhrBveZBKr52BBCJTN/xXRIJKHa9JeV4Cyu/Je0alXH8JtaqX4xryOPDtAhqiAHnaI6ukYN1EQUPaAn9IJerUfr2Xqz3mfRnDWf2Ue/YH18AyElmRM=</latexit>

� 2 Wm,p
<latexit sha1_base64="zV33HS7Gj9z1GxdvL5Kwpj70qpM=">AAACAHicbZC7TsMwFIadcivlFmBgYLFokRhQlXSBsYIBxiLRi9SEynGd1qrtRLaDVEVZeBUWBhBi5THYeBucNgO0/JKlT/85R8fnD2JGlXacb6u0srq2vlHerGxt7+zu2fsHHRUlEpM2jlgkewFShFFB2ppqRnqxJIgHjHSDyXVe7z4SqWgk7vU0Jj5HI0FDipE21sA+qnk3iHPkUQG7Dyk/j7MahLAysKtO3ZkJLoNbQBUUag3sL28Y4YQToTFDSvVdJ9Z+iqSmmJGs4iWKxAhP0Ij0DQrEifLT2QEZPDXOEIaRNE9oOHN/T6SIKzXlgenkSI/VYi03/6v1Ex1e+ikVcaKJwPNFYcKgjmCeBhxSSbBmUwMIS2r+CvEYSYS1ySwPwV08eRk6jbpr+K5RbV4VcZTBMTgBZ8AFF6AJbkELtAEGGXgGr+DNerJerHfrY95asoqZQ/BH1ucPvtOUiQ==</latexit><latexit sha1_base64="zV33HS7Gj9z1GxdvL5Kwpj70qpM=">AAACAHicbZC7TsMwFIadcivlFmBgYLFokRhQlXSBsYIBxiLRi9SEynGd1qrtRLaDVEVZeBUWBhBi5THYeBucNgO0/JKlT/85R8fnD2JGlXacb6u0srq2vlHerGxt7+zu2fsHHRUlEpM2jlgkewFShFFB2ppqRnqxJIgHjHSDyXVe7z4SqWgk7vU0Jj5HI0FDipE21sA+qnk3iHPkUQG7Dyk/j7MahLAysKtO3ZkJLoNbQBUUag3sL28Y4YQToTFDSvVdJ9Z+iqSmmJGs4iWKxAhP0Ij0DQrEifLT2QEZPDXOEIaRNE9oOHN/T6SIKzXlgenkSI/VYi03/6v1Ex1e+ikVcaKJwPNFYcKgjmCeBhxSSbBmUwMIS2r+CvEYSYS1ySwPwV08eRk6jbpr+K5RbV4VcZTBMTgBZ8AFF6AJbkELtAEGGXgGr+DNerJerHfrY95asoqZQ/BH1ucPvtOUiQ==</latexit><latexit sha1_base64="zV33HS7Gj9z1GxdvL5Kwpj70qpM=">AAACAHicbZC7TsMwFIadcivlFmBgYLFokRhQlXSBsYIBxiLRi9SEynGd1qrtRLaDVEVZeBUWBhBi5THYeBucNgO0/JKlT/85R8fnD2JGlXacb6u0srq2vlHerGxt7+zu2fsHHRUlEpM2jlgkewFShFFB2ppqRnqxJIgHjHSDyXVe7z4SqWgk7vU0Jj5HI0FDipE21sA+qnk3iHPkUQG7Dyk/j7MahLAysKtO3ZkJLoNbQBUUag3sL28Y4YQToTFDSvVdJ9Z+iqSmmJGs4iWKxAhP0Ij0DQrEifLT2QEZPDXOEIaRNE9oOHN/T6SIKzXlgenkSI/VYi03/6v1Ex1e+ikVcaKJwPNFYcKgjmCeBhxSSbBmUwMIS2r+CvEYSYS1ySwPwV08eRk6jbpr+K5RbV4VcZTBMTgBZ8AFF6AJbkELtAEGGXgGr+DNerJerHfrY95asoqZQ/BH1ucPvtOUiQ==</latexit><latexit sha1_base64="zV33HS7Gj9z1GxdvL5Kwpj70qpM=">AAACAHicbZC7TsMwFIadcivlFmBgYLFokRhQlXSBsYIBxiLRi9SEynGd1qrtRLaDVEVZeBUWBhBi5THYeBucNgO0/JKlT/85R8fnD2JGlXacb6u0srq2vlHerGxt7+zu2fsHHRUlEpM2jlgkewFShFFB2ppqRnqxJIgHjHSDyXVe7z4SqWgk7vU0Jj5HI0FDipE21sA+qnk3iHPkUQG7Dyk/j7MahLAysKtO3ZkJLoNbQBUUag3sL28Y4YQToTFDSvVdJ9Z+iqSmmJGs4iWKxAhP0Ij0DQrEifLT2QEZPDXOEIaRNE9oOHN/T6SIKzXlgenkSI/VYi03/6v1Ex1e+ikVcaKJwPNFYcKgjmCeBhxSSbBmUwMIS2r+CvEYSYS1ySwPwV08eRk6jbpr+K5RbV4VcZTBMTgBZ8AFF6AJbkELtAEGGXgGr+DNerJerHfrY95asoqZQ/BH1ucPvtOUiQ==</latexit>

� 2 Wm+1,p
<latexit sha1_base64="N202oEf4XGsVABMSoddsJ+ep5bA=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAm2gqCUmW50WXShywr2Ap2xZNJMG5pkhiQjlKG48VXcuFDErU/hzrcx085CW38IfPznHE7OH8SMKu0431ZhaXllda24XtrY3NresXf3WipKJCZNHLFIdgKkCKOCNDXVjHRiSRAPGGkHo6us3n4gUtFI3OlxTHyOBoKGFCNtrJ59UPGuEefIowK271N+6p7FkwqEsNSzy07VmQougptDGeRq9Owvrx/hhBOhMUNKdV0n1n6KpKaYkUnJSxSJER6hAekaFIgT5afTEybw2Dh9GEbSPKHh1P09kSKu1JgHppMjPVTztcz8r9ZNdHjhp1TEiSYCzxaFCYM6glkesE8lwZqNDSAsqfkrxEMkEdYmtSwEd/7kRWjVqq7h21q5fpnHUQSH4AicABecgzq4AQ3QBBg8gmfwCt6sJ+vFerc+Zq0FK5/ZB39kff4AomOU+Q==</latexit><latexit sha1_base64="N202oEf4XGsVABMSoddsJ+ep5bA=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAm2gqCUmW50WXShywr2Ap2xZNJMG5pkhiQjlKG48VXcuFDErU/hzrcx085CW38IfPznHE7OH8SMKu0431ZhaXllda24XtrY3NresXf3WipKJCZNHLFIdgKkCKOCNDXVjHRiSRAPGGkHo6us3n4gUtFI3OlxTHyOBoKGFCNtrJ59UPGuEefIowK271N+6p7FkwqEsNSzy07VmQougptDGeRq9Owvrx/hhBOhMUNKdV0n1n6KpKaYkUnJSxSJER6hAekaFIgT5afTEybw2Dh9GEbSPKHh1P09kSKu1JgHppMjPVTztcz8r9ZNdHjhp1TEiSYCzxaFCYM6glkesE8lwZqNDSAsqfkrxEMkEdYmtSwEd/7kRWjVqq7h21q5fpnHUQSH4AicABecgzq4AQ3QBBg8gmfwCt6sJ+vFerc+Zq0FK5/ZB39kff4AomOU+Q==</latexit><latexit sha1_base64="N202oEf4XGsVABMSoddsJ+ep5bA=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAm2gqCUmW50WXShywr2Ap2xZNJMG5pkhiQjlKG48VXcuFDErU/hzrcx085CW38IfPznHE7OH8SMKu0431ZhaXllda24XtrY3NresXf3WipKJCZNHLFIdgKkCKOCNDXVjHRiSRAPGGkHo6us3n4gUtFI3OlxTHyOBoKGFCNtrJ59UPGuEefIowK271N+6p7FkwqEsNSzy07VmQougptDGeRq9Owvrx/hhBOhMUNKdV0n1n6KpKaYkUnJSxSJER6hAekaFIgT5afTEybw2Dh9GEbSPKHh1P09kSKu1JgHppMjPVTztcz8r9ZNdHjhp1TEiSYCzxaFCYM6glkesE8lwZqNDSAsqfkrxEMkEdYmtSwEd/7kRWjVqq7h21q5fpnHUQSH4AicABecgzq4AQ3QBBg8gmfwCt6sJ+vFerc+Zq0FK5/ZB39kff4AomOU+Q==</latexit><latexit sha1_base64="N202oEf4XGsVABMSoddsJ+ep5bA=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAm2gqCUmW50WXShywr2Ap2xZNJMG5pkhiQjlKG48VXcuFDErU/hzrcx085CW38IfPznHE7OH8SMKu0431ZhaXllda24XtrY3NresXf3WipKJCZNHLFIdgKkCKOCNDXVjHRiSRAPGGkHo6us3n4gUtFI3OlxTHyOBoKGFCNtrJ59UPGuEefIowK271N+6p7FkwqEsNSzy07VmQougptDGeRq9Owvrx/hhBOhMUNKdV0n1n6KpKaYkUnJSxSJER6hAekaFIgT5afTEybw2Dh9GEbSPKHh1P09kSKu1JgHppMjPVTztcz8r9ZNdHjhp1TEiSYCzxaFCYM6glkesE8lwZqNDSAsqfkrxEMkEdYmtSwEd/7kRWjVqq7h21q5fpnHUQSH4AicABecgzq4AQ3QBBg8gmfwCt6sJ+vFerc+Zq0FK5/ZB39kff4AomOU+Q==</latexit>



“Proof”:   Assume

and

C0,1
<latexit sha1_base64="e7t0q5gHX5h240qNqsJBtW/jpdU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPxV48VrAf0May2U7apZtN2N0IJfRHePGgiFd/jzf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GNdn9fYTKs1j+WAmCfoRHUoeckaNtdr1x8y98Kb9csWtunORVfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSuRUkj1H42X3dKzqwzIGGs7JOGzN3fExmNtJ5Ege2MqBnp5drM/K/WTU1442dcJqlByRYfhakgJiaz28mAK2RGTCxQprjdlbARVZQZm1DJhuAtn7wKrcuqZ/n+qlK7zeMowgmcwjl4cA01uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Y+czx9WEo7m</latexit><latexit sha1_base64="e7t0q5gHX5h240qNqsJBtW/jpdU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPxV48VrAf0May2U7apZtN2N0IJfRHePGgiFd/jzf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GNdn9fYTKs1j+WAmCfoRHUoeckaNtdr1x8y98Kb9csWtunORVfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSuRUkj1H42X3dKzqwzIGGs7JOGzN3fExmNtJ5Ege2MqBnp5drM/K/WTU1442dcJqlByRYfhakgJiaz28mAK2RGTCxQprjdlbARVZQZm1DJhuAtn7wKrcuqZ/n+qlK7zeMowgmcwjl4cA01uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Y+czx9WEo7m</latexit><latexit sha1_base64="e7t0q5gHX5h240qNqsJBtW/jpdU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPxV48VrAf0May2U7apZtN2N0IJfRHePGgiFd/jzf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GNdn9fYTKs1j+WAmCfoRHUoeckaNtdr1x8y98Kb9csWtunORVfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSuRUkj1H42X3dKzqwzIGGs7JOGzN3fExmNtJ5Ege2MqBnp5drM/K/WTU1442dcJqlByRYfhakgJiaz28mAK2RGTCxQprjdlbARVZQZm1DJhuAtn7wKrcuqZ/n+qlK7zeMowgmcwjl4cA01uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Y+czx9WEo7m</latexit><latexit sha1_base64="e7t0q5gHX5h240qNqsJBtW/jpdU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPxV48VrAf0May2U7apZtN2N0IJfRHePGgiFd/jzf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GNdn9fYTKs1j+WAmCfoRHUoeckaNtdr1x8y98Kb9csWtunORVfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSuRUkj1H42X3dKzqwzIGGs7JOGzN3fExmNtJ5Ege2MqBnp5drM/K/WTU1442dcJqlByRYfhakgJiaz28mAK2RGTCxQprjdlbARVZQZm1DJhuAtn7wKrcuqZ/n+qlK7zeMowgmcwjl4cA01uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Y+czx9WEo7m</latexit> C0,1

<latexit sha1_base64="e7t0q5gHX5h240qNqsJBtW/jpdU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPxV48VrAf0May2U7apZtN2N0IJfRHePGgiFd/jzf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GNdn9fYTKs1j+WAmCfoRHUoeckaNtdr1x8y98Kb9csWtunORVfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSuRUkj1H42X3dKzqwzIGGs7JOGzN3fExmNtJ5Ege2MqBnp5drM/K/WTU1442dcJqlByRYfhakgJiaz28mAK2RGTCxQprjdlbARVZQZm1DJhuAtn7wKrcuqZ/n+qlK7zeMowgmcwjl4cA01uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Y+czx9WEo7m</latexit><latexit sha1_base64="e7t0q5gHX5h240qNqsJBtW/jpdU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPxV48VrAf0May2U7apZtN2N0IJfRHePGgiFd/jzf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GNdn9fYTKs1j+WAmCfoRHUoeckaNtdr1x8y98Kb9csWtunORVfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSuRUkj1H42X3dKzqwzIGGs7JOGzN3fExmNtJ5Ege2MqBnp5drM/K/WTU1442dcJqlByRYfhakgJiaz28mAK2RGTCxQprjdlbARVZQZm1DJhuAtn7wKrcuqZ/n+qlK7zeMowgmcwjl4cA01uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Y+czx9WEo7m</latexit><latexit sha1_base64="e7t0q5gHX5h240qNqsJBtW/jpdU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPxV48VrAf0May2U7apZtN2N0IJfRHePGgiFd/jzf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GNdn9fYTKs1j+WAmCfoRHUoeckaNtdr1x8y98Kb9csWtunORVfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSuRUkj1H42X3dKzqwzIGGs7JOGzN3fExmNtJ5Ege2MqBnp5drM/K/WTU1442dcJqlByRYfhakgJiaz28mAK2RGTCxQprjdlbARVZQZm1DJhuAtn7wKrcuqZ/n+qlK7zeMowgmcwjl4cA01uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Y+czx9WEo7m</latexit><latexit sha1_base64="e7t0q5gHX5h240qNqsJBtW/jpdU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPxV48VrAf0May2U7apZtN2N0IJfRHePGgiFd/jzf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GNdn9fYTKs1j+WAmCfoRHUoeckaNtdr1x8y98Kb9csWtunORVfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSuRUkj1H42X3dKzqwzIGGs7JOGzN3fExmNtJ5Ege2MqBnp5drM/K/WTU1442dcJqlByRYfhakgJiaz28mAK2RGTCxQprjdlbARVZQZm1DJhuAtn7wKrcuqZ/n+qlK7zeMowgmcwjl4cA01uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Y+czx9WEo7m</latexit>

g 2 C0,1, � 2 L1, J 2 C0,1
<latexit sha1_base64="wFFJ6rtSyHklFHzgiXLXpNrvJY8=">AAACHHicbVBLSwMxGMz6rPVV9eglWAQPpeyqoMdiD4p4qGAf0N2WbJptQ5PskmSFZekP8eJf8eJBES8eBP+N2baH2joQMszMR/KNHzGqtG3/WEvLK6tr67mN/ObW9s5uYW+/ocJYYlLHIQtly0eKMCpIXVPNSCuSBHGfkaY/rGZ+85FIRUPxoJOIeBz1BQ0oRtpI3cIZ7LtUwGontUvOqORC9xpxjjLtrpOaK9BJJt/OpLqFol22x4CLxJmSIpii1i18ub0Qx5wIjRlSqu3YkfZSJDXFjIzybqxIhPAQ9UnbUIE4UV46Xm4Ej43Sg0EozREajtXZiRRxpRLumyRHeqDmvUz8z2vHOrj0UiqiWBOBJw8FMYM6hFlTsEclwZolhiAsqfkrxAMkEdamz7wpwZlfeZE0TsuO4ffnxcrVtI4cOARH4AQ44AJUwA2ogTrA4Am8gDfwbj1br9aH9TmJLlnTmQPwB9b3LwJjn3Y=</latexit><latexit sha1_base64="wFFJ6rtSyHklFHzgiXLXpNrvJY8=">AAACHHicbVBLSwMxGMz6rPVV9eglWAQPpeyqoMdiD4p4qGAf0N2WbJptQ5PskmSFZekP8eJf8eJBES8eBP+N2baH2joQMszMR/KNHzGqtG3/WEvLK6tr67mN/ObW9s5uYW+/ocJYYlLHIQtly0eKMCpIXVPNSCuSBHGfkaY/rGZ+85FIRUPxoJOIeBz1BQ0oRtpI3cIZ7LtUwGontUvOqORC9xpxjjLtrpOaK9BJJt/OpLqFol22x4CLxJmSIpii1i18ub0Qx5wIjRlSqu3YkfZSJDXFjIzybqxIhPAQ9UnbUIE4UV46Xm4Ej43Sg0EozREajtXZiRRxpRLumyRHeqDmvUz8z2vHOrj0UiqiWBOBJw8FMYM6hFlTsEclwZolhiAsqfkrxAMkEdamz7wpwZlfeZE0TsuO4ffnxcrVtI4cOARH4AQ44AJUwA2ogTrA4Am8gDfwbj1br9aH9TmJLlnTmQPwB9b3LwJjn3Y=</latexit><latexit sha1_base64="wFFJ6rtSyHklFHzgiXLXpNrvJY8=">AAACHHicbVBLSwMxGMz6rPVV9eglWAQPpeyqoMdiD4p4qGAf0N2WbJptQ5PskmSFZekP8eJf8eJBES8eBP+N2baH2joQMszMR/KNHzGqtG3/WEvLK6tr67mN/ObW9s5uYW+/ocJYYlLHIQtly0eKMCpIXVPNSCuSBHGfkaY/rGZ+85FIRUPxoJOIeBz1BQ0oRtpI3cIZ7LtUwGontUvOqORC9xpxjjLtrpOaK9BJJt/OpLqFol22x4CLxJmSIpii1i18ub0Qx5wIjRlSqu3YkfZSJDXFjIzybqxIhPAQ9UnbUIE4UV46Xm4Ej43Sg0EozREajtXZiRRxpRLumyRHeqDmvUz8z2vHOrj0UiqiWBOBJw8FMYM6hFlTsEclwZolhiAsqfkrxAMkEdamz7wpwZlfeZE0TsuO4ffnxcrVtI4cOARH4AQ44AJUwA2ogTrA4Am8gDfwbj1br9aH9TmJLlnTmQPwB9b3LwJjn3Y=</latexit><latexit sha1_base64="wFFJ6rtSyHklFHzgiXLXpNrvJY8=">AAACHHicbVBLSwMxGMz6rPVV9eglWAQPpeyqoMdiD4p4qGAf0N2WbJptQ5PskmSFZekP8eJf8eJBES8eBP+N2baH2joQMszMR/KNHzGqtG3/WEvLK6tr67mN/ObW9s5uYW+/ocJYYlLHIQtly0eKMCpIXVPNSCuSBHGfkaY/rGZ+85FIRUPxoJOIeBz1BQ0oRtpI3cIZ7LtUwGontUvOqORC9xpxjjLtrpOaK9BJJt/OpLqFol22x4CLxJmSIpii1i18ub0Qx5wIjRlSqu3YkfZSJDXFjIzybqxIhPAQ9UnbUIE4UV46Xm4Ej43Sg0EozREajtXZiRRxpRLumyRHeqDmvUz8z2vHOrj0UiqiWBOBJw8FMYM6hFlTsEclwZolhiAsqfkrxAMkEdamz7wpwZlfeZE0TsuO4ffnxcrVtI4cOARH4AQ44AJUwA2ogTrA4Am8gDfwbj1br9aH9TmJLlnTmQPwB9b3LwJjn3Y=</latexit>

L1
<latexit sha1_base64="/7dONn3y7dmOrwQJQAWUBWh4pcM=">AAAB8XicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYRDAfmJxhb7OXLNnbO3bnhHDkX9hYKGLrv7Hz37hJrtDEFxYe3plhZ94gkcKg6347hZXVtfWN4mZpa3tnd6+8f9A0caoZb7BYxrodUMOlULyBAiVvJ5rTKJC8FYyup/XWE9dGxOoexwn3IzpQIhSMorUebh+zrlAhjie9csWtujORZfByqECueq/81e3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdi4pG3PjZbOMJObFOn4Sxtk8hmbm/JzIaGTOOAtsZURyaxdrU/K/WSTG89DOhkhS5YvOPwlQSjMn0fNIXmjOUYwuUaWF3JWxINWVoQyrZELzFk5eheVb1LN+dV2pXeRxFOIJjOAUPLqAGN1CHBjBQ8Ayv8OYY58V5dz7mrQUnnzmEP3I+fwDbKZEG</latexit><latexit sha1_base64="/7dONn3y7dmOrwQJQAWUBWh4pcM=">AAAB8XicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYRDAfmJxhb7OXLNnbO3bnhHDkX9hYKGLrv7Hz37hJrtDEFxYe3plhZ94gkcKg6347hZXVtfWN4mZpa3tnd6+8f9A0caoZb7BYxrodUMOlULyBAiVvJ5rTKJC8FYyup/XWE9dGxOoexwn3IzpQIhSMorUebh+zrlAhjie9csWtujORZfByqECueq/81e3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdi4pG3PjZbOMJObFOn4Sxtk8hmbm/JzIaGTOOAtsZURyaxdrU/K/WSTG89DOhkhS5YvOPwlQSjMn0fNIXmjOUYwuUaWF3JWxINWVoQyrZELzFk5eheVb1LN+dV2pXeRxFOIJjOAUPLqAGN1CHBjBQ8Ayv8OYY58V5dz7mrQUnnzmEP3I+fwDbKZEG</latexit><latexit sha1_base64="/7dONn3y7dmOrwQJQAWUBWh4pcM=">AAAB8XicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYRDAfmJxhb7OXLNnbO3bnhHDkX9hYKGLrv7Hz37hJrtDEFxYe3plhZ94gkcKg6347hZXVtfWN4mZpa3tnd6+8f9A0caoZb7BYxrodUMOlULyBAiVvJ5rTKJC8FYyup/XWE9dGxOoexwn3IzpQIhSMorUebh+zrlAhjie9csWtujORZfByqECueq/81e3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdi4pG3PjZbOMJObFOn4Sxtk8hmbm/JzIaGTOOAtsZURyaxdrU/K/WSTG89DOhkhS5YvOPwlQSjMn0fNIXmjOUYwuUaWF3JWxINWVoQyrZELzFk5eheVb1LN+dV2pXeRxFOIJjOAUPLqAGN1CHBjBQ8Ayv8OYY58V5dz7mrQUnnzmEP3I+fwDbKZEG</latexit><latexit sha1_base64="/7dONn3y7dmOrwQJQAWUBWh4pcM=">AAAB8XicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYRDAfmJxhb7OXLNnbO3bnhHDkX9hYKGLrv7Hz37hJrtDEFxYe3plhZ94gkcKg6347hZXVtfWN4mZpa3tnd6+8f9A0caoZb7BYxrodUMOlULyBAiVvJ5rTKJC8FYyup/XWE9dGxOoexwn3IzpQIhSMorUebh+zrlAhjie9csWtujORZfByqECueq/81e3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdi4pG3PjZbOMJObFOn4Sxtk8hmbm/JzIaGTOOAtsZURyaxdrU/K/WSTG89DOhkhS5YvOPwlQSjMn0fNIXmjOUYwuUaWF3JWxINWVoQyrZELzFk5eheVb1LN+dV2pXeRxFOIJjOAUPLqAGN1CHBjBQ8Ayv8OYY58V5dz7mrQUnnzmEP3I+fwDbKZEG</latexit>

�↵
�� = �̂i
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@y↵

@xi
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@y�
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@y�
+

@2y↵

@x�@x⌧

@x�

@y�
@x⌧

@y�
<latexit sha1_base64="Zw6BJrHM/robHphT5wGuAABQUAI="></latexit><latexit sha1_base64="Zw6BJrHM/robHphT5wGuAABQUAI="></latexit><latexit sha1_base64="Zw6BJrHM/robHphT5wGuAABQUAI="></latexit><latexit sha1_base64="Zw6BJrHM/robHphT5wGuAABQUAI="></latexit>

Riem(�+ �̃) = 0
<latexit sha1_base64="4JJoRA9shpS37QPaThd581qMC7M=">AAACDHicbVDLSgMxFM3UV62vqks3wVaoCGWmG90IRRe6rGIf0BlKJr3ThiYzQ5IRytAPcOOvuHGhiFs/wJ1/Y6btQqsHAifnnEtyjx9zprRtf1m5peWV1bX8emFjc2t7p7i711JRIik0acQj2fGJAs5CaGqmOXRiCUT4HNr+6DLz2/cgFYvCOz2OwRNkELKAUaKN1CuWyrcMRMW9IkKQE1cz3od0dpscn9tljHHBpOyqPQX+S5w5KaE5Gr3ip9uPaCIg1JQTpbqOHWsvJVIzymFScBMFMaEjMoCuoSERoLx0uswEHxmlj4NImhNqPFV/TqREKDUWvkkKoodq0cvE/7xuooMzL2VhnGgI6eyhIOFYRzhrBveZBKr52BBCJTN/xXRIJKHa9JeV4Cyu/Je0alXH8JtaqX4xryOPDtAhqiAHnaI6ukYN1EQUPaAn9IJerUfr2Xqz3mfRnDWf2Ue/YH18AyElmRM=</latexit><latexit sha1_base64="4JJoRA9shpS37QPaThd581qMC7M=">AAACDHicbVDLSgMxFM3UV62vqks3wVaoCGWmG90IRRe6rGIf0BlKJr3ThiYzQ5IRytAPcOOvuHGhiFs/wJ1/Y6btQqsHAifnnEtyjx9zprRtf1m5peWV1bX8emFjc2t7p7i711JRIik0acQj2fGJAs5CaGqmOXRiCUT4HNr+6DLz2/cgFYvCOz2OwRNkELKAUaKN1CuWyrcMRMW9IkKQE1cz3od0dpscn9tljHHBpOyqPQX+S5w5KaE5Gr3ip9uPaCIg1JQTpbqOHWsvJVIzymFScBMFMaEjMoCuoSERoLx0uswEHxmlj4NImhNqPFV/TqREKDUWvkkKoodq0cvE/7xuooMzL2VhnGgI6eyhIOFYRzhrBveZBKr52BBCJTN/xXRIJKHa9JeV4Cyu/Je0alXH8JtaqX4xryOPDtAhqiAHnaI6ukYN1EQUPaAn9IJerUfr2Xqz3mfRnDWf2Ue/YH18AyElmRM=</latexit><latexit sha1_base64="4JJoRA9shpS37QPaThd581qMC7M=">AAACDHicbVDLSgMxFM3UV62vqks3wVaoCGWmG90IRRe6rGIf0BlKJr3ThiYzQ5IRytAPcOOvuHGhiFs/wJ1/Y6btQqsHAifnnEtyjx9zprRtf1m5peWV1bX8emFjc2t7p7i711JRIik0acQj2fGJAs5CaGqmOXRiCUT4HNr+6DLz2/cgFYvCOz2OwRNkELKAUaKN1CuWyrcMRMW9IkKQE1cz3od0dpscn9tljHHBpOyqPQX+S5w5KaE5Gr3ip9uPaCIg1JQTpbqOHWsvJVIzymFScBMFMaEjMoCuoSERoLx0uswEHxmlj4NImhNqPFV/TqREKDUWvkkKoodq0cvE/7xuooMzL2VhnGgI6eyhIOFYRzhrBveZBKr52BBCJTN/xXRIJKHa9JeV4Cyu/Je0alXH8JtaqX4xryOPDtAhqiAHnaI6ukYN1EQUPaAn9IJerUfr2Xqz3mfRnDWf2Ue/YH18AyElmRM=</latexit><latexit sha1_base64="4JJoRA9shpS37QPaThd581qMC7M=">AAACDHicbVDLSgMxFM3UV62vqks3wVaoCGWmG90IRRe6rGIf0BlKJr3ThiYzQ5IRytAPcOOvuHGhiFs/wJ1/Y6btQqsHAifnnEtyjx9zprRtf1m5peWV1bX8emFjc2t7p7i711JRIik0acQj2fGJAs5CaGqmOXRiCUT4HNr+6DLz2/cgFYvCOz2OwRNkELKAUaKN1CuWyrcMRMW9IkKQE1cz3od0dpscn9tljHHBpOyqPQX+S5w5KaE5Gr3ip9uPaCIg1JQTpbqOHWsvJVIzymFScBMFMaEjMoCuoSERoLx0uswEHxmlj4NImhNqPFV/TqREKDUWvkkKoodq0cvE/7xuooMzL2VhnGgI6eyhIOFYRzhrBveZBKr52BBCJTN/xXRIJKHa9JeV4Cyu/Je0alXH8JtaqX4xryOPDtAhqiAHnaI6ukYN1EQUPaAn9IJerUfr2Xqz3mfRnDWf2Ue/YH18AyElmRM=</latexit>

so

Riemann-flat
<latexit sha1_base64="rd6djxzI/JzoieU+cgQ0xPZvmVU=">AAACD3icbVDJSgNBEO1xjXGLevQyGBQvhhlR9Bj0oMcIZoFMDDWdStLYPTN01whhyB948Ve8eFDEq1dv/o2d5eD2oODxXhVV9cJECkOe9+nMzM7NLyzmlvLLK6tr64WNzZqJU82xymMZ60YIBqWIsEqCJDYSjaBCifXw9nzk1+9QGxFH1zRIsKWgF4mu4EBWahf2DgISsoNZcAFKwfAmC0AmfRi2syBEgqA3ltuFolfyxnD/En9KimyKSrvwEXRiniqMiEswpul7CbUy0CS4xGE+SA0mwG+hh01LI1BoWtn4n6G7a5WO2421rYjcsfp9IgNlzECFtlMB9c1vbyT+5zVT6p62MhElKWHEJ4u6qXQpdkfhuB2hkZMcWAJcC3ury/uggZONMG9D8H+//JfUDkv+ccm7OiqWz6Zx5Ng222H7zGcnrMwuWYVVGWf37JE9sxfnwXlyXp23SeuMM53ZYj/gvH8BLLedYw==</latexit>

��̃↵
��



The “hard” part is:  If 

Riem(�+ �̃) = 0
<latexit sha1_base64="4JJoRA9shpS37QPaThd581qMC7M=">AAACDHicbVDLSgMxFM3UV62vqks3wVaoCGWmG90IRRe6rGIf0BlKJr3ThiYzQ5IRytAPcOOvuHGhiFs/wJ1/Y6btQqsHAifnnEtyjx9zprRtf1m5peWV1bX8emFjc2t7p7i711JRIik0acQj2fGJAs5CaGqmOXRiCUT4HNr+6DLz2/cgFYvCOz2OwRNkELKAUaKN1CuWyrcMRMW9IkKQE1cz3od0dpscn9tljHHBpOyqPQX+S5w5KaE5Gr3ip9uPaCIg1JQTpbqOHWsvJVIzymFScBMFMaEjMoCuoSERoLx0uswEHxmlj4NImhNqPFV/TqREKDUWvkkKoodq0cvE/7xuooMzL2VhnGgI6eyhIOFYRzhrBveZBKr52BBCJTN/xXRIJKHa9JeV4Cyu/Je0alXH8JtaqX4xryOPDtAhqiAHnaI6ukYN1EQUPaAn9IJerUfr2Xqz3mfRnDWf2Ue/YH18AyElmRM=</latexit><latexit sha1_base64="4JJoRA9shpS37QPaThd581qMC7M=">AAACDHicbVDLSgMxFM3UV62vqks3wVaoCGWmG90IRRe6rGIf0BlKJr3ThiYzQ5IRytAPcOOvuHGhiFs/wJ1/Y6btQqsHAifnnEtyjx9zprRtf1m5peWV1bX8emFjc2t7p7i711JRIik0acQj2fGJAs5CaGqmOXRiCUT4HNr+6DLz2/cgFYvCOz2OwRNkELKAUaKN1CuWyrcMRMW9IkKQE1cz3od0dpscn9tljHHBpOyqPQX+S5w5KaE5Gr3ip9uPaCIg1JQTpbqOHWsvJVIzymFScBMFMaEjMoCuoSERoLx0uswEHxmlj4NImhNqPFV/TqREKDUWvkkKoodq0cvE/7xuooMzL2VhnGgI6eyhIOFYRzhrBveZBKr52BBCJTN/xXRIJKHa9JeV4Cyu/Je0alXH8JtaqX4xryOPDtAhqiAHnaI6ukYN1EQUPaAn9IJerUfr2Xqz3mfRnDWf2Ue/YH18AyElmRM=</latexit><latexit sha1_base64="4JJoRA9shpS37QPaThd581qMC7M=">AAACDHicbVDLSgMxFM3UV62vqks3wVaoCGWmG90IRRe6rGIf0BlKJr3ThiYzQ5IRytAPcOOvuHGhiFs/wJ1/Y6btQqsHAifnnEtyjx9zprRtf1m5peWV1bX8emFjc2t7p7i711JRIik0acQj2fGJAs5CaGqmOXRiCUT4HNr+6DLz2/cgFYvCOz2OwRNkELKAUaKN1CuWyrcMRMW9IkKQE1cz3od0dpscn9tljHHBpOyqPQX+S5w5KaE5Gr3ip9uPaCIg1JQTpbqOHWsvJVIzymFScBMFMaEjMoCuoSERoLx0uswEHxmlj4NImhNqPFV/TqREKDUWvkkKoodq0cvE/7xuooMzL2VhnGgI6eyhIOFYRzhrBveZBKr52BBCJTN/xXRIJKHa9JeV4Cyu/Je0alXH8JtaqX4xryOPDtAhqiAHnaI6ukYN1EQUPaAn9IJerUfr2Xqz3mfRnDWf2Ue/YH18AyElmRM=</latexit><latexit sha1_base64="4JJoRA9shpS37QPaThd581qMC7M=">AAACDHicbVDLSgMxFM3UV62vqks3wVaoCGWmG90IRRe6rGIf0BlKJr3ThiYzQ5IRytAPcOOvuHGhiFs/wJ1/Y6btQqsHAifnnEtyjx9zprRtf1m5peWV1bX8emFjc2t7p7i711JRIik0acQj2fGJAs5CaGqmOXRiCUT4HNr+6DLz2/cgFYvCOz2OwRNkELKAUaKN1CuWyrcMRMW9IkKQE1cz3od0dpscn9tljHHBpOyqPQX+S5w5KaE5Gr3ip9uPaCIg1JQTpbqOHWsvJVIzymFScBMFMaEjMoCuoSERoLx0uswEHxmlj4NImhNqPFV/TqREKDUWvkkKoodq0cvE/7xuooMzL2VhnGgI6eyhIOFYRzhrBveZBKr52BBCJTN/xXRIJKHa9JeV4Cyu/Je0alXH8JtaqX4xryOPDtAhqiAHnaI6ukYN1EQUPaAn9IJerUfr2Xqz3mfRnDWf2Ue/YH18AyElmRM=</latexit>

…then a smoothing transformation exists. 



     continuous implies          has the same jump 
discontinuities (shock set) as     
�̃

<latexit sha1_base64="JxXMUrJJyiSOSIfjvwlwz926oK8=">AAAB+XicbZDNTgIxFIU7+If4N+rSTSOYuCIzbHRJdKFLTARJmAnpdAo0tJ1Je4eETHgTNy40xq1v4s63scAsFDxJky/n3pt7e6JUcAOe9+2UNja3tnfKu5W9/YPDI/f4pGOSTFPWpolIdDcihgmuWBs4CNZNNSMyEuwpGt/O608Tpg1P1CNMUxZKMlR8wCkBa/VdtxYAFzHLgzsiJZnV+m7Vq3sL4XXwC6iiQq2++xXECc0kU0AFMabneymEOdHAqWCzSpAZlhI6JkPWs6iIZCbMF5fP8IV1YjxItH0K8ML9PZETacxURrZTEhiZ1drc/K/Wy2BwHeZcpRkwRZeLBpnAkOB5DDjmmlEQUwuEam5vxXRENKFgw6rYEPzVL69Dp1H3LT80qs2bIo4yOkPn6BL56Ao10T1qoTaiaIKe0St6c3LnxXl3PpatJaeYOUV/5Hz+APnIkzY=</latexit><latexit sha1_base64="JxXMUrJJyiSOSIfjvwlwz926oK8=">AAAB+XicbZDNTgIxFIU7+If4N+rSTSOYuCIzbHRJdKFLTARJmAnpdAo0tJ1Je4eETHgTNy40xq1v4s63scAsFDxJky/n3pt7e6JUcAOe9+2UNja3tnfKu5W9/YPDI/f4pGOSTFPWpolIdDcihgmuWBs4CNZNNSMyEuwpGt/O608Tpg1P1CNMUxZKMlR8wCkBa/VdtxYAFzHLgzsiJZnV+m7Vq3sL4XXwC6iiQq2++xXECc0kU0AFMabneymEOdHAqWCzSpAZlhI6JkPWs6iIZCbMF5fP8IV1YjxItH0K8ML9PZETacxURrZTEhiZ1drc/K/Wy2BwHeZcpRkwRZeLBpnAkOB5DDjmmlEQUwuEam5vxXRENKFgw6rYEPzVL69Dp1H3LT80qs2bIo4yOkPn6BL56Ao10T1qoTaiaIKe0St6c3LnxXl3PpatJaeYOUV/5Hz+APnIkzY=</latexit><latexit sha1_base64="JxXMUrJJyiSOSIfjvwlwz926oK8=">AAAB+XicbZDNTgIxFIU7+If4N+rSTSOYuCIzbHRJdKFLTARJmAnpdAo0tJ1Je4eETHgTNy40xq1v4s63scAsFDxJky/n3pt7e6JUcAOe9+2UNja3tnfKu5W9/YPDI/f4pGOSTFPWpolIdDcihgmuWBs4CNZNNSMyEuwpGt/O608Tpg1P1CNMUxZKMlR8wCkBa/VdtxYAFzHLgzsiJZnV+m7Vq3sL4XXwC6iiQq2++xXECc0kU0AFMabneymEOdHAqWCzSpAZlhI6JkPWs6iIZCbMF5fP8IV1YjxItH0K8ML9PZETacxURrZTEhiZ1drc/K/Wy2BwHeZcpRkwRZeLBpnAkOB5DDjmmlEQUwuEam5vxXRENKFgw6rYEPzVL69Dp1H3LT80qs2bIo4yOkPn6BL56Ao10T1qoTaiaIKe0St6c3LnxXl3PpatJaeYOUV/5Hz+APnIkzY=</latexit><latexit sha1_base64="JxXMUrJJyiSOSIfjvwlwz926oK8=">AAAB+XicbZDNTgIxFIU7+If4N+rSTSOYuCIzbHRJdKFLTARJmAnpdAo0tJ1Je4eETHgTNy40xq1v4s63scAsFDxJky/n3pt7e6JUcAOe9+2UNja3tnfKu5W9/YPDI/f4pGOSTFPWpolIdDcihgmuWBs4CNZNNSMyEuwpGt/O608Tpg1P1CNMUxZKMlR8wCkBa/VdtxYAFzHLgzsiJZnV+m7Vq3sL4XXwC6iiQq2++xXECc0kU0AFMabneymEOdHAqWCzSpAZlhI6JkPWs6iIZCbMF5fP8IV1YjxItH0K8ML9PZETacxURrZTEhiZ1drc/K/Wy2BwHeZcpRkwRZeLBpnAkOB5DDjmmlEQUwuEam5vxXRENKFgw6rYEPzVL69Dp1H3LT80qs2bIo4yOkPn6BL56Ao10T1qoTaiaIKe0St6c3LnxXl3PpatJaeYOUV/5Hz+APnIkzY=</latexit> �+ �̃
<latexit sha1_base64="IaHaLrr8PJ0fzAK6XlelVJ2gClM=">AAACAHicbZBPS8MwGMbT+W/Of1UPHrwEN0EQRruLHoce9DjBucFaRpqmW1jSluStMMoufhUvHhTx6sfw5rcx23rQzQcCvzzv+5K8T5AKrsFxvq3Syura+kZ5s7K1vbO7Z+8fPOgkU5S1aSIS1Q2IZoLHrA0cBOumihEZCNYJRtfTeueRKc2T+B7GKfMlGcQ84pSAsfr2Uc27IVKScw+4CFk+v01qfbvq1J2Z8DK4BVRRoVbf/vLChGaSxUAF0brnOin4OVHAqWCTipdplhI6IgPWMxgTybSfzxaY4FPjhDhKlDkx4Jn7eyInUuuxDEynJDDUi7Wp+V+tl0F06ec8TjNgMZ0/FGUCQ4KnaeCQK0ZBjA0Qqrj5K6ZDoggFk1nFhOAurrwMD426a/iuUW1eFXGU0TE6QWfIRReoiW5RC7URRRP0jF7Rm/VkvVjv1se8tWQVM4foj6zPH9OPleY=</latexit><latexit sha1_base64="IaHaLrr8PJ0fzAK6XlelVJ2gClM=">AAACAHicbZBPS8MwGMbT+W/Of1UPHrwEN0EQRruLHoce9DjBucFaRpqmW1jSluStMMoufhUvHhTx6sfw5rcx23rQzQcCvzzv+5K8T5AKrsFxvq3Syura+kZ5s7K1vbO7Z+8fPOgkU5S1aSIS1Q2IZoLHrA0cBOumihEZCNYJRtfTeueRKc2T+B7GKfMlGcQ84pSAsfr2Uc27IVKScw+4CFk+v01qfbvq1J2Z8DK4BVRRoVbf/vLChGaSxUAF0brnOin4OVHAqWCTipdplhI6IgPWMxgTybSfzxaY4FPjhDhKlDkx4Jn7eyInUuuxDEynJDDUi7Wp+V+tl0F06ec8TjNgMZ0/FGUCQ4KnaeCQK0ZBjA0Qqrj5K6ZDoggFk1nFhOAurrwMD426a/iuUW1eFXGU0TE6QWfIRReoiW5RC7URRRP0jF7Rm/VkvVjv1se8tWQVM4foj6zPH9OPleY=</latexit><latexit sha1_base64="IaHaLrr8PJ0fzAK6XlelVJ2gClM=">AAACAHicbZBPS8MwGMbT+W/Of1UPHrwEN0EQRruLHoce9DjBucFaRpqmW1jSluStMMoufhUvHhTx6sfw5rcx23rQzQcCvzzv+5K8T5AKrsFxvq3Syura+kZ5s7K1vbO7Z+8fPOgkU5S1aSIS1Q2IZoLHrA0cBOumihEZCNYJRtfTeueRKc2T+B7GKfMlGcQ84pSAsfr2Uc27IVKScw+4CFk+v01qfbvq1J2Z8DK4BVRRoVbf/vLChGaSxUAF0brnOin4OVHAqWCTipdplhI6IgPWMxgTybSfzxaY4FPjhDhKlDkx4Jn7eyInUuuxDEynJDDUi7Wp+V+tl0F06ec8TjNgMZ0/FGUCQ4KnaeCQK0ZBjA0Qqrj5K6ZDoggFk1nFhOAurrwMD426a/iuUW1eFXGU0TE6QWfIRReoiW5RC7URRRP0jF7Rm/VkvVjv1se8tWQVM4foj6zPH9OPleY=</latexit><latexit sha1_base64="IaHaLrr8PJ0fzAK6XlelVJ2gClM=">AAACAHicbZBPS8MwGMbT+W/Of1UPHrwEN0EQRruLHoce9DjBucFaRpqmW1jSluStMMoufhUvHhTx6sfw5rcx23rQzQcCvzzv+5K8T5AKrsFxvq3Syura+kZ5s7K1vbO7Z+8fPOgkU5S1aSIS1Q2IZoLHrA0cBOumihEZCNYJRtfTeueRKc2T+B7GKfMlGcQ84pSAsfr2Uc27IVKScw+4CFk+v01qfbvq1J2Z8DK4BVRRoVbf/vLChGaSxUAF0brnOin4OVHAqWCTipdplhI6IgPWMxgTybSfzxaY4FPjhDhKlDkx4Jn7eyInUuuxDEynJDDUi7Wp+V+tl0F06ec8TjNgMZ0/FGUCQ4KnaeCQK0ZBjA0Qqrj5K6ZDoggFk1nFhOAurrwMD426a/iuUW1eFXGU0TE6QWfIRReoiW5RC7URRRP0jF7Rm/VkvVjv1se8tWQVM4foj6zPH9OPleY=</latexit>

�<latexit sha1_base64="tJNNo+acS3QpoXdOubS5QXXfyEM=">AAAB73icbZA9T8MwEIYvfJbyVWBksWiRmKqkC4wVDDAWiX5IbVRdXKe1aifBdpCqqH+ChQGEWPk7bPwb3DYDtLySpUfv3cl3b5AIro3rfjtr6xubW9uFneLu3v7BYenouKXjVFHWpLGIVSdAzQSPWNNwI1gnUQxlIFg7GN/M6u0npjSPowczSZgvcRjxkFM01upUercoJVb6pbJbdeciq+DlUIZcjX7pqzeIaSpZZKhArbuemxg/Q2U4FWxa7KWaJUjHOGRdixFKpv1svu+UnFtnQMJY2RcZMnd/T2QotZ7IwHZKNCO9XJuZ/9W6qQmv/IxHSWpYRBcfhakgJiaz48mAK0aNmFhAqrjdldARKqTGRlS0IXjLJ69Cq1b1LN/XyvXrPI4CnMIZXIAHl1CHO2hAEygIeIZXeHMenRfn3flYtK45+cwJ/JHz+QMPlY9P</latexit><latexit sha1_base64="tJNNo+acS3QpoXdOubS5QXXfyEM=">AAAB73icbZA9T8MwEIYvfJbyVWBksWiRmKqkC4wVDDAWiX5IbVRdXKe1aifBdpCqqH+ChQGEWPk7bPwb3DYDtLySpUfv3cl3b5AIro3rfjtr6xubW9uFneLu3v7BYenouKXjVFHWpLGIVSdAzQSPWNNwI1gnUQxlIFg7GN/M6u0npjSPowczSZgvcRjxkFM01upUercoJVb6pbJbdeciq+DlUIZcjX7pqzeIaSpZZKhArbuemxg/Q2U4FWxa7KWaJUjHOGRdixFKpv1svu+UnFtnQMJY2RcZMnd/T2QotZ7IwHZKNCO9XJuZ/9W6qQmv/IxHSWpYRBcfhakgJiaz48mAK0aNmFhAqrjdldARKqTGRlS0IXjLJ69Cq1b1LN/XyvXrPI4CnMIZXIAHl1CHO2hAEygIeIZXeHMenRfn3flYtK45+cwJ/JHz+QMPlY9P</latexit><latexit sha1_base64="tJNNo+acS3QpoXdOubS5QXXfyEM=">AAAB73icbZA9T8MwEIYvfJbyVWBksWiRmKqkC4wVDDAWiX5IbVRdXKe1aifBdpCqqH+ChQGEWPk7bPwb3DYDtLySpUfv3cl3b5AIro3rfjtr6xubW9uFneLu3v7BYenouKXjVFHWpLGIVSdAzQSPWNNwI1gnUQxlIFg7GN/M6u0npjSPowczSZgvcRjxkFM01upUercoJVb6pbJbdeciq+DlUIZcjX7pqzeIaSpZZKhArbuemxg/Q2U4FWxa7KWaJUjHOGRdixFKpv1svu+UnFtnQMJY2RcZMnd/T2QotZ7IwHZKNCO9XJuZ/9W6qQmv/IxHSWpYRBcfhakgJiaz48mAK0aNmFhAqrjdldARKqTGRlS0IXjLJ69Cq1b1LN/XyvXrPI4CnMIZXIAHl1CHO2hAEygIeIZXeHMenRfn3flYtK45+cwJ/JHz+QMPlY9P</latexit><latexit sha1_base64="tJNNo+acS3QpoXdOubS5QXXfyEM=">AAAB73icbZA9T8MwEIYvfJbyVWBksWiRmKqkC4wVDDAWiX5IbVRdXKe1aifBdpCqqH+ChQGEWPk7bPwb3DYDtLySpUfv3cl3b5AIro3rfjtr6xubW9uFneLu3v7BYenouKXjVFHWpLGIVSdAzQSPWNNwI1gnUQxlIFg7GN/M6u0npjSPowczSZgvcRjxkFM01upUercoJVb6pbJbdeciq+DlUIZcjX7pqzeIaSpZZKhArbuemxg/Q2U4FWxa7KWaJUjHOGRdixFKpv1svu+UnFtnQMJY2RcZMnd/T2QotZ7IwHZKNCO9XJuZ/9W6qQmv/IxHSWpYRBcfhakgJiaz48mAK0aNmFhAqrjdldARKqTGRlS0IXjLJ69Cq1b1LN/XyvXrPI4CnMIZXIAHl1CHO2hAEygIeIZXeHMenRfn3flYtK45+cwJ/JHz+QMPlY9P</latexit>

First idea:  Find Nash-type embedding theorem
to extend the shock set to a flat connection



“The Regularity Transformation Equations:  An elliptic 
mechanism for smoothing gravitational metrics in General 
Relativity”

Moritz Reintjes, Blake Temple  
https://arxiv.org/abs/1805.01004 

Better Idea: Use the Riemann-flat condition to 
derive a system of elliptic equations in    ,     �̃

<latexit sha1_base64="JxXMUrJJyiSOSIfjvwlwz926oK8=">AAAB+XicbZDNTgIxFIU7+If4N+rSTSOYuCIzbHRJdKFLTARJmAnpdAo0tJ1Je4eETHgTNy40xq1v4s63scAsFDxJky/n3pt7e6JUcAOe9+2UNja3tnfKu5W9/YPDI/f4pGOSTFPWpolIdDcihgmuWBs4CNZNNSMyEuwpGt/O608Tpg1P1CNMUxZKMlR8wCkBa/VdtxYAFzHLgzsiJZnV+m7Vq3sL4XXwC6iiQq2++xXECc0kU0AFMabneymEOdHAqWCzSpAZlhI6JkPWs6iIZCbMF5fP8IV1YjxItH0K8ML9PZETacxURrZTEhiZ1drc/K/Wy2BwHeZcpRkwRZeLBpnAkOB5DDjmmlEQUwuEam5vxXRENKFgw6rYEPzVL69Dp1H3LT80qs2bIo4yOkPn6BL56Ao10T1qoTaiaIKe0St6c3LnxXl3PpatJaeYOUV/5Hz+APnIkzY=</latexit><latexit sha1_base64="JxXMUrJJyiSOSIfjvwlwz926oK8=">AAAB+XicbZDNTgIxFIU7+If4N+rSTSOYuCIzbHRJdKFLTARJmAnpdAo0tJ1Je4eETHgTNy40xq1v4s63scAsFDxJky/n3pt7e6JUcAOe9+2UNja3tnfKu5W9/YPDI/f4pGOSTFPWpolIdDcihgmuWBs4CNZNNSMyEuwpGt/O608Tpg1P1CNMUxZKMlR8wCkBa/VdtxYAFzHLgzsiJZnV+m7Vq3sL4XXwC6iiQq2++xXECc0kU0AFMabneymEOdHAqWCzSpAZlhI6JkPWs6iIZCbMF5fP8IV1YjxItH0K8ML9PZETacxURrZTEhiZ1drc/K/Wy2BwHeZcpRkwRZeLBpnAkOB5DDjmmlEQUwuEam5vxXRENKFgw6rYEPzVL69Dp1H3LT80qs2bIo4yOkPn6BL56Ao10T1qoTaiaIKe0St6c3LnxXl3PpatJaeYOUV/5Hz+APnIkzY=</latexit><latexit sha1_base64="JxXMUrJJyiSOSIfjvwlwz926oK8=">AAAB+XicbZDNTgIxFIU7+If4N+rSTSOYuCIzbHRJdKFLTARJmAnpdAo0tJ1Je4eETHgTNy40xq1v4s63scAsFDxJky/n3pt7e6JUcAOe9+2UNja3tnfKu5W9/YPDI/f4pGOSTFPWpolIdDcihgmuWBs4CNZNNSMyEuwpGt/O608Tpg1P1CNMUxZKMlR8wCkBa/VdtxYAFzHLgzsiJZnV+m7Vq3sL4XXwC6iiQq2++xXECc0kU0AFMabneymEOdHAqWCzSpAZlhI6JkPWs6iIZCbMF5fP8IV1YjxItH0K8ML9PZETacxURrZTEhiZ1drc/K/Wy2BwHeZcpRkwRZeLBpnAkOB5DDjmmlEQUwuEam5vxXRENKFgw6rYEPzVL69Dp1H3LT80qs2bIo4yOkPn6BL56Ao10T1qoTaiaIKe0St6c3LnxXl3PpatJaeYOUV/5Hz+APnIkzY=</latexit><latexit sha1_base64="JxXMUrJJyiSOSIfjvwlwz926oK8=">AAAB+XicbZDNTgIxFIU7+If4N+rSTSOYuCIzbHRJdKFLTARJmAnpdAo0tJ1Je4eETHgTNy40xq1v4s63scAsFDxJky/n3pt7e6JUcAOe9+2UNja3tnfKu5W9/YPDI/f4pGOSTFPWpolIdDcihgmuWBs4CNZNNSMyEuwpGt/O608Tpg1P1CNMUxZKMlR8wCkBa/VdtxYAFzHLgzsiJZnV+m7Vq3sL4XXwC6iiQq2++xXECc0kU0AFMabneymEOdHAqWCzSpAZlhI6JkPWs6iIZCbMF5fP8IV1YjxItH0K8ML9PZETacxURrZTEhiZ1drc/K/Wy2BwHeZcpRkwRZeLBpnAkOB5DDjmmlEQUwuEam5vxXRENKFgw6rYEPzVL69Dp1H3LT80qs2bIo4yOkPn6BL56Ao10T1qoTaiaIKe0St6c3LnxXl3PpatJaeYOUV/5Hz+APnIkzY=</latexit>

J
<latexit sha1_base64="IA9tE1xYgC+chiSM4gZql44SaMg=">AAAB6nicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijbHCKEgCF7K3zMGGvb3L7p4JufATbCw0xtZfZOe/cYErFHyTTZ68M5OdeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo7aOU8WwxWIRq05ANQousWW4EdhJFNIoEPgYjK9n9ccnVJrH8sFMEvQjOpQ85Iwaa91Xb6v9csWtuXORVfByqECuZr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSuRUkj1H42X3VKzqwzIGGs7JOGzN3fExmNtJ5Ege2MqBnp5drM/K/WTU146WdcJqlByRYfhakgJiazu8mAK2RGTCxQprjdlbARVZQZm07JhuAtn7wK7XrNs3xXrzSu8jiKcAKncA4eXEADbqAJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/JHz+QNXbo0o</latexit><latexit sha1_base64="IA9tE1xYgC+chiSM4gZql44SaMg=">AAAB6nicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijbHCKEgCF7K3zMGGvb3L7p4JufATbCw0xtZfZOe/cYErFHyTTZ68M5OdeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo7aOU8WwxWIRq05ANQousWW4EdhJFNIoEPgYjK9n9ccnVJrH8sFMEvQjOpQ85Iwaa91Xb6v9csWtuXORVfByqECuZr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSuRUkj1H42X3VKzqwzIGGs7JOGzN3fExmNtJ5Ege2MqBnp5drM/K/WTU146WdcJqlByRYfhakgJiazu8mAK2RGTCxQprjdlbARVZQZm07JhuAtn7wK7XrNs3xXrzSu8jiKcAKncA4eXEADbqAJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/JHz+QNXbo0o</latexit><latexit sha1_base64="IA9tE1xYgC+chiSM4gZql44SaMg=">AAAB6nicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijbHCKEgCF7K3zMGGvb3L7p4JufATbCw0xtZfZOe/cYErFHyTTZ68M5OdeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo7aOU8WwxWIRq05ANQousWW4EdhJFNIoEPgYjK9n9ccnVJrH8sFMEvQjOpQ85Iwaa91Xb6v9csWtuXORVfByqECuZr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSuRUkj1H42X3VKzqwzIGGs7JOGzN3fExmNtJ5Ege2MqBnp5drM/K/WTU146WdcJqlByRYfhakgJiazu8mAK2RGTCxQprjdlbARVZQZm07JhuAtn7wK7XrNs3xXrzSu8jiKcAKncA4eXEADbqAJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/JHz+QNXbo0o</latexit><latexit sha1_base64="IA9tE1xYgC+chiSM4gZql44SaMg=">AAAB6nicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijbHCKEgCF7K3zMGGvb3L7p4JufATbCw0xtZfZOe/cYErFHyTTZ68M5OdeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo7aOU8WwxWIRq05ANQousWW4EdhJFNIoEPgYjK9n9ccnVJrH8sFMEvQjOpQ85Iwaa91Xb6v9csWtuXORVfByqECuZr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSuRUkj1H42X3VKzqwzIGGs7JOGzN3fExmNtJ5Ege2MqBnp5drM/K/WTU146WdcJqlByRYfhakgJiazu8mAK2RGTCxQprjdlbARVZQZm07JhuAtn7wK7XrNs3xXrzSu8jiKcAKncA4eXEADbqAJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/JHz+QNXbo0o</latexit>

https://arxiv.org/search/gr-qc?searchtype=author&query=Reintjes%2C+M
https://arxiv.org/search/gr-qc?searchtype=author&query=Temple%2C+B


 Derivation of the 
RT-equations

from
Riemann-Flat Condition



Then

g 2 C0,1, � 2 L1, J 2 C0,1
<latexit sha1_base64="wFFJ6rtSyHklFHzgiXLXpNrvJY8=">AAACHHicbVBLSwMxGMz6rPVV9eglWAQPpeyqoMdiD4p4qGAf0N2WbJptQ5PskmSFZekP8eJf8eJBES8eBP+N2baH2joQMszMR/KNHzGqtG3/WEvLK6tr67mN/ObW9s5uYW+/ocJYYlLHIQtly0eKMCpIXVPNSCuSBHGfkaY/rGZ+85FIRUPxoJOIeBz1BQ0oRtpI3cIZ7LtUwGontUvOqORC9xpxjjLtrpOaK9BJJt/OpLqFol22x4CLxJmSIpii1i18ub0Qx5wIjRlSqu3YkfZSJDXFjIzybqxIhPAQ9UnbUIE4UV46Xm4Ej43Sg0EozREajtXZiRRxpRLumyRHeqDmvUz8z2vHOrj0UiqiWBOBJw8FMYM6hFlTsEclwZolhiAsqfkrxAMkEdamz7wpwZlfeZE0TsuO4ffnxcrVtI4cOARH4AQ44AJUwA2ogTrA4Am8gDfwbj1br9aH9TmJLlnTmQPwB9b3LwJjn3Y=</latexit><latexit sha1_base64="wFFJ6rtSyHklFHzgiXLXpNrvJY8=">AAACHHicbVBLSwMxGMz6rPVV9eglWAQPpeyqoMdiD4p4qGAf0N2WbJptQ5PskmSFZekP8eJf8eJBES8eBP+N2baH2joQMszMR/KNHzGqtG3/WEvLK6tr67mN/ObW9s5uYW+/ocJYYlLHIQtly0eKMCpIXVPNSCuSBHGfkaY/rGZ+85FIRUPxoJOIeBz1BQ0oRtpI3cIZ7LtUwGontUvOqORC9xpxjjLtrpOaK9BJJt/OpLqFol22x4CLxJmSIpii1i18ub0Qx5wIjRlSqu3YkfZSJDXFjIzybqxIhPAQ9UnbUIE4UV46Xm4Ej43Sg0EozREajtXZiRRxpRLumyRHeqDmvUz8z2vHOrj0UiqiWBOBJw8FMYM6hFlTsEclwZolhiAsqfkrxAMkEdamz7wpwZlfeZE0TsuO4ffnxcrVtI4cOARH4AQ44AJUwA2ogTrA4Am8gDfwbj1br9aH9TmJLlnTmQPwB9b3LwJjn3Y=</latexit><latexit sha1_base64="wFFJ6rtSyHklFHzgiXLXpNrvJY8=">AAACHHicbVBLSwMxGMz6rPVV9eglWAQPpeyqoMdiD4p4qGAf0N2WbJptQ5PskmSFZekP8eJf8eJBES8eBP+N2baH2joQMszMR/KNHzGqtG3/WEvLK6tr67mN/ObW9s5uYW+/ocJYYlLHIQtly0eKMCpIXVPNSCuSBHGfkaY/rGZ+85FIRUPxoJOIeBz1BQ0oRtpI3cIZ7LtUwGontUvOqORC9xpxjjLtrpOaK9BJJt/OpLqFol22x4CLxJmSIpii1i18ub0Qx5wIjRlSqu3YkfZSJDXFjIzybqxIhPAQ9UnbUIE4UV46Xm4Ej43Sg0EozREajtXZiRRxpRLumyRHeqDmvUz8z2vHOrj0UiqiWBOBJw8FMYM6hFlTsEclwZolhiAsqfkrxAMkEdamz7wpwZlfeZE0TsuO4ffnxcrVtI4cOARH4AQ44AJUwA2ogTrA4Am8gDfwbj1br9aH9TmJLlnTmQPwB9b3LwJjn3Y=</latexit><latexit sha1_base64="wFFJ6rtSyHklFHzgiXLXpNrvJY8=">AAACHHicbVBLSwMxGMz6rPVV9eglWAQPpeyqoMdiD4p4qGAf0N2WbJptQ5PskmSFZekP8eJf8eJBES8eBP+N2baH2joQMszMR/KNHzGqtG3/WEvLK6tr67mN/ObW9s5uYW+/ocJYYlLHIQtly0eKMCpIXVPNSCuSBHGfkaY/rGZ+85FIRUPxoJOIeBz1BQ0oRtpI3cIZ7LtUwGontUvOqORC9xpxjjLtrpOaK9BJJt/OpLqFol22x4CLxJmSIpii1i18ub0Qx5wIjRlSqu3YkfZSJDXFjIzybqxIhPAQ9UnbUIE4UV46Xm4Ej43Sg0EozREajtXZiRRxpRLumyRHeqDmvUz8z2vHOrj0UiqiWBOBJw8FMYM6hFlTsEclwZolhiAsqfkrxAMkEdamz7wpwZlfeZE0TsuO4ffnxcrVtI4cOARH4AQ44AJUwA2ogTrA4Am8gDfwbj1br9aH9TmJLlnTmQPwB9b3LwJjn3Y=</latexit>

�� �̃ = J�1dJ
<latexit sha1_base64="RJUE7rtV0Rp0pFV8ASLLZjIj1Ng=">AAACCXicbZBNS8MwGMfT+TbrW9Wjl+AQvGy0IuhFGHpQdprgXmCtI02zLSxpS5IKo/Tqxa/ixYMiXv0G3vw2plsPuvmHwC//53lInr8fMyqVbX8bpaXlldW18rq5sbm1vWPt7rVllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek44+v8nrngQhJo/BOTWLicTQM6YBipLTVt6B7jThHVVdRFpB0dssuGvdp1cmChmn2rYpds6eCi+AUUAGFmn3ryw0inHASKsyQlD3HjpWXIqEoZiQz3USSGOExGpKexhBxIr10ukkGj7QTwEEk9AkVnLq/J1LEpZxwX3dypEZyvpab/9V6iRqceykN40SREM8eGiQMqgjmscCACoIVm2hAWFD9V4hHSCCsdHh5CM78yovQPqk5mm9PK/XLIo4yOACH4Bg44AzUwQ1oghbA4BE8g1fwZjwZL8a78TFrLRnFzD74I+PzB5+OmPk=</latexit><latexit sha1_base64="RJUE7rtV0Rp0pFV8ASLLZjIj1Ng=">AAACCXicbZBNS8MwGMfT+TbrW9Wjl+AQvGy0IuhFGHpQdprgXmCtI02zLSxpS5IKo/Tqxa/ixYMiXv0G3vw2plsPuvmHwC//53lInr8fMyqVbX8bpaXlldW18rq5sbm1vWPt7rVllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek44+v8nrngQhJo/BOTWLicTQM6YBipLTVt6B7jThHVVdRFpB0dssuGvdp1cmChmn2rYpds6eCi+AUUAGFmn3ryw0inHASKsyQlD3HjpWXIqEoZiQz3USSGOExGpKexhBxIr10ukkGj7QTwEEk9AkVnLq/J1LEpZxwX3dypEZyvpab/9V6iRqceykN40SREM8eGiQMqgjmscCACoIVm2hAWFD9V4hHSCCsdHh5CM78yovQPqk5mm9PK/XLIo4yOACH4Bg44AzUwQ1oghbA4BE8g1fwZjwZL8a78TFrLRnFzD74I+PzB5+OmPk=</latexit><latexit sha1_base64="RJUE7rtV0Rp0pFV8ASLLZjIj1Ng=">AAACCXicbZBNS8MwGMfT+TbrW9Wjl+AQvGy0IuhFGHpQdprgXmCtI02zLSxpS5IKo/Tqxa/ixYMiXv0G3vw2plsPuvmHwC//53lInr8fMyqVbX8bpaXlldW18rq5sbm1vWPt7rVllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek44+v8nrngQhJo/BOTWLicTQM6YBipLTVt6B7jThHVVdRFpB0dssuGvdp1cmChmn2rYpds6eCi+AUUAGFmn3ryw0inHASKsyQlD3HjpWXIqEoZiQz3USSGOExGpKexhBxIr10ukkGj7QTwEEk9AkVnLq/J1LEpZxwX3dypEZyvpab/9V6iRqceykN40SREM8eGiQMqgjmscCACoIVm2hAWFD9V4hHSCCsdHh5CM78yovQPqk5mm9PK/XLIo4yOACH4Bg44AzUwQ1oghbA4BE8g1fwZjwZL8a78TFrLRnFzD74I+PzB5+OmPk=</latexit><latexit sha1_base64="RJUE7rtV0Rp0pFV8ASLLZjIj1Ng=">AAACCXicbZBNS8MwGMfT+TbrW9Wjl+AQvGy0IuhFGHpQdprgXmCtI02zLSxpS5IKo/Tqxa/ixYMiXv0G3vw2plsPuvmHwC//53lInr8fMyqVbX8bpaXlldW18rq5sbm1vWPt7rVllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek44+v8nrngQhJo/BOTWLicTQM6YBipLTVt6B7jThHVVdRFpB0dssuGvdp1cmChmn2rYpds6eCi+AUUAGFmn3ryw0inHASKsyQlD3HjpWXIqEoZiQz3USSGOExGpKexhBxIr10ukkGj7QTwEEk9AkVnLq/J1LEpZxwX3dypEZyvpab/9V6iRqceykN40SREM8eGiQMqgjmscCACoIVm2hAWFD9V4hHSCCsdHh5CM78yovQPqk5mm9PK/XLIo4yOACH4Bg44AzUwQ1oghbA4BE8g1fwZjwZL8a78TFrLRnFzD74I+PzB5+OmPk=</latexit>

Assume:

Start with the Riemann-flat condition:

Riemann-flat

<latexit sha1_base64="/dc6lnB9/Eeoe0QmR8khaZUtRF4=">AAAB73icbZDLSsNAFIZPvNZ4q7p0M1gEN5ZEEN2IRTfSVQV7gTaWyWTSDp1M4sxEKKEv4caFIoIrn8S9G/FtnF4W2vrDwMf/n8Occ/yEM6Ud59uam19YXFrOrdira+sbm/mt7ZqKU0lolcQ8lg0fK8qZoFXNNKeNRFIc+ZzW/d7lMK/fU6lYLG50P6FehDuChYxgbaxG+TY7dAdBuZ0vOEVnJDQL7gQK5x/2WfL2ZVfa+c9WEJM0okITjpVquk6ivQxLzQinA7uVKppg0sMd2jQocESVl43mHaB94wQojKV5QqOR+7sjw5FS/cg3lRHWXTWdDc3/smaqw1MvYyJJNRVk/FGYcqRjNFweBUxSonnfACaSmVkR6WKJiTYnss0R3OmVZ6F2VHSPi861UyhdwFg52IU9OAAXTqAEV1CBKhDg8ABP8GzdWY/Wi/U6Lp2zJj078EfW+w+p2ZK3</latexit>

J�1dJ
<latexit sha1_base64="bM9nCZMlxa2ACoqaSBSrx6J7mAs=">AAAB7XicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXQjFl3osoK9QDuUM2mmjU0yQ5IRytB3cONCETcufBT3bsS3Mb0stPWHwMf/n0POOWHCmTae9+3kFhaXllfyq+7a+sbmVmF7p6bjVBFaJTGPVSMETTmTtGqY4bSRKAoi5LQe9i9Hef2eKs1ieWsGCQ0EdCWLGAFjrVrrCoSAdqHolbyx8Dz4Uyief7hnyduXW2kXPludmKSCSkM4aN30vcQEGSjDCKdDt5VqmgDpQ5c2LUoQVAfZeNohPrBOB0exsk8aPHZ/d2QgtB6I0FYKMD09m43M/7JmaqLTIGMySQ2VZPJRlHJsYjxaHXeYosTwgQUgitlZMemBAmLsgVx7BH925XmoHZX845J34xXLF2iiPNpD++gQ+egEldE1qqAqIugOPaAn9OzEzqPz4rxOSnPOtGcX/ZHz/gO2xJI2</latexit>

�

2-Equivalent forms of 
Riemann-flat condition

<latexit sha1_base64="7BWYqovahcOHRH4+HQzPevEZHo8=">AAACBnicbVDLSsNAFJ3UV62vqEsRQotQEUsiiG6EogtdVrEPaEKZTG/boTNJmJkIJXTlxg/wJ9y4UMSt3+Cuf+O06UJbD1w4c869zL3HjxiVyrZHRmZhcWl5JbuaW1vf2Nwyt3dqMowFgSoJWSgaPpbAaABVRRWDRiQAc59B3e9fjf36AwhJw+BeDSLwOO4GtEMJVlpqmft3FHjRvcac42NXUdaGJH0NDy/sllmwS/YE1jxxpqRQzrtHz6PyoNIyv912SGIOgSIMS9l07Eh5CRaKEgbDnBtLiDDp4y40NQ0wB+klkzOG1oFW2lYnFLoCZU3U3xMJ5lIOuK87OVY9OeuNxf+8Zqw6515CgyhWEJD0o07MLBVa40ysNhVAFBtogomgeleL9LDAROnkcjoEZ/bkeVI7KTmnJftWp3GJUmTRHsqjInLQGSqjG1RBVUTQI3pBb+jdeDJejQ/jM23NGNOZXfQHxtcPGaibOA==</latexit>

Riem(�� �̃) = 0

<latexit sha1_base64="DcVL4DV7DKHAcU1fhs3tTIjpLJk="></latexit>

�k
ij = (J�1)k↵J

�
i J

�
j �

↵
�� + (J�1)k↵@jJ

↵
i

<latexit sha1_base64="KWFEnaRWf0yAhQ/bLEkydbA9u5c=">AAAB+nicbVDLSsNAFJ3UV42vVJduBovgqiSC6EYsutBlBfuANpTJZNIOnZmEmYlSYj/FjYIibv0H927Ev3HSdqGtBy4czrmXe+8JEkaVdt1vq7CwuLS8Uly119Y3Nrec0nZDxanEpI5jFstWgBRhVJC6ppqRViIJ4gEjzWBwkfvNWyIVjcWNHibE56gnaEQx0kbqOqWOpiwkWecScY5GENpdp+xW3DHgPPGmpHz2YZ8mT192ret8dsIYp5wIjRlSqu25ifYzJDXFjIzsTqpIgvAA9UjbUIE4UX42Pn0E940SwiiWpoSGY/X3RIa4UkMemE6OdF/Nern4n9dOdXTiZ1QkqSYCTxZFKYM6hnkOMKSSYM2GhiAsqbkV4j6SCGuTVh6CN/vyPGkcVryjinvtlqvnYIIi2AV74AB44BhUwRWogTrA4A48gGfwYt1bj9ar9TZpLVjTmR3wB9b7D40FloU=</latexit>

�̃



The Riemann-flat condition:

implies
<latexit sha1_base64="7BWYqovahcOHRH4+HQzPevEZHo8=">AAACBnicbVDLSsNAFJ3UV62vqEsRQotQEUsiiG6EogtdVrEPaEKZTG/boTNJmJkIJXTlxg/wJ9y4UMSt3+Cuf+O06UJbD1w4c869zL3HjxiVyrZHRmZhcWl5JbuaW1vf2Nwyt3dqMowFgSoJWSgaPpbAaABVRRWDRiQAc59B3e9fjf36AwhJw+BeDSLwOO4GtEMJVlpqmft3FHjRvcac42NXUdaGJH0NDy/sllmwS/YE1jxxpqRQzrtHz6PyoNIyv912SGIOgSIMS9l07Eh5CRaKEgbDnBtLiDDp4y40NQ0wB+klkzOG1oFW2lYnFLoCZU3U3xMJ5lIOuK87OVY9OeuNxf+8Zqw6515CgyhWEJD0o07MLBVa40ysNhVAFBtogomgeleL9LDAROnkcjoEZ/bkeVI7KTmnJftWp3GJUmTRHsqjInLQGSqjG1RBVUTQI3pBb+jdeDJejQ/jM23NGNOZXfQHxtcPGaibOA==</latexit>

Riem(�� �̃) = 0



The Riemann-flat condition:

d�̃ = d�+ (�� �̃) ^ (�� �̃)
<latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit>

implies
<latexit sha1_base64="7BWYqovahcOHRH4+HQzPevEZHo8=">AAACBnicbVDLSsNAFJ3UV62vqEsRQotQEUsiiG6EogtdVrEPaEKZTG/boTNJmJkIJXTlxg/wJ9y4UMSt3+Cuf+O06UJbD1w4c869zL3HjxiVyrZHRmZhcWl5JbuaW1vf2Nwyt3dqMowFgSoJWSgaPpbAaABVRRWDRiQAc59B3e9fjf36AwhJw+BeDSLwOO4GtEMJVlpqmft3FHjRvcac42NXUdaGJH0NDy/sllmwS/YE1jxxpqRQzrtHz6PyoNIyv912SGIOgSIMS9l07Eh5CRaKEgbDnBtLiDDp4y40NQ0wB+klkzOG1oFW2lYnFLoCZU3U3xMJ5lIOuK87OVY9OeuNxf+8Zqw6515CgyhWEJD0o07MLBVa40ysNhVAFBtogomgeleL9LDAROnkcjoEZ/bkeVI7KTmnJftWp3GJUmTRHsqjInLQGSqjG1RBVUTQI3pBb+jdeDJejQ/jM23NGNOZXfQHxtcPGaibOA==</latexit>

Riem(�� �̃) = 0



The Riemann-flat condition:

d�̃ = d�+ (�� �̃) ^ (�� �̃)
<latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit>

…an equation for d�̃
<latexit sha1_base64="bv0ieOZd4019aReS0e/6PNUzH0Y=">AAAB+nicbZC9TsMwFIVvyl8pfymMLBYtElOVdIGxggHGItEWqYkqx3Faq3YS2Q6oCn0UFgYQYuVJ2Hgb3DYDtBzJ0qdz79W9PkHKmdKO822V1tY3NrfK25Wd3b39A7t62FVJJgntkIQn8j7AinIW045mmtP7VFIsAk57wfhqVu89UKlYEt/pSUp9gYcxixjB2lgDu1oPPc14SHPvGguBp/WBXXMazlxoFdwCalCoPbC/vDAhmaCxJhwr1XedVPs5lpoRTqcVL1M0xWSMh7RvMMaCKj+fnz5Fp8YJUZRI82KN5u7viRwLpSYiMJ0C65Fars3M/2r9TEcXfs7iNNM0JotFUcaRTtAsBxQySYnmEwOYSGZuRWSEJSbapFUxIbjLX16FbrPhGr5t1lqXRRxlOIYTOAMXzqEFN9CGDhB4hGd4hTfryXqx3q2PRWvJKmaO4I+szx+8iJOk</latexit><latexit sha1_base64="bv0ieOZd4019aReS0e/6PNUzH0Y=">AAAB+nicbZC9TsMwFIVvyl8pfymMLBYtElOVdIGxggHGItEWqYkqx3Faq3YS2Q6oCn0UFgYQYuVJ2Hgb3DYDtBzJ0qdz79W9PkHKmdKO822V1tY3NrfK25Wd3b39A7t62FVJJgntkIQn8j7AinIW045mmtP7VFIsAk57wfhqVu89UKlYEt/pSUp9gYcxixjB2lgDu1oPPc14SHPvGguBp/WBXXMazlxoFdwCalCoPbC/vDAhmaCxJhwr1XedVPs5lpoRTqcVL1M0xWSMh7RvMMaCKj+fnz5Fp8YJUZRI82KN5u7viRwLpSYiMJ0C65Fars3M/2r9TEcXfs7iNNM0JotFUcaRTtAsBxQySYnmEwOYSGZuRWSEJSbapFUxIbjLX16FbrPhGr5t1lqXRRxlOIYTOAMXzqEFN9CGDhB4hGd4hTfryXqx3q2PRWvJKmaO4I+szx+8iJOk</latexit><latexit sha1_base64="bv0ieOZd4019aReS0e/6PNUzH0Y=">AAAB+nicbZC9TsMwFIVvyl8pfymMLBYtElOVdIGxggHGItEWqYkqx3Faq3YS2Q6oCn0UFgYQYuVJ2Hgb3DYDtBzJ0qdz79W9PkHKmdKO822V1tY3NrfK25Wd3b39A7t62FVJJgntkIQn8j7AinIW045mmtP7VFIsAk57wfhqVu89UKlYEt/pSUp9gYcxixjB2lgDu1oPPc14SHPvGguBp/WBXXMazlxoFdwCalCoPbC/vDAhmaCxJhwr1XedVPs5lpoRTqcVL1M0xWSMh7RvMMaCKj+fnz5Fp8YJUZRI82KN5u7viRwLpSYiMJ0C65Fars3M/2r9TEcXfs7iNNM0JotFUcaRTtAsBxQySYnmEwOYSGZuRWSEJSbapFUxIbjLX16FbrPhGr5t1lqXRRxlOIYTOAMXzqEFN9CGDhB4hGd4hTfryXqx3q2PRWvJKmaO4I+szx+8iJOk</latexit><latexit sha1_base64="bv0ieOZd4019aReS0e/6PNUzH0Y=">AAAB+nicbZC9TsMwFIVvyl8pfymMLBYtElOVdIGxggHGItEWqYkqx3Faq3YS2Q6oCn0UFgYQYuVJ2Hgb3DYDtBzJ0qdz79W9PkHKmdKO822V1tY3NrfK25Wd3b39A7t62FVJJgntkIQn8j7AinIW045mmtP7VFIsAk57wfhqVu89UKlYEt/pSUp9gYcxixjB2lgDu1oPPc14SHPvGguBp/WBXXMazlxoFdwCalCoPbC/vDAhmaCxJhwr1XedVPs5lpoRTqcVL1M0xWSMh7RvMMaCKj+fnz5Fp8YJUZRI82KN5u7viRwLpSYiMJ0C65Fars3M/2r9TEcXfs7iNNM0JotFUcaRTtAsBxQySYnmEwOYSGZuRWSEJSbapFUxIbjLX16FbrPhGr5t1lqXRRxlOIYTOAMXzqEFN9CGDhB4hGd4hTfryXqx3q2PRWvJKmaO4I+szx+8iJOk</latexit>

implies
<latexit sha1_base64="7BWYqovahcOHRH4+HQzPevEZHo8=">AAACBnicbVDLSsNAFJ3UV62vqEsRQotQEUsiiG6EogtdVrEPaEKZTG/boTNJmJkIJXTlxg/wJ9y4UMSt3+Cuf+O06UJbD1w4c869zL3HjxiVyrZHRmZhcWl5JbuaW1vf2Nwyt3dqMowFgSoJWSgaPpbAaABVRRWDRiQAc59B3e9fjf36AwhJw+BeDSLwOO4GtEMJVlpqmft3FHjRvcac42NXUdaGJH0NDy/sllmwS/YE1jxxpqRQzrtHz6PyoNIyv912SGIOgSIMS9l07Eh5CRaKEgbDnBtLiDDp4y40NQ0wB+klkzOG1oFW2lYnFLoCZU3U3xMJ5lIOuK87OVY9OeuNxf+8Zqw6515CgyhWEJD0o07MLBVa40ysNhVAFBtogomgeleL9LDAROnkcjoEZ/bkeVI7KTmnJftWp3GJUmTRHsqjInLQGSqjG1RBVUTQI3pBb+jdeDJejQ/jM23NGNOZXfQHxtcPGaibOA==</latexit>

Riem(�� �̃) = 0



The Riemann-flat condition:

d�̃ = d�+ (�� �̃) ^ (�� �̃)
<latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit>

…an equation for d�̃
<latexit sha1_base64="bv0ieOZd4019aReS0e/6PNUzH0Y=">AAAB+nicbZC9TsMwFIVvyl8pfymMLBYtElOVdIGxggHGItEWqYkqx3Faq3YS2Q6oCn0UFgYQYuVJ2Hgb3DYDtBzJ0qdz79W9PkHKmdKO822V1tY3NrfK25Wd3b39A7t62FVJJgntkIQn8j7AinIW045mmtP7VFIsAk57wfhqVu89UKlYEt/pSUp9gYcxixjB2lgDu1oPPc14SHPvGguBp/WBXXMazlxoFdwCalCoPbC/vDAhmaCxJhwr1XedVPs5lpoRTqcVL1M0xWSMh7RvMMaCKj+fnz5Fp8YJUZRI82KN5u7viRwLpSYiMJ0C65Fars3M/2r9TEcXfs7iNNM0JotFUcaRTtAsBxQySYnmEwOYSGZuRWSEJSbapFUxIbjLX16FbrPhGr5t1lqXRRxlOIYTOAMXzqEFN9CGDhB4hGd4hTfryXqx3q2PRWvJKmaO4I+szx+8iJOk</latexit><latexit sha1_base64="bv0ieOZd4019aReS0e/6PNUzH0Y=">AAAB+nicbZC9TsMwFIVvyl8pfymMLBYtElOVdIGxggHGItEWqYkqx3Faq3YS2Q6oCn0UFgYQYuVJ2Hgb3DYDtBzJ0qdz79W9PkHKmdKO822V1tY3NrfK25Wd3b39A7t62FVJJgntkIQn8j7AinIW045mmtP7VFIsAk57wfhqVu89UKlYEt/pSUp9gYcxixjB2lgDu1oPPc14SHPvGguBp/WBXXMazlxoFdwCalCoPbC/vDAhmaCxJhwr1XedVPs5lpoRTqcVL1M0xWSMh7RvMMaCKj+fnz5Fp8YJUZRI82KN5u7viRwLpSYiMJ0C65Fars3M/2r9TEcXfs7iNNM0JotFUcaRTtAsBxQySYnmEwOYSGZuRWSEJSbapFUxIbjLX16FbrPhGr5t1lqXRRxlOIYTOAMXzqEFN9CGDhB4hGd4hTfryXqx3q2PRWvJKmaO4I+szx+8iJOk</latexit><latexit sha1_base64="bv0ieOZd4019aReS0e/6PNUzH0Y=">AAAB+nicbZC9TsMwFIVvyl8pfymMLBYtElOVdIGxggHGItEWqYkqx3Faq3YS2Q6oCn0UFgYQYuVJ2Hgb3DYDtBzJ0qdz79W9PkHKmdKO822V1tY3NrfK25Wd3b39A7t62FVJJgntkIQn8j7AinIW045mmtP7VFIsAk57wfhqVu89UKlYEt/pSUp9gYcxixjB2lgDu1oPPc14SHPvGguBp/WBXXMazlxoFdwCalCoPbC/vDAhmaCxJhwr1XedVPs5lpoRTqcVL1M0xWSMh7RvMMaCKj+fnz5Fp8YJUZRI82KN5u7viRwLpSYiMJ0C65Fars3M/2r9TEcXfs7iNNM0JotFUcaRTtAsBxQySYnmEwOYSGZuRWSEJSbapFUxIbjLX16FbrPhGr5t1lqXRRxlOIYTOAMXzqEFN9CGDhB4hGd4hTfryXqx3q2PRWvJKmaO4I+szx+8iJOk</latexit><latexit sha1_base64="bv0ieOZd4019aReS0e/6PNUzH0Y=">AAAB+nicbZC9TsMwFIVvyl8pfymMLBYtElOVdIGxggHGItEWqYkqx3Faq3YS2Q6oCn0UFgYQYuVJ2Hgb3DYDtBzJ0qdz79W9PkHKmdKO822V1tY3NrfK25Wd3b39A7t62FVJJgntkIQn8j7AinIW045mmtP7VFIsAk57wfhqVu89UKlYEt/pSUp9gYcxixjB2lgDu1oPPc14SHPvGguBp/WBXXMazlxoFdwCalCoPbC/vDAhmaCxJhwr1XedVPs5lpoRTqcVL1M0xWSMh7RvMMaCKj+fnz5Fp8YJUZRI82KN5u7viRwLpSYiMJ0C65Fars3M/2r9TEcXfs7iNNM0JotFUcaRTtAsBxQySYnmEwOYSGZuRWSEJSbapFUxIbjLX16FbrPhGr5t1lqXRRxlOIYTOAMXzqEFN9CGDhB4hGd4hTfryXqx3q2PRWvJKmaO4I+szx+8iJOk</latexit>

Augment to first order system… 

��̃ = h
<latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit>

d�̃ = d�+ (�� �̃) ^ (�� �̃)
<latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit>

implies
<latexit sha1_base64="7BWYqovahcOHRH4+HQzPevEZHo8=">AAACBnicbVDLSsNAFJ3UV62vqEsRQotQEUsiiG6EogtdVrEPaEKZTG/boTNJmJkIJXTlxg/wJ9y4UMSt3+Cuf+O06UJbD1w4c869zL3HjxiVyrZHRmZhcWl5JbuaW1vf2Nwyt3dqMowFgSoJWSgaPpbAaABVRRWDRiQAc59B3e9fjf36AwhJw+BeDSLwOO4GtEMJVlpqmft3FHjRvcac42NXUdaGJH0NDy/sllmwS/YE1jxxpqRQzrtHz6PyoNIyv912SGIOgSIMS9l07Eh5CRaKEgbDnBtLiDDp4y40NQ0wB+klkzOG1oFW2lYnFLoCZU3U3xMJ5lIOuK87OVY9OeuNxf+8Zqw6515CgyhWEJD0o07MLBVa40ysNhVAFBtogomgeleL9LDAROnkcjoEZ/bkeVI7KTmnJftWp3GJUmTRHsqjInLQGSqjG1RBVUTQI3pBb+jdeDJejQ/jM23NGNOZXfQHxtcPGaibOA==</latexit>

Riem(�� �̃) = 0



The Riemann-flat condition:

d�̃ = d�+ (�� �̃) ^ (�� �̃)
<latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit>

…an equation for d�̃
<latexit sha1_base64="bv0ieOZd4019aReS0e/6PNUzH0Y=">AAAB+nicbZC9TsMwFIVvyl8pfymMLBYtElOVdIGxggHGItEWqYkqx3Faq3YS2Q6oCn0UFgYQYuVJ2Hgb3DYDtBzJ0qdz79W9PkHKmdKO822V1tY3NrfK25Wd3b39A7t62FVJJgntkIQn8j7AinIW045mmtP7VFIsAk57wfhqVu89UKlYEt/pSUp9gYcxixjB2lgDu1oPPc14SHPvGguBp/WBXXMazlxoFdwCalCoPbC/vDAhmaCxJhwr1XedVPs5lpoRTqcVL1M0xWSMh7RvMMaCKj+fnz5Fp8YJUZRI82KN5u7viRwLpSYiMJ0C65Fars3M/2r9TEcXfs7iNNM0JotFUcaRTtAsBxQySYnmEwOYSGZuRWSEJSbapFUxIbjLX16FbrPhGr5t1lqXRRxlOIYTOAMXzqEFN9CGDhB4hGd4hTfryXqx3q2PRWvJKmaO4I+szx+8iJOk</latexit><latexit sha1_base64="bv0ieOZd4019aReS0e/6PNUzH0Y=">AAAB+nicbZC9TsMwFIVvyl8pfymMLBYtElOVdIGxggHGItEWqYkqx3Faq3YS2Q6oCn0UFgYQYuVJ2Hgb3DYDtBzJ0qdz79W9PkHKmdKO822V1tY3NrfK25Wd3b39A7t62FVJJgntkIQn8j7AinIW045mmtP7VFIsAk57wfhqVu89UKlYEt/pSUp9gYcxixjB2lgDu1oPPc14SHPvGguBp/WBXXMazlxoFdwCalCoPbC/vDAhmaCxJhwr1XedVPs5lpoRTqcVL1M0xWSMh7RvMMaCKj+fnz5Fp8YJUZRI82KN5u7viRwLpSYiMJ0C65Fars3M/2r9TEcXfs7iNNM0JotFUcaRTtAsBxQySYnmEwOYSGZuRWSEJSbapFUxIbjLX16FbrPhGr5t1lqXRRxlOIYTOAMXzqEFN9CGDhB4hGd4hTfryXqx3q2PRWvJKmaO4I+szx+8iJOk</latexit><latexit sha1_base64="bv0ieOZd4019aReS0e/6PNUzH0Y=">AAAB+nicbZC9TsMwFIVvyl8pfymMLBYtElOVdIGxggHGItEWqYkqx3Faq3YS2Q6oCn0UFgYQYuVJ2Hgb3DYDtBzJ0qdz79W9PkHKmdKO822V1tY3NrfK25Wd3b39A7t62FVJJgntkIQn8j7AinIW045mmtP7VFIsAk57wfhqVu89UKlYEt/pSUp9gYcxixjB2lgDu1oPPc14SHPvGguBp/WBXXMazlxoFdwCalCoPbC/vDAhmaCxJhwr1XedVPs5lpoRTqcVL1M0xWSMh7RvMMaCKj+fnz5Fp8YJUZRI82KN5u7viRwLpSYiMJ0C65Fars3M/2r9TEcXfs7iNNM0JotFUcaRTtAsBxQySYnmEwOYSGZuRWSEJSbapFUxIbjLX16FbrPhGr5t1lqXRRxlOIYTOAMXzqEFN9CGDhB4hGd4hTfryXqx3q2PRWvJKmaO4I+szx+8iJOk</latexit><latexit sha1_base64="bv0ieOZd4019aReS0e/6PNUzH0Y=">AAAB+nicbZC9TsMwFIVvyl8pfymMLBYtElOVdIGxggHGItEWqYkqx3Faq3YS2Q6oCn0UFgYQYuVJ2Hgb3DYDtBzJ0qdz79W9PkHKmdKO822V1tY3NrfK25Wd3b39A7t62FVJJgntkIQn8j7AinIW045mmtP7VFIsAk57wfhqVu89UKlYEt/pSUp9gYcxixjB2lgDu1oPPc14SHPvGguBp/WBXXMazlxoFdwCalCoPbC/vDAhmaCxJhwr1XedVPs5lpoRTqcVL1M0xWSMh7RvMMaCKj+fnz5Fp8YJUZRI82KN5u7viRwLpSYiMJ0C65Fars3M/2r9TEcXfs7iNNM0JotFUcaRTtAsBxQySYnmEwOYSGZuRWSEJSbapFUxIbjLX16FbrPhGr5t1lqXRRxlOIYTOAMXzqEFN9CGDhB4hGd4hTfryXqx3q2PRWvJKmaO4I+szx+8iJOk</latexit>

Augment to first order system… 

��̃ = h
<latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit>

d�̃ = d�+ (�� �̃) ^ (�� �̃)
<latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit>

   co-derivative of Euclidean coord metric 
<latexit sha1_base64="bm7UmfeQcaAqEAumxHGinOKeeTU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIrsqMILopFt24rGAv0A4lk8m0oZlMSDJCGfoQblwo4sKNb+Lejfg2ppeFtv4Q+Pj/c8g5J5ScaeN5387S8srq2nphw93c2t7ZLe7tN3SaKULrJOWpaoVYU84ErRtmOG1JRXESctoMB9fjvHlPlWapuDNDSYME9wSLGcHGWs1ORLnBlW6x5JW9idAi+DMoXX64Ffn25da6xc9OlJIsocIQjrVu+540QY6VYYTTkdvJNJWYDHCPti0KnFAd5JNxR+jYOhGKU2WfMGji/u7IcaL1MAltZYJNX89nY/O/rJ2Z+CLImZCZoYJMP4ozjkyKxrujiClKDB9awEQxOysifawwMfZCrj2CP7/yIjROy/5Z2bv1StUrmKoAh3AEJ+DDOVThBmpQBwIDeIAneHak8+i8OK/T0iVn1nMAf+S8/wB2PJKk</latexit>

� =

implies
<latexit sha1_base64="7BWYqovahcOHRH4+HQzPevEZHo8=">AAACBnicbVDLSsNAFJ3UV62vqEsRQotQEUsiiG6EogtdVrEPaEKZTG/boTNJmJkIJXTlxg/wJ9y4UMSt3+Cuf+O06UJbD1w4c869zL3HjxiVyrZHRmZhcWl5JbuaW1vf2Nwyt3dqMowFgSoJWSgaPpbAaABVRRWDRiQAc59B3e9fjf36AwhJw+BeDSLwOO4GtEMJVlpqmft3FHjRvcac42NXUdaGJH0NDy/sllmwS/YE1jxxpqRQzrtHz6PyoNIyv912SGIOgSIMS9l07Eh5CRaKEgbDnBtLiDDp4y40NQ0wB+klkzOG1oFW2lYnFLoCZU3U3xMJ5lIOuK87OVY9OeuNxf+8Zqw6515CgyhWEJD0o07MLBVa40ysNhVAFBtogomgeleL9LDAROnkcjoEZ/bkeVI7KTmnJftWp3GJUmTRHsqjInLQGSqjG1RBVUTQI3pBb+jdeDJejQ/jM23NGNOZXfQHxtcPGaibOA==</latexit>

Riem(�� �̃) = 0



The Riemann-flat condition:

d�̃ = d�+ (�� �̃) ^ (�� �̃)
<latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit>

…an equation for d�̃
<latexit sha1_base64="bv0ieOZd4019aReS0e/6PNUzH0Y=">AAAB+nicbZC9TsMwFIVvyl8pfymMLBYtElOVdIGxggHGItEWqYkqx3Faq3YS2Q6oCn0UFgYQYuVJ2Hgb3DYDtBzJ0qdz79W9PkHKmdKO822V1tY3NrfK25Wd3b39A7t62FVJJgntkIQn8j7AinIW045mmtP7VFIsAk57wfhqVu89UKlYEt/pSUp9gYcxixjB2lgDu1oPPc14SHPvGguBp/WBXXMazlxoFdwCalCoPbC/vDAhmaCxJhwr1XedVPs5lpoRTqcVL1M0xWSMh7RvMMaCKj+fnz5Fp8YJUZRI82KN5u7viRwLpSYiMJ0C65Fars3M/2r9TEcXfs7iNNM0JotFUcaRTtAsBxQySYnmEwOYSGZuRWSEJSbapFUxIbjLX16FbrPhGr5t1lqXRRxlOIYTOAMXzqEFN9CGDhB4hGd4hTfryXqx3q2PRWvJKmaO4I+szx+8iJOk</latexit><latexit sha1_base64="bv0ieOZd4019aReS0e/6PNUzH0Y=">AAAB+nicbZC9TsMwFIVvyl8pfymMLBYtElOVdIGxggHGItEWqYkqx3Faq3YS2Q6oCn0UFgYQYuVJ2Hgb3DYDtBzJ0qdz79W9PkHKmdKO822V1tY3NrfK25Wd3b39A7t62FVJJgntkIQn8j7AinIW045mmtP7VFIsAk57wfhqVu89UKlYEt/pSUp9gYcxixjB2lgDu1oPPc14SHPvGguBp/WBXXMazlxoFdwCalCoPbC/vDAhmaCxJhwr1XedVPs5lpoRTqcVL1M0xWSMh7RvMMaCKj+fnz5Fp8YJUZRI82KN5u7viRwLpSYiMJ0C65Fars3M/2r9TEcXfs7iNNM0JotFUcaRTtAsBxQySYnmEwOYSGZuRWSEJSbapFUxIbjLX16FbrPhGr5t1lqXRRxlOIYTOAMXzqEFN9CGDhB4hGd4hTfryXqx3q2PRWvJKmaO4I+szx+8iJOk</latexit><latexit sha1_base64="bv0ieOZd4019aReS0e/6PNUzH0Y=">AAAB+nicbZC9TsMwFIVvyl8pfymMLBYtElOVdIGxggHGItEWqYkqx3Faq3YS2Q6oCn0UFgYQYuVJ2Hgb3DYDtBzJ0qdz79W9PkHKmdKO822V1tY3NrfK25Wd3b39A7t62FVJJgntkIQn8j7AinIW045mmtP7VFIsAk57wfhqVu89UKlYEt/pSUp9gYcxixjB2lgDu1oPPc14SHPvGguBp/WBXXMazlxoFdwCalCoPbC/vDAhmaCxJhwr1XedVPs5lpoRTqcVL1M0xWSMh7RvMMaCKj+fnz5Fp8YJUZRI82KN5u7viRwLpSYiMJ0C65Fars3M/2r9TEcXfs7iNNM0JotFUcaRTtAsBxQySYnmEwOYSGZuRWSEJSbapFUxIbjLX16FbrPhGr5t1lqXRRxlOIYTOAMXzqEFN9CGDhB4hGd4hTfryXqx3q2PRWvJKmaO4I+szx+8iJOk</latexit><latexit sha1_base64="bv0ieOZd4019aReS0e/6PNUzH0Y=">AAAB+nicbZC9TsMwFIVvyl8pfymMLBYtElOVdIGxggHGItEWqYkqx3Faq3YS2Q6oCn0UFgYQYuVJ2Hgb3DYDtBzJ0qdz79W9PkHKmdKO822V1tY3NrfK25Wd3b39A7t62FVJJgntkIQn8j7AinIW045mmtP7VFIsAk57wfhqVu89UKlYEt/pSUp9gYcxixjB2lgDu1oPPc14SHPvGguBp/WBXXMazlxoFdwCalCoPbC/vDAhmaCxJhwr1XedVPs5lpoRTqcVL1M0xWSMh7RvMMaCKj+fnz5Fp8YJUZRI82KN5u7viRwLpSYiMJ0C65Fars3M/2r9TEcXfs7iNNM0JotFUcaRTtAsBxQySYnmEwOYSGZuRWSEJSbapFUxIbjLX16FbrPhGr5t1lqXRRxlOIYTOAMXzqEFN9CGDhB4hGd4hTfryXqx3q2PRWvJKmaO4I+szx+8iJOk</latexit>

Augment to first order system… 

��̃ = h
<latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit>

d�̃ = d�+ (�� �̃) ^ (�� �̃)
<latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit>

implies
<latexit sha1_base64="7BWYqovahcOHRH4+HQzPevEZHo8=">AAACBnicbVDLSsNAFJ3UV62vqEsRQotQEUsiiG6EogtdVrEPaEKZTG/boTNJmJkIJXTlxg/wJ9y4UMSt3+Cuf+O06UJbD1w4c869zL3HjxiVyrZHRmZhcWl5JbuaW1vf2Nwyt3dqMowFgSoJWSgaPpbAaABVRRWDRiQAc59B3e9fjf36AwhJw+BeDSLwOO4GtEMJVlpqmft3FHjRvcac42NXUdaGJH0NDy/sllmwS/YE1jxxpqRQzrtHz6PyoNIyv912SGIOgSIMS9l07Eh5CRaKEgbDnBtLiDDp4y40NQ0wB+klkzOG1oFW2lYnFLoCZU3U3xMJ5lIOuK87OVY9OeuNxf+8Zqw6515CgyhWEJD0o07MLBVa40ysNhVAFBtogomgeleL9LDAROnkcjoEZ/bkeVI7KTmnJftWp3GJUmTRHsqjInLQGSqjG1RBVUTQI3pBb+jdeDJejQ/jM23NGNOZXfQHxtcPGaibOA==</latexit>

Riem(�� �̃) = 0

“gauge freedom”



Yields 1st order Cauchy-Riemann system for 

��̃ = h
<latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit>

d�̃ = d�+ (�� �̃) ^ (�� �̃)
<latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit>

<latexit sha1_base64="BkHJl4Fbpv4SeMk3iFJqRuyH0X0=">AAAB9XicbVDLSsNAFJ34rPFVdekmWARXJRFEN2LRhS4r2Ac0sdxMJu3QmUmYmSgl9D/cuPCBWz/DvRvxb5w+Ftp64MLhnHu5954wZVRp1/225uYXFpeWCyv26tr6xmZxa7uukkxiUsMJS2QzBEUYFaSmqWakmUoCPGSkEfYuhn7jjkhFE3Gj+ykJOHQEjSkGbaRbX1MWkdy/BM5h0C6W3LI7gjNLvAkpnX3Yp+nLl11tFz/9KMEZJ0JjBkq1PDfVQQ5SU8zIwPYzRVLAPeiQlqECOFFBPrp64OwbJXLiRJoS2hmpvydy4Er1eWg6OeiumvaG4n9eK9PxSZBTkWaaCDxeFGfM0YkzjMCJqCRYs74hgCU1tzq4CxKwNkHZJgRv+uVZUj8se0dl99otVc7RGAW0i/bQAfLQMaqgK1RFNYSRRA/oCT1b99aj9Wq9jVvnrMnMDvoD6/0HJIyV7A==</latexit>

�̃



This is not a solvable system! 
<latexit sha1_base64="WDApZJWhLYbGHv1+DlXdV/LgNg8=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdQbQRgzZilYC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclp+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgFpkA8=</latexit>

J

��̃ = h
<latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit>

d�̃ = d�+ (�� �̃) ^ (�� �̃)
<latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit>

Yields 1st order Cauchy-Riemann system for 
<latexit sha1_base64="BkHJl4Fbpv4SeMk3iFJqRuyH0X0=">AAAB9XicbVDLSsNAFJ34rPFVdekmWARXJRFEN2LRhS4r2Ac0sdxMJu3QmUmYmSgl9D/cuPCBWz/DvRvxb5w+Ftp64MLhnHu5954wZVRp1/225uYXFpeWCyv26tr6xmZxa7uukkxiUsMJS2QzBEUYFaSmqWakmUoCPGSkEfYuhn7jjkhFE3Gj+ykJOHQEjSkGbaRbX1MWkdy/BM5h0C6W3LI7gjNLvAkpnX3Yp+nLl11tFz/9KMEZJ0JjBkq1PDfVQQ5SU8zIwPYzRVLAPeiQlqECOFFBPrp64OwbJXLiRJoS2hmpvydy4Er1eWg6OeiumvaG4n9eK9PxSZBTkWaaCDxeFGfM0YkzjMCJqCRYs74hgCU1tzq4CxKwNkHZJgRv+uVZUj8se0dl99otVc7RGAW0i/bQAfLQMaqgK1RFNYSRRA/oCT1b99aj9Wq9jVvnrMnMDvoD6/0HJIyV7A==</latexit>

�̃



This is not a solvable system! 

We look to use our equivalent Riemann-flat 
condition to couple this to an equation for  

<latexit sha1_base64="WDApZJWhLYbGHv1+DlXdV/LgNg8=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdQbQRgzZilYC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclp+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgFpkA8=</latexit>

J

��̃ = h
<latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit>

d�̃ = d�+ (�� �̃) ^ (�� �̃)
<latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit>

Yields 1st order Cauchy-Riemann system for 
<latexit sha1_base64="BkHJl4Fbpv4SeMk3iFJqRuyH0X0=">AAAB9XicbVDLSsNAFJ34rPFVdekmWARXJRFEN2LRhS4r2Ac0sdxMJu3QmUmYmSgl9D/cuPCBWz/DvRvxb5w+Ftp64MLhnHu5954wZVRp1/225uYXFpeWCyv26tr6xmZxa7uukkxiUsMJS2QzBEUYFaSmqWakmUoCPGSkEfYuhn7jjkhFE3Gj+ykJOHQEjSkGbaRbX1MWkdy/BM5h0C6W3LI7gjNLvAkpnX3Yp+nLl11tFz/9KMEZJ0JjBkq1PDfVQQ5SU8zIwPYzRVLAPeiQlqECOFFBPrp64OwbJXLiRJoS2hmpvydy4Er1eWg6OeiumvaG4n9eK9PxSZBTkWaaCDxeFGfM0YkzjMCJqCRYs74hgCU1tzq4CxKwNkHZJgRv+uVZUj8se0dl99otVc7RGAW0i/bQAfLQMaqgK1RFNYSRRA/oCT1b99aj9Wq9jVvnrMnMDvoD6/0HJIyV7A==</latexit>

�̃



This is not a solvable system! 

We look to use our equivalent Riemann-flat 
condition to couple this to an equation for  

<latexit sha1_base64="WDApZJWhLYbGHv1+DlXdV/LgNg8=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdQbQRgzZilYC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclp+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgFpkA8=</latexit>

J

J�1dJ = �� �̃
<latexit sha1_base64="8dBdxeQwUTjkUgAZgSB2ssF4afc=">AAACCXicbZC7TsMwFIadcivlFmBksWiRWFolXWBBqmAAdSoSvUhNqBzHaa3aSWQ7SFWUlYVXYWEAIVbegI23wW0zQMsvWfr8n3Nkn9+LGZXKsr6Nwsrq2vpGcbO0tb2zu2fuH3RklAhM2jhikeh5SBJGQ9JWVDHSiwVB3GOk642vpvXuAxGSRuGdmsTE5WgY0oBipLQ1MGGleZ9W7cxvXjjXiHNUdRRlPknnt6wyMMtWzZoJLoOdQxnkag3ML8ePcMJJqDBDUvZtK1ZuioSimJGs5CSSxAiP0ZD0NYaIE+mms00yeKIdHwaR0CdUcOb+nkgRl3LCPd3JkRrJxdrU/K/WT1Rw7qY0jBNFQjx/KEgYVBGcxgJ9KghWbKIBYUH1XyEeIYGw0uGVdAj24srL0KnXbM239XLjMo+jCI7AMTgFNjgDDXADWqANMHgEz+AVvBlPxovxbnzMWwtGPnMI/sj4/AHcXpkr</latexit><latexit sha1_base64="8dBdxeQwUTjkUgAZgSB2ssF4afc=">AAACCXicbZC7TsMwFIadcivlFmBksWiRWFolXWBBqmAAdSoSvUhNqBzHaa3aSWQ7SFWUlYVXYWEAIVbegI23wW0zQMsvWfr8n3Nkn9+LGZXKsr6Nwsrq2vpGcbO0tb2zu2fuH3RklAhM2jhikeh5SBJGQ9JWVDHSiwVB3GOk642vpvXuAxGSRuGdmsTE5WgY0oBipLQ1MGGleZ9W7cxvXjjXiHNUdRRlPknnt6wyMMtWzZoJLoOdQxnkag3ML8ePcMJJqDBDUvZtK1ZuioSimJGs5CSSxAiP0ZD0NYaIE+mms00yeKIdHwaR0CdUcOb+nkgRl3LCPd3JkRrJxdrU/K/WT1Rw7qY0jBNFQjx/KEgYVBGcxgJ9KghWbKIBYUH1XyEeIYGw0uGVdAj24srL0KnXbM239XLjMo+jCI7AMTgFNjgDDXADWqANMHgEz+AVvBlPxovxbnzMWwtGPnMI/sj4/AHcXpkr</latexit><latexit sha1_base64="8dBdxeQwUTjkUgAZgSB2ssF4afc=">AAACCXicbZC7TsMwFIadcivlFmBksWiRWFolXWBBqmAAdSoSvUhNqBzHaa3aSWQ7SFWUlYVXYWEAIVbegI23wW0zQMsvWfr8n3Nkn9+LGZXKsr6Nwsrq2vpGcbO0tb2zu2fuH3RklAhM2jhikeh5SBJGQ9JWVDHSiwVB3GOk642vpvXuAxGSRuGdmsTE5WgY0oBipLQ1MGGleZ9W7cxvXjjXiHNUdRRlPknnt6wyMMtWzZoJLoOdQxnkag3ML8ePcMJJqDBDUvZtK1ZuioSimJGs5CSSxAiP0ZD0NYaIE+mms00yeKIdHwaR0CdUcOb+nkgRl3LCPd3JkRrJxdrU/K/WT1Rw7qY0jBNFQjx/KEgYVBGcxgJ9KghWbKIBYUH1XyEeIYGw0uGVdAj24srL0KnXbM239XLjMo+jCI7AMTgFNjgDDXADWqANMHgEz+AVvBlPxovxbnzMWwtGPnMI/sj4/AHcXpkr</latexit><latexit sha1_base64="8dBdxeQwUTjkUgAZgSB2ssF4afc=">AAACCXicbZC7TsMwFIadcivlFmBksWiRWFolXWBBqmAAdSoSvUhNqBzHaa3aSWQ7SFWUlYVXYWEAIVbegI23wW0zQMsvWfr8n3Nkn9+LGZXKsr6Nwsrq2vpGcbO0tb2zu2fuH3RklAhM2jhikeh5SBJGQ9JWVDHSiwVB3GOk642vpvXuAxGSRuGdmsTE5WgY0oBipLQ1MGGleZ9W7cxvXjjXiHNUdRRlPknnt6wyMMtWzZoJLoOdQxnkag3ML8ePcMJJqDBDUvZtK1ZuioSimJGs5CSSxAiP0ZD0NYaIE+mms00yeKIdHwaR0CdUcOb+nkgRl3LCPd3JkRrJxdrU/K/WT1Rw7qY0jBNFQjx/KEgYVBGcxgJ9KghWbKIBYUH1XyEeIYGw0uGVdAj24srL0KnXbM239XLjMo+jCI7AMTgFNjgDDXADWqANMHgEz+AVvBlPxovxbnzMWwtGPnMI/sj4/AHcXpkr</latexit>

<latexit sha1_base64="SwaPwl3pI7iCObY/HJWz3xkvT8Q=">AAACBHicbVDLSsNAFJ3UV62vqMtuhhahIpZEEN0IRRdKVxXsA5pQJpNJO3QmCTMTIYQu3PgF/oMbF4q49SPc9W+cPhZaPXDhzDn3MvceL2ZUKssaG7ml5ZXVtfx6YWNza3vH3N1rySgRmDRxxCLR8ZAkjIakqahipBMLgrjHSNsbXk389j0RkkbhnUpj4nLUD2lAMVJa6plFv35RrzjXiHN07CjKfJLNXqPDnlm2qtYU8C+x56RcKzlHT+Na2uiZX44f4YSTUGGGpOzaVqzcDAlFMSOjgpNIEiM8RH3S1TREnEg3mx4xggda8WEQCV2hglP150SGuJQp93QnR2ogF72J+J/XTVRw7mY0jBNFQjz7KEgYVBGcJAJ9KghWLNUEYUH1rhAPkEBY6dwKOgR78eS/pHVStU+r1q1O4xLMkAdFUAIVYIMzUAM3oAGaAIMH8AxewZvxaLwY78bHrDVnzGf2wS8Yn9+IU5pf</latexit>

dJ = J(�� �̃)

��̃ = h
<latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit>

d�̃ = d�+ (�� �̃) ^ (�� �̃)
<latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit>

Yields 1st order Cauchy-Riemann system for 
<latexit sha1_base64="BkHJl4Fbpv4SeMk3iFJqRuyH0X0=">AAAB9XicbVDLSsNAFJ34rPFVdekmWARXJRFEN2LRhS4r2Ac0sdxMJu3QmUmYmSgl9D/cuPCBWz/DvRvxb5w+Ftp64MLhnHu5954wZVRp1/225uYXFpeWCyv26tr6xmZxa7uukkxiUsMJS2QzBEUYFaSmqWakmUoCPGSkEfYuhn7jjkhFE3Gj+ykJOHQEjSkGbaRbX1MWkdy/BM5h0C6W3LI7gjNLvAkpnX3Yp+nLl11tFz/9KMEZJ0JjBkq1PDfVQQ5SU8zIwPYzRVLAPeiQlqECOFFBPrp64OwbJXLiRJoS2hmpvydy4Er1eWg6OeiumvaG4n9eK9PxSZBTkWaaCDxeFGfM0YkzjMCJqCRYs74hgCU1tzq4CxKwNkHZJgRv+uVZUj8se0dl99otVc7RGAW0i/bQAfLQMaqgK1RFNYSRRA/oCT1b99aj9Wq9jVvnrMnMDvoD6/0HJIyV7A==</latexit>

�̃



We have: 

dJ = J(�� �̃)
<latexit sha1_base64="XPIJF8MakTIxtHQTizLxdrlJdsw=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMFWqAvLTDe6EYoulK4q2At0hpLJpG1okhmSjFCG7tz4Km5cKOLWV3Dn25i2s9DqD4Ev/zmH5PxBzKjSjvNl5ZaWV1bX8uuFjc2t7R17d6+lokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6mtbb90QqGok7PY6Jz9FA0D7FSBurZx+WQli/qJe9a8Q5OvU0ZSFJ57fJSalnF52KMxP8C24GRZCp0bM/vTDCCSdCY4aU6rpOrP0USU0xI5OClygSIzxCA9I1KBAnyk9ne0zgsXFC2I+kOULDmftzIkVcqTEPTCdHeqgWa1Pzv1o30f1zP6UiTjQReP5QP2FQR3AaCgypJFizsQGEJTV/hXiIJMLaRFcwIbiLK/+FVrXiGr6tFmuXWRx5cACOQBm44AzUwA1ogCbA4AE8gRfwaj1az9ab9T5vzVnZzD74JevjG4qDl9Q=</latexit><latexit sha1_base64="XPIJF8MakTIxtHQTizLxdrlJdsw=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMFWqAvLTDe6EYoulK4q2At0hpLJpG1okhmSjFCG7tz4Km5cKOLWV3Dn25i2s9DqD4Ev/zmH5PxBzKjSjvNl5ZaWV1bX8uuFjc2t7R17d6+lokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6mtbb90QqGok7PY6Jz9FA0D7FSBurZx+WQli/qJe9a8Q5OvU0ZSFJ57fJSalnF52KMxP8C24GRZCp0bM/vTDCCSdCY4aU6rpOrP0USU0xI5OClygSIzxCA9I1KBAnyk9ne0zgsXFC2I+kOULDmftzIkVcqTEPTCdHeqgWa1Pzv1o30f1zP6UiTjQReP5QP2FQR3AaCgypJFizsQGEJTV/hXiIJMLaRFcwIbiLK/+FVrXiGr6tFmuXWRx5cACOQBm44AzUwA1ogCbA4AE8gRfwaj1az9ab9T5vzVnZzD74JevjG4qDl9Q=</latexit><latexit sha1_base64="XPIJF8MakTIxtHQTizLxdrlJdsw=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMFWqAvLTDe6EYoulK4q2At0hpLJpG1okhmSjFCG7tz4Km5cKOLWV3Dn25i2s9DqD4Ev/zmH5PxBzKjSjvNl5ZaWV1bX8uuFjc2t7R17d6+lokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6mtbb90QqGok7PY6Jz9FA0D7FSBurZx+WQli/qJe9a8Q5OvU0ZSFJ57fJSalnF52KMxP8C24GRZCp0bM/vTDCCSdCY4aU6rpOrP0USU0xI5OClygSIzxCA9I1KBAnyk9ne0zgsXFC2I+kOULDmftzIkVcqTEPTCdHeqgWa1Pzv1o30f1zP6UiTjQReP5QP2FQR3AaCgypJFizsQGEJTV/hXiIJMLaRFcwIbiLK/+FVrXiGr6tFmuXWRx5cACOQBm44AzUwA1ogCbA4AE8gRfwaj1az9ab9T5vzVnZzD74JevjG4qDl9Q=</latexit><latexit sha1_base64="XPIJF8MakTIxtHQTizLxdrlJdsw=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMFWqAvLTDe6EYoulK4q2At0hpLJpG1okhmSjFCG7tz4Km5cKOLWV3Dn25i2s9DqD4Ev/zmH5PxBzKjSjvNl5ZaWV1bX8uuFjc2t7R17d6+lokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6mtbb90QqGok7PY6Jz9FA0D7FSBurZx+WQli/qJe9a8Q5OvU0ZSFJ57fJSalnF52KMxP8C24GRZCp0bM/vTDCCSdCY4aU6rpOrP0USU0xI5OClygSIzxCA9I1KBAnyk9ne0zgsXFC2I+kOULDmftzIkVcqTEPTCdHeqgWa1Pzv1o30f1zP6UiTjQReP5QP2FQR3AaCgypJFizsQGEJTV/hXiIJMLaRFcwIbiLK/+FVrXiGr6tFmuXWRx5cACOQBm44AzUwA1ogCbA4AE8gRfwaj1az9ab9T5vzVnZzD74JevjG4qDl9Q=</latexit>

��̃ = h
<latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit>

d�̃ = d�+ (�� �̃) ^ (�� �̃)
<latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit>



We have: 

dJ = J(�� �̃)
<latexit sha1_base64="XPIJF8MakTIxtHQTizLxdrlJdsw=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMFWqAvLTDe6EYoulK4q2At0hpLJpG1okhmSjFCG7tz4Km5cKOLWV3Dn25i2s9DqD4Ev/zmH5PxBzKjSjvNl5ZaWV1bX8uuFjc2t7R17d6+lokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6mtbb90QqGok7PY6Jz9FA0D7FSBurZx+WQli/qJe9a8Q5OvU0ZSFJ57fJSalnF52KMxP8C24GRZCp0bM/vTDCCSdCY4aU6rpOrP0USU0xI5OClygSIzxCA9I1KBAnyk9ne0zgsXFC2I+kOULDmftzIkVcqTEPTCdHeqgWa1Pzv1o30f1zP6UiTjQReP5QP2FQR3AaCgypJFizsQGEJTV/hXiIJMLaRFcwIbiLK/+FVrXiGr6tFmuXWRx5cACOQBm44AzUwA1ogCbA4AE8gRfwaj1az9ab9T5vzVnZzD74JevjG4qDl9Q=</latexit><latexit sha1_base64="XPIJF8MakTIxtHQTizLxdrlJdsw=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMFWqAvLTDe6EYoulK4q2At0hpLJpG1okhmSjFCG7tz4Km5cKOLWV3Dn25i2s9DqD4Ev/zmH5PxBzKjSjvNl5ZaWV1bX8uuFjc2t7R17d6+lokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6mtbb90QqGok7PY6Jz9FA0D7FSBurZx+WQli/qJe9a8Q5OvU0ZSFJ57fJSalnF52KMxP8C24GRZCp0bM/vTDCCSdCY4aU6rpOrP0USU0xI5OClygSIzxCA9I1KBAnyk9ne0zgsXFC2I+kOULDmftzIkVcqTEPTCdHeqgWa1Pzv1o30f1zP6UiTjQReP5QP2FQR3AaCgypJFizsQGEJTV/hXiIJMLaRFcwIbiLK/+FVrXiGr6tFmuXWRx5cACOQBm44AzUwA1ogCbA4AE8gRfwaj1az9ab9T5vzVnZzD74JevjG4qDl9Q=</latexit><latexit sha1_base64="XPIJF8MakTIxtHQTizLxdrlJdsw=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMFWqAvLTDe6EYoulK4q2At0hpLJpG1okhmSjFCG7tz4Km5cKOLWV3Dn25i2s9DqD4Ev/zmH5PxBzKjSjvNl5ZaWV1bX8uuFjc2t7R17d6+lokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6mtbb90QqGok7PY6Jz9FA0D7FSBurZx+WQli/qJe9a8Q5OvU0ZSFJ57fJSalnF52KMxP8C24GRZCp0bM/vTDCCSdCY4aU6rpOrP0USU0xI5OClygSIzxCA9I1KBAnyk9ne0zgsXFC2I+kOULDmftzIkVcqTEPTCdHeqgWa1Pzv1o30f1zP6UiTjQReP5QP2FQR3AaCgypJFizsQGEJTV/hXiIJMLaRFcwIbiLK/+FVrXiGr6tFmuXWRx5cACOQBm44AzUwA1ogCbA4AE8gRfwaj1az9ab9T5vzVnZzD74JevjG4qDl9Q=</latexit><latexit sha1_base64="XPIJF8MakTIxtHQTizLxdrlJdsw=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMFWqAvLTDe6EYoulK4q2At0hpLJpG1okhmSjFCG7tz4Km5cKOLWV3Dn25i2s9DqD4Ev/zmH5PxBzKjSjvNl5ZaWV1bX8uuFjc2t7R17d6+lokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6mtbb90QqGok7PY6Jz9FA0D7FSBurZx+WQli/qJe9a8Q5OvU0ZSFJ57fJSalnF52KMxP8C24GRZCp0bM/vTDCCSdCY4aU6rpOrP0USU0xI5OClygSIzxCA9I1KBAnyk9ne0zgsXFC2I+kOULDmftzIkVcqTEPTCdHeqgWa1Pzv1o30f1zP6UiTjQReP5QP2FQR3AaCgypJFizsQGEJTV/hXiIJMLaRFcwIbiLK/+FVrXiGr6tFmuXWRx5cACOQBm44AzUwA1ogCbA4AE8gRfwaj1az9ab9T5vzVnZzD74JevjG4qDl9Q=</latexit>

��̃ = h
<latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit>

d�̃ = d�+ (�� �̃) ^ (�� �̃)
<latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit>

(for 0-forms) �J = 0
<latexit sha1_base64="MiXUHfapxjzsryGUseNl0Y8Mv1g=">AAAB8XicbZBNS8NAEIY39avWr6pHL4tF8FQSEfQiFL2Ipwr2A9tQNptpu3SzCbsToYT+Cy8eFPHqv/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12Ciura+sbxc3S1vbO7l55/6Bp4lRzaPBYxrodMANSKGigQAntRAOLAgmtYHQzrbeeQBsRqwccJ+BHbKBEX3CG1nrshiCR0bsrt1euuFV3JroMXg4VkqveK391w5inESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42WzjCT2xTkj7sbZPIZ25vycyFhkzjgLbGTEcmsXa1Pyv1kmxf+lnQiUpguLzj/qppBjT6fk0FBo4yrEFxrWwu1I+ZJpxtCGVbAje4snL0Dyrepbvzyu16zyOIjkix+SUeOSC1MgtqZMG4USRZ/JK3hzjvDjvzse8teDkM4fkj5zPH3YVkBs=</latexit><latexit sha1_base64="MiXUHfapxjzsryGUseNl0Y8Mv1g=">AAAB8XicbZBNS8NAEIY39avWr6pHL4tF8FQSEfQiFL2Ipwr2A9tQNptpu3SzCbsToYT+Cy8eFPHqv/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12Ciura+sbxc3S1vbO7l55/6Bp4lRzaPBYxrodMANSKGigQAntRAOLAgmtYHQzrbeeQBsRqwccJ+BHbKBEX3CG1nrshiCR0bsrt1euuFV3JroMXg4VkqveK391w5inESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42WzjCT2xTkj7sbZPIZ25vycyFhkzjgLbGTEcmsXa1Pyv1kmxf+lnQiUpguLzj/qppBjT6fk0FBo4yrEFxrWwu1I+ZJpxtCGVbAje4snL0Dyrepbvzyu16zyOIjkix+SUeOSC1MgtqZMG4USRZ/JK3hzjvDjvzse8teDkM4fkj5zPH3YVkBs=</latexit><latexit sha1_base64="MiXUHfapxjzsryGUseNl0Y8Mv1g=">AAAB8XicbZBNS8NAEIY39avWr6pHL4tF8FQSEfQiFL2Ipwr2A9tQNptpu3SzCbsToYT+Cy8eFPHqv/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12Ciura+sbxc3S1vbO7l55/6Bp4lRzaPBYxrodMANSKGigQAntRAOLAgmtYHQzrbeeQBsRqwccJ+BHbKBEX3CG1nrshiCR0bsrt1euuFV3JroMXg4VkqveK391w5inESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42WzjCT2xTkj7sbZPIZ25vycyFhkzjgLbGTEcmsXa1Pyv1kmxf+lnQiUpguLzj/qppBjT6fk0FBo4yrEFxrWwu1I+ZJpxtCGVbAje4snL0Dyrepbvzyu16zyOIjkix+SUeOSC1MgtqZMG4USRZ/JK3hzjvDjvzse8teDkM4fkj5zPH3YVkBs=</latexit><latexit sha1_base64="MiXUHfapxjzsryGUseNl0Y8Mv1g=">AAAB8XicbZBNS8NAEIY39avWr6pHL4tF8FQSEfQiFL2Ipwr2A9tQNptpu3SzCbsToYT+Cy8eFPHqv/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12Ciura+sbxc3S1vbO7l55/6Bp4lRzaPBYxrodMANSKGigQAntRAOLAgmtYHQzrbeeQBsRqwccJ+BHbKBEX3CG1nrshiCR0bsrt1euuFV3JroMXg4VkqveK391w5inESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42WzjCT2xTkj7sbZPIZ25vycyFhkzjgLbGTEcmsXa1Pyv1kmxf+lnQiUpguLzj/qppBjT6fk0FBo4yrEFxrWwu1I+ZJpxtCGVbAje4snL0Dyrepbvzyu16zyOIjkix+SUeOSC1MgtqZMG4USRZ/JK3hzjvDjvzse8teDkM4fkj5zPH3YVkBs=</latexit>



We now construct a closed system in           (�̃, J)
<latexit sha1_base64="J55b2yxNSSuPlFRJg7+giSsBZK4=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ARboYKUmW50WXShuKpgL9AZSiaTaUOTzJBkhDoUX8WNC0Xc+h7ufBvTdhZa/SHw8Z9zOCd/kDCqtON8WYWl5ZXVteJ6aWNza3vH3t1rqziVmLRwzGLZDZAijArS0lQz0k0kQTxgpBOMLqf1zj2RisbiTo8T4nM0EDSiGGlj9e2DStXTlIUk864Q52hyenNS6dtlp+bMBP+Cm0MZ5Gr27U8vjHHKidCYIaV6rpNoP0NSU8zIpOSliiQIj9CA9AwKxInys9n1E3hsnBBGsTRPaDhzf05kiCs15oHp5EgP1WJtav5X66U6OvczKpJUE4Hni6KUQR3DaRQwpJJgzcYGEJbU3ArxEEmEtQmsZEJwF7/8F9r1mmv4tl5uXORxFMEhOAJV4IIz0ADXoAlaAIMH8ARewKv1aD1bb9b7vLVg5TP74Jesj2/RopQl</latexit><latexit sha1_base64="J55b2yxNSSuPlFRJg7+giSsBZK4=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ARboYKUmW50WXShuKpgL9AZSiaTaUOTzJBkhDoUX8WNC0Xc+h7ufBvTdhZa/SHw8Z9zOCd/kDCqtON8WYWl5ZXVteJ6aWNza3vH3t1rqziVmLRwzGLZDZAijArS0lQz0k0kQTxgpBOMLqf1zj2RisbiTo8T4nM0EDSiGGlj9e2DStXTlIUk864Q52hyenNS6dtlp+bMBP+Cm0MZ5Gr27U8vjHHKidCYIaV6rpNoP0NSU8zIpOSliiQIj9CA9AwKxInys9n1E3hsnBBGsTRPaDhzf05kiCs15oHp5EgP1WJtav5X66U6OvczKpJUE4Hni6KUQR3DaRQwpJJgzcYGEJbU3ArxEEmEtQmsZEJwF7/8F9r1mmv4tl5uXORxFMEhOAJV4IIz0ADXoAlaAIMH8ARewKv1aD1bb9b7vLVg5TP74Jesj2/RopQl</latexit><latexit sha1_base64="J55b2yxNSSuPlFRJg7+giSsBZK4=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ARboYKUmW50WXShuKpgL9AZSiaTaUOTzJBkhDoUX8WNC0Xc+h7ufBvTdhZa/SHw8Z9zOCd/kDCqtON8WYWl5ZXVteJ6aWNza3vH3t1rqziVmLRwzGLZDZAijArS0lQz0k0kQTxgpBOMLqf1zj2RisbiTo8T4nM0EDSiGGlj9e2DStXTlIUk864Q52hyenNS6dtlp+bMBP+Cm0MZ5Gr27U8vjHHKidCYIaV6rpNoP0NSU8zIpOSliiQIj9CA9AwKxInys9n1E3hsnBBGsTRPaDhzf05kiCs15oHp5EgP1WJtav5X66U6OvczKpJUE4Hni6KUQR3DaRQwpJJgzcYGEJbU3ArxEEmEtQmsZEJwF7/8F9r1mmv4tl5uXORxFMEhOAJV4IIz0ADXoAlaAIMH8ARewKv1aD1bb9b7vLVg5TP74Jesj2/RopQl</latexit><latexit sha1_base64="J55b2yxNSSuPlFRJg7+giSsBZK4=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ARboYKUmW50WXShuKpgL9AZSiaTaUOTzJBkhDoUX8WNC0Xc+h7ufBvTdhZa/SHw8Z9zOCd/kDCqtON8WYWl5ZXVteJ6aWNza3vH3t1rqziVmLRwzGLZDZAijArS0lQz0k0kQTxgpBOMLqf1zj2RisbiTo8T4nM0EDSiGGlj9e2DStXTlIUk864Q52hyenNS6dtlp+bMBP+Cm0MZ5Gr27U8vjHHKidCYIaV6rpNoP0NSU8zIpOSliiQIj9CA9AwKxInys9n1E3hsnBBGsTRPaDhzf05kiCs15oHp5EgP1WJtav5X66U6OvczKpJUE4Hni6KUQR3DaRQwpJJgzcYGEJbU3ArxEEmEtQmsZEJwF7/8F9r1mmv4tl5uXORxFMEhOAJV4IIz0ADXoAlaAIMH8ARewKv1aD1bb9b7vLVg5TP74Jesj2/RopQl</latexit>

dJ = J(�� �̃)
<latexit sha1_base64="XPIJF8MakTIxtHQTizLxdrlJdsw=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMFWqAvLTDe6EYoulK4q2At0hpLJpG1okhmSjFCG7tz4Km5cKOLWV3Dn25i2s9DqD4Ev/zmH5PxBzKjSjvNl5ZaWV1bX8uuFjc2t7R17d6+lokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6mtbb90QqGok7PY6Jz9FA0D7FSBurZx+WQli/qJe9a8Q5OvU0ZSFJ57fJSalnF52KMxP8C24GRZCp0bM/vTDCCSdCY4aU6rpOrP0USU0xI5OClygSIzxCA9I1KBAnyk9ne0zgsXFC2I+kOULDmftzIkVcqTEPTCdHeqgWa1Pzv1o30f1zP6UiTjQReP5QP2FQR3AaCgypJFizsQGEJTV/hXiIJMLaRFcwIbiLK/+FVrXiGr6tFmuXWRx5cACOQBm44AzUwA1ogCbA4AE8gRfwaj1az9ab9T5vzVnZzD74JevjG4qDl9Q=</latexit><latexit sha1_base64="XPIJF8MakTIxtHQTizLxdrlJdsw=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMFWqAvLTDe6EYoulK4q2At0hpLJpG1okhmSjFCG7tz4Km5cKOLWV3Dn25i2s9DqD4Ev/zmH5PxBzKjSjvNl5ZaWV1bX8uuFjc2t7R17d6+lokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6mtbb90QqGok7PY6Jz9FA0D7FSBurZx+WQli/qJe9a8Q5OvU0ZSFJ57fJSalnF52KMxP8C24GRZCp0bM/vTDCCSdCY4aU6rpOrP0USU0xI5OClygSIzxCA9I1KBAnyk9ne0zgsXFC2I+kOULDmftzIkVcqTEPTCdHeqgWa1Pzv1o30f1zP6UiTjQReP5QP2FQR3AaCgypJFizsQGEJTV/hXiIJMLaRFcwIbiLK/+FVrXiGr6tFmuXWRx5cACOQBm44AzUwA1ogCbA4AE8gRfwaj1az9ab9T5vzVnZzD74JevjG4qDl9Q=</latexit><latexit sha1_base64="XPIJF8MakTIxtHQTizLxdrlJdsw=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMFWqAvLTDe6EYoulK4q2At0hpLJpG1okhmSjFCG7tz4Km5cKOLWV3Dn25i2s9DqD4Ev/zmH5PxBzKjSjvNl5ZaWV1bX8uuFjc2t7R17d6+lokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6mtbb90QqGok7PY6Jz9FA0D7FSBurZx+WQli/qJe9a8Q5OvU0ZSFJ57fJSalnF52KMxP8C24GRZCp0bM/vTDCCSdCY4aU6rpOrP0USU0xI5OClygSIzxCA9I1KBAnyk9ne0zgsXFC2I+kOULDmftzIkVcqTEPTCdHeqgWa1Pzv1o30f1zP6UiTjQReP5QP2FQR3AaCgypJFizsQGEJTV/hXiIJMLaRFcwIbiLK/+FVrXiGr6tFmuXWRx5cACOQBm44AzUwA1ogCbA4AE8gRfwaj1az9ab9T5vzVnZzD74JevjG4qDl9Q=</latexit><latexit sha1_base64="XPIJF8MakTIxtHQTizLxdrlJdsw=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMFWqAvLTDe6EYoulK4q2At0hpLJpG1okhmSjFCG7tz4Km5cKOLWV3Dn25i2s9DqD4Ev/zmH5PxBzKjSjvNl5ZaWV1bX8uuFjc2t7R17d6+lokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6mtbb90QqGok7PY6Jz9FA0D7FSBurZx+WQli/qJe9a8Q5OvU0ZSFJ57fJSalnF52KMxP8C24GRZCp0bM/vTDCCSdCY4aU6rpOrP0USU0xI5OClygSIzxCA9I1KBAnyk9ne0zgsXFC2I+kOULDmftzIkVcqTEPTCdHeqgWa1Pzv1o30f1zP6UiTjQReP5QP2FQR3AaCgypJFizsQGEJTV/hXiIJMLaRFcwIbiLK/+FVrXiGr6tFmuXWRx5cACOQBm44AzUwA1ogCbA4AE8gRfwaj1az9ab9T5vzVnZzD74JevjG4qDl9Q=</latexit>

��̃ = h
<latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit>

d�̃ = d�+ (�� �̃) ^ (�� �̃)
<latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit>

(They start out as equivalent!) 

We have: 

(for 0-forms) �J = 0
<latexit sha1_base64="MiXUHfapxjzsryGUseNl0Y8Mv1g=">AAAB8XicbZBNS8NAEIY39avWr6pHL4tF8FQSEfQiFL2Ipwr2A9tQNptpu3SzCbsToYT+Cy8eFPHqv/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12Ciura+sbxc3S1vbO7l55/6Bp4lRzaPBYxrodMANSKGigQAntRAOLAgmtYHQzrbeeQBsRqwccJ+BHbKBEX3CG1nrshiCR0bsrt1euuFV3JroMXg4VkqveK391w5inESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42WzjCT2xTkj7sbZPIZ25vycyFhkzjgLbGTEcmsXa1Pyv1kmxf+lnQiUpguLzj/qppBjT6fk0FBo4yrEFxrWwu1I+ZJpxtCGVbAje4snL0Dyrepbvzyu16zyOIjkix+SUeOSC1MgtqZMG4USRZ/JK3hzjvDjvzse8teDkM4fkj5zPH3YVkBs=</latexit><latexit sha1_base64="MiXUHfapxjzsryGUseNl0Y8Mv1g=">AAAB8XicbZBNS8NAEIY39avWr6pHL4tF8FQSEfQiFL2Ipwr2A9tQNptpu3SzCbsToYT+Cy8eFPHqv/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12Ciura+sbxc3S1vbO7l55/6Bp4lRzaPBYxrodMANSKGigQAntRAOLAgmtYHQzrbeeQBsRqwccJ+BHbKBEX3CG1nrshiCR0bsrt1euuFV3JroMXg4VkqveK391w5inESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42WzjCT2xTkj7sbZPIZ25vycyFhkzjgLbGTEcmsXa1Pyv1kmxf+lnQiUpguLzj/qppBjT6fk0FBo4yrEFxrWwu1I+ZJpxtCGVbAje4snL0Dyrepbvzyu16zyOIjkix+SUeOSC1MgtqZMG4USRZ/JK3hzjvDjvzse8teDkM4fkj5zPH3YVkBs=</latexit><latexit sha1_base64="MiXUHfapxjzsryGUseNl0Y8Mv1g=">AAAB8XicbZBNS8NAEIY39avWr6pHL4tF8FQSEfQiFL2Ipwr2A9tQNptpu3SzCbsToYT+Cy8eFPHqv/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12Ciura+sbxc3S1vbO7l55/6Bp4lRzaPBYxrodMANSKGigQAntRAOLAgmtYHQzrbeeQBsRqwccJ+BHbKBEX3CG1nrshiCR0bsrt1euuFV3JroMXg4VkqveK391w5inESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42WzjCT2xTkj7sbZPIZ25vycyFhkzjgLbGTEcmsXa1Pyv1kmxf+lnQiUpguLzj/qppBjT6fk0FBo4yrEFxrWwu1I+ZJpxtCGVbAje4snL0Dyrepbvzyu16zyOIjkix+SUeOSC1MgtqZMG4USRZ/JK3hzjvDjvzse8teDkM4fkj5zPH3YVkBs=</latexit><latexit sha1_base64="MiXUHfapxjzsryGUseNl0Y8Mv1g=">AAAB8XicbZBNS8NAEIY39avWr6pHL4tF8FQSEfQiFL2Ipwr2A9tQNptpu3SzCbsToYT+Cy8eFPHqv/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12Ciura+sbxc3S1vbO7l55/6Bp4lRzaPBYxrodMANSKGigQAntRAOLAgmtYHQzrbeeQBsRqwccJ+BHbKBEX3CG1nrshiCR0bsrt1euuFV3JroMXg4VkqveK391w5inESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42WzjCT2xTkj7sbZPIZ25vycyFhkzjgLbGTEcmsXa1Pyv1kmxf+lnQiUpguLzj/qppBjT6fk0FBo4yrEFxrWwu1I+ZJpxtCGVbAje4snL0Dyrepbvzyu16zyOIjkix+SUeOSC1MgtqZMG4USRZ/JK3hzjvDjvzse8teDkM4fkj5zPH3YVkBs=</latexit>

from these 2 forms of Riemann-flat condition           



dJ = J(�� �̃)
<latexit sha1_base64="XPIJF8MakTIxtHQTizLxdrlJdsw=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMFWqAvLTDe6EYoulK4q2At0hpLJpG1okhmSjFCG7tz4Km5cKOLWV3Dn25i2s9DqD4Ev/zmH5PxBzKjSjvNl5ZaWV1bX8uuFjc2t7R17d6+lokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6mtbb90QqGok7PY6Jz9FA0D7FSBurZx+WQli/qJe9a8Q5OvU0ZSFJ57fJSalnF52KMxP8C24GRZCp0bM/vTDCCSdCY4aU6rpOrP0USU0xI5OClygSIzxCA9I1KBAnyk9ne0zgsXFC2I+kOULDmftzIkVcqTEPTCdHeqgWa1Pzv1o30f1zP6UiTjQReP5QP2FQR3AaCgypJFizsQGEJTV/hXiIJMLaRFcwIbiLK/+FVrXiGr6tFmuXWRx5cACOQBm44AzUwA1ogCbA4AE8gRfwaj1az9ab9T5vzVnZzD74JevjG4qDl9Q=</latexit><latexit sha1_base64="XPIJF8MakTIxtHQTizLxdrlJdsw=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMFWqAvLTDe6EYoulK4q2At0hpLJpG1okhmSjFCG7tz4Km5cKOLWV3Dn25i2s9DqD4Ev/zmH5PxBzKjSjvNl5ZaWV1bX8uuFjc2t7R17d6+lokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6mtbb90QqGok7PY6Jz9FA0D7FSBurZx+WQli/qJe9a8Q5OvU0ZSFJ57fJSalnF52KMxP8C24GRZCp0bM/vTDCCSdCY4aU6rpOrP0USU0xI5OClygSIzxCA9I1KBAnyk9ne0zgsXFC2I+kOULDmftzIkVcqTEPTCdHeqgWa1Pzv1o30f1zP6UiTjQReP5QP2FQR3AaCgypJFizsQGEJTV/hXiIJMLaRFcwIbiLK/+FVrXiGr6tFmuXWRx5cACOQBm44AzUwA1ogCbA4AE8gRfwaj1az9ab9T5vzVnZzD74JevjG4qDl9Q=</latexit><latexit sha1_base64="XPIJF8MakTIxtHQTizLxdrlJdsw=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMFWqAvLTDe6EYoulK4q2At0hpLJpG1okhmSjFCG7tz4Km5cKOLWV3Dn25i2s9DqD4Ev/zmH5PxBzKjSjvNl5ZaWV1bX8uuFjc2t7R17d6+lokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6mtbb90QqGok7PY6Jz9FA0D7FSBurZx+WQli/qJe9a8Q5OvU0ZSFJ57fJSalnF52KMxP8C24GRZCp0bM/vTDCCSdCY4aU6rpOrP0USU0xI5OClygSIzxCA9I1KBAnyk9ne0zgsXFC2I+kOULDmftzIkVcqTEPTCdHeqgWa1Pzv1o30f1zP6UiTjQReP5QP2FQR3AaCgypJFizsQGEJTV/hXiIJMLaRFcwIbiLK/+FVrXiGr6tFmuXWRx5cACOQBm44AzUwA1ogCbA4AE8gRfwaj1az9ab9T5vzVnZzD74JevjG4qDl9Q=</latexit><latexit sha1_base64="XPIJF8MakTIxtHQTizLxdrlJdsw=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMFWqAvLTDe6EYoulK4q2At0hpLJpG1okhmSjFCG7tz4Km5cKOLWV3Dn25i2s9DqD4Ev/zmH5PxBzKjSjvNl5ZaWV1bX8uuFjc2t7R17d6+lokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6mtbb90QqGok7PY6Jz9FA0D7FSBurZx+WQli/qJe9a8Q5OvU0ZSFJ57fJSalnF52KMxP8C24GRZCp0bM/vTDCCSdCY4aU6rpOrP0USU0xI5OClygSIzxCA9I1KBAnyk9ne0zgsXFC2I+kOULDmftzIkVcqTEPTCdHeqgWa1Pzv1o30f1zP6UiTjQReP5QP2FQR3AaCgypJFizsQGEJTV/hXiIJMLaRFcwIbiLK/+FVrXiGr6tFmuXWRx5cACOQBm44AzUwA1ogCbA4AE8gRfwaj1az9ab9T5vzVnZzD74JevjG4qDl9Q=</latexit>

��̃ = h
<latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit>

d�̃ = d�+ (�� �̃) ^ (�� �̃)
<latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit>

To break the equivalence, apply                    to � = d� + �d
<latexit sha1_base64="p2X8RxHeZ1eNKJwbMPLPmsGH/Pk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM9gKglCSbnQjFHXhsoJ9QBPKZDJph04ezNwIJRQ3/oobF4q49Svc+TdO2iy0emC4h3Pu5c49XiK4Asv6MkpLyyura+X1ysbm1vaOubvXUXEqKWvTWMSy5xHFBI9YGzgI1kskI6EnWNcbX+V+955JxePoDiYJc0MyjHjAKQEtDcyDmnPNBJAL3/Hzejov2K8NzKpVt2bAf4ldkCoq0BqYn44f0zRkEVBBlOrbVgJuRiRwKti04qSKJYSOyZD1NY1IyJSbzU6Y4mOt+DiIpX4R4Jn6cyIjoVKT0NOdIYGRWvRy8T+vn0Jw7mY8SlJgEZ0vClKBIcZ5HtjnklEQE00IlVz/FdMRkYSCTq2iQ7AXT/5LOo26rflto9q8LOIoo0N0hE6Qjc5QE92gFmojih7QE3pBr8aj8Wy8Ge/z1pJRzOyjXzA+vgGryJZN</latexit><latexit sha1_base64="p2X8RxHeZ1eNKJwbMPLPmsGH/Pk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM9gKglCSbnQjFHXhsoJ9QBPKZDJph04ezNwIJRQ3/oobF4q49Svc+TdO2iy0emC4h3Pu5c49XiK4Asv6MkpLyyura+X1ysbm1vaOubvXUXEqKWvTWMSy5xHFBI9YGzgI1kskI6EnWNcbX+V+955JxePoDiYJc0MyjHjAKQEtDcyDmnPNBJAL3/Hzejov2K8NzKpVt2bAf4ldkCoq0BqYn44f0zRkEVBBlOrbVgJuRiRwKti04qSKJYSOyZD1NY1IyJSbzU6Y4mOt+DiIpX4R4Jn6cyIjoVKT0NOdIYGRWvRy8T+vn0Jw7mY8SlJgEZ0vClKBIcZ5HtjnklEQE00IlVz/FdMRkYSCTq2iQ7AXT/5LOo26rflto9q8LOIoo0N0hE6Qjc5QE92gFmojih7QE3pBr8aj8Wy8Ge/z1pJRzOyjXzA+vgGryJZN</latexit><latexit sha1_base64="p2X8RxHeZ1eNKJwbMPLPmsGH/Pk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM9gKglCSbnQjFHXhsoJ9QBPKZDJph04ezNwIJRQ3/oobF4q49Svc+TdO2iy0emC4h3Pu5c49XiK4Asv6MkpLyyura+X1ysbm1vaOubvXUXEqKWvTWMSy5xHFBI9YGzgI1kskI6EnWNcbX+V+955JxePoDiYJc0MyjHjAKQEtDcyDmnPNBJAL3/Hzejov2K8NzKpVt2bAf4ldkCoq0BqYn44f0zRkEVBBlOrbVgJuRiRwKti04qSKJYSOyZD1NY1IyJSbzU6Y4mOt+DiIpX4R4Jn6cyIjoVKT0NOdIYGRWvRy8T+vn0Jw7mY8SlJgEZ0vClKBIcZ5HtjnklEQE00IlVz/FdMRkYSCTq2iQ7AXT/5LOo26rflto9q8LOIoo0N0hE6Qjc5QE92gFmojih7QE3pBr8aj8Wy8Ge/z1pJRzOyjXzA+vgGryJZN</latexit><latexit sha1_base64="p2X8RxHeZ1eNKJwbMPLPmsGH/Pk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM9gKglCSbnQjFHXhsoJ9QBPKZDJph04ezNwIJRQ3/oobF4q49Svc+TdO2iy0emC4h3Pu5c49XiK4Asv6MkpLyyura+X1ysbm1vaOubvXUXEqKWvTWMSy5xHFBI9YGzgI1kskI6EnWNcbX+V+955JxePoDiYJc0MyjHjAKQEtDcyDmnPNBJAL3/Hzejov2K8NzKpVt2bAf4ldkCoq0BqYn44f0zRkEVBBlOrbVgJuRiRwKti04qSKJYSOyZD1NY1IyJSbzU6Y4mOt+DiIpX4R4Jn6cyIjoVKT0NOdIYGRWvRy8T+vn0Jw7mY8SlJgEZ0vClKBIcZ5HtjnklEQE00IlVz/FdMRkYSCTq2iQ7AXT/5LOo26rflto9q8LOIoo0N0hE6Qjc5QE92gFmojih7QE3pBr8aj8Wy8Ge/z1pJRzOyjXzA+vgGryJZN</latexit>



dJ = J(�� �̃)
<latexit sha1_base64="XPIJF8MakTIxtHQTizLxdrlJdsw=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMFWqAvLTDe6EYoulK4q2At0hpLJpG1okhmSjFCG7tz4Km5cKOLWV3Dn25i2s9DqD4Ev/zmH5PxBzKjSjvNl5ZaWV1bX8uuFjc2t7R17d6+lokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6mtbb90QqGok7PY6Jz9FA0D7FSBurZx+WQli/qJe9a8Q5OvU0ZSFJ57fJSalnF52KMxP8C24GRZCp0bM/vTDCCSdCY4aU6rpOrP0USU0xI5OClygSIzxCA9I1KBAnyk9ne0zgsXFC2I+kOULDmftzIkVcqTEPTCdHeqgWa1Pzv1o30f1zP6UiTjQReP5QP2FQR3AaCgypJFizsQGEJTV/hXiIJMLaRFcwIbiLK/+FVrXiGr6tFmuXWRx5cACOQBm44AzUwA1ogCbA4AE8gRfwaj1az9ab9T5vzVnZzD74JevjG4qDl9Q=</latexit><latexit sha1_base64="XPIJF8MakTIxtHQTizLxdrlJdsw=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMFWqAvLTDe6EYoulK4q2At0hpLJpG1okhmSjFCG7tz4Km5cKOLWV3Dn25i2s9DqD4Ev/zmH5PxBzKjSjvNl5ZaWV1bX8uuFjc2t7R17d6+lokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6mtbb90QqGok7PY6Jz9FA0D7FSBurZx+WQli/qJe9a8Q5OvU0ZSFJ57fJSalnF52KMxP8C24GRZCp0bM/vTDCCSdCY4aU6rpOrP0USU0xI5OClygSIzxCA9I1KBAnyk9ne0zgsXFC2I+kOULDmftzIkVcqTEPTCdHeqgWa1Pzv1o30f1zP6UiTjQReP5QP2FQR3AaCgypJFizsQGEJTV/hXiIJMLaRFcwIbiLK/+FVrXiGr6tFmuXWRx5cACOQBm44AzUwA1ogCbA4AE8gRfwaj1az9ab9T5vzVnZzD74JevjG4qDl9Q=</latexit><latexit sha1_base64="XPIJF8MakTIxtHQTizLxdrlJdsw=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMFWqAvLTDe6EYoulK4q2At0hpLJpG1okhmSjFCG7tz4Km5cKOLWV3Dn25i2s9DqD4Ev/zmH5PxBzKjSjvNl5ZaWV1bX8uuFjc2t7R17d6+lokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6mtbb90QqGok7PY6Jz9FA0D7FSBurZx+WQli/qJe9a8Q5OvU0ZSFJ57fJSalnF52KMxP8C24GRZCp0bM/vTDCCSdCY4aU6rpOrP0USU0xI5OClygSIzxCA9I1KBAnyk9ne0zgsXFC2I+kOULDmftzIkVcqTEPTCdHeqgWa1Pzv1o30f1zP6UiTjQReP5QP2FQR3AaCgypJFizsQGEJTV/hXiIJMLaRFcwIbiLK/+FVrXiGr6tFmuXWRx5cACOQBm44AzUwA1ogCbA4AE8gRfwaj1az9ab9T5vzVnZzD74JevjG4qDl9Q=</latexit><latexit sha1_base64="XPIJF8MakTIxtHQTizLxdrlJdsw=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMFWqAvLTDe6EYoulK4q2At0hpLJpG1okhmSjFCG7tz4Km5cKOLWV3Dn25i2s9DqD4Ev/zmH5PxBzKjSjvNl5ZaWV1bX8uuFjc2t7R17d6+lokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6mtbb90QqGok7PY6Jz9FA0D7FSBurZx+WQli/qJe9a8Q5OvU0ZSFJ57fJSalnF52KMxP8C24GRZCp0bM/vTDCCSdCY4aU6rpOrP0USU0xI5OClygSIzxCA9I1KBAnyk9ne0zgsXFC2I+kOULDmftzIkVcqTEPTCdHeqgWa1Pzv1o30f1zP6UiTjQReP5QP2FQR3AaCgypJFizsQGEJTV/hXiIJMLaRFcwIbiLK/+FVrXiGr6tFmuXWRx5cACOQBm44AzUwA1ogCbA4AE8gRfwaj1az9ab9T5vzVnZzD74JevjG4qDl9Q=</latexit>

��̃ = h
<latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit>

d�̃ = d�+ (�� �̃) ^ (�� �̃)
<latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit>

To break the equivalence, apply                    to � = d� + �d
<latexit sha1_base64="p2X8RxHeZ1eNKJwbMPLPmsGH/Pk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM9gKglCSbnQjFHXhsoJ9QBPKZDJph04ezNwIJRQ3/oobF4q49Svc+TdO2iy0emC4h3Pu5c49XiK4Asv6MkpLyyura+X1ysbm1vaOubvXUXEqKWvTWMSy5xHFBI9YGzgI1kskI6EnWNcbX+V+955JxePoDiYJc0MyjHjAKQEtDcyDmnPNBJAL3/Hzejov2K8NzKpVt2bAf4ldkCoq0BqYn44f0zRkEVBBlOrbVgJuRiRwKti04qSKJYSOyZD1NY1IyJSbzU6Y4mOt+DiIpX4R4Jn6cyIjoVKT0NOdIYGRWvRy8T+vn0Jw7mY8SlJgEZ0vClKBIcZ5HtjnklEQE00IlVz/FdMRkYSCTq2iQ7AXT/5LOo26rflto9q8LOIoo0N0hE6Qjc5QE92gFmojih7QE3pBr8aj8Wy8Ge/z1pJRzOyjXzA+vgGryJZN</latexit><latexit sha1_base64="p2X8RxHeZ1eNKJwbMPLPmsGH/Pk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM9gKglCSbnQjFHXhsoJ9QBPKZDJph04ezNwIJRQ3/oobF4q49Svc+TdO2iy0emC4h3Pu5c49XiK4Asv6MkpLyyura+X1ysbm1vaOubvXUXEqKWvTWMSy5xHFBI9YGzgI1kskI6EnWNcbX+V+955JxePoDiYJc0MyjHjAKQEtDcyDmnPNBJAL3/Hzejov2K8NzKpVt2bAf4ldkCoq0BqYn44f0zRkEVBBlOrbVgJuRiRwKti04qSKJYSOyZD1NY1IyJSbzU6Y4mOt+DiIpX4R4Jn6cyIjoVKT0NOdIYGRWvRy8T+vn0Jw7mY8SlJgEZ0vClKBIcZ5HtjnklEQE00IlVz/FdMRkYSCTq2iQ7AXT/5LOo26rflto9q8LOIoo0N0hE6Qjc5QE92gFmojih7QE3pBr8aj8Wy8Ge/z1pJRzOyjXzA+vgGryJZN</latexit><latexit sha1_base64="p2X8RxHeZ1eNKJwbMPLPmsGH/Pk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM9gKglCSbnQjFHXhsoJ9QBPKZDJph04ezNwIJRQ3/oobF4q49Svc+TdO2iy0emC4h3Pu5c49XiK4Asv6MkpLyyura+X1ysbm1vaOubvXUXEqKWvTWMSy5xHFBI9YGzgI1kskI6EnWNcbX+V+955JxePoDiYJc0MyjHjAKQEtDcyDmnPNBJAL3/Hzejov2K8NzKpVt2bAf4ldkCoq0BqYn44f0zRkEVBBlOrbVgJuRiRwKti04qSKJYSOyZD1NY1IyJSbzU6Y4mOt+DiIpX4R4Jn6cyIjoVKT0NOdIYGRWvRy8T+vn0Jw7mY8SlJgEZ0vClKBIcZ5HtjnklEQE00IlVz/FdMRkYSCTq2iQ7AXT/5LOo26rflto9q8LOIoo0N0hE6Qjc5QE92gFmojih7QE3pBr8aj8Wy8Ge/z1pJRzOyjXzA+vgGryJZN</latexit><latexit sha1_base64="p2X8RxHeZ1eNKJwbMPLPmsGH/Pk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM9gKglCSbnQjFHXhsoJ9QBPKZDJph04ezNwIJRQ3/oobF4q49Svc+TdO2iy0emC4h3Pu5c49XiK4Asv6MkpLyyura+X1ysbm1vaOubvXUXEqKWvTWMSy5xHFBI9YGzgI1kskI6EnWNcbX+V+955JxePoDiYJc0MyjHjAKQEtDcyDmnPNBJAL3/Hzejov2K8NzKpVt2bAf4ldkCoq0BqYn44f0zRkEVBBlOrbVgJuRiRwKti04qSKJYSOyZD1NY1IyJSbzU6Y4mOt+DiIpX4R4Jn6cyIjoVKT0NOdIYGRWvRy8T+vn0Jw7mY8SlJgEZ0vClKBIcZ5HtjnklEQE00IlVz/FdMRkYSCTq2iQ7AXT/5LOo26rflto9q8LOIoo0N0hE6Qjc5QE92gFmojih7QE3pBr8aj8Wy8Ge/z1pJRzOyjXzA+vgGryJZN</latexit>

to get Poisson equations…

��̃ = �d�� �d
�
J�1dJ

�
+ d(J�1A),

<latexit sha1_base64="51t+NY1vKTz7M4BNASa0sEX0cGY="></latexit><latexit sha1_base64="51t+NY1vKTz7M4BNASa0sEX0cGY="></latexit><latexit sha1_base64="51t+NY1vKTz7M4BNASa0sEX0cGY="></latexit><latexit sha1_base64="51t+NY1vKTz7M4BNASa0sEX0cGY="></latexit>

�J = �(J �)� hdJ ; �̃i �A,
<latexit sha1_base64="c551Ua/2tWh/vF5DAfSeBpzYDCs="></latexit><latexit sha1_base64="c551Ua/2tWh/vF5DAfSeBpzYDCs="></latexit><latexit sha1_base64="c551Ua/2tWh/vF5DAfSeBpzYDCs="></latexit><latexit sha1_base64="c551Ua/2tWh/vF5DAfSeBpzYDCs="></latexit>



dJ = J(�� �̃)
<latexit sha1_base64="XPIJF8MakTIxtHQTizLxdrlJdsw=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMFWqAvLTDe6EYoulK4q2At0hpLJpG1okhmSjFCG7tz4Km5cKOLWV3Dn25i2s9DqD4Ev/zmH5PxBzKjSjvNl5ZaWV1bX8uuFjc2t7R17d6+lokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6mtbb90QqGok7PY6Jz9FA0D7FSBurZx+WQli/qJe9a8Q5OvU0ZSFJ57fJSalnF52KMxP8C24GRZCp0bM/vTDCCSdCY4aU6rpOrP0USU0xI5OClygSIzxCA9I1KBAnyk9ne0zgsXFC2I+kOULDmftzIkVcqTEPTCdHeqgWa1Pzv1o30f1zP6UiTjQReP5QP2FQR3AaCgypJFizsQGEJTV/hXiIJMLaRFcwIbiLK/+FVrXiGr6tFmuXWRx5cACOQBm44AzUwA1ogCbA4AE8gRfwaj1az9ab9T5vzVnZzD74JevjG4qDl9Q=</latexit><latexit sha1_base64="XPIJF8MakTIxtHQTizLxdrlJdsw=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMFWqAvLTDe6EYoulK4q2At0hpLJpG1okhmSjFCG7tz4Km5cKOLWV3Dn25i2s9DqD4Ev/zmH5PxBzKjSjvNl5ZaWV1bX8uuFjc2t7R17d6+lokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6mtbb90QqGok7PY6Jz9FA0D7FSBurZx+WQli/qJe9a8Q5OvU0ZSFJ57fJSalnF52KMxP8C24GRZCp0bM/vTDCCSdCY4aU6rpOrP0USU0xI5OClygSIzxCA9I1KBAnyk9ne0zgsXFC2I+kOULDmftzIkVcqTEPTCdHeqgWa1Pzv1o30f1zP6UiTjQReP5QP2FQR3AaCgypJFizsQGEJTV/hXiIJMLaRFcwIbiLK/+FVrXiGr6tFmuXWRx5cACOQBm44AzUwA1ogCbA4AE8gRfwaj1az9ab9T5vzVnZzD74JevjG4qDl9Q=</latexit><latexit sha1_base64="XPIJF8MakTIxtHQTizLxdrlJdsw=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMFWqAvLTDe6EYoulK4q2At0hpLJpG1okhmSjFCG7tz4Km5cKOLWV3Dn25i2s9DqD4Ev/zmH5PxBzKjSjvNl5ZaWV1bX8uuFjc2t7R17d6+lokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6mtbb90QqGok7PY6Jz9FA0D7FSBurZx+WQli/qJe9a8Q5OvU0ZSFJ57fJSalnF52KMxP8C24GRZCp0bM/vTDCCSdCY4aU6rpOrP0USU0xI5OClygSIzxCA9I1KBAnyk9ne0zgsXFC2I+kOULDmftzIkVcqTEPTCdHeqgWa1Pzv1o30f1zP6UiTjQReP5QP2FQR3AaCgypJFizsQGEJTV/hXiIJMLaRFcwIbiLK/+FVrXiGr6tFmuXWRx5cACOQBm44AzUwA1ogCbA4AE8gRfwaj1az9ab9T5vzVnZzD74JevjG4qDl9Q=</latexit><latexit sha1_base64="XPIJF8MakTIxtHQTizLxdrlJdsw=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMFWqAvLTDe6EYoulK4q2At0hpLJpG1okhmSjFCG7tz4Km5cKOLWV3Dn25i2s9DqD4Ev/zmH5PxBzKjSjvNl5ZaWV1bX8uuFjc2t7R17d6+lokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6mtbb90QqGok7PY6Jz9FA0D7FSBurZx+WQli/qJe9a8Q5OvU0ZSFJ57fJSalnF52KMxP8C24GRZCp0bM/vTDCCSdCY4aU6rpOrP0USU0xI5OClygSIzxCA9I1KBAnyk9ne0zgsXFC2I+kOULDmftzIkVcqTEPTCdHeqgWa1Pzv1o30f1zP6UiTjQReP5QP2FQR3AaCgypJFizsQGEJTV/hXiIJMLaRFcwIbiLK/+FVrXiGr6tFmuXWRx5cACOQBm44AzUwA1ogCbA4AE8gRfwaj1az9ab9T5vzVnZzD74JevjG4qDl9Q=</latexit>

��̃ = h
<latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit><latexit sha1_base64="avdUelkHqKC4J+jSiV9dmqqFusA=">AAACAXicbZA9SwNBEIb3/IzxK2oj2BwmglW4S6ONELTQUsFoIBfC3N4kWdy9O3bnhHDExr9iY6GIrf/Czn/jJqbQxBcWHt6ZYXbeMJXCkOd9OXPzC4tLy4WV4ura+sZmaWv7xiSZ5tjgiUx0MwSDUsTYIEESm6lGUKHE2/DubFS/vUdtRBJf0yDFtoJeLLqCA1mrU9qtBBFKgoCEjDAPzkEpGJ70K51S2at6Y7mz4E+gzCa67JQ+gyjhmcKYuARjWr6XUjsHTYJLHBaDzGAK/A562LIYg0LTzscXDN0D60RuN9H2xeSO3d8TOShjBiq0nQqob6ZrI/O/Wiuj7nE7F3GaEcb8Z1E3ky4l7igONxIaOcmBBeBa2L+6vA8aONnQijYEf/rkWbipVX3LV7Vy/XQSR4HtsX12yHx2xOrsgl2yBuPsgT2xF/bqPDrPzpvz/tM650xmdtgfOR/f+/eWkQ==</latexit>

d�̃ = d�+ (�� �̃) ^ (�� �̃)
<latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit><latexit sha1_base64="0njvki0hrLAxyOqNEkZB/toEEA4=">AAACN3icdZDLSsNAFIYn9VbrrerSTbAVKqIk3ehGKLrQlVSwF2hCmUxO26EzSZiZKCX0rdz4Gu5040IRt76B06YL2+qBYT7+/xxmzu9FjEplWS9GZmFxaXklu5pbW9/Y3Mpv79RlGAsCNRKyUDQ9LIHRAGqKKgbNSADmHoOG178c+Y17EJKGwZ0aROBy3A1ohxKstNTO3xR9R1HmQ+JcYc7x8NxP4aiU3sfT9qHzAH4X/jGL7XzBOrHGZc6DPYECmlS1nX92/JDEHAJFGJayZVuRchMsFCUMhjknlhBh0sddaGkMMAfpJuO9h+aBVnyzEwp9AmWO1d8TCeZSDrinOzlWPTnrjcS/vFasOmduQoMoVhCQ9KFOzEwVmqMQTZ8KIIoNNGAiqP6rSXpYYKJ01Dkdgj278jzUyye25ttyoXIxiSOL9tA+KiEbnaIKukZVVEMEPaJX9I4+jCfjzfg0vtLWjDGZ2UVTZXz/AG73rD0=</latexit>

To break the equivalence, apply                    to � = d� + �d
<latexit sha1_base64="p2X8RxHeZ1eNKJwbMPLPmsGH/Pk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM9gKglCSbnQjFHXhsoJ9QBPKZDJph04ezNwIJRQ3/oobF4q49Svc+TdO2iy0emC4h3Pu5c49XiK4Asv6MkpLyyura+X1ysbm1vaOubvXUXEqKWvTWMSy5xHFBI9YGzgI1kskI6EnWNcbX+V+955JxePoDiYJc0MyjHjAKQEtDcyDmnPNBJAL3/Hzejov2K8NzKpVt2bAf4ldkCoq0BqYn44f0zRkEVBBlOrbVgJuRiRwKti04qSKJYSOyZD1NY1IyJSbzU6Y4mOt+DiIpX4R4Jn6cyIjoVKT0NOdIYGRWvRy8T+vn0Jw7mY8SlJgEZ0vClKBIcZ5HtjnklEQE00IlVz/FdMRkYSCTq2iQ7AXT/5LOo26rflto9q8LOIoo0N0hE6Qjc5QE92gFmojih7QE3pBr8aj8Wy8Ge/z1pJRzOyjXzA+vgGryJZN</latexit><latexit sha1_base64="p2X8RxHeZ1eNKJwbMPLPmsGH/Pk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM9gKglCSbnQjFHXhsoJ9QBPKZDJph04ezNwIJRQ3/oobF4q49Svc+TdO2iy0emC4h3Pu5c49XiK4Asv6MkpLyyura+X1ysbm1vaOubvXUXEqKWvTWMSy5xHFBI9YGzgI1kskI6EnWNcbX+V+955JxePoDiYJc0MyjHjAKQEtDcyDmnPNBJAL3/Hzejov2K8NzKpVt2bAf4ldkCoq0BqYn44f0zRkEVBBlOrbVgJuRiRwKti04qSKJYSOyZD1NY1IyJSbzU6Y4mOt+DiIpX4R4Jn6cyIjoVKT0NOdIYGRWvRy8T+vn0Jw7mY8SlJgEZ0vClKBIcZ5HtjnklEQE00IlVz/FdMRkYSCTq2iQ7AXT/5LOo26rflto9q8LOIoo0N0hE6Qjc5QE92gFmojih7QE3pBr8aj8Wy8Ge/z1pJRzOyjXzA+vgGryJZN</latexit><latexit sha1_base64="p2X8RxHeZ1eNKJwbMPLPmsGH/Pk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM9gKglCSbnQjFHXhsoJ9QBPKZDJph04ezNwIJRQ3/oobF4q49Svc+TdO2iy0emC4h3Pu5c49XiK4Asv6MkpLyyura+X1ysbm1vaOubvXUXEqKWvTWMSy5xHFBI9YGzgI1kskI6EnWNcbX+V+955JxePoDiYJc0MyjHjAKQEtDcyDmnPNBJAL3/Hzejov2K8NzKpVt2bAf4ldkCoq0BqYn44f0zRkEVBBlOrbVgJuRiRwKti04qSKJYSOyZD1NY1IyJSbzU6Y4mOt+DiIpX4R4Jn6cyIjoVKT0NOdIYGRWvRy8T+vn0Jw7mY8SlJgEZ0vClKBIcZ5HtjnklEQE00IlVz/FdMRkYSCTq2iQ7AXT/5LOo26rflto9q8LOIoo0N0hE6Qjc5QE92gFmojih7QE3pBr8aj8Wy8Ge/z1pJRzOyjXzA+vgGryJZN</latexit><latexit sha1_base64="p2X8RxHeZ1eNKJwbMPLPmsGH/Pk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM9gKglCSbnQjFHXhsoJ9QBPKZDJph04ezNwIJRQ3/oobF4q49Svc+TdO2iy0emC4h3Pu5c49XiK4Asv6MkpLyyura+X1ysbm1vaOubvXUXEqKWvTWMSy5xHFBI9YGzgI1kskI6EnWNcbX+V+955JxePoDiYJc0MyjHjAKQEtDcyDmnPNBJAL3/Hzejov2K8NzKpVt2bAf4ldkCoq0BqYn44f0zRkEVBBlOrbVgJuRiRwKti04qSKJYSOyZD1NY1IyJSbzU6Y4mOt+DiIpX4R4Jn6cyIjoVKT0NOdIYGRWvRy8T+vn0Jw7mY8SlJgEZ0vClKBIcZ5HtjnklEQE00IlVz/FdMRkYSCTq2iQ7AXT/5LOo26rflto9q8LOIoo0N0hE6Qjc5QE92gFmojih7QE3pBr8aj8Wy8Ge/z1pJRzOyjXzA+vgGryJZN</latexit>

to get Poisson equations…

��̃ = �d�� �d
�
J�1dJ

�
+ d(J�1A),

<latexit sha1_base64="51t+NY1vKTz7M4BNASa0sEX0cGY="></latexit><latexit sha1_base64="51t+NY1vKTz7M4BNASa0sEX0cGY="></latexit><latexit sha1_base64="51t+NY1vKTz7M4BNASa0sEX0cGY="></latexit><latexit sha1_base64="51t+NY1vKTz7M4BNASa0sEX0cGY="></latexit>

�J = �(J �)� hdJ ; �̃i �A,
<latexit sha1_base64="c551Ua/2tWh/vF5DAfSeBpzYDCs="></latexit><latexit sha1_base64="c551Ua/2tWh/vF5DAfSeBpzYDCs="></latexit><latexit sha1_base64="c551Ua/2tWh/vF5DAfSeBpzYDCs="></latexit><latexit sha1_base64="c551Ua/2tWh/vF5DAfSeBpzYDCs="></latexit>

where    is free…    
<latexit sha1_base64="aMElDdfR9hf1Pw2hVNsM79mOetI=">AAAB83icbVBNS8NAEJ34WeNX1aOXxSJ4sSSC6KVY9SKeKtgPaGPZbDft0s0m7G6EEvo3vHhQ1Ku/w7sX8d+4aXvQ1gcDj/dmmJnnx5wp7Tjf1tz8wuLScm7FXl1b39jMb23XVJRIQqsk4pFs+FhRzgStaqY5bcSS4tDntO73LzO/fk+lYpG41YOYeiHuChYwgrWRWr3S9V166A7PEbLb+YJTdEZAs8SdkMLZh12KX7/sSjv/2epEJAmp0IRjpZquE2svxVIzwunQbiWKxpj0cZc2DRU4pMpLRzcP0b5ROiiIpCmh0Uj9PZHiUKlB6JvOEOuemvYy8T+vmejg1EuZiBNNBRkvChKOdISyAFCHSUo0HxiCiWTmVkR6WGKiTUxZCO70y7OkdlR0j4vOjVMoX8AYOdiFPTgAF06gDFdQgSoQiOEBnuDZSqxH68V6G7fOWZOZHfgD6/0HDmiTYQ==</latexit>

h = J�1A



To impose                         …     
<latexit sha1_base64="MGF7Rk+cD0oJuBlHigvRaUE5jQU=">AAACAXicbVDJSgNBEO2JW4zbqBfBS5MgRIQwI4hehGAuklMEs0AmhJ5OJWnSs9jdExiGePEX/AQvHhTx6l94y9/YWQ6a+KDg8V4VVfXckDOpLGtspFZW19Y30puZre2d3T1z/6Amg0hQqNKAB6LhEgmc+VBVTHFohAKI53Kou4PSxK8PQUgW+PcqDqHlkZ7PuowSpaW2edRxhkCT8siBh4gNcSkSPF8+vbbaZs4qWFPgZWLPSa6Ydc6ex8W40ja/nU5AIw98RTmRsmlboWolRChGOYwyTiQhJHRAetDU1CceyFYy/WCET7TSwd1A6PIVnqq/JxLiSRl7ru70iOrLRW8i/uc1I9W9aiXMDyMFPp0t6kYcqwBP4sAdJoAqHmtCqGD6Vkz7RBCqdGgZHYK9+PIyqZ0X7IuCdafTuEEzpNExyqI8stElKqJbVEFVRNEjekFv6N14Ml6ND+Nz1poy5jOH6A+Mrx9sVpku</latexit>

d ~J ⌘ Curl(J) = 0



To impose                         …     

Require that d of the vectorized right hand side 
of the       equation vanish, i.e.   J�

<latexit sha1_base64="h9w4OWZ0yPgqguRMc/Z+ixJyVTk=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0Yt4qmI/oA1ls920SzebsDsRSug/8OJBEa/+I2/+G7dtDtr6wsLDOzPszBskUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHNtN564tqIWD3iOOF+RAdKhIJRtNbD3VmvXHGr7kxkGbwcKpCr3it/dfsxSyOukElqTMdzE/QzqlEwySelbmp4QtmIDnjHoqIRN34223RCTqzTJ2Gs7VNIZu7viYxGxoyjwHZGFIdmsTY1/6t1Ugyv/EyoJEWu2PyjMJUEYzI9m/SF5gzl2AJlWthdCRtSTRnacEo2BG/x5GVonlc9y/cXldp1HkcRjuAYTsGDS6jBLdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+R8/gAJ9I0F</latexit><latexit sha1_base64="h9w4OWZ0yPgqguRMc/Z+ixJyVTk=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0Yt4qmI/oA1ls920SzebsDsRSug/8OJBEa/+I2/+G7dtDtr6wsLDOzPszBskUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHNtN564tqIWD3iOOF+RAdKhIJRtNbD3VmvXHGr7kxkGbwcKpCr3it/dfsxSyOukElqTMdzE/QzqlEwySelbmp4QtmIDnjHoqIRN34223RCTqzTJ2Gs7VNIZu7viYxGxoyjwHZGFIdmsTY1/6t1Ugyv/EyoJEWu2PyjMJUEYzI9m/SF5gzl2AJlWthdCRtSTRnacEo2BG/x5GVonlc9y/cXldp1HkcRjuAYTsGDS6jBLdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+R8/gAJ9I0F</latexit><latexit sha1_base64="h9w4OWZ0yPgqguRMc/Z+ixJyVTk=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0Yt4qmI/oA1ls920SzebsDsRSug/8OJBEa/+I2/+G7dtDtr6wsLDOzPszBskUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHNtN564tqIWD3iOOF+RAdKhIJRtNbD3VmvXHGr7kxkGbwcKpCr3it/dfsxSyOukElqTMdzE/QzqlEwySelbmp4QtmIDnjHoqIRN34223RCTqzTJ2Gs7VNIZu7viYxGxoyjwHZGFIdmsTY1/6t1Ugyv/EyoJEWu2PyjMJUEYzI9m/SF5gzl2AJlWthdCRtSTRnacEo2BG/x5GVonlc9y/cXldp1HkcRjuAYTsGDS6jBLdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+R8/gAJ9I0F</latexit><latexit sha1_base64="h9w4OWZ0yPgqguRMc/Z+ixJyVTk=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0Yt4qmI/oA1ls920SzebsDsRSug/8OJBEa/+I2/+G7dtDtr6wsLDOzPszBskUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHNtN564tqIWD3iOOF+RAdKhIJRtNbD3VmvXHGr7kxkGbwcKpCr3it/dfsxSyOukElqTMdzE/QzqlEwySelbmp4QtmIDnjHoqIRN34223RCTqzTJ2Gs7VNIZu7viYxGxoyjwHZGFIdmsTY1/6t1Ugyv/EyoJEWu2PyjMJUEYzI9m/SF5gzl2AJlWthdCRtSTRnacEo2BG/x5GVonlc9y/cXldp1HkcRjuAYTsGDS6jBLdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+R8/gAJ9I0F</latexit>

<latexit sha1_base64="MGF7Rk+cD0oJuBlHigvRaUE5jQU=">AAACAXicbVDJSgNBEO2JW4zbqBfBS5MgRIQwI4hehGAuklMEs0AmhJ5OJWnSs9jdExiGePEX/AQvHhTx6l94y9/YWQ6a+KDg8V4VVfXckDOpLGtspFZW19Y30puZre2d3T1z/6Amg0hQqNKAB6LhEgmc+VBVTHFohAKI53Kou4PSxK8PQUgW+PcqDqHlkZ7PuowSpaW2edRxhkCT8siBh4gNcSkSPF8+vbbaZs4qWFPgZWLPSa6Ydc6ex8W40ja/nU5AIw98RTmRsmlboWolRChGOYwyTiQhJHRAetDU1CceyFYy/WCET7TSwd1A6PIVnqq/JxLiSRl7ru70iOrLRW8i/uc1I9W9aiXMDyMFPp0t6kYcqwBP4sAdJoAqHmtCqGD6Vkz7RBCqdGgZHYK9+PIyqZ0X7IuCdafTuEEzpNExyqI8stElKqJbVEFVRNEjekFv6N14Ml6ND+Nz1poy5jOH6A+Mrx9sVpku</latexit>

d ~J ⌘ Curl(J) = 0



To impose                         …     

Require that d of the vectorized right hand side 
of the       equation vanish, i.e.   J�

<latexit sha1_base64="h9w4OWZ0yPgqguRMc/Z+ixJyVTk=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0Yt4qmI/oA1ls920SzebsDsRSug/8OJBEa/+I2/+G7dtDtr6wsLDOzPszBskUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHNtN564tqIWD3iOOF+RAdKhIJRtNbD3VmvXHGr7kxkGbwcKpCr3it/dfsxSyOukElqTMdzE/QzqlEwySelbmp4QtmIDnjHoqIRN34223RCTqzTJ2Gs7VNIZu7viYxGxoyjwHZGFIdmsTY1/6t1Ugyv/EyoJEWu2PyjMJUEYzI9m/SF5gzl2AJlWthdCRtSTRnacEo2BG/x5GVonlc9y/cXldp1HkcRjuAYTsGDS6jBLdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+R8/gAJ9I0F</latexit><latexit sha1_base64="h9w4OWZ0yPgqguRMc/Z+ixJyVTk=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0Yt4qmI/oA1ls920SzebsDsRSug/8OJBEa/+I2/+G7dtDtr6wsLDOzPszBskUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHNtN564tqIWD3iOOF+RAdKhIJRtNbD3VmvXHGr7kxkGbwcKpCr3it/dfsxSyOukElqTMdzE/QzqlEwySelbmp4QtmIDnjHoqIRN34223RCTqzTJ2Gs7VNIZu7viYxGxoyjwHZGFIdmsTY1/6t1Ugyv/EyoJEWu2PyjMJUEYzI9m/SF5gzl2AJlWthdCRtSTRnacEo2BG/x5GVonlc9y/cXldp1HkcRjuAYTsGDS6jBLdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+R8/gAJ9I0F</latexit><latexit sha1_base64="h9w4OWZ0yPgqguRMc/Z+ixJyVTk=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0Yt4qmI/oA1ls920SzebsDsRSug/8OJBEa/+I2/+G7dtDtr6wsLDOzPszBskUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHNtN564tqIWD3iOOF+RAdKhIJRtNbD3VmvXHGr7kxkGbwcKpCr3it/dfsxSyOukElqTMdzE/QzqlEwySelbmp4QtmIDnjHoqIRN34223RCTqzTJ2Gs7VNIZu7viYxGxoyjwHZGFIdmsTY1/6t1Ugyv/EyoJEWu2PyjMJUEYzI9m/SF5gzl2AJlWthdCRtSTRnacEo2BG/x5GVonlc9y/cXldp1HkcRjuAYTsGDS6jBLdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+R8/gAJ9I0F</latexit><latexit sha1_base64="h9w4OWZ0yPgqguRMc/Z+ixJyVTk=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0Yt4qmI/oA1ls920SzebsDsRSug/8OJBEa/+I2/+G7dtDtr6wsLDOzPszBskUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHNtN564tqIWD3iOOF+RAdKhIJRtNbD3VmvXHGr7kxkGbwcKpCr3it/dfsxSyOukElqTMdzE/QzqlEwySelbmp4QtmIDnjHoqIRN34223RCTqzTJ2Gs7VNIZu7viYxGxoyjwHZGFIdmsTY1/6t1Ugyv/EyoJEWu2PyjMJUEYzI9m/SF5gzl2AJlWthdCRtSTRnacEo2BG/x5GVonlc9y/cXldp1HkcRjuAYTsGDS6jBLdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+R8/gAJ9I0F</latexit>

�J = �(J �)� hdJ ; �̃i �A,
<latexit sha1_base64="c551Ua/2tWh/vF5DAfSeBpzYDCs="></latexit><latexit sha1_base64="c551Ua/2tWh/vF5DAfSeBpzYDCs="></latexit><latexit sha1_base64="c551Ua/2tWh/vF5DAfSeBpzYDCs="></latexit><latexit sha1_base64="c551Ua/2tWh/vF5DAfSeBpzYDCs="></latexit>

<latexit sha1_base64="MGF7Rk+cD0oJuBlHigvRaUE5jQU=">AAACAXicbVDJSgNBEO2JW4zbqBfBS5MgRIQwI4hehGAuklMEs0AmhJ5OJWnSs9jdExiGePEX/AQvHhTx6l94y9/YWQ6a+KDg8V4VVfXckDOpLGtspFZW19Y30puZre2d3T1z/6Amg0hQqNKAB6LhEgmc+VBVTHFohAKI53Kou4PSxK8PQUgW+PcqDqHlkZ7PuowSpaW2edRxhkCT8siBh4gNcSkSPF8+vbbaZs4qWFPgZWLPSa6Ydc6ex8W40ja/nU5AIw98RTmRsmlboWolRChGOYwyTiQhJHRAetDU1CceyFYy/WCET7TSwd1A6PIVnqq/JxLiSRl7ru70iOrLRW8i/uc1I9W9aiXMDyMFPp0t6kYcqwBP4sAdJoAqHmtCqGD6Vkz7RBCqdGgZHYK9+PIyqZ0X7IuCdafTuEEzpNExyqI8stElKqJbVEFVRNEjekFv6N14Ml6ND+Nz1poy5jOH6A+Mrx9sVpku</latexit>

d ~J ⌘ Curl(J) = 0

<latexit sha1_base64="GkxIOo6QwmO4fKjhkJF1MLQN4cY=">AAACDXicbVA9SwNBEN3zM8avqKUiix9gFe4E0UYQbSwTMCrkjji3N6dL9vaO3T0hHCltbPwrNkIUsbW38zf4J9wkFn49GHi8N8PMvDATXBvXfXdGRsfGJyZLU+Xpmdm5+crC4qlOc8WwwVKRqvMQNAousWG4EXieKYQkFHgWto/6/tk1Ks1TeWI6GQYJXEoecwbGSq3KRuGrhF5cQJaJjk+vkfkUZORTA230abTvdtfKrcq6W3UHoH+J90XWD1Z69Y+b1V6tVXnzo5TlCUrDBGjd9NzMBAUow5nAbtnPNWbA2nCJTUslJKiDYvBNl25aJaJxqmxJQwfq94kCEq07SWg7EzBX+rfXF//zmrmJ94KCyyw3KNlwUZwLalLaj4ZGXCEzomMJMMXtrZRdgQJmbID9ELzfL/8lp9tVb6fq1m0ah2SIElkma2SLeGSXHJBjUiMNwsgtuSeP5Mm5cx6cZ+dl2DrifM0skR9wXj8BHGSd+g==</latexit>

“apply vec and take d = 0”



To impose                         …     

Require that d of the vectorized right hand side 
of the       equation vanish, i.e.   J�

<latexit sha1_base64="h9w4OWZ0yPgqguRMc/Z+ixJyVTk=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0Yt4qmI/oA1ls920SzebsDsRSug/8OJBEa/+I2/+G7dtDtr6wsLDOzPszBskUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHNtN564tqIWD3iOOF+RAdKhIJRtNbD3VmvXHGr7kxkGbwcKpCr3it/dfsxSyOukElqTMdzE/QzqlEwySelbmp4QtmIDnjHoqIRN34223RCTqzTJ2Gs7VNIZu7viYxGxoyjwHZGFIdmsTY1/6t1Ugyv/EyoJEWu2PyjMJUEYzI9m/SF5gzl2AJlWthdCRtSTRnacEo2BG/x5GVonlc9y/cXldp1HkcRjuAYTsGDS6jBLdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+R8/gAJ9I0F</latexit><latexit sha1_base64="h9w4OWZ0yPgqguRMc/Z+ixJyVTk=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0Yt4qmI/oA1ls920SzebsDsRSug/8OJBEa/+I2/+G7dtDtr6wsLDOzPszBskUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHNtN564tqIWD3iOOF+RAdKhIJRtNbD3VmvXHGr7kxkGbwcKpCr3it/dfsxSyOukElqTMdzE/QzqlEwySelbmp4QtmIDnjHoqIRN34223RCTqzTJ2Gs7VNIZu7viYxGxoyjwHZGFIdmsTY1/6t1Ugyv/EyoJEWu2PyjMJUEYzI9m/SF5gzl2AJlWthdCRtSTRnacEo2BG/x5GVonlc9y/cXldp1HkcRjuAYTsGDS6jBLdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+R8/gAJ9I0F</latexit><latexit sha1_base64="h9w4OWZ0yPgqguRMc/Z+ixJyVTk=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0Yt4qmI/oA1ls920SzebsDsRSug/8OJBEa/+I2/+G7dtDtr6wsLDOzPszBskUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHNtN564tqIWD3iOOF+RAdKhIJRtNbD3VmvXHGr7kxkGbwcKpCr3it/dfsxSyOukElqTMdzE/QzqlEwySelbmp4QtmIDnjHoqIRN34223RCTqzTJ2Gs7VNIZu7viYxGxoyjwHZGFIdmsTY1/6t1Ugyv/EyoJEWu2PyjMJUEYzI9m/SF5gzl2AJlWthdCRtSTRnacEo2BG/x5GVonlc9y/cXldp1HkcRjuAYTsGDS6jBLdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+R8/gAJ9I0F</latexit><latexit sha1_base64="h9w4OWZ0yPgqguRMc/Z+ixJyVTk=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0Yt4qmI/oA1ls920SzebsDsRSug/8OJBEa/+I2/+G7dtDtr6wsLDOzPszBskUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHNtN564tqIWD3iOOF+RAdKhIJRtNbD3VmvXHGr7kxkGbwcKpCr3it/dfsxSyOukElqTMdzE/QzqlEwySelbmp4QtmIDnjHoqIRN34223RCTqzTJ2Gs7VNIZu7viYxGxoyjwHZGFIdmsTY1/6t1Ugyv/EyoJEWu2PyjMJUEYzI9m/SF5gzl2AJlWthdCRtSTRnacEo2BG/x5GVonlc9y/cXldp1HkcRjuAYTsGDS6jBLdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+R8/gAJ9I0F</latexit>

�J = �(J �)� hdJ ; �̃i �A,
<latexit sha1_base64="c551Ua/2tWh/vF5DAfSeBpzYDCs="></latexit><latexit sha1_base64="c551Ua/2tWh/vF5DAfSeBpzYDCs="></latexit><latexit sha1_base64="c551Ua/2tWh/vF5DAfSeBpzYDCs="></latexit><latexit sha1_base64="c551Ua/2tWh/vF5DAfSeBpzYDCs="></latexit>

which gives the     A-
<latexit sha1_base64="kY3kA+ZvUiFbsxENlceT7CfGfQc=">AAAB7HicbZA9TwJBEIbn/ET8Qi1tNoKJjeSORkvUxhITD0jgQvaWOdiwt3fZ3TMhhN9gY6Extv4gO/+NC1yh4Jts8uSdmezMG6aCa+O6387a+sbm1nZhp7i7t39wWDo6buokUwx9lohEtUOqUXCJvuFGYDtVSONQYCsc3c3qrSdUmify0YxTDGI6kDzijBpr+ZWbyiXplcpu1Z2LrIKXQxlyNXqlr24/YVmM0jBBte54bmqCCVWGM4HTYjfTmFI2ogPsWJQ0Rh1M5stOybl1+iRKlH3SkLn7e2JCY63HcWg7Y2qGerk2M/+rdTITXQcTLtPMoGSLj6JMEJOQ2eWkzxUyI8YWKFPc7krYkCrKjM2naEPwlk9ehWat6ll+qJXrt3kcBTiFM7gAD66gDvfQAB8YcHiGV3hzpPPivDsfi9Y1J585gT9yPn8ACZWNgA==</latexit><latexit sha1_base64="kY3kA+ZvUiFbsxENlceT7CfGfQc=">AAAB7HicbZA9TwJBEIbn/ET8Qi1tNoKJjeSORkvUxhITD0jgQvaWOdiwt3fZ3TMhhN9gY6Extv4gO/+NC1yh4Jts8uSdmezMG6aCa+O6387a+sbm1nZhp7i7t39wWDo6buokUwx9lohEtUOqUXCJvuFGYDtVSONQYCsc3c3qrSdUmify0YxTDGI6kDzijBpr+ZWbyiXplcpu1Z2LrIKXQxlyNXqlr24/YVmM0jBBte54bmqCCVWGM4HTYjfTmFI2ogPsWJQ0Rh1M5stOybl1+iRKlH3SkLn7e2JCY63HcWg7Y2qGerk2M/+rdTITXQcTLtPMoGSLj6JMEJOQ2eWkzxUyI8YWKFPc7krYkCrKjM2naEPwlk9ehWat6ll+qJXrt3kcBTiFM7gAD66gDvfQAB8YcHiGV3hzpPPivDsfi9Y1J585gT9yPn8ACZWNgA==</latexit><latexit sha1_base64="kY3kA+ZvUiFbsxENlceT7CfGfQc=">AAAB7HicbZA9TwJBEIbn/ET8Qi1tNoKJjeSORkvUxhITD0jgQvaWOdiwt3fZ3TMhhN9gY6Extv4gO/+NC1yh4Jts8uSdmezMG6aCa+O6387a+sbm1nZhp7i7t39wWDo6buokUwx9lohEtUOqUXCJvuFGYDtVSONQYCsc3c3qrSdUmify0YxTDGI6kDzijBpr+ZWbyiXplcpu1Z2LrIKXQxlyNXqlr24/YVmM0jBBte54bmqCCVWGM4HTYjfTmFI2ogPsWJQ0Rh1M5stOybl1+iRKlH3SkLn7e2JCY63HcWg7Y2qGerk2M/+rdTITXQcTLtPMoGSLj6JMEJOQ2eWkzxUyI8YWKFPc7krYkCrKjM2naEPwlk9ehWat6ll+qJXrt3kcBTiFM7gAD66gDvfQAB8YcHiGV3hzpPPivDsfi9Y1J585gT9yPn8ACZWNgA==</latexit><latexit sha1_base64="kY3kA+ZvUiFbsxENlceT7CfGfQc=">AAAB7HicbZA9TwJBEIbn/ET8Qi1tNoKJjeSORkvUxhITD0jgQvaWOdiwt3fZ3TMhhN9gY6Extv4gO/+NC1yh4Jts8uSdmezMG6aCa+O6387a+sbm1nZhp7i7t39wWDo6buokUwx9lohEtUOqUXCJvuFGYDtVSONQYCsc3c3qrSdUmify0YxTDGI6kDzijBpr+ZWbyiXplcpu1Z2LrIKXQxlyNXqlr24/YVmM0jBBte54bmqCCVWGM4HTYjfTmFI2ogPsWJQ0Rh1M5stOybl1+iRKlH3SkLn7e2JCY63HcWg7Y2qGerk2M/+rdTITXQcTLtPMoGSLj6JMEJOQ2eWkzxUyI8YWKFPc7krYkCrKjM2naEPwlk9ehWat6ll+qJXrt3kcBTiFM7gAD66gDvfQAB8YcHiGV3hzpPPivDsfi9Y1J585gT9yPn8ACZWNgA==</latexit>

equation     

<latexit sha1_base64="MGF7Rk+cD0oJuBlHigvRaUE5jQU=">AAACAXicbVDJSgNBEO2JW4zbqBfBS5MgRIQwI4hehGAuklMEs0AmhJ5OJWnSs9jdExiGePEX/AQvHhTx6l94y9/YWQ6a+KDg8V4VVfXckDOpLGtspFZW19Y30puZre2d3T1z/6Amg0hQqNKAB6LhEgmc+VBVTHFohAKI53Kou4PSxK8PQUgW+PcqDqHlkZ7PuowSpaW2edRxhkCT8siBh4gNcSkSPF8+vbbaZs4qWFPgZWLPSa6Ydc6ex8W40ja/nU5AIw98RTmRsmlboWolRChGOYwyTiQhJHRAetDU1CceyFYy/WCET7TSwd1A6PIVnqq/JxLiSRl7ru70iOrLRW8i/uc1I9W9aiXMDyMFPp0t6kYcqwBP4sAdJoAqHmtCqGD6Vkz7RBCqdGgZHYK9+PIyqZ0X7IuCdafTuEEzpNExyqI8stElKqJbVEFVRNEjekFv6N14Ml6ND+Nz1poy5jOH6A+Mrx9sVpku</latexit>

d ~J ⌘ Curl(J) = 0

<latexit sha1_base64="GkxIOo6QwmO4fKjhkJF1MLQN4cY=">AAACDXicbVA9SwNBEN3zM8avqKUiix9gFe4E0UYQbSwTMCrkjji3N6dL9vaO3T0hHCltbPwrNkIUsbW38zf4J9wkFn49GHi8N8PMvDATXBvXfXdGRsfGJyZLU+Xpmdm5+crC4qlOc8WwwVKRqvMQNAousWG4EXieKYQkFHgWto/6/tk1Ks1TeWI6GQYJXEoecwbGSq3KRuGrhF5cQJaJjk+vkfkUZORTA230abTvdtfKrcq6W3UHoH+J90XWD1Z69Y+b1V6tVXnzo5TlCUrDBGjd9NzMBAUow5nAbtnPNWbA2nCJTUslJKiDYvBNl25aJaJxqmxJQwfq94kCEq07SWg7EzBX+rfXF//zmrmJ94KCyyw3KNlwUZwLalLaj4ZGXCEzomMJMMXtrZRdgQJmbID9ELzfL/8lp9tVb6fq1m0ah2SIElkma2SLeGSXHJBjUiMNwsgtuSeP5Mm5cx6cZ+dl2DrifM0skR9wXj8BHGSd+g==</latexit>

“apply vec and take d = 0”



To impose                         …     

Require that d of the vectorized right hand side 
of the       equation vanish, i.e.   J�

<latexit sha1_base64="h9w4OWZ0yPgqguRMc/Z+ixJyVTk=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0Yt4qmI/oA1ls920SzebsDsRSug/8OJBEa/+I2/+G7dtDtr6wsLDOzPszBskUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHNtN564tqIWD3iOOF+RAdKhIJRtNbD3VmvXHGr7kxkGbwcKpCr3it/dfsxSyOukElqTMdzE/QzqlEwySelbmp4QtmIDnjHoqIRN34223RCTqzTJ2Gs7VNIZu7viYxGxoyjwHZGFIdmsTY1/6t1Ugyv/EyoJEWu2PyjMJUEYzI9m/SF5gzl2AJlWthdCRtSTRnacEo2BG/x5GVonlc9y/cXldp1HkcRjuAYTsGDS6jBLdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+R8/gAJ9I0F</latexit><latexit sha1_base64="h9w4OWZ0yPgqguRMc/Z+ixJyVTk=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0Yt4qmI/oA1ls920SzebsDsRSug/8OJBEa/+I2/+G7dtDtr6wsLDOzPszBskUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHNtN564tqIWD3iOOF+RAdKhIJRtNbD3VmvXHGr7kxkGbwcKpCr3it/dfsxSyOukElqTMdzE/QzqlEwySelbmp4QtmIDnjHoqIRN34223RCTqzTJ2Gs7VNIZu7viYxGxoyjwHZGFIdmsTY1/6t1Ugyv/EyoJEWu2PyjMJUEYzI9m/SF5gzl2AJlWthdCRtSTRnacEo2BG/x5GVonlc9y/cXldp1HkcRjuAYTsGDS6jBLdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+R8/gAJ9I0F</latexit><latexit sha1_base64="h9w4OWZ0yPgqguRMc/Z+ixJyVTk=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0Yt4qmI/oA1ls920SzebsDsRSug/8OJBEa/+I2/+G7dtDtr6wsLDOzPszBskUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHNtN564tqIWD3iOOF+RAdKhIJRtNbD3VmvXHGr7kxkGbwcKpCr3it/dfsxSyOukElqTMdzE/QzqlEwySelbmp4QtmIDnjHoqIRN34223RCTqzTJ2Gs7VNIZu7viYxGxoyjwHZGFIdmsTY1/6t1Ugyv/EyoJEWu2PyjMJUEYzI9m/SF5gzl2AJlWthdCRtSTRnacEo2BG/x5GVonlc9y/cXldp1HkcRjuAYTsGDS6jBLdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+R8/gAJ9I0F</latexit><latexit sha1_base64="h9w4OWZ0yPgqguRMc/Z+ixJyVTk=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0Yt4qmI/oA1ls920SzebsDsRSug/8OJBEa/+I2/+G7dtDtr6wsLDOzPszBskUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHNtN564tqIWD3iOOF+RAdKhIJRtNbD3VmvXHGr7kxkGbwcKpCr3it/dfsxSyOukElqTMdzE/QzqlEwySelbmp4QtmIDnjHoqIRN34223RCTqzTJ2Gs7VNIZu7viYxGxoyjwHZGFIdmsTY1/6t1Ugyv/EyoJEWu2PyjMJUEYzI9m/SF5gzl2AJlWthdCRtSTRnacEo2BG/x5GVonlc9y/cXldp1HkcRjuAYTsGDS6jBLdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+R8/gAJ9I0F</latexit>

�J = �(J �)� hdJ ; �̃i �A,
<latexit sha1_base64="c551Ua/2tWh/vF5DAfSeBpzYDCs="></latexit><latexit sha1_base64="c551Ua/2tWh/vF5DAfSeBpzYDCs="></latexit><latexit sha1_base64="c551Ua/2tWh/vF5DAfSeBpzYDCs="></latexit><latexit sha1_base64="c551Ua/2tWh/vF5DAfSeBpzYDCs="></latexit>

d ~A =
�!
div

�
dJ ^ �

�
+
�!
div

�
J d�

�
� d

�����!
hdJ ; �̃i

�
<latexit sha1_base64="6eJw5qaX++kDO3zEvbBPt99Oq2E="></latexit><latexit sha1_base64="6eJw5qaX++kDO3zEvbBPt99Oq2E="></latexit><latexit sha1_base64="6eJw5qaX++kDO3zEvbBPt99Oq2E="></latexit><latexit sha1_base64="6eJw5qaX++kDO3zEvbBPt99Oq2E="></latexit>

which gives the     A-
<latexit sha1_base64="kY3kA+ZvUiFbsxENlceT7CfGfQc=">AAAB7HicbZA9TwJBEIbn/ET8Qi1tNoKJjeSORkvUxhITD0jgQvaWOdiwt3fZ3TMhhN9gY6Extv4gO/+NC1yh4Jts8uSdmezMG6aCa+O6387a+sbm1nZhp7i7t39wWDo6buokUwx9lohEtUOqUXCJvuFGYDtVSONQYCsc3c3qrSdUmify0YxTDGI6kDzijBpr+ZWbyiXplcpu1Z2LrIKXQxlyNXqlr24/YVmM0jBBte54bmqCCVWGM4HTYjfTmFI2ogPsWJQ0Rh1M5stOybl1+iRKlH3SkLn7e2JCY63HcWg7Y2qGerk2M/+rdTITXQcTLtPMoGSLj6JMEJOQ2eWkzxUyI8YWKFPc7krYkCrKjM2naEPwlk9ehWat6ll+qJXrt3kcBTiFM7gAD66gDvfQAB8YcHiGV3hzpPPivDsfi9Y1J585gT9yPn8ACZWNgA==</latexit><latexit sha1_base64="kY3kA+ZvUiFbsxENlceT7CfGfQc=">AAAB7HicbZA9TwJBEIbn/ET8Qi1tNoKJjeSORkvUxhITD0jgQvaWOdiwt3fZ3TMhhN9gY6Extv4gO/+NC1yh4Jts8uSdmezMG6aCa+O6387a+sbm1nZhp7i7t39wWDo6buokUwx9lohEtUOqUXCJvuFGYDtVSONQYCsc3c3qrSdUmify0YxTDGI6kDzijBpr+ZWbyiXplcpu1Z2LrIKXQxlyNXqlr24/YVmM0jBBte54bmqCCVWGM4HTYjfTmFI2ogPsWJQ0Rh1M5stOybl1+iRKlH3SkLn7e2JCY63HcWg7Y2qGerk2M/+rdTITXQcTLtPMoGSLj6JMEJOQ2eWkzxUyI8YWKFPc7krYkCrKjM2naEPwlk9ehWat6ll+qJXrt3kcBTiFM7gAD66gDvfQAB8YcHiGV3hzpPPivDsfi9Y1J585gT9yPn8ACZWNgA==</latexit><latexit sha1_base64="kY3kA+ZvUiFbsxENlceT7CfGfQc=">AAAB7HicbZA9TwJBEIbn/ET8Qi1tNoKJjeSORkvUxhITD0jgQvaWOdiwt3fZ3TMhhN9gY6Extv4gO/+NC1yh4Jts8uSdmezMG6aCa+O6387a+sbm1nZhp7i7t39wWDo6buokUwx9lohEtUOqUXCJvuFGYDtVSONQYCsc3c3qrSdUmify0YxTDGI6kDzijBpr+ZWbyiXplcpu1Z2LrIKXQxlyNXqlr24/YVmM0jBBte54bmqCCVWGM4HTYjfTmFI2ogPsWJQ0Rh1M5stOybl1+iRKlH3SkLn7e2JCY63HcWg7Y2qGerk2M/+rdTITXQcTLtPMoGSLj6JMEJOQ2eWkzxUyI8YWKFPc7krYkCrKjM2naEPwlk9ehWat6ll+qJXrt3kcBTiFM7gAD66gDvfQAB8YcHiGV3hzpPPivDsfi9Y1J585gT9yPn8ACZWNgA==</latexit><latexit sha1_base64="kY3kA+ZvUiFbsxENlceT7CfGfQc=">AAAB7HicbZA9TwJBEIbn/ET8Qi1tNoKJjeSORkvUxhITD0jgQvaWOdiwt3fZ3TMhhN9gY6Extv4gO/+NC1yh4Jts8uSdmezMG6aCa+O6387a+sbm1nZhp7i7t39wWDo6buokUwx9lohEtUOqUXCJvuFGYDtVSONQYCsc3c3qrSdUmify0YxTDGI6kDzijBpr+ZWbyiXplcpu1Z2LrIKXQxlyNXqlr24/YVmM0jBBte54bmqCCVWGM4HTYjfTmFI2ogPsWJQ0Rh1M5stOybl1+iRKlH3SkLn7e2JCY63HcWg7Y2qGerk2M/+rdTITXQcTLtPMoGSLj6JMEJOQ2eWkzxUyI8YWKFPc7krYkCrKjM2naEPwlk9ehWat6ll+qJXrt3kcBTiFM7gAD66gDvfQAB8YcHiGV3hzpPPivDsfi9Y1J585gT9yPn8ACZWNgA==</latexit>

<latexit sha1_base64="MGF7Rk+cD0oJuBlHigvRaUE5jQU=">AAACAXicbVDJSgNBEO2JW4zbqBfBS5MgRIQwI4hehGAuklMEs0AmhJ5OJWnSs9jdExiGePEX/AQvHhTx6l94y9/YWQ6a+KDg8V4VVfXckDOpLGtspFZW19Y30puZre2d3T1z/6Amg0hQqNKAB6LhEgmc+VBVTHFohAKI53Kou4PSxK8PQUgW+PcqDqHlkZ7PuowSpaW2edRxhkCT8siBh4gNcSkSPF8+vbbaZs4qWFPgZWLPSa6Ydc6ex8W40ja/nU5AIw98RTmRsmlboWolRChGOYwyTiQhJHRAetDU1CceyFYy/WCET7TSwd1A6PIVnqq/JxLiSRl7ru70iOrLRW8i/uc1I9W9aiXMDyMFPp0t6kYcqwBP4sAdJoAqHmtCqGD6Vkz7RBCqdGgZHYK9+PIyqZ0X7IuCdafTuEEzpNExyqI8stElKqJbVEFVRNEjekFv6N14Ml6ND+Nz1poy5jOH6A+Mrx9sVpku</latexit>

d ~J ⌘ Curl(J) = 0

<latexit sha1_base64="GkxIOo6QwmO4fKjhkJF1MLQN4cY=">AAACDXicbVA9SwNBEN3zM8avqKUiix9gFe4E0UYQbSwTMCrkjji3N6dL9vaO3T0hHCltbPwrNkIUsbW38zf4J9wkFn49GHi8N8PMvDATXBvXfXdGRsfGJyZLU+Xpmdm5+crC4qlOc8WwwVKRqvMQNAousWG4EXieKYQkFHgWto/6/tk1Ks1TeWI6GQYJXEoecwbGSq3KRuGrhF5cQJaJjk+vkfkUZORTA230abTvdtfKrcq6W3UHoH+J90XWD1Z69Y+b1V6tVXnzo5TlCUrDBGjd9NzMBAUow5nAbtnPNWbA2nCJTUslJKiDYvBNl25aJaJxqmxJQwfq94kCEq07SWg7EzBX+rfXF//zmrmJ94KCyyw3KNlwUZwLalLaj4ZGXCEzomMJMMXtrZRdgQJmbID9ELzfL/8lp9tVb6fq1m0ah2SIElkma2SLeGSXHJBjUiMNwsgtuSeP5Mm5cx6cZ+dl2DrifM0skR9wXj8BHGSd+g==</latexit>

“apply vec and take d = 0”

equation     



This leads to the  RT-equations:    

<latexit sha1_base64="blKxmoxkh8xUwInIM+DC4xae4j4="></latexit>

d ~J = 0 on @⌦.

<latexit sha1_base64="ca4CU+VFTHhbUIb6hcHXZzAZi4M="></latexit>

��̃ = �d�� �
�
dJ�1 ^ dJ

�
+ d(J�1A), (1)

�J = �(J · �)� hdJ ; �̃i �A, (2)

d ~A =
�!
div

�
dJ ^ �

�
+
�!
div

�
J d�

�
� d

�����!
hdJ ; �̃i

�
, (3)

� ~A = v (4)



This leads to the  RT-equations:    

<latexit sha1_base64="blKxmoxkh8xUwInIM+DC4xae4j4="></latexit>

d ~J = 0 on @⌦.

<latexit sha1_base64="ca4CU+VFTHhbUIb6hcHXZzAZi4M="></latexit>

��̃ = �d�� �
�
dJ�1 ^ dJ

�
+ d(J�1A), (1)

�J = �(J · �)� hdJ ; �̃i �A, (2)

d ~A =
�!
div

�
dJ ^ �

�
+
�!
div

�
J d�

�
� d

�����!
hdJ ; �̃i

�
, (3)

� ~A = v (4)

<latexit sha1_base64="1Y5HsP9wDRIXQeIm3nEiDr0C/IE=">AAACA3icbVDLSgMxFM34rPVVdaciwSK4KGVGEF0WXeiyBfuAzlgymbQNTTJDkhHKUHDTX3HjQhEX3fgT7vwGf8K004W2Hrjcwzn3ktzjR4wqbdtf1sLi0vLKamYtu76xubWd29mtqTCWmFRxyELZ8JEijApS1VQz0ogkQdxnpO73rsd+/YFIRUNxp/sR8TjqCNqmGGkjtXL7WfcGcY4KQdpdKmD9PuGFaNDK5e2iPQGcJ86U5EuHo8r38GhUbuU+3SDEMSdCY4aUajp2pL0ESU0xI4OsGysSIdxDHdI0VCBOlJdMbhjAE6MEsB1KU0LDifp7I0FcqT73zSRHuqtmvbH4n9eMdfvSS6iIYk0ETh9qxwzqEI4DgQGVBGvWNwRhSc1fIe4iibA2sWVNCM7syfOkdlZ0zot2xaRxBVJkwAE4BqfAARegBG5BGVQBBo/gCbyAV2toPVtv1ns6umBNd/bAH1gfP3eSmns=</latexit>

�, d� 2 Wm,p implies                     !    
<latexit sha1_base64="lPSbP3BPldecjrTf3GkbJJDP4fQ=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEAFWChGCjgqVjefQhtaFyXKe1ajuR7YCq0E9hYQAhVr6EjU9hw0k7QMuRrnR0zr269x4/YlRpx/mycguLS8sr+dXC2vrG5pZd3G6oMJaY1HHIQtnykSKMClLXVDPSiiRB3Gek6Q8vU795T6SiobjVo4h4HPUFDShG2khdu3hdvelQAZt3CT9yD6NxoWuXnLKTAc4Td0pK599BhlrX/uz0QhxzIjRmSKm260TaS5DUFDMyLnRiRSKEh6hP2oYKxInykuz0Mdw3Sg8GoTQlNMzU3xMJ4kqNuG86OdIDNeul4n9eO9bBmZdQEcWaCDxZFMQM6hCmOcAelQRrNjIEYUnNrRAPkERYm7TSENzZl+dJ47jsnpSdK6dUuQAT5MEu2AMHwAWnoAKqoAbqAIMH8ARewKv1aD1bb9b7pDVnTWd2wB9YHz8kL5ZP</latexit>

RHS 2 W
m�1,p



This leads to the  RT-equations:    

<latexit sha1_base64="blKxmoxkh8xUwInIM+DC4xae4j4="></latexit>

d ~J = 0 on @⌦.

<latexit sha1_base64="ca4CU+VFTHhbUIb6hcHXZzAZi4M="></latexit>

��̃ = �d�� �
�
dJ�1 ^ dJ

�
+ d(J�1A), (1)

�J = �(J · �)� hdJ ; �̃i �A, (2)

d ~A =
�!
div

�
dJ ^ �

�
+
�!
div

�
J d�

�
� d

�����!
hdJ ; �̃i

�
, (3)

� ~A = v (4)

<latexit sha1_base64="1Y5HsP9wDRIXQeIm3nEiDr0C/IE=">AAACA3icbVDLSgMxFM34rPVVdaciwSK4KGVGEF0WXeiyBfuAzlgymbQNTTJDkhHKUHDTX3HjQhEX3fgT7vwGf8K004W2Hrjcwzn3ktzjR4wqbdtf1sLi0vLKamYtu76xubWd29mtqTCWmFRxyELZ8JEijApS1VQz0ogkQdxnpO73rsd+/YFIRUNxp/sR8TjqCNqmGGkjtXL7WfcGcY4KQdpdKmD9PuGFaNDK5e2iPQGcJ86U5EuHo8r38GhUbuU+3SDEMSdCY4aUajp2pL0ESU0xI4OsGysSIdxDHdI0VCBOlJdMbhjAE6MEsB1KU0LDifp7I0FcqT73zSRHuqtmvbH4n9eMdfvSS6iIYk0ETh9qxwzqEI4DgQGVBGvWNwRhSc1fIe4iibA2sWVNCM7syfOkdlZ0zot2xaRxBVJkwAE4BqfAARegBG5BGVQBBo/gCbyAV2toPVtv1ns6umBNd/bAH1gfP3eSmns=</latexit>

�, d� 2 Wm,p implies                     !    
<latexit sha1_base64="lPSbP3BPldecjrTf3GkbJJDP4fQ=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEAFWChGCjgqVjefQhtaFyXKe1ajuR7YCq0E9hYQAhVr6EjU9hw0k7QMuRrnR0zr269x4/YlRpx/mycguLS8sr+dXC2vrG5pZd3G6oMJaY1HHIQtnykSKMClLXVDPSiiRB3Gek6Q8vU795T6SiobjVo4h4HPUFDShG2khdu3hdvelQAZt3CT9yD6NxoWuXnLKTAc4Td0pK599BhlrX/uz0QhxzIjRmSKm260TaS5DUFDMyLnRiRSKEh6hP2oYKxInykuz0Mdw3Sg8GoTQlNMzU3xMJ4kqNuG86OdIDNeul4n9eO9bBmZdQEcWaCDxZFMQM6hCmOcAelQRrNjIEYUnNrRAPkERYm7TSENzZl+dJ47jsnpSdK6dUuQAT5MEu2AMHwAWnoAKqoAbqAIMH8ARewKv1aD1bb9b7pDVnTWd2wB9YHz8kL5ZP</latexit>

RHS 2 W
m�1,p



Another “miraculous cancellation” occurs in
in A-equation    

<latexit sha1_base64="blKxmoxkh8xUwInIM+DC4xae4j4="></latexit>

d ~J = 0 on @⌦.

<latexit sha1_base64="ca4CU+VFTHhbUIb6hcHXZzAZi4M="></latexit>

��̃ = �d�� �
�
dJ�1 ^ dJ

�
+ d(J�1A), (1)

�J = �(J · �)� hdJ ; �̃i �A, (2)

d ~A =
�!
div

�
dJ ^ �

�
+
�!
div

�
J d�

�
� d

�����!
hdJ ; �̃i

�
, (3)

� ~A = v (4)



Consider the A-equation:

d
�����!
�(J �)

�
<latexit sha1_base64="X+OeJdyQTMTT8MJRYP9TyCOQtYA="></latexit><latexit sha1_base64="X+OeJdyQTMTT8MJRYP9TyCOQtYA="></latexit><latexit sha1_base64="X+OeJdyQTMTT8MJRYP9TyCOQtYA="></latexit><latexit sha1_base64="X+OeJdyQTMTT8MJRYP9TyCOQtYA="></latexit>

<latexit sha1_base64="GOZxPefyy8HX6nYjn3ifXFxWM/Q="></latexit>

��̃ = �d�� �
�
dJ�1 ^ dJ

�
+ d(J�1A),

�J = �(J · �)� hdJ ; �̃i �A,

d ~A =
�!
div

�
dJ ^ �

�
+

�!
div

�
J d�

�
� d

�����!
hdJ ; �̃i

�
,



d
�����!
�(J �)

�
=

�!
div

�
dJ ^ �

�
+
�!
div

�
J d�

�
(1)

<latexit sha1_base64="twZfqoHFmylZWWAYA4G6onsL2ls="></latexit><latexit sha1_base64="twZfqoHFmylZWWAYA4G6onsL2ls="></latexit><latexit sha1_base64="twZfqoHFmylZWWAYA4G6onsL2ls="></latexit><latexit sha1_base64="twZfqoHFmylZWWAYA4G6onsL2ls="></latexit>

one derivative smoother than      ! d�
<latexit sha1_base64="xN4adjgWA5GSN8ITVFmkLhVoFmI=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KDHCrYW2lAmm027dDeJuxuhlP4JLx4U8erf8ea/cdPmoK0vLDy8M8POvEEquDau++2UVlbX1jfKm5Wt7Z3dver+QVsnmaKsRRORqE6Amgkes5bhRrBOqhjKQLCHYHSd1x+emNI8ie/NOGW+xEHMI07RWKsT9m5QSqz0qzW37s5ElsEroAaFmv3qVy9MaCZZbKhArbuemxp/gspwKti00ss0S5GOcMC6FmOUTPuT2b5TcmKdkESJsi82ZOb+npig1HosA9sp0Qz1Yi03/6t1MxNd+hMep5lhMZ1/FGWCmITkx5OQK0aNGFtAqrjdldAhKqTGRpSH4C2evAzts7pn+e681rgq4ijDERzDKXhwAQ24hSa0gIKAZ3iFN+fReXHenY95a8kpZg7hj5zPH0uNj3c=</latexit><latexit sha1_base64="xN4adjgWA5GSN8ITVFmkLhVoFmI=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KDHCrYW2lAmm027dDeJuxuhlP4JLx4U8erf8ea/cdPmoK0vLDy8M8POvEEquDau++2UVlbX1jfKm5Wt7Z3dver+QVsnmaKsRRORqE6Amgkes5bhRrBOqhjKQLCHYHSd1x+emNI8ie/NOGW+xEHMI07RWKsT9m5QSqz0qzW37s5ElsEroAaFmv3qVy9MaCZZbKhArbuemxp/gspwKti00ss0S5GOcMC6FmOUTPuT2b5TcmKdkESJsi82ZOb+npig1HosA9sp0Qz1Yi03/6t1MxNd+hMep5lhMZ1/FGWCmITkx5OQK0aNGFtAqrjdldAhKqTGRpSH4C2evAzts7pn+e681rgq4ijDERzDKXhwAQ24hSa0gIKAZ3iFN+fReXHenY95a8kpZg7hj5zPH0uNj3c=</latexit><latexit sha1_base64="xN4adjgWA5GSN8ITVFmkLhVoFmI=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KDHCrYW2lAmm027dDeJuxuhlP4JLx4U8erf8ea/cdPmoK0vLDy8M8POvEEquDau++2UVlbX1jfKm5Wt7Z3dver+QVsnmaKsRRORqE6Amgkes5bhRrBOqhjKQLCHYHSd1x+emNI8ie/NOGW+xEHMI07RWKsT9m5QSqz0qzW37s5ElsEroAaFmv3qVy9MaCZZbKhArbuemxp/gspwKti00ss0S5GOcMC6FmOUTPuT2b5TcmKdkESJsi82ZOb+npig1HosA9sp0Qz1Yi03/6t1MxNd+hMep5lhMZ1/FGWCmITkx5OQK0aNGFtAqrjdldAhKqTGRpSH4C2evAzts7pn+e681rgq4ijDERzDKXhwAQ24hSa0gIKAZ3iFN+fReXHenY95a8kpZg7hj5zPH0uNj3c=</latexit><latexit sha1_base64="xN4adjgWA5GSN8ITVFmkLhVoFmI=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KDHCrYW2lAmm027dDeJuxuhlP4JLx4U8erf8ea/cdPmoK0vLDy8M8POvEEquDau++2UVlbX1jfKm5Wt7Z3dver+QVsnmaKsRRORqE6Amgkes5bhRrBOqhjKQLCHYHSd1x+emNI8ie/NOGW+xEHMI07RWKsT9m5QSqz0qzW37s5ElsEroAaFmv3qVy9MaCZZbKhArbuemxp/gspwKti00ss0S5GOcMC6FmOUTPuT2b5TcmKdkESJsi82ZOb+npig1HosA9sp0Qz1Yi03/6t1MxNd+hMep5lhMZ1/FGWCmITkx5OQK0aNGFtAqrjdldAhKqTGRpSH4C2evAzts7pn+e681rgq4ijDERzDKXhwAQ24hSa0gIKAZ3iFN+fReXHenY95a8kpZg7hj5zPH0uNj3c=</latexit>

��
<latexit sha1_base64="Eo/kwygApgL/3kIsKA83rZOF4OA=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBdixnMpk2NMkMSUYpQ9/DjQtF3Pou7nwbM+0stPWHwMd/zuGc/EHCmTau++2UVlbX1jfKm5Wt7Z3dver+QVvHqSK0RWIeq24AmnImacsww2k3URREwGknGF/n9c4jVZrF8t5MEuoLGEoWMQLGWg/9kHIDuH8DQkBlUK25dXcmvAxeATVUqDmofvXDmKSCSkM4aN3z3MT4GSjDCKfTSj/VNAEyhiHtWZQgqPaz2dVTfGKdEEexsk8aPHN/T2QgtJ6IwHYKMCO9WMvN/2q91ESXfsZkkhoqyXxRlHJsYpxHgEOmKDF8YgGIYvZWTEaggBgbVB6Ct/jlZWif1T3Ld+e1xlURRxkdoWN0ijx0gRroFjVRCxGk0DN6RW/Ok/PivDsf89aSU8wcoj9yPn8AfEaR1Q==</latexit><latexit sha1_base64="Eo/kwygApgL/3kIsKA83rZOF4OA=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBdixnMpk2NMkMSUYpQ9/DjQtF3Pou7nwbM+0stPWHwMd/zuGc/EHCmTau++2UVlbX1jfKm5Wt7Z3dver+QVvHqSK0RWIeq24AmnImacsww2k3URREwGknGF/n9c4jVZrF8t5MEuoLGEoWMQLGWg/9kHIDuH8DQkBlUK25dXcmvAxeATVUqDmofvXDmKSCSkM4aN3z3MT4GSjDCKfTSj/VNAEyhiHtWZQgqPaz2dVTfGKdEEexsk8aPHN/T2QgtJ6IwHYKMCO9WMvN/2q91ESXfsZkkhoqyXxRlHJsYpxHgEOmKDF8YgGIYvZWTEaggBgbVB6Ct/jlZWif1T3Ld+e1xlURRxkdoWN0ijx0gRroFjVRCxGk0DN6RW/Ok/PivDsf89aSU8wcoj9yPn8AfEaR1Q==</latexit><latexit sha1_base64="Eo/kwygApgL/3kIsKA83rZOF4OA=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBdixnMpk2NMkMSUYpQ9/DjQtF3Pou7nwbM+0stPWHwMd/zuGc/EHCmTau++2UVlbX1jfKm5Wt7Z3dver+QVvHqSK0RWIeq24AmnImacsww2k3URREwGknGF/n9c4jVZrF8t5MEuoLGEoWMQLGWg/9kHIDuH8DQkBlUK25dXcmvAxeATVUqDmofvXDmKSCSkM4aN3z3MT4GSjDCKfTSj/VNAEyhiHtWZQgqPaz2dVTfGKdEEexsk8aPHN/T2QgtJ6IwHYKMCO9WMvN/2q91ESXfsZkkhoqyXxRlHJsYpxHgEOmKDF8YgGIYvZWTEaggBgbVB6Ct/jlZWif1T3Ld+e1xlURRxkdoWN0ijx0gRroFjVRCxGk0DN6RW/Ok/PivDsf89aSU8wcoj9yPn8AfEaR1Q==</latexit><latexit sha1_base64="Eo/kwygApgL/3kIsKA83rZOF4OA=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBdixnMpk2NMkMSUYpQ9/DjQtF3Pou7nwbM+0stPWHwMd/zuGc/EHCmTau++2UVlbX1jfKm5Wt7Z3dver+QVvHqSK0RWIeq24AmnImacsww2k3URREwGknGF/n9c4jVZrF8t5MEuoLGEoWMQLGWg/9kHIDuH8DQkBlUK25dXcmvAxeATVUqDmofvXDmKSCSkM4aN3z3MT4GSjDCKfTSj/VNAEyhiHtWZQgqPaz2dVTfGKdEEexsk8aPHN/T2QgtJ6IwHYKMCO9WMvN/2q91ESXfsZkkhoqyXxRlHJsYpxHgEOmKDF8YgGIYvZWTEaggBgbVB6Ct/jlZWif1T3Ld+e1xlURRxkdoWN0ijx0gRroFjVRCxGk0DN6RW/Ok/PivDsf89aSU8wcoj9yPn8AfEaR1Q==</latexit>

Lemma:  (for smooth    ): 
<latexit sha1_base64="bM9nCZMlxa2ACoqaSBSrx6J7mAs=">AAAB7XicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXQjFl3osoK9QDuUM2mmjU0yQ5IRytB3cONCETcufBT3bsS3Mb0stPWHwMf/n0POOWHCmTae9+3kFhaXllfyq+7a+sbmVmF7p6bjVBFaJTGPVSMETTmTtGqY4bSRKAoi5LQe9i9Hef2eKs1ieWsGCQ0EdCWLGAFjrVrrCoSAdqHolbyx8Dz4Uyief7hnyduXW2kXPludmKSCSkM4aN30vcQEGSjDCKdDt5VqmgDpQ5c2LUoQVAfZeNohPrBOB0exsk8aPHZ/d2QgtB6I0FYKMD09m43M/7JmaqLTIGMySQ2VZPJRlHJsYjxaHXeYosTwgQUgitlZMemBAmLsgVx7BH925XmoHZX845J34xXLF2iiPNpD++gQ+egEldE1qqAqIugOPaAn9OzEzqPz4rxOSnPOtGcX/ZHz/gO2xJI2</latexit>

�

<latexit sha1_base64="h1NA8QN5oWpzUVpJa/Ja9CP2DkI=">AAAB8HicbZDLSgMxFIbP1Fsdb1WXboJFcKFlRhDdiEU3LivYi7RjyaRpG5pkhiQjlKFP4caFIuLOF3HvRnwb08tCW38IfPz/OeScE8acaeN5305mbn5hcSm77K6srq1v5Da3KjpKFKFlEvFI1UKsKWeSlg0znNZiRbEIOa2GvcthXr2nSrNI3ph+TAOBO5K1GcHGWrfVu1Qc+gfxoJnLewVvJDQL/gTy5x/uWfz25Zaauc9GKyKJoNIQjrWu+15sghQrwwinA7eRaBpj0sMdWrcosaA6SEcDD9CedVqoHSn7pEEj93dHioXWfRHaSoFNV09nQ/O/rJ6Y9mmQMhknhkoy/qidcGQiNNwetZiixPC+BUwUs7Mi0sUKE2Nv5Noj+NMrz0LlqOAfF7xrL1+8gLGysAO7sA8+nEARrqAEZSAg4AGe4NlRzqPz4ryOSzPOpGcb/sh5/wFvkJMp</latexit>

Wm�1,p
<latexit sha1_base64="HGDmy02tIDT8dljJu7O8ytETk4w=">AAAB8HicbZDLSgMxFIbPeK3jrerSTbAILrTMFEQ3YtGNywr2Iu1YMmnahiYzIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhJIzbTzv25mbX1hcWs6suKtr6xub2a3tio4TRWiZxDxWtRBryllEy4YZTmtSUSxCTqth73KYV++p0iyObkxf0kDgTsTajGBjrdvqXSqOCody0MzmvLw3EpoFfwK58w/3TL59uaVm9rPRikkiaGQIx1rXfU+aIMXKMMLpwG0kmkpMerhD6xYjLKgO0tHAA7RvnRZqx8q+yKCR+7sjxULrvghtpcCmq6ezoflfVk9M+zRIWSQTQyMy/qidcGRiNNwetZiixPC+BUwUs7Mi0sUKE2Nv5Noj+NMrz0KlkPeP8961lytewFgZ2IU9OAAfTqAIV1CCMhAQ8ABP8Owo59F5cV7HpXPOpGcH/sh5/wFxF5Mq</latexit>

Wm�2,p



Consider the A-equation:

d
�����!
�(J �)

�
<latexit sha1_base64="X+OeJdyQTMTT8MJRYP9TyCOQtYA="></latexit><latexit sha1_base64="X+OeJdyQTMTT8MJRYP9TyCOQtYA="></latexit><latexit sha1_base64="X+OeJdyQTMTT8MJRYP9TyCOQtYA="></latexit><latexit sha1_base64="X+OeJdyQTMTT8MJRYP9TyCOQtYA="></latexit>

<latexit sha1_base64="GOZxPefyy8HX6nYjn3ifXFxWM/Q="></latexit>

��̃ = �d�� �
�
dJ�1 ^ dJ

�
+ d(J�1A),

�J = �(J · �)� hdJ ; �̃i �A,

d ~A =
�!
div

�
dJ ^ �

�
+

�!
div

�
J d�

�
� d

�����!
hdJ ; �̃i

�
,

<latexit sha1_base64="1Y5HsP9wDRIXQeIm3nEiDr0C/IE=">AAACA3icbVDLSgMxFM34rPVVdaciwSK4KGVGEF0WXeiyBfuAzlgymbQNTTJDkhHKUHDTX3HjQhEX3fgT7vwGf8K004W2Hrjcwzn3ktzjR4wqbdtf1sLi0vLKamYtu76xubWd29mtqTCWmFRxyELZ8JEijApS1VQz0ogkQdxnpO73rsd+/YFIRUNxp/sR8TjqCNqmGGkjtXL7WfcGcY4KQdpdKmD9PuGFaNDK5e2iPQGcJ86U5EuHo8r38GhUbuU+3SDEMSdCY4aUajp2pL0ESU0xI4OsGysSIdxDHdI0VCBOlJdMbhjAE6MEsB1KU0LDifp7I0FcqT73zSRHuqtmvbH4n9eMdfvSS6iIYk0ETh9qxwzqEI4DgQGVBGvWNwRhSc1fIe4iibA2sWVNCM7syfOkdlZ0zot2xaRxBVJkwAE4BqfAARegBG5BGVQBBo/gCbyAV2toPVtv1ns6umBNd/bAH1gfP3eSmns=</latexit>

�, d� 2 Wm,p implies                     !    
<latexit sha1_base64="lPSbP3BPldecjrTf3GkbJJDP4fQ=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEAFWChGCjgqVjefQhtaFyXKe1ajuR7YCq0E9hYQAhVr6EjU9hw0k7QMuRrnR0zr269x4/YlRpx/mycguLS8sr+dXC2vrG5pZd3G6oMJaY1HHIQtnykSKMClLXVDPSiiRB3Gek6Q8vU795T6SiobjVo4h4HPUFDShG2khdu3hdvelQAZt3CT9yD6NxoWuXnLKTAc4Td0pK599BhlrX/uz0QhxzIjRmSKm260TaS5DUFDMyLnRiRSKEh6hP2oYKxInykuz0Mdw3Sg8GoTQlNMzU3xMJ4kqNuG86OdIDNeul4n9eO9bBmZdQEcWaCDxZFMQM6hCmOcAelQRrNjIEYUnNrRAPkERYm7TSENzZl+dJ47jsnpSdK6dUuQAT5MEu2AMHwAWnoAKqoAbqAIMH8ARewKv1aD1bb9b7pDVnTWd2wB9YHz8kL5ZP</latexit>

RHS 2 W
m�1,p



   Finally,      which solves RT-equations may not
 be the actual connection transformed by    …     

�̃
<latexit sha1_base64="W17DwMOvG88+jrwSvZhPhrJ99y8=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBzlgymUwbmmSG5IxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GEquAHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STFPWoolIdDckhgmuWAs4CNZNNSMyFKwTjq6n9c4j04Yn6h7GKQskGSgec0rAWg8+cBGx3L8hUpJJv1pz6+5MeBm8AmqoULNf/fKjhGaSKaCCGNPz3BSCnGjgVLBJxc8MSwkdkQHrWVREMhPks6sn+MQ6EY4TbZ8CPHN/T+REGjOWoe2UBIZmsTY1/6v1Mogvg5yrNAOm6HxRnAkMCZ5GgCOuGQUxtkCo5vZWTIdEEwo2qIoNwVv88jK0z+qe5bvzWuOqiKOMjtAxOkUeukANdIuaqIUo0ugZvaI358l5cd6dj3lrySlmDtEfOZ8/w6aSqw==</latexit><latexit sha1_base64="W17DwMOvG88+jrwSvZhPhrJ99y8=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBzlgymUwbmmSG5IxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GEquAHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STFPWoolIdDckhgmuWAs4CNZNNSMyFKwTjq6n9c4j04Yn6h7GKQskGSgec0rAWg8+cBGx3L8hUpJJv1pz6+5MeBm8AmqoULNf/fKjhGaSKaCCGNPz3BSCnGjgVLBJxc8MSwkdkQHrWVREMhPks6sn+MQ6EY4TbZ8CPHN/T+REGjOWoe2UBIZmsTY1/6v1Mogvg5yrNAOm6HxRnAkMCZ5GgCOuGQUxtkCo5vZWTIdEEwo2qIoNwVv88jK0z+qe5bvzWuOqiKOMjtAxOkUeukANdIuaqIUo0ugZvaI358l5cd6dj3lrySlmDtEfOZ8/w6aSqw==</latexit><latexit sha1_base64="W17DwMOvG88+jrwSvZhPhrJ99y8=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBzlgymUwbmmSG5IxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GEquAHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STFPWoolIdDckhgmuWAs4CNZNNSMyFKwTjq6n9c4j04Yn6h7GKQskGSgec0rAWg8+cBGx3L8hUpJJv1pz6+5MeBm8AmqoULNf/fKjhGaSKaCCGNPz3BSCnGjgVLBJxc8MSwkdkQHrWVREMhPks6sn+MQ6EY4TbZ8CPHN/T+REGjOWoe2UBIZmsTY1/6v1Mogvg5yrNAOm6HxRnAkMCZ5GgCOuGQUxtkCo5vZWTIdEEwo2qIoNwVv88jK0z+qe5bvzWuOqiKOMjtAxOkUeukANdIuaqIUo0ugZvaI358l5cd6dj3lrySlmDtEfOZ8/w6aSqw==</latexit><latexit sha1_base64="W17DwMOvG88+jrwSvZhPhrJ99y8=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBzlgymUwbmmSG5IxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GEquAHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STFPWoolIdDckhgmuWAs4CNZNNSMyFKwTjq6n9c4j04Yn6h7GKQskGSgec0rAWg8+cBGx3L8hUpJJv1pz6+5MeBm8AmqoULNf/fKjhGaSKaCCGNPz3BSCnGjgVLBJxc8MSwkdkQHrWVREMhPks6sn+MQ6EY4TbZ8CPHN/T+REGjOWoe2UBIZmsTY1/6v1Mogvg5yrNAOm6HxRnAkMCZ5GgCOuGQUxtkCo5vZWTIdEEwo2qIoNwVv88jK0z+qe5bvzWuOqiKOMjtAxOkUeukANdIuaqIUo0ugZvaI358l5cd6dj3lrySlmDtEfOZ8/w6aSqw==</latexit>

<latexit sha1_base64="LaiPe5Cph4m7/l9DxW2hBXqhn8M=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix6EU8t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFS/b5XKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVbc+kW5epPHUYBjOIEz8OAKqnAHNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/odOM0g==</latexit>

J



�̃0 = �� J�1dJ
<latexit sha1_base64="qnapMw8QNdlI785Crf9VskJEYz0=">AAACCnicbZC7TsMwFIadcivlFmBkMbQIllZJF1iQKhhAnYpEL1ITKsdxW6t2EtkOUhVlZuFVWBhAiJUnYONtcNsM0PJLlj795xwdn9+LGJXKsr6N3NLyyupafr2wsbm1vWPu7rVkGAtMmjhkoeh4SBJGA9JUVDHSiQRB3GOk7Y2uJvX2AxGShsGdGkfE5WgQ0D7FSGmrZx6WHEWZTxLnGnGO0pOLGZTr90nZTv16qWcWrYo1FVwEO4MiyNTomV+OH+KYk0BhhqTs2lak3AQJRTEjacGJJYkQHqEB6WoMECfSTaanpPBYOz7sh0K/QMGp+3siQVzKMfd0J0dqKOdrE/O/WjdW/XM3oUEUKxLg2aJ+zKAK4SQX6FNBsGJjDQgLqv8K8RAJhJVOr6BDsOdPXoRWtWJrvq0Wa5dZHHlwAI7AKbDBGaiBG9AATYDBI3gGr+DNeDJejHfjY9aaM7KZffBHxucPVLyZXA==</latexit><latexit sha1_base64="qnapMw8QNdlI785Crf9VskJEYz0=">AAACCnicbZC7TsMwFIadcivlFmBkMbQIllZJF1iQKhhAnYpEL1ITKsdxW6t2EtkOUhVlZuFVWBhAiJUnYONtcNsM0PJLlj795xwdn9+LGJXKsr6N3NLyyupafr2wsbm1vWPu7rVkGAtMmjhkoeh4SBJGA9JUVDHSiQRB3GOk7Y2uJvX2AxGShsGdGkfE5WgQ0D7FSGmrZx6WHEWZTxLnGnGO0pOLGZTr90nZTv16qWcWrYo1FVwEO4MiyNTomV+OH+KYk0BhhqTs2lak3AQJRTEjacGJJYkQHqEB6WoMECfSTaanpPBYOz7sh0K/QMGp+3siQVzKMfd0J0dqKOdrE/O/WjdW/XM3oUEUKxLg2aJ+zKAK4SQX6FNBsGJjDQgLqv8K8RAJhJVOr6BDsOdPXoRWtWJrvq0Wa5dZHHlwAI7AKbDBGaiBG9AATYDBI3gGr+DNeDJejHfjY9aaM7KZffBHxucPVLyZXA==</latexit><latexit sha1_base64="qnapMw8QNdlI785Crf9VskJEYz0=">AAACCnicbZC7TsMwFIadcivlFmBkMbQIllZJF1iQKhhAnYpEL1ITKsdxW6t2EtkOUhVlZuFVWBhAiJUnYONtcNsM0PJLlj795xwdn9+LGJXKsr6N3NLyyupafr2wsbm1vWPu7rVkGAtMmjhkoeh4SBJGA9JUVDHSiQRB3GOk7Y2uJvX2AxGShsGdGkfE5WgQ0D7FSGmrZx6WHEWZTxLnGnGO0pOLGZTr90nZTv16qWcWrYo1FVwEO4MiyNTomV+OH+KYk0BhhqTs2lak3AQJRTEjacGJJYkQHqEB6WoMECfSTaanpPBYOz7sh0K/QMGp+3siQVzKMfd0J0dqKOdrE/O/WjdW/XM3oUEUKxLg2aJ+zKAK4SQX6FNBsGJjDQgLqv8K8RAJhJVOr6BDsOdPXoRWtWJrvq0Wa5dZHHlwAI7AKbDBGaiBG9AATYDBI3gGr+DNeDJejHfjY9aaM7KZffBHxucPVLyZXA==</latexit><latexit sha1_base64="qnapMw8QNdlI785Crf9VskJEYz0=">AAACCnicbZC7TsMwFIadcivlFmBkMbQIllZJF1iQKhhAnYpEL1ITKsdxW6t2EtkOUhVlZuFVWBhAiJUnYONtcNsM0PJLlj795xwdn9+LGJXKsr6N3NLyyupafr2wsbm1vWPu7rVkGAtMmjhkoeh4SBJGA9JUVDHSiQRB3GOk7Y2uJvX2AxGShsGdGkfE5WgQ0D7FSGmrZx6WHEWZTxLnGnGO0pOLGZTr90nZTv16qWcWrYo1FVwEO4MiyNTomV+OH+KYk0BhhqTs2lak3AQJRTEjacGJJYkQHqEB6WoMECfSTaanpPBYOz7sh0K/QMGp+3siQVzKMfd0J0dqKOdrE/O/WjdW/XM3oUEUKxLg2aJ+zKAK4SQX6FNBsGJjDQgLqv8K8RAJhJVOr6BDsOdPXoRWtWJrvq0Wa5dZHHlwAI7AKbDBGaiBG9AATYDBI3gGr+DNeDJejHfjY9aaM7KZffBHxucPVLyZXA==</latexit>

   Finally,      which solves RT-equations may not
 be the actual connection transformed by    …     

�̃
<latexit sha1_base64="W17DwMOvG88+jrwSvZhPhrJ99y8=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBzlgymUwbmmSG5IxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GEquAHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STFPWoolIdDckhgmuWAs4CNZNNSMyFKwTjq6n9c4j04Yn6h7GKQskGSgec0rAWg8+cBGx3L8hUpJJv1pz6+5MeBm8AmqoULNf/fKjhGaSKaCCGNPz3BSCnGjgVLBJxc8MSwkdkQHrWVREMhPks6sn+MQ6EY4TbZ8CPHN/T+REGjOWoe2UBIZmsTY1/6v1Mogvg5yrNAOm6HxRnAkMCZ5GgCOuGQUxtkCo5vZWTIdEEwo2qIoNwVv88jK0z+qe5bvzWuOqiKOMjtAxOkUeukANdIuaqIUo0ugZvaI358l5cd6dj3lrySlmDtEfOZ8/w6aSqw==</latexit><latexit sha1_base64="W17DwMOvG88+jrwSvZhPhrJ99y8=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBzlgymUwbmmSG5IxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GEquAHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STFPWoolIdDckhgmuWAs4CNZNNSMyFKwTjq6n9c4j04Yn6h7GKQskGSgec0rAWg8+cBGx3L8hUpJJv1pz6+5MeBm8AmqoULNf/fKjhGaSKaCCGNPz3BSCnGjgVLBJxc8MSwkdkQHrWVREMhPks6sn+MQ6EY4TbZ8CPHN/T+REGjOWoe2UBIZmsTY1/6v1Mogvg5yrNAOm6HxRnAkMCZ5GgCOuGQUxtkCo5vZWTIdEEwo2qIoNwVv88jK0z+qe5bvzWuOqiKOMjtAxOkUeukANdIuaqIUo0ugZvaI358l5cd6dj3lrySlmDtEfOZ8/w6aSqw==</latexit><latexit sha1_base64="W17DwMOvG88+jrwSvZhPhrJ99y8=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBzlgymUwbmmSG5IxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GEquAHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STFPWoolIdDckhgmuWAs4CNZNNSMyFKwTjq6n9c4j04Yn6h7GKQskGSgec0rAWg8+cBGx3L8hUpJJv1pz6+5MeBm8AmqoULNf/fKjhGaSKaCCGNPz3BSCnGjgVLBJxc8MSwkdkQHrWVREMhPks6sn+MQ6EY4TbZ8CPHN/T+REGjOWoe2UBIZmsTY1/6v1Mogvg5yrNAOm6HxRnAkMCZ5GgCOuGQUxtkCo5vZWTIdEEwo2qIoNwVv88jK0z+qe5bvzWuOqiKOMjtAxOkUeukANdIuaqIUo0ugZvaI358l5cd6dj3lrySlmDtEfOZ8/w6aSqw==</latexit><latexit sha1_base64="W17DwMOvG88+jrwSvZhPhrJ99y8=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBzlgymUwbmmSG5IxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GEquAHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STFPWoolIdDckhgmuWAs4CNZNNSMyFKwTjq6n9c4j04Yn6h7GKQskGSgec0rAWg8+cBGx3L8hUpJJv1pz6+5MeBm8AmqoULNf/fKjhGaSKaCCGNPz3BSCnGjgVLBJxc8MSwkdkQHrWVREMhPks6sn+MQ6EY4TbZ8CPHN/T+REGjOWoe2UBIZmsTY1/6v1Mogvg5yrNAOm6HxRnAkMCZ5GgCOuGQUxtkCo5vZWTIdEEwo2qIoNwVv88jK0z+qe5bvzWuOqiKOMjtAxOkUeukANdIuaqIUo0ugZvaI358l5cd6dj3lrySlmDtEfOZ8/w6aSqw==</latexit>

<latexit sha1_base64="LaiPe5Cph4m7/l9DxW2hBXqhn8M=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix6EU8t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFS/b5XKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVbc+kW5epPHUYBjOIEz8OAKqnAHNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/odOM0g==</latexit>

J

Theorem:   If          solves the RT-equations 
iff            does…             

(�̃, J)
<latexit sha1_base64="ebZ4xTx0bhaEUH9QDLGt6SrECuU=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiVJCSiKDLogvFVQV7gSaUyWTSDp2ZhJmJWEJexY0LRdz6Iu58G6dtFtr6w8DHf87hnPmDhFGlHefbKq2srq1vlDcrW9s7u3v2frWj4lRi0sYxi2UvQIowKkhbU81IL5EE8YCRbjC+nta7j0QqGosHPUmIz9FQ0IhipI01sKt1T1MWksy7QZyj/PTuZGDXnIYzE1wGt4AaKNQa2F9eGOOUE6ExQ0r1XSfRfoakppiRvOKliiQIj9GQ9A0KxInys9ntOTw2TgijWJonNJy5vycyxJWa8MB0cqRHarE2Nf+r9VMdXfoZFUmqicDzRVHKoI7hNAgYUkmwZhMDCEtqboV4hCTC2sRVMSG4i19ehs5ZwzV8f15rXhVxlMEhOAJ14IIL0AS3oAXaAIMn8AxewZuVWy/Wu/Uxby1ZxcwB+CPr8wcRvpPL</latexit><latexit sha1_base64="ebZ4xTx0bhaEUH9QDLGt6SrECuU=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiVJCSiKDLogvFVQV7gSaUyWTSDp2ZhJmJWEJexY0LRdz6Iu58G6dtFtr6w8DHf87hnPmDhFGlHefbKq2srq1vlDcrW9s7u3v2frWj4lRi0sYxi2UvQIowKkhbU81IL5EE8YCRbjC+nta7j0QqGosHPUmIz9FQ0IhipI01sKt1T1MWksy7QZyj/PTuZGDXnIYzE1wGt4AaKNQa2F9eGOOUE6ExQ0r1XSfRfoakppiRvOKliiQIj9GQ9A0KxInys9ntOTw2TgijWJonNJy5vycyxJWa8MB0cqRHarE2Nf+r9VMdXfoZFUmqicDzRVHKoI7hNAgYUkmwZhMDCEtqboV4hCTC2sRVMSG4i19ehs5ZwzV8f15rXhVxlMEhOAJ14IIL0AS3oAXaAIMn8AxewZuVWy/Wu/Uxby1ZxcwB+CPr8wcRvpPL</latexit><latexit sha1_base64="ebZ4xTx0bhaEUH9QDLGt6SrECuU=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiVJCSiKDLogvFVQV7gSaUyWTSDp2ZhJmJWEJexY0LRdz6Iu58G6dtFtr6w8DHf87hnPmDhFGlHefbKq2srq1vlDcrW9s7u3v2frWj4lRi0sYxi2UvQIowKkhbU81IL5EE8YCRbjC+nta7j0QqGosHPUmIz9FQ0IhipI01sKt1T1MWksy7QZyj/PTuZGDXnIYzE1wGt4AaKNQa2F9eGOOUE6ExQ0r1XSfRfoakppiRvOKliiQIj9GQ9A0KxInys9ntOTw2TgijWJonNJy5vycyxJWa8MB0cqRHarE2Nf+r9VMdXfoZFUmqicDzRVHKoI7hNAgYUkmwZhMDCEtqboV4hCTC2sRVMSG4i19ehs5ZwzV8f15rXhVxlMEhOAJ14IIL0AS3oAXaAIMn8AxewZuVWy/Wu/Uxby1ZxcwB+CPr8wcRvpPL</latexit><latexit sha1_base64="ebZ4xTx0bhaEUH9QDLGt6SrECuU=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiVJCSiKDLogvFVQV7gSaUyWTSDp2ZhJmJWEJexY0LRdz6Iu58G6dtFtr6w8DHf87hnPmDhFGlHefbKq2srq1vlDcrW9s7u3v2frWj4lRi0sYxi2UvQIowKkhbU81IL5EE8YCRbjC+nta7j0QqGosHPUmIz9FQ0IhipI01sKt1T1MWksy7QZyj/PTuZGDXnIYzE1wGt4AaKNQa2F9eGOOUE6ExQ0r1XSfRfoakppiRvOKliiQIj9GQ9A0KxInys9ntOTw2TgijWJonNJy5vycyxJWa8MB0cqRHarE2Nf+r9VMdXfoZFUmqicDzRVHKoI7hNAgYUkmwZhMDCEtqboV4hCTC2sRVMSG4i19ehs5ZwzV8f15rXhVxlMEhOAJ14IIL0AS3oAXaAIMn8AxewZuVWy/Wu/Uxby1ZxcwB+CPr8wcRvpPL</latexit>

<latexit sha1_base64="K7EEUPc6YcblbjVMn6VZaVAMD5g=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotYQUoiii6LLhRXFewDmlAmk0k7dGYSZiZCCfVX3LhQxK0f4s6/cdpmoa0HLhzOuZd77wkSRpV2nG+rsLS8srpWXC9tbG5t79i7ey0VpxKTJo5ZLDsBUoRRQZqaakY6iSSIB4y0g+H1xG8/EqloLB70KCE+R31BI4qRNlLPLlc9TVlIMu8GcY7GRyd3xz274tScKeAicXNSATkaPfvLC2OcciI0Zkiprusk2s+Q1BQzMi55qSIJwkPUJ11DBeJE+dn0+DE8NEoIo1iaEhpO1d8TGeJKjXhgOjnSAzXvTcT/vG6qo0s/oyJJNRF4tihKGdQxnCQBQyoJ1mxkCMKSmlshHiCJsDZ5lUwI7vzLi6R1WnPPa879WaV+lcdRBPvgAFSBCy5AHdyCBmgCDEbgGbyCN+vJerHerY9Za8HKZ8rgD6zPH3mRlAA=</latexit>

(�̃0, J)



�̃0 = �� J�1dJ
<latexit sha1_base64="qnapMw8QNdlI785Crf9VskJEYz0=">AAACCnicbZC7TsMwFIadcivlFmBkMbQIllZJF1iQKhhAnYpEL1ITKsdxW6t2EtkOUhVlZuFVWBhAiJUnYONtcNsM0PJLlj795xwdn9+LGJXKsr6N3NLyyupafr2wsbm1vWPu7rVkGAtMmjhkoeh4SBJGA9JUVDHSiQRB3GOk7Y2uJvX2AxGShsGdGkfE5WgQ0D7FSGmrZx6WHEWZTxLnGnGO0pOLGZTr90nZTv16qWcWrYo1FVwEO4MiyNTomV+OH+KYk0BhhqTs2lak3AQJRTEjacGJJYkQHqEB6WoMECfSTaanpPBYOz7sh0K/QMGp+3siQVzKMfd0J0dqKOdrE/O/WjdW/XM3oUEUKxLg2aJ+zKAK4SQX6FNBsGJjDQgLqv8K8RAJhJVOr6BDsOdPXoRWtWJrvq0Wa5dZHHlwAI7AKbDBGaiBG9AATYDBI3gGr+DNeDJejHfjY9aaM7KZffBHxucPVLyZXA==</latexit><latexit sha1_base64="qnapMw8QNdlI785Crf9VskJEYz0=">AAACCnicbZC7TsMwFIadcivlFmBkMbQIllZJF1iQKhhAnYpEL1ITKsdxW6t2EtkOUhVlZuFVWBhAiJUnYONtcNsM0PJLlj795xwdn9+LGJXKsr6N3NLyyupafr2wsbm1vWPu7rVkGAtMmjhkoeh4SBJGA9JUVDHSiQRB3GOk7Y2uJvX2AxGShsGdGkfE5WgQ0D7FSGmrZx6WHEWZTxLnGnGO0pOLGZTr90nZTv16qWcWrYo1FVwEO4MiyNTomV+OH+KYk0BhhqTs2lak3AQJRTEjacGJJYkQHqEB6WoMECfSTaanpPBYOz7sh0K/QMGp+3siQVzKMfd0J0dqKOdrE/O/WjdW/XM3oUEUKxLg2aJ+zKAK4SQX6FNBsGJjDQgLqv8K8RAJhJVOr6BDsOdPXoRWtWJrvq0Wa5dZHHlwAI7AKbDBGaiBG9AATYDBI3gGr+DNeDJejHfjY9aaM7KZffBHxucPVLyZXA==</latexit><latexit sha1_base64="qnapMw8QNdlI785Crf9VskJEYz0=">AAACCnicbZC7TsMwFIadcivlFmBkMbQIllZJF1iQKhhAnYpEL1ITKsdxW6t2EtkOUhVlZuFVWBhAiJUnYONtcNsM0PJLlj795xwdn9+LGJXKsr6N3NLyyupafr2wsbm1vWPu7rVkGAtMmjhkoeh4SBJGA9JUVDHSiQRB3GOk7Y2uJvX2AxGShsGdGkfE5WgQ0D7FSGmrZx6WHEWZTxLnGnGO0pOLGZTr90nZTv16qWcWrYo1FVwEO4MiyNTomV+OH+KYk0BhhqTs2lak3AQJRTEjacGJJYkQHqEB6WoMECfSTaanpPBYOz7sh0K/QMGp+3siQVzKMfd0J0dqKOdrE/O/WjdW/XM3oUEUKxLg2aJ+zKAK4SQX6FNBsGJjDQgLqv8K8RAJhJVOr6BDsOdPXoRWtWJrvq0Wa5dZHHlwAI7AKbDBGaiBG9AATYDBI3gGr+DNeDJejHfjY9aaM7KZffBHxucPVLyZXA==</latexit><latexit sha1_base64="qnapMw8QNdlI785Crf9VskJEYz0=">AAACCnicbZC7TsMwFIadcivlFmBkMbQIllZJF1iQKhhAnYpEL1ITKsdxW6t2EtkOUhVlZuFVWBhAiJUnYONtcNsM0PJLlj795xwdn9+LGJXKsr6N3NLyyupafr2wsbm1vWPu7rVkGAtMmjhkoeh4SBJGA9JUVDHSiQRB3GOk7Y2uJvX2AxGShsGdGkfE5WgQ0D7FSGmrZx6WHEWZTxLnGnGO0pOLGZTr90nZTv16qWcWrYo1FVwEO4MiyNTomV+OH+KYk0BhhqTs2lak3AQJRTEjacGJJYkQHqEB6WoMECfSTaanpPBYOz7sh0K/QMGp+3siQVzKMfd0J0dqKOdrE/O/WjdW/XM3oUEUKxLg2aJ+zKAK4SQX6FNBsGJjDQgLqv8K8RAJhJVOr6BDsOdPXoRWtWJrvq0Wa5dZHHlwAI7AKbDBGaiBG9AATYDBI3gGr+DNeDJejHfjY9aaM7KZffBHxucPVLyZXA==</latexit>

�̃0 2 Wm+1,p
<latexit sha1_base64="Y7RzurYCoPxt0H8r+o4l+PQpI6w=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFFBRJRNBl0YUuK9gLNLFMJpN26MwkzEyEErJx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5f5AwqrTjfFulufmFxaXycmVldW19w97caqo4lZg0cMxi2Q6QIowK0tBUM9JOJEE8YKQVDK5G9dYDkYrG4k4PE+Jz1BM0ohhpY3XtXU9TFpLMu0aco/zAowK27jN+5B4nedeuOifOWHAW3AKqoFC9a395YYxTToTGDCnVcZ1E+xmSmmJG8oqXKpIgPEA90jEoECfKz8ZX5HDfOCGMYmme0HDs/p7IEFdqyAPTyZHuq+nayPyv1kl1dOFnVCSpJgJPFkUpgzqGo0hgSCXBmg0NICyp+SvEfSQR1ia4ignBnT55FpqnJ67h27Nq7bKIowx2wB44BC44BzVwA+qgATB4BM/gFbxZT9aL9W59TFpLVjGzDf7I+vwBk+KX9A==</latexit><latexit sha1_base64="Y7RzurYCoPxt0H8r+o4l+PQpI6w=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFFBRJRNBl0YUuK9gLNLFMJpN26MwkzEyEErJx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5f5AwqrTjfFulufmFxaXycmVldW19w97caqo4lZg0cMxi2Q6QIowK0tBUM9JOJEE8YKQVDK5G9dYDkYrG4k4PE+Jz1BM0ohhpY3XtXU9TFpLMu0aco/zAowK27jN+5B4nedeuOifOWHAW3AKqoFC9a395YYxTToTGDCnVcZ1E+xmSmmJG8oqXKpIgPEA90jEoECfKz8ZX5HDfOCGMYmme0HDs/p7IEFdqyAPTyZHuq+nayPyv1kl1dOFnVCSpJgJPFkUpgzqGo0hgSCXBmg0NICyp+SvEfSQR1ia4ignBnT55FpqnJ67h27Nq7bKIowx2wB44BC44BzVwA+qgATB4BM/gFbxZT9aL9W59TFpLVjGzDf7I+vwBk+KX9A==</latexit><latexit sha1_base64="Y7RzurYCoPxt0H8r+o4l+PQpI6w=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFFBRJRNBl0YUuK9gLNLFMJpN26MwkzEyEErJx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5f5AwqrTjfFulufmFxaXycmVldW19w97caqo4lZg0cMxi2Q6QIowK0tBUM9JOJEE8YKQVDK5G9dYDkYrG4k4PE+Jz1BM0ohhpY3XtXU9TFpLMu0aco/zAowK27jN+5B4nedeuOifOWHAW3AKqoFC9a395YYxTToTGDCnVcZ1E+xmSmmJG8oqXKpIgPEA90jEoECfKz8ZX5HDfOCGMYmme0HDs/p7IEFdqyAPTyZHuq+nayPyv1kl1dOFnVCSpJgJPFkUpgzqGo0hgSCXBmg0NICyp+SvEfSQR1ia4ignBnT55FpqnJ67h27Nq7bKIowx2wB44BC44BzVwA+qgATB4BM/gFbxZT9aL9W59TFpLVjGzDf7I+vwBk+KX9A==</latexit><latexit sha1_base64="Y7RzurYCoPxt0H8r+o4l+PQpI6w=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFFBRJRNBl0YUuK9gLNLFMJpN26MwkzEyEErJx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5f5AwqrTjfFulufmFxaXycmVldW19w97caqo4lZg0cMxi2Q6QIowK0tBUM9JOJEE8YKQVDK5G9dYDkYrG4k4PE+Jz1BM0ohhpY3XtXU9TFpLMu0aco/zAowK27jN+5B4nedeuOifOWHAW3AKqoFC9a395YYxTToTGDCnVcZ1E+xmSmmJG8oqXKpIgPEA90jEoECfKz8ZX5HDfOCGMYmme0HDs/p7IEFdqyAPTyZHuq+nayPyv1kl1dOFnVCSpJgJPFkUpgzqGo0hgSCXBmg0NICyp+SvEfSQR1ia4ignBnT55FpqnJ67h27Nq7bKIowx2wB44BC44BzVwA+qgATB4BM/gFbxZT9aL9W59TFpLVjGzDf7I+vwBk+KX9A==</latexit> � 2 Wm,p

<latexit sha1_base64="qYO1ziKLPnkTEsj/lBroV/QiPSg=">AAAB+nicbZDLSgMxFIYzXmu9TXXpJlgEF1JmRNBl0YUuK9gLdMZyJs20oUlmSDJKGfsoblwo4tYncefbmF4W2vpD4OM/53BO/ijlTBvP+3aWlldW19YLG8XNre2dXbe019BJpgitk4QnqhWBppxJWjfMcNpKFQURcdqMBlfjevOBKs0SeWeGKQ0F9CSLGQFjrY5bCq5BCAiYxM37XJyko45b9ireRHgR/BmU0Uy1jvsVdBOSCSoN4aB12/dSE+agDCOcjopBpmkKZAA92rYoQVAd5pPTR/jIOl0cJ8o+afDE/T2Rg9B6KCLbKcD09XxtbP5Xa2cmvghzJtPMUEmmi+KMY5PgcQ64yxQlhg8tAFHM3opJHxQQY9Mq2hD8+S8vQuO04lu+PStXL2dxFNABOkTHyEfnqIpuUA3VEUGP6Bm9ojfnyXlx3p2PaeuSM5vZR3/kfP4Ars2TnQ==</latexit><latexit sha1_base64="qYO1ziKLPnkTEsj/lBroV/QiPSg=">AAAB+nicbZDLSgMxFIYzXmu9TXXpJlgEF1JmRNBl0YUuK9gLdMZyJs20oUlmSDJKGfsoblwo4tYncefbmF4W2vpD4OM/53BO/ijlTBvP+3aWlldW19YLG8XNre2dXbe019BJpgitk4QnqhWBppxJWjfMcNpKFQURcdqMBlfjevOBKs0SeWeGKQ0F9CSLGQFjrY5bCq5BCAiYxM37XJyko45b9ireRHgR/BmU0Uy1jvsVdBOSCSoN4aB12/dSE+agDCOcjopBpmkKZAA92rYoQVAd5pPTR/jIOl0cJ8o+afDE/T2Rg9B6KCLbKcD09XxtbP5Xa2cmvghzJtPMUEmmi+KMY5PgcQ64yxQlhg8tAFHM3opJHxQQY9Mq2hD8+S8vQuO04lu+PStXL2dxFNABOkTHyEfnqIpuUA3VEUGP6Bm9ojfnyXlx3p2PaeuSM5vZR3/kfP4Ars2TnQ==</latexit><latexit sha1_base64="qYO1ziKLPnkTEsj/lBroV/QiPSg=">AAAB+nicbZDLSgMxFIYzXmu9TXXpJlgEF1JmRNBl0YUuK9gLdMZyJs20oUlmSDJKGfsoblwo4tYncefbmF4W2vpD4OM/53BO/ijlTBvP+3aWlldW19YLG8XNre2dXbe019BJpgitk4QnqhWBppxJWjfMcNpKFQURcdqMBlfjevOBKs0SeWeGKQ0F9CSLGQFjrY5bCq5BCAiYxM37XJyko45b9ireRHgR/BmU0Uy1jvsVdBOSCSoN4aB12/dSE+agDCOcjopBpmkKZAA92rYoQVAd5pPTR/jIOl0cJ8o+afDE/T2Rg9B6KCLbKcD09XxtbP5Xa2cmvghzJtPMUEmmi+KMY5PgcQ64yxQlhg8tAFHM3opJHxQQY9Mq2hD8+S8vQuO04lu+PStXL2dxFNABOkTHyEfnqIpuUA3VEUGP6Bm9ojfnyXlx3p2PaeuSM5vZR3/kfP4Ars2TnQ==</latexit><latexit sha1_base64="qYO1ziKLPnkTEsj/lBroV/QiPSg=">AAAB+nicbZDLSgMxFIYzXmu9TXXpJlgEF1JmRNBl0YUuK9gLdMZyJs20oUlmSDJKGfsoblwo4tYncefbmF4W2vpD4OM/53BO/ijlTBvP+3aWlldW19YLG8XNre2dXbe019BJpgitk4QnqhWBppxJWjfMcNpKFQURcdqMBlfjevOBKs0SeWeGKQ0F9CSLGQFjrY5bCq5BCAiYxM37XJyko45b9ireRHgR/BmU0Uy1jvsVdBOSCSoN4aB12/dSE+agDCOcjopBpmkKZAA92rYoQVAd5pPTR/jIOl0cJ8o+afDE/T2Rg9B6KCLbKcD09XxtbP5Xa2cmvghzJtPMUEmmi+KMY5PgcQ64yxQlhg8tAFHM3opJHxQQY9Mq2hD8+S8vQuO04lu+PStXL2dxFNABOkTHyEfnqIpuUA3VEUGP6Bm9ojfnyXlx3p2PaeuSM5vZR3/kfP4Ars2TnQ==</latexit>

dJ 2 Wm,p
<latexit sha1_base64="tbFA7r1FoVgL/uA5xwDgeie+7Kc=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuJAyI4Iui27EVQV7gXYsmUymDU0yY5IplKHP4caFIm59GHe+jWk7C239IfDxn3M4J3+QcKaN6347hZXVtfWN4mZpa3tnd6+8f9DUcaoIbZCYx6odYE05k7RhmOG0nSiKRcBpKxjeTOutEVWaxfLBjBPqC9yXLGIEG2v54V2XSdR6zMRZMumVK27VnQktg5dDBXLVe+WvbhiTVFBpCMdadzw3MX6GlWGE00mpm2qaYDLEfdqxKLGg2s9mR0/QiXVCFMXKPmnQzP09kWGh9VgEtlNgM9CLtan5X62TmujKz5hMUkMlmS+KUo5MjKYJoJApSgwfW8BEMXsrIgOsMDE2p5INwVv88jI0z6ue5fuLSu06j6MIR3AMp+DBJdTgFurQAAJP8Ayv8OaMnBfn3fmYtxacfOYQ/sj5/AEsxJGz</latexit><latexit sha1_base64="tbFA7r1FoVgL/uA5xwDgeie+7Kc=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuJAyI4Iui27EVQV7gXYsmUymDU0yY5IplKHP4caFIm59GHe+jWk7C239IfDxn3M4J3+QcKaN6347hZXVtfWN4mZpa3tnd6+8f9DUcaoIbZCYx6odYE05k7RhmOG0nSiKRcBpKxjeTOutEVWaxfLBjBPqC9yXLGIEG2v54V2XSdR6zMRZMumVK27VnQktg5dDBXLVe+WvbhiTVFBpCMdadzw3MX6GlWGE00mpm2qaYDLEfdqxKLGg2s9mR0/QiXVCFMXKPmnQzP09kWGh9VgEtlNgM9CLtan5X62TmujKz5hMUkMlmS+KUo5MjKYJoJApSgwfW8BEMXsrIgOsMDE2p5INwVv88jI0z6ue5fuLSu06j6MIR3AMp+DBJdTgFurQAAJP8Ayv8OaMnBfn3fmYtxacfOYQ/sj5/AEsxJGz</latexit><latexit sha1_base64="tbFA7r1FoVgL/uA5xwDgeie+7Kc=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuJAyI4Iui27EVQV7gXYsmUymDU0yY5IplKHP4caFIm59GHe+jWk7C239IfDxn3M4J3+QcKaN6347hZXVtfWN4mZpa3tnd6+8f9DUcaoIbZCYx6odYE05k7RhmOG0nSiKRcBpKxjeTOutEVWaxfLBjBPqC9yXLGIEG2v54V2XSdR6zMRZMumVK27VnQktg5dDBXLVe+WvbhiTVFBpCMdadzw3MX6GlWGE00mpm2qaYDLEfdqxKLGg2s9mR0/QiXVCFMXKPmnQzP09kWGh9VgEtlNgM9CLtan5X62TmujKz5hMUkMlmS+KUo5MjKYJoJApSgwfW8BEMXsrIgOsMDE2p5INwVv88jI0z6ue5fuLSu06j6MIR3AMp+DBJdTgFurQAAJP8Ayv8OaMnBfn3fmYtxacfOYQ/sj5/AEsxJGz</latexit><latexit sha1_base64="tbFA7r1FoVgL/uA5xwDgeie+7Kc=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuJAyI4Iui27EVQV7gXYsmUymDU0yY5IplKHP4caFIm59GHe+jWk7C239IfDxn3M4J3+QcKaN6347hZXVtfWN4mZpa3tnd6+8f9DUcaoIbZCYx6odYE05k7RhmOG0nSiKRcBpKxjeTOutEVWaxfLBjBPqC9yXLGIEG2v54V2XSdR6zMRZMumVK27VnQktg5dDBXLVe+WvbhiTVFBpCMdadzw3MX6GlWGE00mpm2qaYDLEfdqxKLGg2s9mR0/QiXVCFMXKPmnQzP09kWGh9VgEtlNgM9CLtan5X62TmujKz5hMUkMlmS+KUo5MjKYJoJApSgwfW8BEMXsrIgOsMDE2p5INwVv88jI0z6ue5fuLSu06j6MIR3AMp+DBJdTgFurQAAJP8Ayv8OaMnBfn3fmYtxacfOYQ/sj5/AEsxJGz</latexit>

    has the same regularity as    !    �̃0
<latexit sha1_base64="N1lJRH/vQ3MZgnbl3s9QBsDHS54=">AAAB+HicbZDLSgMxFIbPeK310qpLN8EiuiozIuiy6EKXFewFOkPJZDJtaJIZkoxQhz6JGxeKuPVR3Pk2pu0stPWHwMd/zuGc/GHKmTau++2srK6tb2yWtsrbO7t7ler+QVsnmSK0RRKeqG6INeVM0pZhhtNuqigWIaedcHQzrXceqdIskQ9mnNJA4IFkMSPYWKtfrfiG8Yjm/i0WAk9O+9WaW3dnQsvgFVCDQs1+9cuPEpIJKg3hWOue56YmyLEyjHA6KfuZpikmIzygPYsSC6qDfHb4BJ1YJ0JxouyTBs3c3xM5FlqPRWg7BTZDvVibmv/VepmJr4KcyTQzVJL5ojjjyCRomgKKmKLE8LEFTBSztyIyxAoTY7Mq2xC8xS8vQ/u87lm+v6g1ros4SnAEx3AGHlxCA+6gCS0gkMEzvMKb8+S8OO/Ox7x1xSlmDuGPnM8foSmTDQ==</latexit><latexit sha1_base64="N1lJRH/vQ3MZgnbl3s9QBsDHS54=">AAAB+HicbZDLSgMxFIbPeK310qpLN8EiuiozIuiy6EKXFewFOkPJZDJtaJIZkoxQhz6JGxeKuPVR3Pk2pu0stPWHwMd/zuGc/GHKmTau++2srK6tb2yWtsrbO7t7ler+QVsnmSK0RRKeqG6INeVM0pZhhtNuqigWIaedcHQzrXceqdIskQ9mnNJA4IFkMSPYWKtfrfiG8Yjm/i0WAk9O+9WaW3dnQsvgFVCDQs1+9cuPEpIJKg3hWOue56YmyLEyjHA6KfuZpikmIzygPYsSC6qDfHb4BJ1YJ0JxouyTBs3c3xM5FlqPRWg7BTZDvVibmv/VepmJr4KcyTQzVJL5ojjjyCRomgKKmKLE8LEFTBSztyIyxAoTY7Mq2xC8xS8vQ/u87lm+v6g1ros4SnAEx3AGHlxCA+6gCS0gkMEzvMKb8+S8OO/Ox7x1xSlmDuGPnM8foSmTDQ==</latexit><latexit sha1_base64="N1lJRH/vQ3MZgnbl3s9QBsDHS54=">AAAB+HicbZDLSgMxFIbPeK310qpLN8EiuiozIuiy6EKXFewFOkPJZDJtaJIZkoxQhz6JGxeKuPVR3Pk2pu0stPWHwMd/zuGc/GHKmTau++2srK6tb2yWtsrbO7t7ler+QVsnmSK0RRKeqG6INeVM0pZhhtNuqigWIaedcHQzrXceqdIskQ9mnNJA4IFkMSPYWKtfrfiG8Yjm/i0WAk9O+9WaW3dnQsvgFVCDQs1+9cuPEpIJKg3hWOue56YmyLEyjHA6KfuZpikmIzygPYsSC6qDfHb4BJ1YJ0JxouyTBs3c3xM5FlqPRWg7BTZDvVibmv/VepmJr4KcyTQzVJL5ojjjyCRomgKKmKLE8LEFTBSztyIyxAoTY7Mq2xC8xS8vQ/u87lm+v6g1ros4SnAEx3AGHlxCA+6gCS0gkMEzvMKb8+S8OO/Ox7x1xSlmDuGPnM8foSmTDQ==</latexit><latexit sha1_base64="N1lJRH/vQ3MZgnbl3s9QBsDHS54=">AAAB+HicbZDLSgMxFIbPeK310qpLN8EiuiozIuiy6EKXFewFOkPJZDJtaJIZkoxQhz6JGxeKuPVR3Pk2pu0stPWHwMd/zuGc/GHKmTau++2srK6tb2yWtsrbO7t7ler+QVsnmSK0RRKeqG6INeVM0pZhhtNuqigWIaedcHQzrXceqdIskQ9mnNJA4IFkMSPYWKtfrfiG8Yjm/i0WAk9O+9WaW3dnQsvgFVCDQs1+9cuPEpIJKg3hWOue56YmyLEyjHA6KfuZpikmIzygPYsSC6qDfHb4BJ1YJ0JxouyTBs3c3xM5FlqPRWg7BTZDvVibmv/VepmJr4KcyTQzVJL5ojjjyCRomgKKmKLE8LEFTBSztyIyxAoTY7Mq2xC8xS8vQ/u87lm+v6g1ros4SnAEx3AGHlxCA+6gCS0gkMEzvMKb8+S8OO/Ox7x1xSlmDuGPnM8foSmTDQ==</latexit>

�̃
<latexit sha1_base64="W17DwMOvG88+jrwSvZhPhrJ99y8=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBzlgymUwbmmSG5IxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GEquAHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STFPWoolIdDckhgmuWAs4CNZNNSMyFKwTjq6n9c4j04Yn6h7GKQskGSgec0rAWg8+cBGx3L8hUpJJv1pz6+5MeBm8AmqoULNf/fKjhGaSKaCCGNPz3BSCnGjgVLBJxc8MSwkdkQHrWVREMhPks6sn+MQ6EY4TbZ8CPHN/T+REGjOWoe2UBIZmsTY1/6v1Mogvg5yrNAOm6HxRnAkMCZ5GgCOuGQUxtkCo5vZWTIdEEwo2qIoNwVv88jK0z+qe5bvzWuOqiKOMjtAxOkUeukANdIuaqIUo0ugZvaI358l5cd6dj3lrySlmDtEfOZ8/w6aSqw==</latexit><latexit sha1_base64="W17DwMOvG88+jrwSvZhPhrJ99y8=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBzlgymUwbmmSG5IxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GEquAHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STFPWoolIdDckhgmuWAs4CNZNNSMyFKwTjq6n9c4j04Yn6h7GKQskGSgec0rAWg8+cBGx3L8hUpJJv1pz6+5MeBm8AmqoULNf/fKjhGaSKaCCGNPz3BSCnGjgVLBJxc8MSwkdkQHrWVREMhPks6sn+MQ6EY4TbZ8CPHN/T+REGjOWoe2UBIZmsTY1/6v1Mogvg5yrNAOm6HxRnAkMCZ5GgCOuGQUxtkCo5vZWTIdEEwo2qIoNwVv88jK0z+qe5bvzWuOqiKOMjtAxOkUeukANdIuaqIUo0ugZvaI358l5cd6dj3lrySlmDtEfOZ8/w6aSqw==</latexit><latexit sha1_base64="W17DwMOvG88+jrwSvZhPhrJ99y8=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBzlgymUwbmmSG5IxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GEquAHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STFPWoolIdDckhgmuWAs4CNZNNSMyFKwTjq6n9c4j04Yn6h7GKQskGSgec0rAWg8+cBGx3L8hUpJJv1pz6+5MeBm8AmqoULNf/fKjhGaSKaCCGNPz3BSCnGjgVLBJxc8MSwkdkQHrWVREMhPks6sn+MQ6EY4TbZ8CPHN/T+REGjOWoe2UBIZmsTY1/6v1Mogvg5yrNAOm6HxRnAkMCZ5GgCOuGQUxtkCo5vZWTIdEEwo2qIoNwVv88jK0z+qe5bvzWuOqiKOMjtAxOkUeukANdIuaqIUo0ugZvaI358l5cd6dj3lrySlmDtEfOZ8/w6aSqw==</latexit><latexit sha1_base64="W17DwMOvG88+jrwSvZhPhrJ99y8=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBzlgymUwbmmSG5IxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GEquAHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STFPWoolIdDckhgmuWAs4CNZNNSMyFKwTjq6n9c4j04Yn6h7GKQskGSgec0rAWg8+cBGx3L8hUpJJv1pz6+5MeBm8AmqoULNf/fKjhGaSKaCCGNPz3BSCnGjgVLBJxc8MSwkdkQHrWVREMhPks6sn+MQ6EY4TbZ8CPHN/T+REGjOWoe2UBIZmsTY1/6v1Mogvg5yrNAOm6HxRnAkMCZ5GgCOuGQUxtkCo5vZWTIdEEwo2qIoNwVv88jK0z+qe5bvzWuOqiKOMjtAxOkUeukANdIuaqIUo0ugZvaI358l5cd6dj3lrySlmDtEfOZ8/w6aSqw==</latexit>

   Finally,      which solves RT-equations may not
 be the actual connection transformed by    …     

�̃
<latexit sha1_base64="W17DwMOvG88+jrwSvZhPhrJ99y8=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBzlgymUwbmmSG5IxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GEquAHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STFPWoolIdDckhgmuWAs4CNZNNSMyFKwTjq6n9c4j04Yn6h7GKQskGSgec0rAWg8+cBGx3L8hUpJJv1pz6+5MeBm8AmqoULNf/fKjhGaSKaCCGNPz3BSCnGjgVLBJxc8MSwkdkQHrWVREMhPks6sn+MQ6EY4TbZ8CPHN/T+REGjOWoe2UBIZmsTY1/6v1Mogvg5yrNAOm6HxRnAkMCZ5GgCOuGQUxtkCo5vZWTIdEEwo2qIoNwVv88jK0z+qe5bvzWuOqiKOMjtAxOkUeukANdIuaqIUo0ugZvaI358l5cd6dj3lrySlmDtEfOZ8/w6aSqw==</latexit><latexit sha1_base64="W17DwMOvG88+jrwSvZhPhrJ99y8=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBzlgymUwbmmSG5IxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GEquAHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STFPWoolIdDckhgmuWAs4CNZNNSMyFKwTjq6n9c4j04Yn6h7GKQskGSgec0rAWg8+cBGx3L8hUpJJv1pz6+5MeBm8AmqoULNf/fKjhGaSKaCCGNPz3BSCnGjgVLBJxc8MSwkdkQHrWVREMhPks6sn+MQ6EY4TbZ8CPHN/T+REGjOWoe2UBIZmsTY1/6v1Mogvg5yrNAOm6HxRnAkMCZ5GgCOuGQUxtkCo5vZWTIdEEwo2qIoNwVv88jK0z+qe5bvzWuOqiKOMjtAxOkUeukANdIuaqIUo0ugZvaI358l5cd6dj3lrySlmDtEfOZ8/w6aSqw==</latexit><latexit sha1_base64="W17DwMOvG88+jrwSvZhPhrJ99y8=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBzlgymUwbmmSG5IxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GEquAHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STFPWoolIdDckhgmuWAs4CNZNNSMyFKwTjq6n9c4j04Yn6h7GKQskGSgec0rAWg8+cBGx3L8hUpJJv1pz6+5MeBm8AmqoULNf/fKjhGaSKaCCGNPz3BSCnGjgVLBJxc8MSwkdkQHrWVREMhPks6sn+MQ6EY4TbZ8CPHN/T+REGjOWoe2UBIZmsTY1/6v1Mogvg5yrNAOm6HxRnAkMCZ5GgCOuGQUxtkCo5vZWTIdEEwo2qIoNwVv88jK0z+qe5bvzWuOqiKOMjtAxOkUeukANdIuaqIUo0ugZvaI358l5cd6dj3lrySlmDtEfOZ8/w6aSqw==</latexit><latexit sha1_base64="W17DwMOvG88+jrwSvZhPhrJ99y8=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBzlgymUwbmmSG5IxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GEquAHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STFPWoolIdDckhgmuWAs4CNZNNSMyFKwTjq6n9c4j04Yn6h7GKQskGSgec0rAWg8+cBGx3L8hUpJJv1pz6+5MeBm8AmqoULNf/fKjhGaSKaCCGNPz3BSCnGjgVLBJxc8MSwkdkQHrWVREMhPks6sn+MQ6EY4TbZ8CPHN/T+REGjOWoe2UBIZmsTY1/6v1Mogvg5yrNAOm6HxRnAkMCZ5GgCOuGQUxtkCo5vZWTIdEEwo2qIoNwVv88jK0z+qe5bvzWuOqiKOMjtAxOkUeukANdIuaqIUo0ugZvaI358l5cd6dj3lrySlmDtEfOZ8/w6aSqw==</latexit>

<latexit sha1_base64="LaiPe5Cph4m7/l9DxW2hBXqhn8M=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix6EU8t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFS/b5XKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVbc+kW5epPHUYBjOIEz8OAKqnAHNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/odOM0g==</latexit>

J

Theorem:   If          solves the RT-equations 
iff            does…             

(�̃, J)
<latexit sha1_base64="ebZ4xTx0bhaEUH9QDLGt6SrECuU=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiVJCSiKDLogvFVQV7gSaUyWTSDp2ZhJmJWEJexY0LRdz6Iu58G6dtFtr6w8DHf87hnPmDhFGlHefbKq2srq1vlDcrW9s7u3v2frWj4lRi0sYxi2UvQIowKkhbU81IL5EE8YCRbjC+nta7j0QqGosHPUmIz9FQ0IhipI01sKt1T1MWksy7QZyj/PTuZGDXnIYzE1wGt4AaKNQa2F9eGOOUE6ExQ0r1XSfRfoakppiRvOKliiQIj9GQ9A0KxInys9ntOTw2TgijWJonNJy5vycyxJWa8MB0cqRHarE2Nf+r9VMdXfoZFUmqicDzRVHKoI7hNAgYUkmwZhMDCEtqboV4hCTC2sRVMSG4i19ehs5ZwzV8f15rXhVxlMEhOAJ14IIL0AS3oAXaAIMn8AxewZuVWy/Wu/Uxby1ZxcwB+CPr8wcRvpPL</latexit><latexit sha1_base64="ebZ4xTx0bhaEUH9QDLGt6SrECuU=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiVJCSiKDLogvFVQV7gSaUyWTSDp2ZhJmJWEJexY0LRdz6Iu58G6dtFtr6w8DHf87hnPmDhFGlHefbKq2srq1vlDcrW9s7u3v2frWj4lRi0sYxi2UvQIowKkhbU81IL5EE8YCRbjC+nta7j0QqGosHPUmIz9FQ0IhipI01sKt1T1MWksy7QZyj/PTuZGDXnIYzE1wGt4AaKNQa2F9eGOOUE6ExQ0r1XSfRfoakppiRvOKliiQIj9GQ9A0KxInys9ntOTw2TgijWJonNJy5vycyxJWa8MB0cqRHarE2Nf+r9VMdXfoZFUmqicDzRVHKoI7hNAgYUkmwZhMDCEtqboV4hCTC2sRVMSG4i19ehs5ZwzV8f15rXhVxlMEhOAJ14IIL0AS3oAXaAIMn8AxewZuVWy/Wu/Uxby1ZxcwB+CPr8wcRvpPL</latexit><latexit sha1_base64="ebZ4xTx0bhaEUH9QDLGt6SrECuU=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiVJCSiKDLogvFVQV7gSaUyWTSDp2ZhJmJWEJexY0LRdz6Iu58G6dtFtr6w8DHf87hnPmDhFGlHefbKq2srq1vlDcrW9s7u3v2frWj4lRi0sYxi2UvQIowKkhbU81IL5EE8YCRbjC+nta7j0QqGosHPUmIz9FQ0IhipI01sKt1T1MWksy7QZyj/PTuZGDXnIYzE1wGt4AaKNQa2F9eGOOUE6ExQ0r1XSfRfoakppiRvOKliiQIj9GQ9A0KxInys9ntOTw2TgijWJonNJy5vycyxJWa8MB0cqRHarE2Nf+r9VMdXfoZFUmqicDzRVHKoI7hNAgYUkmwZhMDCEtqboV4hCTC2sRVMSG4i19ehs5ZwzV8f15rXhVxlMEhOAJ14IIL0AS3oAXaAIMn8AxewZuVWy/Wu/Uxby1ZxcwB+CPr8wcRvpPL</latexit><latexit sha1_base64="ebZ4xTx0bhaEUH9QDLGt6SrECuU=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiVJCSiKDLogvFVQV7gSaUyWTSDp2ZhJmJWEJexY0LRdz6Iu58G6dtFtr6w8DHf87hnPmDhFGlHefbKq2srq1vlDcrW9s7u3v2frWj4lRi0sYxi2UvQIowKkhbU81IL5EE8YCRbjC+nta7j0QqGosHPUmIz9FQ0IhipI01sKt1T1MWksy7QZyj/PTuZGDXnIYzE1wGt4AaKNQa2F9eGOOUE6ExQ0r1XSfRfoakppiRvOKliiQIj9GQ9A0KxInys9ntOTw2TgijWJonNJy5vycyxJWa8MB0cqRHarE2Nf+r9VMdXfoZFUmqicDzRVHKoI7hNAgYUkmwZhMDCEtqboV4hCTC2sRVMSG4i19ehs5ZwzV8f15rXhVxlMEhOAJ14IIL0AS3oAXaAIMn8AxewZuVWy/Wu/Uxby1ZxcwB+CPr8wcRvpPL</latexit>

<latexit sha1_base64="K7EEUPc6YcblbjVMn6VZaVAMD5g=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotYQUoiii6LLhRXFewDmlAmk0k7dGYSZiZCCfVX3LhQxK0f4s6/cdpmoa0HLhzOuZd77wkSRpV2nG+rsLS8srpWXC9tbG5t79i7ey0VpxKTJo5ZLDsBUoRRQZqaakY6iSSIB4y0g+H1xG8/EqloLB70KCE+R31BI4qRNlLPLlc9TVlIMu8GcY7GRyd3xz274tScKeAicXNSATkaPfvLC2OcciI0Zkiprusk2s+Q1BQzMi55qSIJwkPUJ11DBeJE+dn0+DE8NEoIo1iaEhpO1d8TGeJKjXhgOjnSAzXvTcT/vG6qo0s/oyJJNRF4tihKGdQxnCQBQyoJ1mxkCMKSmlshHiCJsDZ5lUwI7vzLi6R1WnPPa879WaV+lcdRBPvgAFSBCy5AHdyCBmgCDEbgGbyCN+vJerHerY9Za8HKZ8rgD6zPH3mRlAA=</latexit>

(�̃0, J)



�̃0 = �� J�1dJ
<latexit sha1_base64="qnapMw8QNdlI785Crf9VskJEYz0=">AAACCnicbZC7TsMwFIadcivlFmBkMbQIllZJF1iQKhhAnYpEL1ITKsdxW6t2EtkOUhVlZuFVWBhAiJUnYONtcNsM0PJLlj795xwdn9+LGJXKsr6N3NLyyupafr2wsbm1vWPu7rVkGAtMmjhkoeh4SBJGA9JUVDHSiQRB3GOk7Y2uJvX2AxGShsGdGkfE5WgQ0D7FSGmrZx6WHEWZTxLnGnGO0pOLGZTr90nZTv16qWcWrYo1FVwEO4MiyNTomV+OH+KYk0BhhqTs2lak3AQJRTEjacGJJYkQHqEB6WoMECfSTaanpPBYOz7sh0K/QMGp+3siQVzKMfd0J0dqKOdrE/O/WjdW/XM3oUEUKxLg2aJ+zKAK4SQX6FNBsGJjDQgLqv8K8RAJhJVOr6BDsOdPXoRWtWJrvq0Wa5dZHHlwAI7AKbDBGaiBG9AATYDBI3gGr+DNeDJejHfjY9aaM7KZffBHxucPVLyZXA==</latexit><latexit sha1_base64="qnapMw8QNdlI785Crf9VskJEYz0=">AAACCnicbZC7TsMwFIadcivlFmBkMbQIllZJF1iQKhhAnYpEL1ITKsdxW6t2EtkOUhVlZuFVWBhAiJUnYONtcNsM0PJLlj795xwdn9+LGJXKsr6N3NLyyupafr2wsbm1vWPu7rVkGAtMmjhkoeh4SBJGA9JUVDHSiQRB3GOk7Y2uJvX2AxGShsGdGkfE5WgQ0D7FSGmrZx6WHEWZTxLnGnGO0pOLGZTr90nZTv16qWcWrYo1FVwEO4MiyNTomV+OH+KYk0BhhqTs2lak3AQJRTEjacGJJYkQHqEB6WoMECfSTaanpPBYOz7sh0K/QMGp+3siQVzKMfd0J0dqKOdrE/O/WjdW/XM3oUEUKxLg2aJ+zKAK4SQX6FNBsGJjDQgLqv8K8RAJhJVOr6BDsOdPXoRWtWJrvq0Wa5dZHHlwAI7AKbDBGaiBG9AATYDBI3gGr+DNeDJejHfjY9aaM7KZffBHxucPVLyZXA==</latexit><latexit sha1_base64="qnapMw8QNdlI785Crf9VskJEYz0=">AAACCnicbZC7TsMwFIadcivlFmBkMbQIllZJF1iQKhhAnYpEL1ITKsdxW6t2EtkOUhVlZuFVWBhAiJUnYONtcNsM0PJLlj795xwdn9+LGJXKsr6N3NLyyupafr2wsbm1vWPu7rVkGAtMmjhkoeh4SBJGA9JUVDHSiQRB3GOk7Y2uJvX2AxGShsGdGkfE5WgQ0D7FSGmrZx6WHEWZTxLnGnGO0pOLGZTr90nZTv16qWcWrYo1FVwEO4MiyNTomV+OH+KYk0BhhqTs2lak3AQJRTEjacGJJYkQHqEB6WoMECfSTaanpPBYOz7sh0K/QMGp+3siQVzKMfd0J0dqKOdrE/O/WjdW/XM3oUEUKxLg2aJ+zKAK4SQX6FNBsGJjDQgLqv8K8RAJhJVOr6BDsOdPXoRWtWJrvq0Wa5dZHHlwAI7AKbDBGaiBG9AATYDBI3gGr+DNeDJejHfjY9aaM7KZffBHxucPVLyZXA==</latexit><latexit sha1_base64="qnapMw8QNdlI785Crf9VskJEYz0=">AAACCnicbZC7TsMwFIadcivlFmBkMbQIllZJF1iQKhhAnYpEL1ITKsdxW6t2EtkOUhVlZuFVWBhAiJUnYONtcNsM0PJLlj795xwdn9+LGJXKsr6N3NLyyupafr2wsbm1vWPu7rVkGAtMmjhkoeh4SBJGA9JUVDHSiQRB3GOk7Y2uJvX2AxGShsGdGkfE5WgQ0D7FSGmrZx6WHEWZTxLnGnGO0pOLGZTr90nZTv16qWcWrYo1FVwEO4MiyNTomV+OH+KYk0BhhqTs2lak3AQJRTEjacGJJYkQHqEB6WoMECfSTaanpPBYOz7sh0K/QMGp+3siQVzKMfd0J0dqKOdrE/O/WjdW/XM3oUEUKxLg2aJ+zKAK4SQX6FNBsGJjDQgLqv8K8RAJhJVOr6BDsOdPXoRWtWJrvq0Wa5dZHHlwAI7AKbDBGaiBG9AATYDBI3gGr+DNeDJejHfjY9aaM7KZffBHxucPVLyZXA==</latexit>

�̃0 2 Wm+1,p
<latexit sha1_base64="Y7RzurYCoPxt0H8r+o4l+PQpI6w=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFFBRJRNBl0YUuK9gLNLFMJpN26MwkzEyEErJx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5f5AwqrTjfFulufmFxaXycmVldW19w97caqo4lZg0cMxi2Q6QIowK0tBUM9JOJEE8YKQVDK5G9dYDkYrG4k4PE+Jz1BM0ohhpY3XtXU9TFpLMu0aco/zAowK27jN+5B4nedeuOifOWHAW3AKqoFC9a395YYxTToTGDCnVcZ1E+xmSmmJG8oqXKpIgPEA90jEoECfKz8ZX5HDfOCGMYmme0HDs/p7IEFdqyAPTyZHuq+nayPyv1kl1dOFnVCSpJgJPFkUpgzqGo0hgSCXBmg0NICyp+SvEfSQR1ia4ignBnT55FpqnJ67h27Nq7bKIowx2wB44BC44BzVwA+qgATB4BM/gFbxZT9aL9W59TFpLVjGzDf7I+vwBk+KX9A==</latexit><latexit sha1_base64="Y7RzurYCoPxt0H8r+o4l+PQpI6w=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFFBRJRNBl0YUuK9gLNLFMJpN26MwkzEyEErJx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5f5AwqrTjfFulufmFxaXycmVldW19w97caqo4lZg0cMxi2Q6QIowK0tBUM9JOJEE8YKQVDK5G9dYDkYrG4k4PE+Jz1BM0ohhpY3XtXU9TFpLMu0aco/zAowK27jN+5B4nedeuOifOWHAW3AKqoFC9a395YYxTToTGDCnVcZ1E+xmSmmJG8oqXKpIgPEA90jEoECfKz8ZX5HDfOCGMYmme0HDs/p7IEFdqyAPTyZHuq+nayPyv1kl1dOFnVCSpJgJPFkUpgzqGo0hgSCXBmg0NICyp+SvEfSQR1ia4ignBnT55FpqnJ67h27Nq7bKIowx2wB44BC44BzVwA+qgATB4BM/gFbxZT9aL9W59TFpLVjGzDf7I+vwBk+KX9A==</latexit><latexit sha1_base64="Y7RzurYCoPxt0H8r+o4l+PQpI6w=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFFBRJRNBl0YUuK9gLNLFMJpN26MwkzEyEErJx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5f5AwqrTjfFulufmFxaXycmVldW19w97caqo4lZg0cMxi2Q6QIowK0tBUM9JOJEE8YKQVDK5G9dYDkYrG4k4PE+Jz1BM0ohhpY3XtXU9TFpLMu0aco/zAowK27jN+5B4nedeuOifOWHAW3AKqoFC9a395YYxTToTGDCnVcZ1E+xmSmmJG8oqXKpIgPEA90jEoECfKz8ZX5HDfOCGMYmme0HDs/p7IEFdqyAPTyZHuq+nayPyv1kl1dOFnVCSpJgJPFkUpgzqGo0hgSCXBmg0NICyp+SvEfSQR1ia4ignBnT55FpqnJ67h27Nq7bKIowx2wB44BC44BzVwA+qgATB4BM/gFbxZT9aL9W59TFpLVjGzDf7I+vwBk+KX9A==</latexit><latexit sha1_base64="Y7RzurYCoPxt0H8r+o4l+PQpI6w=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFFBRJRNBl0YUuK9gLNLFMJpN26MwkzEyEErJx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5f5AwqrTjfFulufmFxaXycmVldW19w97caqo4lZg0cMxi2Q6QIowK0tBUM9JOJEE8YKQVDK5G9dYDkYrG4k4PE+Jz1BM0ohhpY3XtXU9TFpLMu0aco/zAowK27jN+5B4nedeuOifOWHAW3AKqoFC9a395YYxTToTGDCnVcZ1E+xmSmmJG8oqXKpIgPEA90jEoECfKz8ZX5HDfOCGMYmme0HDs/p7IEFdqyAPTyZHuq+nayPyv1kl1dOFnVCSpJgJPFkUpgzqGo0hgSCXBmg0NICyp+SvEfSQR1ia4ignBnT55FpqnJ67h27Nq7bKIowx2wB44BC44BzVwA+qgATB4BM/gFbxZT9aL9W59TFpLVjGzDf7I+vwBk+KX9A==</latexit> � 2 Wm,p

<latexit sha1_base64="qYO1ziKLPnkTEsj/lBroV/QiPSg=">AAAB+nicbZDLSgMxFIYzXmu9TXXpJlgEF1JmRNBl0YUuK9gLdMZyJs20oUlmSDJKGfsoblwo4tYncefbmF4W2vpD4OM/53BO/ijlTBvP+3aWlldW19YLG8XNre2dXbe019BJpgitk4QnqhWBppxJWjfMcNpKFQURcdqMBlfjevOBKs0SeWeGKQ0F9CSLGQFjrY5bCq5BCAiYxM37XJyko45b9ireRHgR/BmU0Uy1jvsVdBOSCSoN4aB12/dSE+agDCOcjopBpmkKZAA92rYoQVAd5pPTR/jIOl0cJ8o+afDE/T2Rg9B6KCLbKcD09XxtbP5Xa2cmvghzJtPMUEmmi+KMY5PgcQ64yxQlhg8tAFHM3opJHxQQY9Mq2hD8+S8vQuO04lu+PStXL2dxFNABOkTHyEfnqIpuUA3VEUGP6Bm9ojfnyXlx3p2PaeuSM5vZR3/kfP4Ars2TnQ==</latexit><latexit sha1_base64="qYO1ziKLPnkTEsj/lBroV/QiPSg=">AAAB+nicbZDLSgMxFIYzXmu9TXXpJlgEF1JmRNBl0YUuK9gLdMZyJs20oUlmSDJKGfsoblwo4tYncefbmF4W2vpD4OM/53BO/ijlTBvP+3aWlldW19YLG8XNre2dXbe019BJpgitk4QnqhWBppxJWjfMcNpKFQURcdqMBlfjevOBKs0SeWeGKQ0F9CSLGQFjrY5bCq5BCAiYxM37XJyko45b9ireRHgR/BmU0Uy1jvsVdBOSCSoN4aB12/dSE+agDCOcjopBpmkKZAA92rYoQVAd5pPTR/jIOl0cJ8o+afDE/T2Rg9B6KCLbKcD09XxtbP5Xa2cmvghzJtPMUEmmi+KMY5PgcQ64yxQlhg8tAFHM3opJHxQQY9Mq2hD8+S8vQuO04lu+PStXL2dxFNABOkTHyEfnqIpuUA3VEUGP6Bm9ojfnyXlx3p2PaeuSM5vZR3/kfP4Ars2TnQ==</latexit><latexit sha1_base64="qYO1ziKLPnkTEsj/lBroV/QiPSg=">AAAB+nicbZDLSgMxFIYzXmu9TXXpJlgEF1JmRNBl0YUuK9gLdMZyJs20oUlmSDJKGfsoblwo4tYncefbmF4W2vpD4OM/53BO/ijlTBvP+3aWlldW19YLG8XNre2dXbe019BJpgitk4QnqhWBppxJWjfMcNpKFQURcdqMBlfjevOBKs0SeWeGKQ0F9CSLGQFjrY5bCq5BCAiYxM37XJyko45b9ireRHgR/BmU0Uy1jvsVdBOSCSoN4aB12/dSE+agDCOcjopBpmkKZAA92rYoQVAd5pPTR/jIOl0cJ8o+afDE/T2Rg9B6KCLbKcD09XxtbP5Xa2cmvghzJtPMUEmmi+KMY5PgcQ64yxQlhg8tAFHM3opJHxQQY9Mq2hD8+S8vQuO04lu+PStXL2dxFNABOkTHyEfnqIpuUA3VEUGP6Bm9ojfnyXlx3p2PaeuSM5vZR3/kfP4Ars2TnQ==</latexit><latexit sha1_base64="qYO1ziKLPnkTEsj/lBroV/QiPSg=">AAAB+nicbZDLSgMxFIYzXmu9TXXpJlgEF1JmRNBl0YUuK9gLdMZyJs20oUlmSDJKGfsoblwo4tYncefbmF4W2vpD4OM/53BO/ijlTBvP+3aWlldW19YLG8XNre2dXbe019BJpgitk4QnqhWBppxJWjfMcNpKFQURcdqMBlfjevOBKs0SeWeGKQ0F9CSLGQFjrY5bCq5BCAiYxM37XJyko45b9ireRHgR/BmU0Uy1jvsVdBOSCSoN4aB12/dSE+agDCOcjopBpmkKZAA92rYoQVAd5pPTR/jIOl0cJ8o+afDE/T2Rg9B6KCLbKcD09XxtbP5Xa2cmvghzJtPMUEmmi+KMY5PgcQ64yxQlhg8tAFHM3opJHxQQY9Mq2hD8+S8vQuO04lu+PStXL2dxFNABOkTHyEfnqIpuUA3VEUGP6Bm9ojfnyXlx3p2PaeuSM5vZR3/kfP4Ars2TnQ==</latexit>

dJ 2 Wm,p
<latexit sha1_base64="tbFA7r1FoVgL/uA5xwDgeie+7Kc=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuJAyI4Iui27EVQV7gXYsmUymDU0yY5IplKHP4caFIm59GHe+jWk7C239IfDxn3M4J3+QcKaN6347hZXVtfWN4mZpa3tnd6+8f9DUcaoIbZCYx6odYE05k7RhmOG0nSiKRcBpKxjeTOutEVWaxfLBjBPqC9yXLGIEG2v54V2XSdR6zMRZMumVK27VnQktg5dDBXLVe+WvbhiTVFBpCMdadzw3MX6GlWGE00mpm2qaYDLEfdqxKLGg2s9mR0/QiXVCFMXKPmnQzP09kWGh9VgEtlNgM9CLtan5X62TmujKz5hMUkMlmS+KUo5MjKYJoJApSgwfW8BEMXsrIgOsMDE2p5INwVv88jI0z6ue5fuLSu06j6MIR3AMp+DBJdTgFurQAAJP8Ayv8OaMnBfn3fmYtxacfOYQ/sj5/AEsxJGz</latexit><latexit sha1_base64="tbFA7r1FoVgL/uA5xwDgeie+7Kc=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuJAyI4Iui27EVQV7gXYsmUymDU0yY5IplKHP4caFIm59GHe+jWk7C239IfDxn3M4J3+QcKaN6347hZXVtfWN4mZpa3tnd6+8f9DUcaoIbZCYx6odYE05k7RhmOG0nSiKRcBpKxjeTOutEVWaxfLBjBPqC9yXLGIEG2v54V2XSdR6zMRZMumVK27VnQktg5dDBXLVe+WvbhiTVFBpCMdadzw3MX6GlWGE00mpm2qaYDLEfdqxKLGg2s9mR0/QiXVCFMXKPmnQzP09kWGh9VgEtlNgM9CLtan5X62TmujKz5hMUkMlmS+KUo5MjKYJoJApSgwfW8BEMXsrIgOsMDE2p5INwVv88jI0z6ue5fuLSu06j6MIR3AMp+DBJdTgFurQAAJP8Ayv8OaMnBfn3fmYtxacfOYQ/sj5/AEsxJGz</latexit><latexit sha1_base64="tbFA7r1FoVgL/uA5xwDgeie+7Kc=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuJAyI4Iui27EVQV7gXYsmUymDU0yY5IplKHP4caFIm59GHe+jWk7C239IfDxn3M4J3+QcKaN6347hZXVtfWN4mZpa3tnd6+8f9DUcaoIbZCYx6odYE05k7RhmOG0nSiKRcBpKxjeTOutEVWaxfLBjBPqC9yXLGIEG2v54V2XSdR6zMRZMumVK27VnQktg5dDBXLVe+WvbhiTVFBpCMdadzw3MX6GlWGE00mpm2qaYDLEfdqxKLGg2s9mR0/QiXVCFMXKPmnQzP09kWGh9VgEtlNgM9CLtan5X62TmujKz5hMUkMlmS+KUo5MjKYJoJApSgwfW8BEMXsrIgOsMDE2p5INwVv88jI0z6ue5fuLSu06j6MIR3AMp+DBJdTgFurQAAJP8Ayv8OaMnBfn3fmYtxacfOYQ/sj5/AEsxJGz</latexit><latexit sha1_base64="tbFA7r1FoVgL/uA5xwDgeie+7Kc=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuJAyI4Iui27EVQV7gXYsmUymDU0yY5IplKHP4caFIm59GHe+jWk7C239IfDxn3M4J3+QcKaN6347hZXVtfWN4mZpa3tnd6+8f9DUcaoIbZCYx6odYE05k7RhmOG0nSiKRcBpKxjeTOutEVWaxfLBjBPqC9yXLGIEG2v54V2XSdR6zMRZMumVK27VnQktg5dDBXLVe+WvbhiTVFBpCMdadzw3MX6GlWGE00mpm2qaYDLEfdqxKLGg2s9mR0/QiXVCFMXKPmnQzP09kWGh9VgEtlNgM9CLtan5X62TmujKz5hMUkMlmS+KUo5MjKYJoJApSgwfW8BEMXsrIgOsMDE2p5INwVv88jI0z6ue5fuLSu06j6MIR3AMp+DBJdTgFurQAAJP8Ayv8OaMnBfn3fmYtxacfOYQ/sj5/AEsxJGz</latexit>

    has the same regularity as    !    �̃0
<latexit sha1_base64="N1lJRH/vQ3MZgnbl3s9QBsDHS54=">AAAB+HicbZDLSgMxFIbPeK310qpLN8EiuiozIuiy6EKXFewFOkPJZDJtaJIZkoxQhz6JGxeKuPVR3Pk2pu0stPWHwMd/zuGc/GHKmTau++2srK6tb2yWtsrbO7t7ler+QVsnmSK0RRKeqG6INeVM0pZhhtNuqigWIaedcHQzrXceqdIskQ9mnNJA4IFkMSPYWKtfrfiG8Yjm/i0WAk9O+9WaW3dnQsvgFVCDQs1+9cuPEpIJKg3hWOue56YmyLEyjHA6KfuZpikmIzygPYsSC6qDfHb4BJ1YJ0JxouyTBs3c3xM5FlqPRWg7BTZDvVibmv/VepmJr4KcyTQzVJL5ojjjyCRomgKKmKLE8LEFTBSztyIyxAoTY7Mq2xC8xS8vQ/u87lm+v6g1ros4SnAEx3AGHlxCA+6gCS0gkMEzvMKb8+S8OO/Ox7x1xSlmDuGPnM8foSmTDQ==</latexit><latexit sha1_base64="N1lJRH/vQ3MZgnbl3s9QBsDHS54=">AAAB+HicbZDLSgMxFIbPeK310qpLN8EiuiozIuiy6EKXFewFOkPJZDJtaJIZkoxQhz6JGxeKuPVR3Pk2pu0stPWHwMd/zuGc/GHKmTau++2srK6tb2yWtsrbO7t7ler+QVsnmSK0RRKeqG6INeVM0pZhhtNuqigWIaedcHQzrXceqdIskQ9mnNJA4IFkMSPYWKtfrfiG8Yjm/i0WAk9O+9WaW3dnQsvgFVCDQs1+9cuPEpIJKg3hWOue56YmyLEyjHA6KfuZpikmIzygPYsSC6qDfHb4BJ1YJ0JxouyTBs3c3xM5FlqPRWg7BTZDvVibmv/VepmJr4KcyTQzVJL5ojjjyCRomgKKmKLE8LEFTBSztyIyxAoTY7Mq2xC8xS8vQ/u87lm+v6g1ros4SnAEx3AGHlxCA+6gCS0gkMEzvMKb8+S8OO/Ox7x1xSlmDuGPnM8foSmTDQ==</latexit><latexit sha1_base64="N1lJRH/vQ3MZgnbl3s9QBsDHS54=">AAAB+HicbZDLSgMxFIbPeK310qpLN8EiuiozIuiy6EKXFewFOkPJZDJtaJIZkoxQhz6JGxeKuPVR3Pk2pu0stPWHwMd/zuGc/GHKmTau++2srK6tb2yWtsrbO7t7ler+QVsnmSK0RRKeqG6INeVM0pZhhtNuqigWIaedcHQzrXceqdIskQ9mnNJA4IFkMSPYWKtfrfiG8Yjm/i0WAk9O+9WaW3dnQsvgFVCDQs1+9cuPEpIJKg3hWOue56YmyLEyjHA6KfuZpikmIzygPYsSC6qDfHb4BJ1YJ0JxouyTBs3c3xM5FlqPRWg7BTZDvVibmv/VepmJr4KcyTQzVJL5ojjjyCRomgKKmKLE8LEFTBSztyIyxAoTY7Mq2xC8xS8vQ/u87lm+v6g1ros4SnAEx3AGHlxCA+6gCS0gkMEzvMKb8+S8OO/Ox7x1xSlmDuGPnM8foSmTDQ==</latexit><latexit sha1_base64="N1lJRH/vQ3MZgnbl3s9QBsDHS54=">AAAB+HicbZDLSgMxFIbPeK310qpLN8EiuiozIuiy6EKXFewFOkPJZDJtaJIZkoxQhz6JGxeKuPVR3Pk2pu0stPWHwMd/zuGc/GHKmTau++2srK6tb2yWtsrbO7t7ler+QVsnmSK0RRKeqG6INeVM0pZhhtNuqigWIaedcHQzrXceqdIskQ9mnNJA4IFkMSPYWKtfrfiG8Yjm/i0WAk9O+9WaW3dnQsvgFVCDQs1+9cuPEpIJKg3hWOue56YmyLEyjHA6KfuZpikmIzygPYsSC6qDfHb4BJ1YJ0JxouyTBs3c3xM5FlqPRWg7BTZDvVibmv/VepmJr4KcyTQzVJL5ojjjyCRomgKKmKLE8LEFTBSztyIyxAoTY7Mq2xC8xS8vQ/u87lm+v6g1ros4SnAEx3AGHlxCA+6gCS0gkMEzvMKb8+S8OO/Ox7x1xSlmDuGPnM8foSmTDQ==</latexit>

�̃
<latexit sha1_base64="W17DwMOvG88+jrwSvZhPhrJ99y8=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBzlgymUwbmmSG5IxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GEquAHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STFPWoolIdDckhgmuWAs4CNZNNSMyFKwTjq6n9c4j04Yn6h7GKQskGSgec0rAWg8+cBGx3L8hUpJJv1pz6+5MeBm8AmqoULNf/fKjhGaSKaCCGNPz3BSCnGjgVLBJxc8MSwkdkQHrWVREMhPks6sn+MQ6EY4TbZ8CPHN/T+REGjOWoe2UBIZmsTY1/6v1Mogvg5yrNAOm6HxRnAkMCZ5GgCOuGQUxtkCo5vZWTIdEEwo2qIoNwVv88jK0z+qe5bvzWuOqiKOMjtAxOkUeukANdIuaqIUo0ugZvaI358l5cd6dj3lrySlmDtEfOZ8/w6aSqw==</latexit><latexit sha1_base64="W17DwMOvG88+jrwSvZhPhrJ99y8=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBzlgymUwbmmSG5IxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GEquAHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STFPWoolIdDckhgmuWAs4CNZNNSMyFKwTjq6n9c4j04Yn6h7GKQskGSgec0rAWg8+cBGx3L8hUpJJv1pz6+5MeBm8AmqoULNf/fKjhGaSKaCCGNPz3BSCnGjgVLBJxc8MSwkdkQHrWVREMhPks6sn+MQ6EY4TbZ8CPHN/T+REGjOWoe2UBIZmsTY1/6v1Mogvg5yrNAOm6HxRnAkMCZ5GgCOuGQUxtkCo5vZWTIdEEwo2qIoNwVv88jK0z+qe5bvzWuOqiKOMjtAxOkUeukANdIuaqIUo0ugZvaI358l5cd6dj3lrySlmDtEfOZ8/w6aSqw==</latexit><latexit sha1_base64="W17DwMOvG88+jrwSvZhPhrJ99y8=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBzlgymUwbmmSG5IxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GEquAHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STFPWoolIdDckhgmuWAs4CNZNNSMyFKwTjq6n9c4j04Yn6h7GKQskGSgec0rAWg8+cBGx3L8hUpJJv1pz6+5MeBm8AmqoULNf/fKjhGaSKaCCGNPz3BSCnGjgVLBJxc8MSwkdkQHrWVREMhPks6sn+MQ6EY4TbZ8CPHN/T+REGjOWoe2UBIZmsTY1/6v1Mogvg5yrNAOm6HxRnAkMCZ5GgCOuGQUxtkCo5vZWTIdEEwo2qIoNwVv88jK0z+qe5bvzWuOqiKOMjtAxOkUeukANdIuaqIUo0ugZvaI358l5cd6dj3lrySlmDtEfOZ8/w6aSqw==</latexit><latexit sha1_base64="W17DwMOvG88+jrwSvZhPhrJ99y8=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBzlgymUwbmmSG5IxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GEquAHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STFPWoolIdDckhgmuWAs4CNZNNSMyFKwTjq6n9c4j04Yn6h7GKQskGSgec0rAWg8+cBGx3L8hUpJJv1pz6+5MeBm8AmqoULNf/fKjhGaSKaCCGNPz3BSCnGjgVLBJxc8MSwkdkQHrWVREMhPks6sn+MQ6EY4TbZ8CPHN/T+REGjOWoe2UBIZmsTY1/6v1Mogvg5yrNAOm6HxRnAkMCZ5GgCOuGQUxtkCo5vZWTIdEEwo2qIoNwVv88jK0z+qe5bvzWuOqiKOMjtAxOkUeukANdIuaqIUo0ugZvaI358l5cd6dj3lrySlmDtEfOZ8/w6aSqw==</latexit>

   Finally,      which solves RT-equations may not
 be the actual connection transformed by    …     

�̃
<latexit sha1_base64="W17DwMOvG88+jrwSvZhPhrJ99y8=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBzlgymUwbmmSG5IxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GEquAHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STFPWoolIdDckhgmuWAs4CNZNNSMyFKwTjq6n9c4j04Yn6h7GKQskGSgec0rAWg8+cBGx3L8hUpJJv1pz6+5MeBm8AmqoULNf/fKjhGaSKaCCGNPz3BSCnGjgVLBJxc8MSwkdkQHrWVREMhPks6sn+MQ6EY4TbZ8CPHN/T+REGjOWoe2UBIZmsTY1/6v1Mogvg5yrNAOm6HxRnAkMCZ5GgCOuGQUxtkCo5vZWTIdEEwo2qIoNwVv88jK0z+qe5bvzWuOqiKOMjtAxOkUeukANdIuaqIUo0ugZvaI358l5cd6dj3lrySlmDtEfOZ8/w6aSqw==</latexit><latexit sha1_base64="W17DwMOvG88+jrwSvZhPhrJ99y8=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBzlgymUwbmmSG5IxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GEquAHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STFPWoolIdDckhgmuWAs4CNZNNSMyFKwTjq6n9c4j04Yn6h7GKQskGSgec0rAWg8+cBGx3L8hUpJJv1pz6+5MeBm8AmqoULNf/fKjhGaSKaCCGNPz3BSCnGjgVLBJxc8MSwkdkQHrWVREMhPks6sn+MQ6EY4TbZ8CPHN/T+REGjOWoe2UBIZmsTY1/6v1Mogvg5yrNAOm6HxRnAkMCZ5GgCOuGQUxtkCo5vZWTIdEEwo2qIoNwVv88jK0z+qe5bvzWuOqiKOMjtAxOkUeukANdIuaqIUo0ugZvaI358l5cd6dj3lrySlmDtEfOZ8/w6aSqw==</latexit><latexit sha1_base64="W17DwMOvG88+jrwSvZhPhrJ99y8=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBzlgymUwbmmSG5IxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GEquAHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STFPWoolIdDckhgmuWAs4CNZNNSMyFKwTjq6n9c4j04Yn6h7GKQskGSgec0rAWg8+cBGx3L8hUpJJv1pz6+5MeBm8AmqoULNf/fKjhGaSKaCCGNPz3BSCnGjgVLBJxc8MSwkdkQHrWVREMhPks6sn+MQ6EY4TbZ8CPHN/T+REGjOWoe2UBIZmsTY1/6v1Mogvg5yrNAOm6HxRnAkMCZ5GgCOuGQUxtkCo5vZWTIdEEwo2qIoNwVv88jK0z+qe5bvzWuOqiKOMjtAxOkUeukANdIuaqIUo0ugZvaI358l5cd6dj3lrySlmDtEfOZ8/w6aSqw==</latexit><latexit sha1_base64="W17DwMOvG88+jrwSvZhPhrJ99y8=">AAAB9XicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosutBlBXuBzlgymUwbmmSG5IxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GEquAHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STFPWoolIdDckhgmuWAs4CNZNNSMyFKwTjq6n9c4j04Yn6h7GKQskGSgec0rAWg8+cBGx3L8hUpJJv1pz6+5MeBm8AmqoULNf/fKjhGaSKaCCGNPz3BSCnGjgVLBJxc8MSwkdkQHrWVREMhPks6sn+MQ6EY4TbZ8CPHN/T+REGjOWoe2UBIZmsTY1/6v1Mogvg5yrNAOm6HxRnAkMCZ5GgCOuGQUxtkCo5vZWTIdEEwo2qIoNwVv88jK0z+qe5bvzWuOqiKOMjtAxOkUeukANdIuaqIUo0ugZvaI358l5cd6dj3lrySlmDtEfOZ8/w6aSqw==</latexit>

<latexit sha1_base64="LaiPe5Cph4m7/l9DxW2hBXqhn8M=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix6EU8t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFS/b5XKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVbc+kW5epPHUYBjOIEz8OAKqnAHNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/odOM0g==</latexit>

J

Theorem:   If          solves the RT-equations 
iff            does…             

(�̃, J)
<latexit sha1_base64="ebZ4xTx0bhaEUH9QDLGt6SrECuU=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiVJCSiKDLogvFVQV7gSaUyWTSDp2ZhJmJWEJexY0LRdz6Iu58G6dtFtr6w8DHf87hnPmDhFGlHefbKq2srq1vlDcrW9s7u3v2frWj4lRi0sYxi2UvQIowKkhbU81IL5EE8YCRbjC+nta7j0QqGosHPUmIz9FQ0IhipI01sKt1T1MWksy7QZyj/PTuZGDXnIYzE1wGt4AaKNQa2F9eGOOUE6ExQ0r1XSfRfoakppiRvOKliiQIj9GQ9A0KxInys9ntOTw2TgijWJonNJy5vycyxJWa8MB0cqRHarE2Nf+r9VMdXfoZFUmqicDzRVHKoI7hNAgYUkmwZhMDCEtqboV4hCTC2sRVMSG4i19ehs5ZwzV8f15rXhVxlMEhOAJ14IIL0AS3oAXaAIMn8AxewZuVWy/Wu/Uxby1ZxcwB+CPr8wcRvpPL</latexit><latexit sha1_base64="ebZ4xTx0bhaEUH9QDLGt6SrECuU=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiVJCSiKDLogvFVQV7gSaUyWTSDp2ZhJmJWEJexY0LRdz6Iu58G6dtFtr6w8DHf87hnPmDhFGlHefbKq2srq1vlDcrW9s7u3v2frWj4lRi0sYxi2UvQIowKkhbU81IL5EE8YCRbjC+nta7j0QqGosHPUmIz9FQ0IhipI01sKt1T1MWksy7QZyj/PTuZGDXnIYzE1wGt4AaKNQa2F9eGOOUE6ExQ0r1XSfRfoakppiRvOKliiQIj9GQ9A0KxInys9ntOTw2TgijWJonNJy5vycyxJWa8MB0cqRHarE2Nf+r9VMdXfoZFUmqicDzRVHKoI7hNAgYUkmwZhMDCEtqboV4hCTC2sRVMSG4i19ehs5ZwzV8f15rXhVxlMEhOAJ14IIL0AS3oAXaAIMn8AxewZuVWy/Wu/Uxby1ZxcwB+CPr8wcRvpPL</latexit><latexit sha1_base64="ebZ4xTx0bhaEUH9QDLGt6SrECuU=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiVJCSiKDLogvFVQV7gSaUyWTSDp2ZhJmJWEJexY0LRdz6Iu58G6dtFtr6w8DHf87hnPmDhFGlHefbKq2srq1vlDcrW9s7u3v2frWj4lRi0sYxi2UvQIowKkhbU81IL5EE8YCRbjC+nta7j0QqGosHPUmIz9FQ0IhipI01sKt1T1MWksy7QZyj/PTuZGDXnIYzE1wGt4AaKNQa2F9eGOOUE6ExQ0r1XSfRfoakppiRvOKliiQIj9GQ9A0KxInys9ntOTw2TgijWJonNJy5vycyxJWa8MB0cqRHarE2Nf+r9VMdXfoZFUmqicDzRVHKoI7hNAgYUkmwZhMDCEtqboV4hCTC2sRVMSG4i19ehs5ZwzV8f15rXhVxlMEhOAJ14IIL0AS3oAXaAIMn8AxewZuVWy/Wu/Uxby1ZxcwB+CPr8wcRvpPL</latexit><latexit sha1_base64="ebZ4xTx0bhaEUH9QDLGt6SrECuU=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiVJCSiKDLogvFVQV7gSaUyWTSDp2ZhJmJWEJexY0LRdz6Iu58G6dtFtr6w8DHf87hnPmDhFGlHefbKq2srq1vlDcrW9s7u3v2frWj4lRi0sYxi2UvQIowKkhbU81IL5EE8YCRbjC+nta7j0QqGosHPUmIz9FQ0IhipI01sKt1T1MWksy7QZyj/PTuZGDXnIYzE1wGt4AaKNQa2F9eGOOUE6ExQ0r1XSfRfoakppiRvOKliiQIj9GQ9A0KxInys9ntOTw2TgijWJonNJy5vycyxJWa8MB0cqRHarE2Nf+r9VMdXfoZFUmqicDzRVHKoI7hNAgYUkmwZhMDCEtqboV4hCTC2sRVMSG4i19ehs5ZwzV8f15rXhVxlMEhOAJ14IIL0AS3oAXaAIMn8AxewZuVWy/Wu/Uxby1ZxcwB+CPr8wcRvpPL</latexit>

<latexit sha1_base64="K7EEUPc6YcblbjVMn6VZaVAMD5g=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotYQUoiii6LLhRXFewDmlAmk0k7dGYSZiZCCfVX3LhQxK0f4s6/cdpmoa0HLhzOuZd77wkSRpV2nG+rsLS8srpWXC9tbG5t79i7ey0VpxKTJo5ZLDsBUoRRQZqaakY6iSSIB4y0g+H1xG8/EqloLB70KCE+R31BI4qRNlLPLlc9TVlIMu8GcY7GRyd3xz274tScKeAicXNSATkaPfvLC2OcciI0Zkiprusk2s+Q1BQzMi55qSIJwkPUJ11DBeJE+dn0+DE8NEoIo1iaEhpO1d8TGeJKjXhgOjnSAzXvTcT/vG6qo0s/oyJJNRF4tihKGdQxnCQBQyoJ1mxkCMKSmlshHiCJsDZ5lUwI7vzLi6R1WnPPa879WaV+lcdRBPvgAFSBCy5AHdyCBmgCDEbgGbyCN+vJerHerY9Za8HKZ8rgD6zPH3mRlAA=</latexit>

(�̃0, J)

Conclude:     transforms              to     
<latexit sha1_base64="LaiPe5Cph4m7/l9DxW2hBXqhn8M=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix6EU8t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFS/b5XKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVbc+kW5epPHUYBjOIEz8OAKqnAHNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/odOM0g==</latexit>

J
<latexit sha1_base64="Mvr4wYS0EY6SsMilrp8E0hM3OZA=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCBwm7ougx6EGPEcwDsmvonUySITOzy8ysEtZ8ihcPinj1S7z5N04eB00saCiquunuihLOtPG8bye3tLyyupZfL2xsbm3vuMXduo5TRWiNxDxWzQg05UzSmmGG02aiKIiI00Y0uBr7jQeqNIvlnRkmNBTQk6zLCBgrtd1icA1CQMAkbtxn4jgZtd2SV/YmwIvEn5ESmqHadr+CTkxSQaUhHLRu+V5iwgyUYYTTUSFINU2ADKBHW5ZKEFSH2eT0ET60Sgd3Y2VLGjxRf09kILQeish2CjB9Pe+Nxf+8Vmq6F2HGZJIaKsl0UTfl2MR4nAPuMEWJ4UNLgChmb8WkDwqIsWkVbAj+/MuLpH5S9s/K3u1pqXI5iyOP9tEBOkI+OkcVdIOqqIYIekTP6BW9OU/Oi/PufExbc85sZg/9gfP5A7Adk6E=</latexit>

� 2 Wm,p
<latexit sha1_base64="3rQhyCdWFqH7rrs9bijpP8P971I=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZRUEoiii6LLnRZwT6giWUymbZDZyZhZiKUkI0bf8WNC0Xc+g/u/BunbRbaeuDC4Zx7ufeeIGZUacf5tgpz8wuLS8Xl0srq2vqGvbnVUFEiManjiEWyFSBFGBWkrqlmpBVLgnjASDMYXI385gORikbiTg9j4nPUE7RLMdJG6ti7nqYsJKl3jThH2YFHBWzep/zIPY6zjl12Ks4YcJa4OSmDHLWO/eWFEU44ERozpFTbdWLtp0hqihnJSl6iSIzwAPVI21CBOFF+Ov4ig/tGCWE3kqaEhmP190SKuFJDHphOjnRfTXsj8T+vnejuhZ9SESeaCDxZ1E0Y1BEcRQJDKgnWbGgIwpKaWyHuI4mwNsGVTAju9MuzpHFScc8qzu1puXqZx1EEO2APHAIXnIMquAE1UAcYPIJn8ArerCfrxXq3PiatBSuf2QZ/YH3+AJUyl/g=</latexit>

�̃0 2 Wm+1,p



Theorem:               is a solution of the
RT-equations

(�̃, J, A)
<latexit sha1_base64="vAx7ryHUTI/XDuW7/5LYKM3hc3o=">AAAB/XicbZDLSgMxFIYzXmu9jZedm2ARKpQyI4Iuqy4UVxXsBTpDyWQybWiSGZKMUIfiq7hxoYhb38Odb2PazkJbfwh8/OcczskfJIwq7Tjf1sLi0vLKamGtuL6xubVt7+w2VZxKTBo4ZrFsB0gRRgVpaKoZaSeSIB4w0goGV+N664FIRWNxr4cJ8TnqCRpRjLSxuvZ+2dOUhSTzrhHnaFS5rVwcd+2SU3UmgvPg5lACuepd+8sLY5xyIjRmSKmO6yTaz5DUFDMyKnqpIgnCA9QjHYMCcaL8bHL9CB4ZJ4RRLM0TGk7c3xMZ4koNeWA6OdJ9NVsbm//VOqmOzv2MiiTVRODpoihlUMdwHAUMqSRYs6EBhCU1t0LcRxJhbQIrmhDc2S/PQ/Ok6hq+Oy3VLvM4CuAAHIIycMEZqIEbUAcNgMEjeAav4M16sl6sd+tj2rpg5TN74I+szx8ObJRM</latexit><latexit sha1_base64="vAx7ryHUTI/XDuW7/5LYKM3hc3o=">AAAB/XicbZDLSgMxFIYzXmu9jZedm2ARKpQyI4Iuqy4UVxXsBTpDyWQybWiSGZKMUIfiq7hxoYhb38Odb2PazkJbfwh8/OcczskfJIwq7Tjf1sLi0vLKamGtuL6xubVt7+w2VZxKTBo4ZrFsB0gRRgVpaKoZaSeSIB4w0goGV+N664FIRWNxr4cJ8TnqCRpRjLSxuvZ+2dOUhSTzrhHnaFS5rVwcd+2SU3UmgvPg5lACuepd+8sLY5xyIjRmSKmO6yTaz5DUFDMyKnqpIgnCA9QjHYMCcaL8bHL9CB4ZJ4RRLM0TGk7c3xMZ4koNeWA6OdJ9NVsbm//VOqmOzv2MiiTVRODpoihlUMdwHAUMqSRYs6EBhCU1t0LcRxJhbQIrmhDc2S/PQ/Ok6hq+Oy3VLvM4CuAAHIIycMEZqIEbUAcNgMEjeAav4M16sl6sd+tj2rpg5TN74I+szx8ObJRM</latexit><latexit sha1_base64="vAx7ryHUTI/XDuW7/5LYKM3hc3o=">AAAB/XicbZDLSgMxFIYzXmu9jZedm2ARKpQyI4Iuqy4UVxXsBTpDyWQybWiSGZKMUIfiq7hxoYhb38Odb2PazkJbfwh8/OcczskfJIwq7Tjf1sLi0vLKamGtuL6xubVt7+w2VZxKTBo4ZrFsB0gRRgVpaKoZaSeSIB4w0goGV+N664FIRWNxr4cJ8TnqCRpRjLSxuvZ+2dOUhSTzrhHnaFS5rVwcd+2SU3UmgvPg5lACuepd+8sLY5xyIjRmSKmO6yTaz5DUFDMyKnqpIgnCA9QjHYMCcaL8bHL9CB4ZJ4RRLM0TGk7c3xMZ4koNeWA6OdJ9NVsbm//VOqmOzv2MiiTVRODpoihlUMdwHAUMqSRYs6EBhCU1t0LcRxJhbQIrmhDc2S/PQ/Ok6hq+Oy3VLvM4CuAAHIIycMEZqIEbUAcNgMEjeAav4M16sl6sd+tj2rpg5TN74I+szx8ObJRM</latexit><latexit sha1_base64="vAx7ryHUTI/XDuW7/5LYKM3hc3o=">AAAB/XicbZDLSgMxFIYzXmu9jZedm2ARKpQyI4Iuqy4UVxXsBTpDyWQybWiSGZKMUIfiq7hxoYhb38Odb2PazkJbfwh8/OcczskfJIwq7Tjf1sLi0vLKamGtuL6xubVt7+w2VZxKTBo4ZrFsB0gRRgVpaKoZaSeSIB4w0goGV+N664FIRWNxr4cJ8TnqCRpRjLSxuvZ+2dOUhSTzrhHnaFS5rVwcd+2SU3UmgvPg5lACuepd+8sLY5xyIjRmSKmO6yTaz5DUFDMyKnqpIgnCA9QjHYMCcaL8bHL9CB4ZJ4RRLM0TGk7c3xMZ4koNeWA6OdJ9NVsbm//VOqmOzv2MiiTVRODpoihlUMdwHAUMqSRYs6EBhCU1t0LcRxJhbQIrmhDc2S/PQ/Ok6hq+Oy3VLvM4CuAAHIIycMEZqIEbUAcNgMEjeAav4M16sl6sd+tj2rpg5TN74I+szx8ObJRM</latexit>

��̃ = �d�� �d
�
J�1dJ

�
+ d(J�1A), (1)

�J = �(J �)� hdJ ; �̃i �A, (2)

d ~A =
�!
div

�
dJ ^ �

�
+
�!
div

�
J d�

�
� d

�����!
hdJ ; �̃i

�
, (3)

� ~A = v, (4)
<latexit sha1_base64="Ler66EpzWALBdaeiub1r6JU6SJA="></latexit><latexit sha1_base64="Ler66EpzWALBdaeiub1r6JU6SJA="></latexit><latexit sha1_base64="Ler66EpzWALBdaeiub1r6JU6SJA="></latexit><latexit sha1_base64="Ler66EpzWALBdaeiub1r6JU6SJA="></latexit>

Curl(J) ⌘ @jJ
µ
i � @iJ

µ
j = 0 on @⌦,

<latexit sha1_base64="XoA7znm/awh3E232e4sxSh9dLQ0="></latexit><latexit sha1_base64="XoA7znm/awh3E232e4sxSh9dLQ0="></latexit><latexit sha1_base64="XoA7znm/awh3E232e4sxSh9dLQ0="></latexit><latexit sha1_base64="XoA7znm/awh3E232e4sxSh9dLQ0="></latexit>



Theorem:               is a solution of the
RT-equations

(�̃, J, A)
<latexit sha1_base64="vAx7ryHUTI/XDuW7/5LYKM3hc3o=">AAAB/XicbZDLSgMxFIYzXmu9jZedm2ARKpQyI4Iuqy4UVxXsBTpDyWQybWiSGZKMUIfiq7hxoYhb38Odb2PazkJbfwh8/OcczskfJIwq7Tjf1sLi0vLKamGtuL6xubVt7+w2VZxKTBo4ZrFsB0gRRgVpaKoZaSeSIB4w0goGV+N664FIRWNxr4cJ8TnqCRpRjLSxuvZ+2dOUhSTzrhHnaFS5rVwcd+2SU3UmgvPg5lACuepd+8sLY5xyIjRmSKmO6yTaz5DUFDMyKnqpIgnCA9QjHYMCcaL8bHL9CB4ZJ4RRLM0TGk7c3xMZ4koNeWA6OdJ9NVsbm//VOqmOzv2MiiTVRODpoihlUMdwHAUMqSRYs6EBhCU1t0LcRxJhbQIrmhDc2S/PQ/Ok6hq+Oy3VLvM4CuAAHIIycMEZqIEbUAcNgMEjeAav4M16sl6sd+tj2rpg5TN74I+szx8ObJRM</latexit><latexit sha1_base64="vAx7ryHUTI/XDuW7/5LYKM3hc3o=">AAAB/XicbZDLSgMxFIYzXmu9jZedm2ARKpQyI4Iuqy4UVxXsBTpDyWQybWiSGZKMUIfiq7hxoYhb38Odb2PazkJbfwh8/OcczskfJIwq7Tjf1sLi0vLKamGtuL6xubVt7+w2VZxKTBo4ZrFsB0gRRgVpaKoZaSeSIB4w0goGV+N664FIRWNxr4cJ8TnqCRpRjLSxuvZ+2dOUhSTzrhHnaFS5rVwcd+2SU3UmgvPg5lACuepd+8sLY5xyIjRmSKmO6yTaz5DUFDMyKnqpIgnCA9QjHYMCcaL8bHL9CB4ZJ4RRLM0TGk7c3xMZ4koNeWA6OdJ9NVsbm//VOqmOzv2MiiTVRODpoihlUMdwHAUMqSRYs6EBhCU1t0LcRxJhbQIrmhDc2S/PQ/Ok6hq+Oy3VLvM4CuAAHIIycMEZqIEbUAcNgMEjeAav4M16sl6sd+tj2rpg5TN74I+szx8ObJRM</latexit><latexit sha1_base64="vAx7ryHUTI/XDuW7/5LYKM3hc3o=">AAAB/XicbZDLSgMxFIYzXmu9jZedm2ARKpQyI4Iuqy4UVxXsBTpDyWQybWiSGZKMUIfiq7hxoYhb38Odb2PazkJbfwh8/OcczskfJIwq7Tjf1sLi0vLKamGtuL6xubVt7+w2VZxKTBo4ZrFsB0gRRgVpaKoZaSeSIB4w0goGV+N664FIRWNxr4cJ8TnqCRpRjLSxuvZ+2dOUhSTzrhHnaFS5rVwcd+2SU3UmgvPg5lACuepd+8sLY5xyIjRmSKmO6yTaz5DUFDMyKnqpIgnCA9QjHYMCcaL8bHL9CB4ZJ4RRLM0TGk7c3xMZ4koNeWA6OdJ9NVsbm//VOqmOzv2MiiTVRODpoihlUMdwHAUMqSRYs6EBhCU1t0LcRxJhbQIrmhDc2S/PQ/Ok6hq+Oy3VLvM4CuAAHIIycMEZqIEbUAcNgMEjeAav4M16sl6sd+tj2rpg5TN74I+szx8ObJRM</latexit><latexit sha1_base64="vAx7ryHUTI/XDuW7/5LYKM3hc3o=">AAAB/XicbZDLSgMxFIYzXmu9jZedm2ARKpQyI4Iuqy4UVxXsBTpDyWQybWiSGZKMUIfiq7hxoYhb38Odb2PazkJbfwh8/OcczskfJIwq7Tjf1sLi0vLKamGtuL6xubVt7+w2VZxKTBo4ZrFsB0gRRgVpaKoZaSeSIB4w0goGV+N664FIRWNxr4cJ8TnqCRpRjLSxuvZ+2dOUhSTzrhHnaFS5rVwcd+2SU3UmgvPg5lACuepd+8sLY5xyIjRmSKmO6yTaz5DUFDMyKnqpIgnCA9QjHYMCcaL8bHL9CB4ZJ4RRLM0TGk7c3xMZ4koNeWA6OdJ9NVsbm//VOqmOzv2MiiTVRODpoihlUMdwHAUMqSRYs6EBhCU1t0LcRxJhbQIrmhDc2S/PQ/Ok6hq+Oy3VLvM4CuAAHIIycMEZqIEbUAcNgMEjeAav4M16sl6sd+tj2rpg5TN74I+szx8ObJRM</latexit>
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Summary:    We start with two first order 
equations both equivalent to the Riemann-
flat condition…

Using the co-derivative of the coordinate 
Euclidean metric, we convert these in to a 
coupled system of Poisson equations…   

…and by miraculous cancellations on the 
RHS, the solutions provide Jacobians which 
lift the connection to optimal regularity…   



Steps in the existence 
proof for the
RT-equations



The existence proof is based on an iteration 
scheme which applies the       theory of 
elliptic regularity at each stage…      

The      -theory of derivatives is a linear 
theory, and the RT-equations are 
nonlinear, so an iteration scheme is 
required…     
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The proof that the iterates converge 
relies on only two theorems from 
classical elliptic PDE theory…



Theorem (Elliptic Regularity): Let f 2 Wm�1,p(⌦), m � 1,

and u0 2 Wm+ p�1
p ,p(@⌦) both be scalar functions. Assume u 2

Wm+1,p(⌦) solves the Poisson equation �u = f with Dirichlet data
u|@⌦ = u0. Then there exists a constant C > 0 depending only on
⌦, m,n, p such that

kukWm+1,p(⌦)  C
⇣
kfkWm�1,p(⌦) + ku0k

W
m+ p�1

p ,p
(@⌦)

⌘
.
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Theorem (Ga↵ney Inequality): Let u 2 Wm+1,p(⌦) be a k-form
for m � 0, 1  k  n � 1 and (for simplicity) n � 2. Then there
exists a constant C > 0 depending only on ⌦, m,n, p, such that

kukWm+1,p(⌦)  C
⇣
kdukWm,p(⌦) + k�ukWm,p(⌦) + kuk

W
m+ p�1

p ,p
(@⌦)

⌘
.

<latexit sha1_base64="eUC1nsTs70qSzuTevaOV1TOVkgw="></latexit><latexit sha1_base64="eUC1nsTs70qSzuTevaOV1TOVkgw="></latexit><latexit sha1_base64="eUC1nsTs70qSzuTevaOV1TOVkgw="></latexit><latexit sha1_base64="eUC1nsTs70qSzuTevaOV1TOVkgw="></latexit>



References:
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One of the main obstacles to overcome was 
how to reduce the existence theorem at each 
iterate to a problem with Dirchlet boundary 
conditions… so standard linear elliptic 
regularity applies…

For this we introduce ancillary variable
     so that             , y

<latexit sha1_base64="kBWpEtbVW3xlz0t9EJbdPDfcZn0=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWznbRrN5uwuxFC6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6bus4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjerd55QaR7LB5Ml6Ed0JHnIGTXWamaDStWtuXORVfAKqEKhxqDy1R/GLI1QGiao1j3PTYyfU2U4Ezgt91ONCWUTOsKeRUkj1H4+X3RKzq0zJGGs7JOGzN3fEzmNtM6iwHZG1Iz1cm1m/lfrpSa88XMuk9SgZIuPwlQQE5PZ1WTIFTIjMguUKW53JWxMFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPnv4z9</latexit><latexit sha1_base64="kBWpEtbVW3xlz0t9EJbdPDfcZn0=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWznbRrN5uwuxFC6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6bus4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjerd55QaR7LB5Ml6Ed0JHnIGTXWamaDStWtuXORVfAKqEKhxqDy1R/GLI1QGiao1j3PTYyfU2U4Ezgt91ONCWUTOsKeRUkj1H4+X3RKzq0zJGGs7JOGzN3fEzmNtM6iwHZG1Iz1cm1m/lfrpSa88XMuk9SgZIuPwlQQE5PZ1WTIFTIjMguUKW53JWxMFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPnv4z9</latexit><latexit sha1_base64="kBWpEtbVW3xlz0t9EJbdPDfcZn0=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWznbRrN5uwuxFC6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6bus4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjerd55QaR7LB5Ml6Ed0JHnIGTXWamaDStWtuXORVfAKqEKhxqDy1R/GLI1QGiao1j3PTYyfU2U4Ezgt91ONCWUTOsKeRUkj1H4+X3RKzq0zJGGs7JOGzN3fEzmNtM6iwHZG1Iz1cm1m/lfrpSa88XMuk9SgZIuPwlQQE5PZ1WTIFTIjMguUKW53JWxMFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPnv4z9</latexit><latexit sha1_base64="kBWpEtbVW3xlz0t9EJbdPDfcZn0=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWznbRrN5uwuxFC6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6bus4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjerd55QaR7LB5Ml6Ed0JHnIGTXWamaDStWtuXORVfAKqEKhxqDy1R/GLI1QGiao1j3PTYyfU2U4Ezgt91ONCWUTOsKeRUkj1H4+X3RKzq0zJGGs7JOGzN3fEzmNtM6iwHZG1Iz1cm1m/lfrpSa88XMuk9SgZIuPwlQQE5PZ1WTIFTIjMguUKW53JWxMFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPnv4z9</latexit>

d2y = d ~J = Curl(J)
<latexit sha1_base64="OQw2eDbVB/QBqSkckfa7rFmm/0s=">AAAB/nicbZDLSsNAFIYnXmu9RcWVm2AR6qYkRdBNodiNdFXBXqCNZTI5bYdOJmFmUgih4Ku4caGIW5/DnW/jtM1CW38Y+PjPOZwzvxcxKpVtfxtr6xubW9u5nfzu3v7BoXl03JJhLAg0SchC0fGwBEY5NBVVDDqRABx4DNreuDartycgJA35g0oicAM85HRACVba6pun/mM5qfi9CZC0Pq3UYsGK9cu+WbBL9lzWKjgZFFCmRt/86vkhiQPgijAsZdexI+WmWChKGEzzvVhChMkYD6GrkeMApJvOz59aF9rxrUEo9OPKmru/J1IcSJkEnu4MsBrJ5drM/K/WjdXgxk0pj2IFnCwWDWJmqdCaZWH5VABRLNGAiaD6VouMsMBE6cTyOgRn+cur0CqXHM33V4XqbRZHDp2hc1REDrpGVXSHGqiJCErRM3pFb8aT8WK8Gx+L1jUjmzlBf2R8/gD6ypTV</latexit><latexit sha1_base64="OQw2eDbVB/QBqSkckfa7rFmm/0s=">AAAB/nicbZDLSsNAFIYnXmu9RcWVm2AR6qYkRdBNodiNdFXBXqCNZTI5bYdOJmFmUgih4Ku4caGIW5/DnW/jtM1CW38Y+PjPOZwzvxcxKpVtfxtr6xubW9u5nfzu3v7BoXl03JJhLAg0SchC0fGwBEY5NBVVDDqRABx4DNreuDartycgJA35g0oicAM85HRACVba6pun/mM5qfi9CZC0Pq3UYsGK9cu+WbBL9lzWKjgZFFCmRt/86vkhiQPgijAsZdexI+WmWChKGEzzvVhChMkYD6GrkeMApJvOz59aF9rxrUEo9OPKmru/J1IcSJkEnu4MsBrJ5drM/K/WjdXgxk0pj2IFnCwWDWJmqdCaZWH5VABRLNGAiaD6VouMsMBE6cTyOgRn+cur0CqXHM33V4XqbRZHDp2hc1REDrpGVXSHGqiJCErRM3pFb8aT8WK8Gx+L1jUjmzlBf2R8/gD6ypTV</latexit><latexit sha1_base64="OQw2eDbVB/QBqSkckfa7rFmm/0s=">AAAB/nicbZDLSsNAFIYnXmu9RcWVm2AR6qYkRdBNodiNdFXBXqCNZTI5bYdOJmFmUgih4Ku4caGIW5/DnW/jtM1CW38Y+PjPOZwzvxcxKpVtfxtr6xubW9u5nfzu3v7BoXl03JJhLAg0SchC0fGwBEY5NBVVDDqRABx4DNreuDartycgJA35g0oicAM85HRACVba6pun/mM5qfi9CZC0Pq3UYsGK9cu+WbBL9lzWKjgZFFCmRt/86vkhiQPgijAsZdexI+WmWChKGEzzvVhChMkYD6GrkeMApJvOz59aF9rxrUEo9OPKmru/J1IcSJkEnu4MsBrJ5drM/K/WjdXgxk0pj2IFnCwWDWJmqdCaZWH5VABRLNGAiaD6VouMsMBE6cTyOgRn+cur0CqXHM33V4XqbRZHDp2hc1REDrpGVXSHGqiJCErRM3pFb8aT8WK8Gx+L1jUjmzlBf2R8/gD6ypTV</latexit><latexit sha1_base64="OQw2eDbVB/QBqSkckfa7rFmm/0s=">AAAB/nicbZDLSsNAFIYnXmu9RcWVm2AR6qYkRdBNodiNdFXBXqCNZTI5bYdOJmFmUgih4Ku4caGIW5/DnW/jtM1CW38Y+PjPOZwzvxcxKpVtfxtr6xubW9u5nfzu3v7BoXl03JJhLAg0SchC0fGwBEY5NBVVDDqRABx4DNreuDartycgJA35g0oicAM85HRACVba6pun/mM5qfi9CZC0Pq3UYsGK9cu+WbBL9lzWKjgZFFCmRt/86vkhiQPgijAsZdexI+WmWChKGEzzvVhChMkYD6GrkeMApJvOz59aF9rxrUEo9OPKmru/J1IcSJkEnu4MsBrJ5drM/K/WjdXgxk0pj2IFnCwWDWJmqdCaZWH5VABRLNGAiaD6VouMsMBE6cTyOgRn+cur0CqXHM33V4XqbRZHDp2hc1REDrpGVXSHGqiJCErRM3pFb8aT8WK8Gx+L1jUjmzlBf2R8/gD6ypTV</latexit>

dy = ~J
<latexit sha1_base64="rzy68q6hT3j97zn1pl/HKQeNDmo=">AAAB8XicbZBNS8NAEIYn9avWr6pHL8EieCqJCHoRil7EUwX7gW0om82kXbrZhN1NIYT+Cy8eFPHqv/Hmv3Hb5qDVFxYe3plhZ14/4Uxpx/mySiura+sb5c3K1vbO7l51/6Ct4lRSbNGYx7LrE4WcCWxppjl2E4kk8jl2/PHNrN6ZoFQsFg86S9CLyFCwkFGijfUYZFf9CdL8bjqo1py6M5f9F9wCalCoOah+9oOYphEKTTlRquc6ifZyIjWjHKeVfqowIXRMhtgzKEiEysvnG0/tE+MEdhhL84S25+7PiZxESmWRbzojokdquTYz/6v1Uh1eejkTSapR0MVHYcptHduz8+2ASaSaZwYIlczsatMRkYRqE1LFhOAun/wX2md11/D9ea1xXcRRhiM4hlNw4QIacAtNaAEFAU/wAq+Wsp6tN+t90VqyiplD+CXr4xuPUpDU</latexit><latexit sha1_base64="rzy68q6hT3j97zn1pl/HKQeNDmo=">AAAB8XicbZBNS8NAEIYn9avWr6pHL8EieCqJCHoRil7EUwX7gW0om82kXbrZhN1NIYT+Cy8eFPHqv/Hmv3Hb5qDVFxYe3plhZ14/4Uxpx/mySiura+sb5c3K1vbO7l51/6Ct4lRSbNGYx7LrE4WcCWxppjl2E4kk8jl2/PHNrN6ZoFQsFg86S9CLyFCwkFGijfUYZFf9CdL8bjqo1py6M5f9F9wCalCoOah+9oOYphEKTTlRquc6ifZyIjWjHKeVfqowIXRMhtgzKEiEysvnG0/tE+MEdhhL84S25+7PiZxESmWRbzojokdquTYz/6v1Uh1eejkTSapR0MVHYcptHduz8+2ASaSaZwYIlczsatMRkYRqE1LFhOAun/wX2md11/D9ea1xXcRRhiM4hlNw4QIacAtNaAEFAU/wAq+Wsp6tN+t90VqyiplD+CXr4xuPUpDU</latexit><latexit sha1_base64="rzy68q6hT3j97zn1pl/HKQeNDmo=">AAAB8XicbZBNS8NAEIYn9avWr6pHL8EieCqJCHoRil7EUwX7gW0om82kXbrZhN1NIYT+Cy8eFPHqv/Hmv3Hb5qDVFxYe3plhZ14/4Uxpx/mySiura+sb5c3K1vbO7l51/6Ct4lRSbNGYx7LrE4WcCWxppjl2E4kk8jl2/PHNrN6ZoFQsFg86S9CLyFCwkFGijfUYZFf9CdL8bjqo1py6M5f9F9wCalCoOah+9oOYphEKTTlRquc6ifZyIjWjHKeVfqowIXRMhtgzKEiEysvnG0/tE+MEdhhL84S25+7PiZxESmWRbzojokdquTYz/6v1Uh1eejkTSapR0MVHYcptHduz8+2ASaSaZwYIlczsatMRkYRqE1LFhOAun/wX2md11/D9ea1xXcRRhiM4hlNw4QIacAtNaAEFAU/wAq+Wsp6tN+t90VqyiplD+CXr4xuPUpDU</latexit><latexit sha1_base64="rzy68q6hT3j97zn1pl/HKQeNDmo=">AAAB8XicbZBNS8NAEIYn9avWr6pHL8EieCqJCHoRil7EUwX7gW0om82kXbrZhN1NIYT+Cy8eFPHqv/Hmv3Hb5qDVFxYe3plhZ14/4Uxpx/mySiura+sb5c3K1vbO7l51/6Ct4lRSbNGYx7LrE4WcCWxppjl2E4kk8jl2/PHNrN6ZoFQsFg86S9CLyFCwkFGijfUYZFf9CdL8bjqo1py6M5f9F9wCalCoOah+9oOYphEKTTlRquc6ifZyIjWjHKeVfqowIXRMhtgzKEiEysvnG0/tE+MEdhhL84S25+7PiZxESmWRbzojokdquTYz/6v1Uh1eejkTSapR0MVHYcptHduz8+2ASaSaZwYIlczsatMRkYRqE1LFhOAun/wX2md11/D9ea1xXcRRhiM4hlNw4QIacAtNaAEFAU/wAq+Wsp6tN+t90VqyiplD+CXr4xuPUpDU</latexit>

…this requires coupling the RT-equations to  
additional equations in 

<latexit sha1_base64="28ZHBnBwkFvYGjKKDAqwCdBJqBw=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxgv2AdinZNNuGZpM1yQrL0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDv1209UaSbFg0lj6kd4KFjICDZW6lTTs15Ds9N+ueLW3BnQMvFyUoEcjX75qzeQJImoMIRjrbueGxs/w8owwumk1Es0jTEZ4yHtWipwRLWfze6doBOrDFAolS1h0Ez9PZHhSOs0CmxnhM1IL3pT8T+vm5jw2s+YiBNDBZkvChOOjETT59GAKUoMTy3BRDF7KyIjrDAxNqKSDcFbfHmZtM5r3mXNvb+o1G/yOIpwBMdQBQ+uoA530IAmEODwDK/w5jw6L8678zFvLTj5zCH8gfP5AwPNj0w=</latexit>

(y, )



…This produces a system of following form… 



…we don’t have to impose ..  
<latexit sha1_base64="blKxmoxkh8xUwInIM+DC4xae4j4="></latexit>

d ~J = 0 on @⌦.



…we don’t have to impose ..  
<latexit sha1_base64="blKxmoxkh8xUwInIM+DC4xae4j4="></latexit>

d ~J = 0 on @⌦.

…            so any boundary condition is OK  <latexit sha1_base64="vZQq4p++uCnyZ2ZhA+9DO1jlK+E=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9CKeKtgPaEPZbDbt0t1N2N0IJfQvePGgiFf/kDf/jZs2B219MPB4b4aZeUHCmTau++2UVlbX1jfKm5Wt7Z3dver+QVvHqSK0RWIeq26ANeVM0pZhhtNuoigWAaedYHyb+50nqjSL5aOZJNQXeChZxAg2uRROru8H1Zpbd2dAy8QrSA0KNAfVr34Yk1RQaQjHWvc8NzF+hpVhhNNppZ9qmmAyxkPas1RiQbWfzW6dohOrhCiKlS1p0Ez9PZFhofVEBLZTYDPSi14u/uf1UhNd+RmTSWqoJPNFUcqRiVH+OAqZosTwiSWYKGZvRWSEFSbGxlOxIXiLLy+T9lndu6i7D+e1xk0RRxmO4BhOwYNLaMAdNKEFBEbwDK/w5gjnxXl3PuatJaeYOYQ/cD5/AL5mjgo=</latexit>

dy = J



Theorem: (smooth solutions):

<latexit sha1_base64="oXzv20pB1AsYshwnx0UNJh5Ht5g=">AAACFXicbZDLSgMxFIYzXmu9jbp0EyxCxVJmRNFl0YUuq9gLdMaSSTNtaJIZkoxQhr6EG1/FjQtF3ArufBvTdgRtPRD4+b9zODl/EDOqtON8WXPzC4tLy7mV/Ora+samvbVdV1EiManhiEWyGSBFGBWkpqlmpBlLgnjASCPoX4x4455IRSNxqwcx8TnqChpSjLSx2nbJu0ScI48K2LhL+aFbiocleEMJL07IwQ8yoG0XnLIzLjgr3EwUQFbVtv3pdSKccCI0ZkipluvE2k+R1BQzMsx7iSIxwn3UJS0jBeJE+en4qiHcN04HhpE0T2g4dn9PpIgrNeCB6eRI99Q0G5n/sVaiwzM/pSJONBF4sihMGNQRHEUEO1QSrNnACIQlNX+FuIckwtoEmTchuNMnz4r6Udk9KTvXx4XKeRZHDuyCPVAELjgFFXAFqqAGMHgAT+AFvFqP1rP1Zr1PWuesbGYH/Cnr4xsHc519</latexit>

� 2 Wm+1,p, Riem(�) 2 Wm,p

 If:                                           .

Then:               
<latexit sha1_base64="Rf2J3hoVkOMTHwzskXFPRCSPh2Y=">AAAB7XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irih6LXjxWcNtCu5Rsmm1js8mSZMVl6X/w4kERr/4fb/4b03YP2joQGGbeI28mTDjTxnW/ndLK6tr6RnmzsrW9s7tX3T9oaZkqQn0iuVSdEGvKmaC+YYbTTqIojkNO2+H4Zuq3H6nSTIp7kyU0iPFQsIgRbKzUeuoZibJ+tebW3RnQMvEKUoMCzX71qzeQJI2pMIRjrbuem5ggx8owwumk0ks1TTAZ4yHtWipwTHWQz66doBOrDFAklX3CoJn6eyPHsdZZHNrJGJuRXvSm4n9eNzXRVZAzkaSGCjL/KEo5shGn0dGAKUoMzyzBRDF7KyIjrDAxtqCKLcFbjLxMWmd176Lu3p3XGtdFHWU4gmM4BQ8uoQG30AQfCDzAM7zCmyOdF+fd+ZiPlpxi5xD+wPn8AXHRjwo=</latexit>

x ! y gives               

“I.e.,        one derivative above               ”
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="KMbZ22wq9ugUL0wmzJNlKypbLw0=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXFD0WPeixiv2A7lKy6WwbmmSXJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFYUmjXmsOiHRwJmEpmGGQydRQETIoR2ObqZ++wmUZrF8NOMEAkEGkkWMEmMl/4GBqPq3RAhy2itX3Jo7A14mXk4qKEejV/7y+zFNBUhDOdG667mJCTKiDKMcJiU/1ZAQOiID6FoqiQAdZLObJ/jEKn0cxcqWNHim/p7IiNB6LELbKYgZ6kVvKv7ndVMTXQUZk0lqQNL5oijl2MR4GgDuMwXU8LElhCpmb8V0SBShxsZUsiF4iy8vk9ZZzbuouffnlfp1HkcRHaFjVEUeukR1dIcaqIkoStAzekVvTuq8OO/Ox7y14OQzh+gPnM8fG4+REw==</latexit>

Riem(�)

<latexit sha1_base64="+HxmZRe6jsBHZyLlo/uQ1NgAaHM=">AAACEHicbVDLSgMxFM34rPVVdekmWMQKpcyIosuiC11WsQ/o1JJJb9vQJDMmGaEM/QQ3/oobF4q4denOvzF9LLT1wIWTc+4l954g4kwb1/125uYXFpeWUyvp1bX1jc3M1nZFh7GiUKYhD1UtIBo4k1A2zHCoRQqICDhUg97F0K8+gNIslLemH0FDkI5kbUaJsVIzc+BfEiFIHt8wELnx49BnElfvEpGPBnks/A7ce81M1i24I+BZ4k1IFk1Qama+/FZIYwHSUE60rntuZBoJUYZRDoO0H2uICO2RDtQtlUSAbiSjgwZ43yot3A6VLWnwSP09kRChdV8EtlMQ09XT3lD8z6vHpn3WSJiMYgOSjj9qxxybEA/TwS2mgBret4RQxeyumHaJItTYDNM2BG/65FlSOSp4JwX3+jhbPJ/EkUK7aA/lkIdOURFdoRIqI4oe0TN6RW/Ok/PivDsf49Y5ZzKzg/7A+fwBKeqbaQ==</latexit>

�, Riem(�) 2 Wm,p,m � 1



“Optimal metric regularity in General Relativity follows from 
the RT-equations by elliptic regularity theory in Lp-spaces”

Moritz Reintjes, Blake Temple
https://arxiv.org/abs/1808.06455

Reference: (update)

https://arxiv.org/search/gr-qc?searchtype=author&query=Reintjes%2C+M
https://arxiv.org/search/gr-qc?searchtype=author&query=Temple,+B
https://arxiv.org/abs/1808.06455


is more problematic…

The low regularity case
<latexit sha1_base64="5O0F+5xMwQT5U2FOL3J8RLw9iDI=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCCykzouiy6EIXXVSwD+hMSybNtKFJZkgywjB24a+4caGIW3/DnX9j2s5CWw/cy+Gce8nNCWJGlXacb2thcWl5ZbWwVlzf2Nzatnd2GypKJCZ1HLFItgKkCKOC1DXVjLRiSRAPGGkGw+ux33wgUtFI3Os0Jj5HfUFDipE2Utfe924Q58ijAlY7poc6Pal24q5dcsrOBHCeuDkpgRy1rv3l9SKccCI0ZkiptuvE2s+Q1BQzMip6iSIxwkPUJ21DBeJE+dnk/hE8MkoPhpE0JTScqL83MsSVSnlgJjnSAzXrjcX/vHaiw0s/oyJONBF4+lCYMKgjOA4D9qgkWLPUEIQlNbdCPEASYW0iK5oQ3Nkvz5PGadk9Lzt3Z6XKVR5HARyAQ3AMXHABKuAW1EAdYPAInsEreLOerBfr3fqYji5Y+c4e+APr8wczl5WT</latexit>

� 2 L1, Lp



<latexit sha1_base64="ca4CU+VFTHhbUIb6hcHXZzAZi4M="></latexit>

��̃ = �d�� �
�
dJ�1 ^ dJ

�
+ d(J�1A), (1)

�J = �(J · �)� hdJ ; �̃i �A, (2)

d ~A =
�!
div

�
dJ ^ �

�
+
�!
div

�
J d�

�
� d

�����!
hdJ ; �̃i

�
, (3)

� ~A = v (4)

<latexit sha1_base64="073Yck3ZiI+vItY9Wmq9PSlN+CA="></latexit>

d ~J = 0 on @⌦.

Nonlinear term not closed under 
iteration in       or   

<latexit sha1_base64="GBFhb91tBclF96IiPIKuZ15G5Y0=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp0oWgZtLCwimA9IzrC32UuW7O2du3NCOPInbCwUsfXv2Plv3CRXaOKDgcd7M8zMCxIpDLrut7O0vLK6tl7YKG5ube/slvb2GyZONeN1FstYtwJquBSK11Gg5K1EcxoFkjeD4fXEbz5xbUSs7nGUcD+ifSVCwShaqXX70BEqxFG3VHYr7hRkkXg5KUOOWrf01enFLI24QiapMW3PTdDPqEbBJB8XO6nhCWVD2udtSxWNuPGz6b1jcmyVHgljbUshmaq/JzIaGTOKAtsZURyYeW8i/ue1Uwwv/UyoJEWu2GxRmEqCMZk8T3pCc4ZyZAllWthbCRtQTRnaiIo2BG/+5UXSOK145xX37qxcvcrjKMAhHMEJeHABVbiBGtSBgYRneIU359F5cd6dj1nrkpPPHMAfOJ8/E22P/g==</latexit>

L1 <latexit sha1_base64="eCe+8DZh97noebUh9fCeJHtnsuE=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoY2ER0XxAcoa9zV6yZG/v2J0TwpGfYGOhiK2/yM5/4ya5QqMPBh7vzTAzL0ikMOi6X05haXllda24XtrY3NreKe/uNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo6up33rk2ohY3eM44X5EB0qEglG00t3NQ9IrV9yqOwP5S7ycVCBHvVf+7PZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCOpYpG3PjZ7NQJObJKn4SxtqWQzNSfExmNjBlHge2MKA7NojcV//M6KYYXfiZUkiJXbL4oTCXBmEz/Jn2hOUM5toQyLeythA2ppgxtOiUbgrf48l/SPKl6Z1X39rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHek8O2/O+7y14OQz+/ALzsc3J/GNtg==</latexit>

Lp



For this we use the gauge freedom in the RT-equations 
to uncouple the     equation from the others:

<latexit sha1_base64="tw7tsBn26TTf+Lqso8BqLdESU24=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4Kokoeix60GMF+wFNLJvNpF26uwm7G6WE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTDnTxnW/naXlldW19dJGeXNre2e3srff0kmmKDRpwhPVCYkGziQ0DTMcOqkCIkIO7XB4PfHbj6A0S+S9GaUQCNKXLGaUGCs9+IbxCHL/hghBxr1K1a25U+BF4hWkigo0epUvP0poJkAayonWXc9NTZATZRjlMC77mYaU0CHpQ9dSSQToIJ9ePcbHVolwnChb0uCp+nsiJ0LrkQhtpyBmoOe9ifif181MfBnkTKaZAUlni+KMY5PgSQQ4Ygqo4SNLCFXM3orpgChCjQ2qbEPw5l9eJK3Tmndec+/OqvWrIo4SOkRH6AR56ALV0S1qoCaiSKFn9IrenCfnxXl3PmatS04xc4D+wPn8AcT2kq8=</latexit>

�̃



<latexit sha1_base64="Ko1YBV8mXMF9wNQTTwPYaHheSCA="></latexit>

B ⌘ A+ hdJ ; �̃i,

w ⌘ v + �
����!
hdJ ; �̃i,

For this we use the gauge freedom in the RT-equations 
to uncouple the     equation from the others:

<latexit sha1_base64="tw7tsBn26TTf+Lqso8BqLdESU24=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4Kokoeix60GMF+wFNLJvNpF26uwm7G6WE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTDnTxnW/naXlldW19dJGeXNre2e3srff0kmmKDRpwhPVCYkGziQ0DTMcOqkCIkIO7XB4PfHbj6A0S+S9GaUQCNKXLGaUGCs9+IbxCHL/hghBxr1K1a25U+BF4hWkigo0epUvP0poJkAayonWXc9NTZATZRjlMC77mYaU0CHpQ9dSSQToIJ9ePcbHVolwnChb0uCp+nsiJ0LrkQhtpyBmoOe9ifif181MfBnkTKaZAUlni+KMY5PgSQQ4Ygqo4SNLCFXM3orpgChCjQ2qbEPw5l9eJK3Tmndec+/OqvWrIo4SOkRH6AR56ALV0S1qoCaiSKFn9IrenCfnxXl3PmatS04xc4D+wPn8AcT2kq8=</latexit>

�̃



<latexit sha1_base64="Ko1YBV8mXMF9wNQTTwPYaHheSCA="></latexit>

B ⌘ A+ hdJ ; �̃i,

w ⌘ v + �
����!
hdJ ; �̃i,

<latexit sha1_base64="RwulE6FzLLS0s4pb8Lh1leAUVjY="></latexit>

�J = �(J · �)�B,

d ~B =
�!
div

�
dJ ^ �

�
+
�!
div

�
J d�

�
,

� ~B = w.

Reduced RT-equations:  (linear!)

For this we use the gauge freedom in the RT-equations 
to uncouple the     equation from the others:

<latexit sha1_base64="tw7tsBn26TTf+Lqso8BqLdESU24=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4Kokoeix60GMF+wFNLJvNpF26uwm7G6WE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTDnTxnW/naXlldW19dJGeXNre2e3srff0kmmKDRpwhPVCYkGziQ0DTMcOqkCIkIO7XB4PfHbj6A0S+S9GaUQCNKXLGaUGCs9+IbxCHL/hghBxr1K1a25U+BF4hWkigo0epUvP0poJkAayonWXc9NTZATZRjlMC77mYaU0CHpQ9dSSQToIJ9ePcbHVolwnChb0uCp+nsiJ0LrkQhtpyBmoOe9ifif181MfBnkTKaZAUlni+KMY5PgSQQ4Ygqo4SNLCFXM3orpgChCjQ2qbEPw5l9eJK3Tmndec+/OqvWrIo4SOkRH6AR56ALV0S1qoCaiSKFn9IrenCfnxXl3PmatS04xc4D+wPn8AcT2kq8=</latexit>

�̃



<latexit sha1_base64="Ko1YBV8mXMF9wNQTTwPYaHheSCA="></latexit>

B ⌘ A+ hdJ ; �̃i,

w ⌘ v + �
����!
hdJ ; �̃i,

<latexit sha1_base64="RwulE6FzLLS0s4pb8Lh1leAUVjY="></latexit>

�J = �(J · �)�B,

d ~B =
�!
div

�
dJ ^ �

�
+
�!
div

�
J d�

�
,

� ~B = w.

Reduced RT-equations:  (linear!)

For this we use the gauge freedom in the RT-equations 
to uncouple the     equation from the others:

<latexit sha1_base64="tw7tsBn26TTf+Lqso8BqLdESU24=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4Kokoeix60GMF+wFNLJvNpF26uwm7G6WE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTDnTxnW/naXlldW19dJGeXNre2e3srff0kmmKDRpwhPVCYkGziQ0DTMcOqkCIkIO7XB4PfHbj6A0S+S9GaUQCNKXLGaUGCs9+IbxCHL/hghBxr1K1a25U+BF4hWkigo0epUvP0poJkAayonWXc9NTZATZRjlMC77mYaU0CHpQ9dSSQToIJ9ePcbHVolwnChb0uCp+nsiJ0LrkQhtpyBmoOe9ifif181MfBnkTKaZAUlni+KMY5PgSQQ4Ygqo4SNLCFXM3orpgChCjQ2qbEPw5l9eJK3Tmndec+/OqvWrIo4SOkRH6AR56ALV0S1qoCaiSKFn9IrenCfnxXl3PmatS04xc4D+wPn8AcT2kq8=</latexit>

�̃

Solve for     first…then solve nonlinear Poisson 
equation to get the regularity of   

<latexit sha1_base64="LaiPe5Cph4m7/l9DxW2hBXqhn8M=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix6EU8t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFS/b5XKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVbc+kW5epPHUYBjOIEz8OAKqnAHNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/odOM0g==</latexit>

J
<latexit sha1_base64="dB3rWZaML2fviAU8VZ4clCOtea8=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbGInkoiih6LHvRYwX5AE8pmM2mX7iZhdyPU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmBSlnSjvOt1VaWV1b3yhvVra2d3ar9t5+WyWZpNCiCU9kNyAKOIuhpZnm0E0lEBFw6ASjm6nfeQSpWBI/6HEKviCDmEWMEm2kvl31NOMh5N4tEYJMTvp2zak7M+Bl4hakhgo0+/aXFyY0ExBryolSPddJtZ8TqRnlMKl4mYKU0BEZQM/QmAhQfj47fIKPjRLiKJGmYo1n6u+JnAilxiIwnYLooVr0puJ/Xi/T0ZWfszjNNMR0vijKONYJnqaAQyaBaj42hFDJzK2YDokkVJusKiYEd/HlZdI+q7sXdef+vNa4LuIoo0N0hE6Riy5RA92hJmohijL0jF7Rm/VkvVjv1se8tWQVMwfoD6zPH6J5kxE=</latexit>

�̃0



Theorem (R-T):  If

and
<latexit sha1_base64="xSfUNXky0+Jd3f8yEj6vGNt9GCI=">AAAB+3icbVDLSgMxFL1TX7W+al26CRbBVZkRRZdFF7pwUcE+oDOWTJppQ5PMkGTEofRX3LhQxK0/4s6/MW1nodUD93I4515yc8KEM21c98spLC2vrK4V10sbm1vbO+XdSkvHqSK0SWIeq06INeVM0qZhhtNOoigWIaftcHQ59dsPVGkWyzuTJTQQeCBZxAg2VuqVK/4VFgL7TKKbe9sjk/XKVbfmzoD+Ei8nVcjR6JU//X5MUkGlIRxr3fXcxARjrAwjnE5KfqppgskID2jXUokF1cF4dvsEHVqlj6JY2ZIGzdSfG2MstM5EaCcFNkO96E3F/7xuaqLzYMxkkhoqyfyhKOXIxGgaBOozRYnhmSWYKGZvRWSIFSbGxlWyIXiLX/5LWsc177Tm3p5U6xd5HEXYhwM4Ag/OoA7X0IAmEHiEJ3iBV2fiPDtvzvt8tODkO3vwC87HN5QwlCU=</latexit>

� 2 L1 <latexit sha1_base64="XkzvSx4BP3aCp82nhGyYTnT9TAY=">AAACAXicbVC7TsMwFHV4lvIKsCCxWFRIZakSBIKxggEGhoLoQ2pC5bhOa9V2IttBiqKy8CssDCDEyl+w8Te4bQZoOdK9OjrnXtn3BDGjSjvOtzU3v7C4tFxYKa6urW9s2lvbDRUlEpM6jlgkWwFShFFB6ppqRlqxJIgHjDSDwcXIbz4QqWgk7nQaE5+jnqAhxUgbqWPv3lLCy94l4hwdelTA63vTQ5127JJTccaAs8TNSQnkqHXsL68b4YQToTFDSrVdJ9Z+hqSmmJFh0UsUiREeoB5pGyoQJ8rPxhcM4YFRujCMpCmh4Vj9vZEhrlTKAzPJke6raW8k/ue1Ex2e+RkVcaKJwJOHwoRBHcFRHLBLJcGapYYgLKn5K8R9JBHWJrSiCcGdPnmWNI4q7knFuTkuVc/zOApgD+yDMnDBKaiCK1ADdYDBI3gGr+DNerJerHfrYzI6Z+U7O+APrM8fcDSWPw==</latexit>

Riem(�) 2 L1

then there always exist local coord trans 
           such that in   -coordinates,

<latexit sha1_base64="plO+peCbNVnVEc0GHTvhV3+bFoo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0Io/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHkyXoR3QoecgZNVZqZP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03Mf6EKsOZwGmpl2pMKBvTIXYtlTRC7U/mh07JmVUGJIyVLWnIXP09MaGR1lkU2M6ImpFe9mbif143NeGNP+EySQ1KtlgUpoKYmMy+JgOukBmRWUKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD6Q+NAQ==</latexit>y
<latexit sha1_base64="Kg8sEP24ajUaXZ1lBQ+gTl+VDoU=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCBwm7ougx6EGPEcwDsmvonUySITOzy8ysEtZ8ihcPinj1S7z5N04eB00saCiquunuihLOtPG8bye3tLyyupZfL2xsbm3vuMXduo5TRWiNxDxWzQg05UzSmmGG02aiKIiI00Y0uBr7jQeqNIvlnRkmNBTQk6zLCBgrtd1icA1CQMAkbtxn/nEyarslr+xNgBeJPyMlNEO17X4FnZikgkpDOGjd8r3EhBkowwino0KQapoAGUCPtiyVIKgOs8npI3xolQ7uxsqWNHii/p7IQGg9FJHtFGD6et4bi/95rdR0L8KMySQ1VJLpom7KsYnxOAfcYYoSw4eWAFHM3opJHxQQY9Mq2BD8+ZcXSf2k7J+VvdvTUuVyFkce7aMDdIR8dI4q6AZVUQ0R9Iie0St6c56cF+fd+Zi25pzZzB76A+fzB1R5k2U=</latexit>

� 2 W 1,p ,
<latexit sha1_base64="XkzvSx4BP3aCp82nhGyYTnT9TAY=">AAACAXicbVC7TsMwFHV4lvIKsCCxWFRIZakSBIKxggEGhoLoQ2pC5bhOa9V2IttBiqKy8CssDCDEyl+w8Te4bQZoOdK9OjrnXtn3BDGjSjvOtzU3v7C4tFxYKa6urW9s2lvbDRUlEpM6jlgkWwFShFFB6ppqRlqxJIgHjDSDwcXIbz4QqWgk7nQaE5+jnqAhxUgbqWPv3lLCy94l4hwdelTA63vTQ5127JJTccaAs8TNSQnkqHXsL68b4YQToTFDSrVdJ9Z+hqSmmJFh0UsUiREeoB5pGyoQJ8rPxhcM4YFRujCMpCmh4Vj9vZEhrlTKAzPJke6raW8k/ue1Ex2e+RkVcaKJwJOHwoRBHcFRHLBLJcGapYYgLKn5K8R9JBHWJrSiCcGdPnmWNI4q7knFuTkuVc/zOApgD+yDMnDBKaiCK1ADdYDBI3gGr+DNerJerHfrYzI6Z+U7O+APrM8fcDSWPw==</latexit>

Riem(�) 2 L1

<latexit sha1_base64="Rf2J3hoVkOMTHwzskXFPRCSPh2Y=">AAAB7XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irih6LXjxWcNtCu5Rsmm1js8mSZMVl6X/w4kERr/4fb/4b03YP2joQGGbeI28mTDjTxnW/ndLK6tr6RnmzsrW9s7tX3T9oaZkqQn0iuVSdEGvKmaC+YYbTTqIojkNO2+H4Zuq3H6nSTIp7kyU0iPFQsIgRbKzUeuoZibJ+tebW3RnQMvEKUoMCzX71qzeQJI2pMIRjrbuem5ggx8owwumk0ks1TTAZ4yHtWipwTHWQz66doBOrDFAklX3CoJn6eyPHsdZZHNrJGJuRXvSm4n9eNzXRVZAzkaSGCjL/KEo5shGn0dGAKUoMzyzBRDF7KyIjrDAxtqCKLcFbjLxMWmd176Lu3p3XGtdFHWU4gmM4BQ8uoQG30AQfCDzAM7zCmyOdF+fd+ZiPlpxi5xD+wPn8AXHRjwo=</latexit>

x ! y

in a given coordinate system  , 
<latexit sha1_base64="fLBAq4QNHt6x49astMKifX19cb0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD54uNAA==</latexit>x



<latexit sha1_base64="9exAiePVtNggGR4O5sAS0CvJk/w=">AAAB+XicbVA9SwNBEN3zM8avU0ubxSBYhbugaBm00MIigvmA3BnmNptkye7esbsXCEf+iY2FIrb+Ezv/jZvkCk18MPB4b4aZeVHCmTae9+2srK6tb2wWtorbO7t7++7BYUPHqSK0TmIeq1YEmnImad0ww2krURRExGkzGt5M/eaIKs1i+WjGCQ0F9CXrMQLGSh3XDW5BCAiYxPdPWSWZdNySV/ZmwMvEz0kJ5ah13K+gG5NUUGkIB63bvpeYMANlGOF0UgxSTRMgQ+jTtqUSBNVhNrt8gk+t0sW9WNmSBs/U3xMZCK3HIrKdAsxAL3pT8T+vnZreVZgxmaSGSjJf1Es5NjGexoC7TFFi+NgSIIrZWzEZgAJibFhFG4K/+PIyaVTK/kXZezgvVa/zOAroGJ2gM+SjS1RFd6iG6oigEXpGr+jNyZwX5935mLeuOPnMEfoD5/MH1/GTJQ==</latexit>

� 2 L2p
<latexit sha1_base64="1x6wBy5QNRlZSYGhuZYdN8n1lYg=">AAACBnicbVDLSgMxFM3UV62vUZciBItQQepMUXQlRRe6cFHFPqBTSybNtKFJZkgyQhm6cuOvuHGhiFu/wZ1/Y9rOQq0HLhzOuZd77/EjRpV2nC8rMzM7N7+QXcwtLa+srtnrGzUVxhKTKg5ZKBs+UoRRQaqaakYakSSI+4zU/f75yK/fE6loKG71ICItjrqCBhQjbaS2vX1DCS94F4hztOdRAa/ukmi478HoVByU2nbeKTpjwGnipiQPUlTa9qfXCXHMidCYIaWarhPpVoKkppiRYc6LFYkQ7qMuaRoqECeqlYzfGMJdo3RgEEpTQsOx+nMiQVypAfdNJ0e6p/56I/E/rxnr4KSVUBHFmgg8WRTEDOoQjjKBHSoJ1mxgCMKSmlsh7iGJsDbJ5UwI7t+Xp0mtVHSPis71Yb58lsaRBVtgBxSAC45BGVyCCqgCDB7AE3gBr9aj9Wy9We+T1oyVzmyCX7A+vgHlppd4</latexit>

Riem(�) 2 Lp, p > n/2

,
<latexit sha1_base64="5/eEgdLLZNYD2OJ4oTq2ioKp3cM=">AAAB/nicbVDLSgNBEOyNrxhfUfHkZTAI8RJ2RdFj0IMePEQxD0jWMDuZTYbMzC4zs0JYAv6KFw+KePU7vPk3Th4HTSxoKKq66e4KYs60cd1vJ7OwuLS8kl3Nra1vbG7lt3dqOkoUoVUS8Ug1AqwpZ5JWDTOcNmJFsQg4rQf9y5Fff6RKs0jem0FMfYG7koWMYGOldn7vjlFRbF1hIfBRi0l085DGw3a+4JbcMdA88aakAFNU2vmvViciiaDSEI61bnpubPwUK8MIp8NcK9E0xqSPu7RpqcSCaj8dnz9Eh1bpoDBStqRBY/X3RIqF1gMR2E6BTU/PeiPxP6+ZmPDcT5mME0MlmSwKE45MhEZZoA5TlBg+sAQTxeytiPSwwsTYxHI2BG/25XlSOy55pyX39qRQvpjGkYV9OIAieHAGZbiGClSBQArP8ApvzpPz4rw7H5PWjDOd2YU/cD5/ADg1lQM=</latexit>

Riem(�) 2 Lp
<latexit sha1_base64="Kg8sEP24ajUaXZ1lBQ+gTl+VDoU=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCBwm7ougx6EGPEcwDsmvonUySITOzy8ysEtZ8ihcPinj1S7z5N04eB00saCiquunuihLOtPG8bye3tLyyupZfL2xsbm3vuMXduo5TRWiNxDxWzQg05UzSmmGG02aiKIiI00Y0uBr7jQeqNIvlnRkmNBTQk6zLCBgrtd1icA1CQMAkbtxn/nEyarslr+xNgBeJPyMlNEO17X4FnZikgkpDOGjd8r3EhBkowwino0KQapoAGUCPtiyVIKgOs8npI3xolQ7uxsqWNHii/p7IQGg9FJHtFGD6et4bi/95rdR0L8KMySQ1VJLpom7KsYnxOAfcYYoSw4eWAFHM3opJHxQQY9Mq2BD8+ZcXSf2k7J+VvdvTUuVyFkce7aMDdIR8dI4q6AZVUQ0R9Iie0St6c56cF+fd+Zi25pzZzB76A+fzB1R5k2U=</latexit>

� 2 W 1,p

and
in a given coordinate system  , 

<latexit sha1_base64="fLBAq4QNHt6x49astMKifX19cb0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD54uNAA==</latexit>x

Theorem (R-T 2021):  If

then there always exist local coord trans 
           such that in   -coordinates,

<latexit sha1_base64="plO+peCbNVnVEc0GHTvhV3+bFoo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0Io/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHkyXoR3QoecgZNVZqZP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03Mf6EKsOZwGmpl2pMKBvTIXYtlTRC7U/mh07JmVUGJIyVLWnIXP09MaGR1lkU2M6ImpFe9mbif143NeGNP+EySQ1KtlgUpoKYmMy+JgOukBmRWUKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD6Q+NAQ==</latexit>y<latexit sha1_base64="Rf2J3hoVkOMTHwzskXFPRCSPh2Y=">AAAB7XicbVBNSwMxFHxbv2r9qnr0EiyCp7Irih6LXjxWcNtCu5Rsmm1js8mSZMVl6X/w4kERr/4fb/4b03YP2joQGGbeI28mTDjTxnW/ndLK6tr6RnmzsrW9s7tX3T9oaZkqQn0iuVSdEGvKmaC+YYbTTqIojkNO2+H4Zuq3H6nSTIp7kyU0iPFQsIgRbKzUeuoZibJ+tebW3RnQMvEKUoMCzX71qzeQJI2pMIRjrbuem5ggx8owwumk0ks1TTAZ4yHtWipwTHWQz66doBOrDFAklX3CoJn6eyPHsdZZHNrJGJuRXvSm4n9eNzXRVZAzkaSGCjL/KEo5shGn0dGAKUoMzyzBRDF7KyIjrDAxtqCKLcFbjLxMWmd176Lu3p3XGtdFHWU4gmM4BQ8uoQG30AQfCDzAM7zCmyOdF+fd+ZiPlpxi5xD+wPn8AXHRjwo=</latexit>

x ! y



Conclusion     



This theory is geometric, applies independent of 
matter sources or metric signature, requires no 
symmetry assumptions, and makes no apriori 
assumptions on the spacetime other than its 
regularity…     



Optimal regularity is a consequence of the 
transformation law for connections alone…  



Optimal regularity is a consequence of the 
transformation law for connections alone…  

Non-optimal   exist because because  
is second order,  but transforms as a tensor…  
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�
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Riem(�)



Optimal regularity is a consequence of the 
transformation law for connections alone…  

              involves only       , but controls 
ALL the derivatives of    .  
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�

Non-optimal   exist because because  
is second order,  but transforms as a tensor…  
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Optimal regularity is a consequence of the 
transformation law for connections alone…  

              involves only       , but controls 
ALL the derivatives of    .  
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Non-optimal   exist because because  
is second order,  but transforms as a tensor…  
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Riem(�)

Q:   Might this refined compactness theorem 
find application for existence theories in GR?    



Cor:  GR-shock waves by the Glimm scheme 
in SSC are one derivative more regular than 
previously known…     



Cor:  GR-shock waves by the Glimm scheme 
in SSC are one derivative more regular than 
previously known…     

Q:   What do the metrics look like in 
coordinates of optimal regularity?     



Cor:  GR-shock waves by the Glimm scheme 
in SSC are one derivative more regular than 
previously known…     

Q:   What do the metrics look like in 
coordinates of optimal regularity?     

Q:   Could non-optimal coordinates play a role 
for existence theories for GR-shocks in multi-d?   



Cor:  It suffices to solve the Einstein 
equations in coordinates where the metric 
is non-optimal and be assured that the 
solutions exhibit optimal regularity in other 
coordinate systems…



Cor:  It suffices to solve the Einstein 
equations in coordinates where the metric 
is non-optimal and be assured that the 
solutions exhibit optimal regularity in other 
coordinate systems…

Cor:  If a connection loses one derivative 
relative to the curvature in a numerical 
simulation, it is not a geometric problem…



The RT-equations are based on Einsteins 4-D
theory of spacetime, not classical 3+1…  

Q:   Can this be done within the 3+1 framework 
of the initial value problem?

Ans:   We don’t know how to do this!     



Open Problem…

Given                , does there exist coordinate 
transformation which achieves                ? 

�, d� 2 L1
<latexit sha1_base64="1bwY/f13jopphP/A97PJvhI+uso=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJAVUJQoKxggEGhiLRh9SEynGc1qrtRLaDFEVdWPgVFgYQYuUf2Pgb3DYDtBzJukfn3Kvre4KEUaUd59sqLSwuLa+UVytr6xubW/b2TkvFqcSkiWMWy06AFGFUkKammpFOIgniASPtYHg59tsPRCoaizudJcTnqC9oRDHSRurZ+94V4hwdh9PqUQFv7nNTIp2NenbVqTkTwHniFqQKCjR69pcXxjjlRGjMkFJd10m0nyOpKWZkVPFSRRKEh6hPuoYKxIny88kVI3holBBGsTRPaDhRf0/kiCuV8cB0cqQHatYbi/953VRH535ORZJqIvB0UZQyqGM4jgSGVBKsWWYIwpKav0I8QBJhbYKrmBDc2ZPnSeuk5hp+e1qtXxRxlMEeOABHwAVnoA6uQQM0AQaP4Bm8gjfryXqx3q2PaWvJKmZ2wR9Ynz8RQ5hM</latexit><latexit sha1_base64="1bwY/f13jopphP/A97PJvhI+uso=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJAVUJQoKxggEGhiLRh9SEynGc1qrtRLaDFEVdWPgVFgYQYuUf2Pgb3DYDtBzJukfn3Kvre4KEUaUd59sqLSwuLa+UVytr6xubW/b2TkvFqcSkiWMWy06AFGFUkKammpFOIgniASPtYHg59tsPRCoaizudJcTnqC9oRDHSRurZ+94V4hwdh9PqUQFv7nNTIp2NenbVqTkTwHniFqQKCjR69pcXxjjlRGjMkFJd10m0nyOpKWZkVPFSRRKEh6hPuoYKxIny88kVI3holBBGsTRPaDhRf0/kiCuV8cB0cqQHatYbi/953VRH535ORZJqIvB0UZQyqGM4jgSGVBKsWWYIwpKav0I8QBJhbYKrmBDc2ZPnSeuk5hp+e1qtXxRxlMEeOABHwAVnoA6uQQM0AQaP4Bm8gjfryXqx3q2PaWvJKmZ2wR9Ynz8RQ5hM</latexit><latexit sha1_base64="1bwY/f13jopphP/A97PJvhI+uso=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJAVUJQoKxggEGhiLRh9SEynGc1qrtRLaDFEVdWPgVFgYQYuUf2Pgb3DYDtBzJukfn3Kvre4KEUaUd59sqLSwuLa+UVytr6xubW/b2TkvFqcSkiWMWy06AFGFUkKammpFOIgniASPtYHg59tsPRCoaizudJcTnqC9oRDHSRurZ+94V4hwdh9PqUQFv7nNTIp2NenbVqTkTwHniFqQKCjR69pcXxjjlRGjMkFJd10m0nyOpKWZkVPFSRRKEh6hPuoYKxIny88kVI3holBBGsTRPaDhRf0/kiCuV8cB0cqQHatYbi/953VRH535ORZJqIvB0UZQyqGM4jgSGVBKsWWYIwpKav0I8QBJhbYKrmBDc2ZPnSeuk5hp+e1qtXxRxlMEeOABHwAVnoA6uQQM0AQaP4Bm8gjfryXqx3q2PaWvJKmZ2wR9Ynz8RQ5hM</latexit><latexit sha1_base64="1bwY/f13jopphP/A97PJvhI+uso=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJAVUJQoKxggEGhiLRh9SEynGc1qrtRLaDFEVdWPgVFgYQYuUf2Pgb3DYDtBzJukfn3Kvre4KEUaUd59sqLSwuLa+UVytr6xubW/b2TkvFqcSkiWMWy06AFGFUkKammpFOIgniASPtYHg59tsPRCoaizudJcTnqC9oRDHSRurZ+94V4hwdh9PqUQFv7nNTIp2NenbVqTkTwHniFqQKCjR69pcXxjjlRGjMkFJd10m0nyOpKWZkVPFSRRKEh6hPuoYKxIny88kVI3holBBGsTRPaDhRf0/kiCuV8cB0cqQHatYbi/953VRH535ORZJqIvB0UZQyqGM4jgSGVBKsWWYIwpKav0I8QBJhbYKrmBDc2ZPnSeuk5hp+e1qtXxRxlMEeOABHwAVnoA6uQQM0AQaP4Bm8gjfryXqx3q2PaWvJKmZ2wR9Ynz8RQ5hM</latexit>
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Open Problem…

Given                , does there exist coordinate 
transformation which achieves                ? 

�, d� 2 L1
<latexit sha1_base64="1bwY/f13jopphP/A97PJvhI+uso=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJAVUJQoKxggEGhiLRh9SEynGc1qrtRLaDFEVdWPgVFgYQYuUf2Pgb3DYDtBzJukfn3Kvre4KEUaUd59sqLSwuLa+UVytr6xubW/b2TkvFqcSkiWMWy06AFGFUkKammpFOIgniASPtYHg59tsPRCoaizudJcTnqC9oRDHSRurZ+94V4hwdh9PqUQFv7nNTIp2NenbVqTkTwHniFqQKCjR69pcXxjjlRGjMkFJd10m0nyOpKWZkVPFSRRKEh6hPuoYKxIny88kVI3holBBGsTRPaDhRf0/kiCuV8cB0cqQHatYbi/953VRH535ORZJqIvB0UZQyqGM4jgSGVBKsWWYIwpKav0I8QBJhbYKrmBDc2ZPnSeuk5hp+e1qtXxRxlMEeOABHwAVnoA6uQQM0AQaP4Bm8gjfryXqx3q2PaWvJKmZ2wR9Ynz8RQ5hM</latexit><latexit sha1_base64="1bwY/f13jopphP/A97PJvhI+uso=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJAVUJQoKxggEGhiLRh9SEynGc1qrtRLaDFEVdWPgVFgYQYuUf2Pgb3DYDtBzJukfn3Kvre4KEUaUd59sqLSwuLa+UVytr6xubW/b2TkvFqcSkiWMWy06AFGFUkKammpFOIgniASPtYHg59tsPRCoaizudJcTnqC9oRDHSRurZ+94V4hwdh9PqUQFv7nNTIp2NenbVqTkTwHniFqQKCjR69pcXxjjlRGjMkFJd10m0nyOpKWZkVPFSRRKEh6hPuoYKxIny88kVI3holBBGsTRPaDhRf0/kiCuV8cB0cqQHatYbi/953VRH535ORZJqIvB0UZQyqGM4jgSGVBKsWWYIwpKav0I8QBJhbYKrmBDc2ZPnSeuk5hp+e1qtXxRxlMEeOABHwAVnoA6uQQM0AQaP4Bm8gjfryXqx3q2PaWvJKmZ2wR9Ynz8RQ5hM</latexit><latexit sha1_base64="1bwY/f13jopphP/A97PJvhI+uso=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJAVUJQoKxggEGhiLRh9SEynGc1qrtRLaDFEVdWPgVFgYQYuUf2Pgb3DYDtBzJukfn3Kvre4KEUaUd59sqLSwuLa+UVytr6xubW/b2TkvFqcSkiWMWy06AFGFUkKammpFOIgniASPtYHg59tsPRCoaizudJcTnqC9oRDHSRurZ+94V4hwdh9PqUQFv7nNTIp2NenbVqTkTwHniFqQKCjR69pcXxjjlRGjMkFJd10m0nyOpKWZkVPFSRRKEh6hPuoYKxIny88kVI3holBBGsTRPaDhRf0/kiCuV8cB0cqQHatYbi/953VRH535ORZJqIvB0UZQyqGM4jgSGVBKsWWYIwpKav0I8QBJhbYKrmBDc2ZPnSeuk5hp+e1qtXxRxlMEeOABHwAVnoA6uQQM0AQaP4Bm8gjfryXqx3q2PaWvJKmZ2wR9Ynz8RQ5hM</latexit><latexit sha1_base64="1bwY/f13jopphP/A97PJvhI+uso=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJAVUJQoKxggEGhiLRh9SEynGc1qrtRLaDFEVdWPgVFgYQYuUf2Pgb3DYDtBzJukfn3Kvre4KEUaUd59sqLSwuLa+UVytr6xubW/b2TkvFqcSkiWMWy06AFGFUkKammpFOIgniASPtYHg59tsPRCoaizudJcTnqC9oRDHSRurZ+94V4hwdh9PqUQFv7nNTIp2NenbVqTkTwHniFqQKCjR69pcXxjjlRGjMkFJd10m0nyOpKWZkVPFSRRKEh6hPuoYKxIny88kVI3holBBGsTRPaDhRf0/kiCuV8cB0cqQHatYbi/953VRH535ORZJqIvB0UZQyqGM4jgSGVBKsWWYIwpKav0I8QBJhbYKrmBDc2ZPnSeuk5hp+e1qtXxRxlMEeOABHwAVnoA6uQQM0AQaP4Bm8gjfryXqx3q2PaWvJKmZ2wR9Ynz8RQ5hM</latexit>

The Riemann-flat condition gives                
…but elliptic regularity is problematic…

<latexit sha1_base64="SFkUM9r+SzKUlOm09JZmFVt/xqw=">AAAB/HicbVDLSsNAFJ3UV42vaJduBovgQkoiii6LXeiygn1AE8NkOmmHzkzCzEQIof6KGxeKuPVD3Pk3Th8LbT1w4XDOvdx7T5QyqrTrflulldW19Y3ypr21vbO75+wftFWSSUxaOGGJ7EZIEUYFaWmqGemmkiAeMdKJRo2J33kkUtFE3Os8JQFHA0FjipE2UuhU/BvEOQpznwq78VC4p944dKpuzZ0CLhNvTqpgjmbofPn9BGecCI0ZUqrnuakOCiQ1xYyMbT9TJEV4hAakZ6hAnKigmB4/hsdG6cM4kaaEhlP190SBuFI5j0wnR3qoFr2J+J/Xy3R8FRRUpJkmAs8WxRmDOoGTJGCfSoI1yw1BWFJzK8RDJBHWJi/bhOAtvrxM2mc176Lm3p1X69fzOMrgEByBE+CBS1AHt6AJWgCDHDyDV/BmPVkv1rv1MWstWfOZCvgD6/MHUlmT5w==</latexit>
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<latexit sha1_base64="SFkUM9r+SzKUlOm09JZmFVt/xqw=">AAAB/HicbVDLSsNAFJ3UV42vaJduBovgQkoiii6LXeiygn1AE8NkOmmHzkzCzEQIof6KGxeKuPVD3Pk3Th8LbT1w4XDOvdx7T5QyqrTrflulldW19Y3ypr21vbO75+wftFWSSUxaOGGJ7EZIEUYFaWmqGemmkiAeMdKJRo2J33kkUtFE3Os8JQFHA0FjipE2UuhU/BvEOQpznwq78VC4p944dKpuzZ0CLhNvTqpgjmbofPn9BGecCI0ZUqrnuakOCiQ1xYyMbT9TJEV4hAakZ6hAnKigmB4/hsdG6cM4kaaEhlP190SBuFI5j0wnR3qoFr2J+J/Xy3R8FRRUpJkmAs8WxRmDOoGTJGCfSoI1yw1BWFJzK8RDJBHWJi/bhOAtvrxM2mc176Lm3p1X69fzOMrgEByBE+CBS1AHt6AJWgCDHDyDV/BmPVkv1rv1MWstWfOZCvgD6/MHUlmT5w==</latexit>
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Open Problem…

Given                , does there exist coordinate 
transformation which achieves                ? 

�, d� 2 L1
<latexit sha1_base64="1bwY/f13jopphP/A97PJvhI+uso=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJAVUJQoKxggEGhiLRh9SEynGc1qrtRLaDFEVdWPgVFgYQYuUf2Pgb3DYDtBzJukfn3Kvre4KEUaUd59sqLSwuLa+UVytr6xubW/b2TkvFqcSkiWMWy06AFGFUkKammpFOIgniASPtYHg59tsPRCoaizudJcTnqC9oRDHSRurZ+94V4hwdh9PqUQFv7nNTIp2NenbVqTkTwHniFqQKCjR69pcXxjjlRGjMkFJd10m0nyOpKWZkVPFSRRKEh6hPuoYKxIny88kVI3holBBGsTRPaDhRf0/kiCuV8cB0cqQHatYbi/953VRH535ORZJqIvB0UZQyqGM4jgSGVBKsWWYIwpKav0I8QBJhbYKrmBDc2ZPnSeuk5hp+e1qtXxRxlMEeOABHwAVnoA6uQQM0AQaP4Bm8gjfryXqx3q2PaWvJKmZ2wR9Ynz8RQ5hM</latexit><latexit sha1_base64="1bwY/f13jopphP/A97PJvhI+uso=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJAVUJQoKxggEGhiLRh9SEynGc1qrtRLaDFEVdWPgVFgYQYuUf2Pgb3DYDtBzJukfn3Kvre4KEUaUd59sqLSwuLa+UVytr6xubW/b2TkvFqcSkiWMWy06AFGFUkKammpFOIgniASPtYHg59tsPRCoaizudJcTnqC9oRDHSRurZ+94V4hwdh9PqUQFv7nNTIp2NenbVqTkTwHniFqQKCjR69pcXxjjlRGjMkFJd10m0nyOpKWZkVPFSRRKEh6hPuoYKxIny88kVI3holBBGsTRPaDhRf0/kiCuV8cB0cqQHatYbi/953VRH535ORZJqIvB0UZQyqGM4jgSGVBKsWWYIwpKav0I8QBJhbYKrmBDc2ZPnSeuk5hp+e1qtXxRxlMEeOABHwAVnoA6uQQM0AQaP4Bm8gjfryXqx3q2PaWvJKmZ2wR9Ynz8RQ5hM</latexit><latexit sha1_base64="1bwY/f13jopphP/A97PJvhI+uso=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJAVUJQoKxggEGhiLRh9SEynGc1qrtRLaDFEVdWPgVFgYQYuUf2Pgb3DYDtBzJukfn3Kvre4KEUaUd59sqLSwuLa+UVytr6xubW/b2TkvFqcSkiWMWy06AFGFUkKammpFOIgniASPtYHg59tsPRCoaizudJcTnqC9oRDHSRurZ+94V4hwdh9PqUQFv7nNTIp2NenbVqTkTwHniFqQKCjR69pcXxjjlRGjMkFJd10m0nyOpKWZkVPFSRRKEh6hPuoYKxIny88kVI3holBBGsTRPaDhRf0/kiCuV8cB0cqQHatYbi/953VRH535ORZJqIvB0UZQyqGM4jgSGVBKsWWYIwpKav0I8QBJhbYKrmBDc2ZPnSeuk5hp+e1qtXxRxlMEeOABHwAVnoA6uQQM0AQaP4Bm8gjfryXqx3q2PaWvJKmZ2wR9Ynz8RQ5hM</latexit><latexit sha1_base64="1bwY/f13jopphP/A97PJvhI+uso=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJAVUJQoKxggEGhiLRh9SEynGc1qrtRLaDFEVdWPgVFgYQYuUf2Pgb3DYDtBzJukfn3Kvre4KEUaUd59sqLSwuLa+UVytr6xubW/b2TkvFqcSkiWMWy06AFGFUkKammpFOIgniASPtYHg59tsPRCoaizudJcTnqC9oRDHSRurZ+94V4hwdh9PqUQFv7nNTIp2NenbVqTkTwHniFqQKCjR69pcXxjjlRGjMkFJd10m0nyOpKWZkVPFSRRKEh6hPuoYKxIny88kVI3holBBGsTRPaDhRf0/kiCuV8cB0cqQHatYbi/953VRH535ORZJqIvB0UZQyqGM4jgSGVBKsWWYIwpKav0I8QBJhbYKrmBDc2ZPnSeuk5hp+e1qtXxRxlMEeOABHwAVnoA6uQQM0AQaP4Bm8gjfryXqx3q2PaWvJKmZ2wR9Ynz8RQ5hM</latexit>

The Riemann-flat condition gives                
…but elliptic regularity is problematic…

Other applications in geometry??…  

<latexit sha1_base64="SFkUM9r+SzKUlOm09JZmFVt/xqw=">AAAB/HicbVDLSsNAFJ3UV42vaJduBovgQkoiii6LXeiygn1AE8NkOmmHzkzCzEQIof6KGxeKuPVD3Pk3Th8LbT1w4XDOvdx7T5QyqrTrflulldW19Y3ypr21vbO75+wftFWSSUxaOGGJ7EZIEUYFaWmqGemmkiAeMdKJRo2J33kkUtFE3Os8JQFHA0FjipE2UuhU/BvEOQpznwq78VC4p944dKpuzZ0CLhNvTqpgjmbofPn9BGecCI0ZUqrnuakOCiQ1xYyMbT9TJEV4hAakZ6hAnKigmB4/hsdG6cM4kaaEhlP190SBuFI5j0wnR3qoFr2J+J/Xy3R8FRRUpJkmAs8WxRmDOoGTJGCfSoI1yw1BWFJzK8RDJBHWJi/bhOAtvrxM2mc176Lm3p1X69fzOMrgEByBE+CBS1AHt6AJWgCDHDyDV/BmPVkv1rv1MWstWfOZCvgD6/MHUlmT5w==</latexit>
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<latexit sha1_base64="SFkUM9r+SzKUlOm09JZmFVt/xqw=">AAAB/HicbVDLSsNAFJ3UV42vaJduBovgQkoiii6LXeiygn1AE8NkOmmHzkzCzEQIof6KGxeKuPVD3Pk3Th8LbT1w4XDOvdx7T5QyqrTrflulldW19Y3ypr21vbO75+wftFWSSUxaOGGJ7EZIEUYFaWmqGemmkiAeMdKJRo2J33kkUtFE3Os8JQFHA0FjipE2UuhU/BvEOQpznwq78VC4p944dKpuzZ0CLhNvTqpgjmbofPn9BGecCI0ZUqrnuakOCiQ1xYyMbT9TJEV4hAakZ6hAnKigmB4/hsdG6cM4kaaEhlP190SBuFI5j0wnR3qoFr2J+J/Xy3R8FRRUpJkmAs8WxRmDOoGTJGCfSoI1yw1BWFJzK8RDJBHWJi/bhOAtvrxM2mc176Lm3p1X69fzOMrgEByBE+CBS1AHt6AJWgCDHDyDV/BmPVkv1rv1MWstWfOZCvgD6/MHUlmT5w==</latexit>
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