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The question we address:   

“How do we determine, apriori, whether a 
singularity in a gravitational metric tensor in 
General Relativity is essential or removable
 by coordinate transformation?”

Virtually “everyone’’ asks this question after 
reading the derivation of the Schwarzschild’s 
solution in General Relativity…
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Karl Schwarzschild 
(1873-1914):   
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Question:   Is this essential or removable by 
coordinate transformation?

Singularity
at the Schwarzschild radius

Event Horizon
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Sir Arthur Eddington 
(1882-1944):   



More detailsDavid Ritz Finkelstein, by Alan David, 1984
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David Finkelstein 
(1929-2016):   
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No singularity in the new coordinates         !
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Eddington-Finkelstein coordinates imply there 
is no singularity at the event horizon of a 
Black Hole…

…implying Black Holes are physically possible…

And what procedure provides the regularizing 
coordinate transformations?
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*Everything depends on regularity of the
Riemann Curvature Tensor* 

Our Question:  
(1) Is there a necessary and sufficient condition for 
determining,  apriori, whether a singularity is essential 
or removable?

(3) Does every metric/connection have an essential 
(highest possible) regularity to which it can be 
lifted?

(2) If so:  Is there a canonical procedure for constructing 
coordinate transformations which remove it?



*We’ve completed the theory for        
<latexit sha1_base64="nqANzVqtHfSqxBBGQuL7oet6JWY=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqe4WqZ6k6MVjBbcttEvJptk2NJtdkqxQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0gE18ZxvlFhbX1jc6u4XdrZ3ds/KB8etXScKso8GotYdQKimeCSeYYbwTqJYiQKBGsH47uZ335iSvNYPppJwvyIDCUPOSXGSl5yIy9q/XLFqTpz4FXi5qQCOZr98ldvENM0YtJQQbTuuk5i/Iwow6lg01Iv1SwhdEyGrGupJBHTfjY/dorPrDLAYaxsSYPn6u+JjERaT6LAdkbEjPSyNxP/87qpCa/9jMskNUzSxaIwFdjEePY5HnDFqBETSwhV3N6K6YgoQo3Np2RDcJdfXiWtWtWtV+sPl5XGbR5HEU7gFM7BhStowD00wQMKHJ7hFd6QRC/oHX0sWgsonzmGP0CfPwytjjQ=</latexit>

p > n/2
<latexit sha1_base64="6VKka8smnhV+3rgVfDb0S3P6IYs=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXQxsIiovmA5Ax7m02yZG/v2J0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXhBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRtdTv/nEtRGResBxzP2QDpToC0bRSve3j3G3WHLL7gxkmXgZKUGGWrf41elFLAm5QiapMW3PjdFPqUbBJJ8UOonhMWUjOuBtSxUNufHT2akTcmKVHulH2pZCMlN/T6Q0NGYcBrYzpDg0i95U/M9rJ9i/9FOh4gS5YvNF/UQSjMj0b9ITmjOUY0so08LeStiQasrQplOwIXiLLy+TxlnZq5Qrd+el6lUWRx6O4BhOwYMLqMIN1KAODAbwDK/w5kjnxXl3PuatOSebOYQ/cD5/ACoxjb0=</latexit>

Lpin     , 

Our Question:  
(1) Is there a necessary and sufficient condition for 
determining,  apriori, whether a singularity is essential 
or removable?

(3) Does every metric/connection have an essential 
(highest possible) regularity to which it can be 
lifted?

(2) If so:  Is there a canonical procedure for constructing 
coordinate transformations which remove it?

 curvature



*We’ve completed the theory for        

        , 

Our Question:  
(1) Is there a necessary and sufficient condition for 
determining,  apriori, whether a singularity is essential 
or removable?

(3) Does every metric/connection have an essential 
(highest possible) regularity to which it can be 
lifted?

(2) If so:  Is there a canonical procedure for constructing 
coordinate transformations which remove it?

 connection
<latexit sha1_base64="bkRMDeXayMUjm5TGD1TEuTQdKfA=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BD3rwEME8ILuG3slsMmRmdp2ZDYQl3+HFgyJe/Rhv/o2Tx0ETCxqKqm66u8KEM21c99vJrayurW/kNwtb2zu7e8X9g4aOU0VoncQ8Vq0QNOVM0rphhtNWoiiIkNNmOLie+M0hVZrF8sGMEhoI6EkWMQLGSoF/A0KAzyS+e0w6xZJbdqfAy8SbkxKao9YpfvndmKSCSkM4aN323MQEGSjDCKfjgp9qmgAZQI+2LZUgqA6y6dFjfGKVLo5iZUsaPFV/T2QgtB6J0HYKMH296E3E/7x2aqLLIGMySQ2VZLYoSjk2MZ4kgLtMUWL4yBIgitlbMemDAmJsTgUbgrf48jJpnJW9Srlyf16qXs3jyKMjdIxOkYcuUBXdohqqI4Ke0DN6RW/O0Hlx3p2PWWvOmc8coj9wPn8AIKSRsw==</latexit>

� 2 Lp <latexit sha1_base64="ZRl5nbKz38tRdlH6HxXaHIXlbnc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqicpevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPpg4PHeDDPzgkQKg6775RRWVtfWN4qbpa3tnd298v5By8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpn57UeujYjVA04S7kd0qEQoGEUr3SdXql+uuFV3DvKXeDmpQI5Gv/zZG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyYpUBCWNtSyGZqz8nMhoZM4kC2xlRHJllbyb+53VTDC/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlv6R1VvVq1drdeaV+ncdRhCM4hlPw4ALqcAsNaAKDITzBC7w60nl23pz3RWvByWcO4Recj28tYY2/</latexit>

p > n



*Sufficient for GR shock-waves…

Our Question:  
(1) Is there a necessary and sufficient condition for 
determining,  apriori, whether a singularity is essential 
or removable?

(3) Does every metric/connection have an essential 
(highest possible) regularity to which it can be 
lifted?

(2) If so:  Is there a canonical procedure for constructing 
coordinate transformations which remove it?



not Black Holes*

Our Question:  
(1) Is there a necessary and sufficient condition for 
determining,  apriori, whether a singularity is essential 
or removable?

(3) Does every metric/connection have an essential 
(highest possible) regularity to which it can be 
lifted?

(2) If so:  Is there a canonical procedure for constructing 
coordinate transformations which remove it?

*Sufficient for GR shock-waves…



*Our theory relies on an existence theory

for the RT-equations*

Our Question:  
(1) Is there a necessary and sufficient condition for 
determining,  apriori, whether a singularity is essential 
or removable?

(3) Does every metric/connection have an essential 
(highest possible) regularity to which it can be 
lifted?

(2) If so:  Is there a canonical procedure for constructing 
coordinate transformations which remove it?



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



…the unknowns are the Jacobians     of coordinate 
transformations which regularize the components
of a connection    …  
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<latexit sha1_base64="d7fJBdD7ySF74uOfq1l1ZOca5MI=">AAAB7XicbZC7SgNBFIZn4y2ut6ilzWIQrMKuhdqIQQstI5gLJEs4O5lNxsxlmZkVwpJ3sLFQxMbCR7G3Ed/GyaXQxB8GPv7/HOacEyWMauP7305uYXFpeSW/6q6tb2xuFbZ3alqmCpMqlkyqRgSaMCpI1VDDSCNRBHjESD3qX47y+j1RmkpxawYJCTl0BY0pBmOtWusKOId2oeiX/LG8eQimUDz/cM+Sty+30i58tjoSp5wIgxlo3Qz8xIQZKEMxI0O3lWqSAO5DlzQtCuBEh9l42qF3YJ2OF0tlnzDe2P3dkQHXesAjW8nB9PRsNjL/y5qpiU/DjIokNUTgyUdxyjwjvdHqXocqgg0bWACsqJ3Vwz1QgI09kGuPEMyuPA+1o1JwXDq+8YvlCzRRHu2hfXSIAnSCyugaVVAVYXSHHtATenak8+i8OK+T0pwz7dlFf+S8/wC5BJI9</latexit>

�

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



…the unknowns are the Jacobians     of coordinate 
transformations which regularize the components
of a connection    … 

<latexit sha1_base64="5946z9sVs/cRV0cuyiKopFSec0A=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBm3EKgFzgWQJs5OzyZjZCzOzQgh5AhsLRWz1YextxLdxcik08YeBj/8/hznn+IngSjvOt5VZWl5ZXcuu2xubW9s7ud29mopTybDKYhHLhk8VCh5hVXMtsJFIpKEvsO73r8Z5/R6l4nF0qwcJeiHtRjzgjGpjVW7aubxTcCYii+DOIH/xYZ8n7192uZ37bHViloYYaSaoUk3XSbQ3pFJzJnBkt1KFCWV92sWmwYiGqLzhZNAROTJOhwSxNC/SZOL+7hjSUKlB6JvKkOqems/G5n9ZM9XBmTfkUZJqjNj0oyAVRMdkvDXpcIlMi4EByiQ3sxLWo5IybW5jmyO48ysvQu2k4BYLxYqTL13CVFk4gEM4BhdOoQTXUIYqMEB4gCd4tu6sR+vFep2WZqxZzz78kfX2AwOpkBY=</latexit>

J

<latexit sha1_base64="d7fJBdD7ySF74uOfq1l1ZOca5MI=">AAAB7XicbZC7SgNBFIZn4y2ut6ilzWIQrMKuhdqIQQstI5gLJEs4O5lNxsxlmZkVwpJ3sLFQxMbCR7G3Ed/GyaXQxB8GPv7/HOacEyWMauP7305uYXFpeSW/6q6tb2xuFbZ3alqmCpMqlkyqRgSaMCpI1VDDSCNRBHjESD3qX47y+j1RmkpxawYJCTl0BY0pBmOtWusKOId2oeiX/LG8eQimUDz/cM+Sty+30i58tjoSp5wIgxlo3Qz8xIQZKEMxI0O3lWqSAO5DlzQtCuBEh9l42qF3YJ2OF0tlnzDe2P3dkQHXesAjW8nB9PRsNjL/y5qpiU/DjIokNUTgyUdxyjwjvdHqXocqgg0bWACsqJ3Vwz1QgI09kGuPEMyuPA+1o1JwXDq+8YvlCzRRHu2hfXSIAnSCyugaVVAVYXSHHtATenak8+i8OK+T0pwz7dlFf+S8/wC5BJI9</latexit>

�

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

coupled to the unknown
regularized connection    . 

<latexit sha1_base64="Zv7RIgASLkug71/boMB0zRrmaZE=">AAAB9XicbVC5TsNAEF2HK5grQEljESFRRTZFoEFEUEAZJHJIiYnW63Wyyu7a2h2DIiv/QUPBIVo+g54G8TdsjgISnjTS03szmpkXJJxpcN1vK7ewuLS8kl+119Y3NrcK2zt1HaeK0BqJeayaAdaUM0lrwIDTZqIoFgGnjaB/MfIbd1RpFssbGCTUF7grWcQIBiPdtoHxkGbtSywEHnYKRbfkjuHME29Kimcf9mny8mVXO4XPdhiTVFAJhGOtW56bgJ9hBYxwOrTbqaYJJn3cpS1DJRZU+9n46qFzYJTQiWJlSoIzVn9PZFhoPRCB6RQYenrWG4n/ea0UohM/YzJJgUoyWRSl3IHYGUXghExRAnxgCCaKmVsd0sMKEzBB2SYEb/bleVI/KnnlUvnaLVbO0QR5tIf20SHy0DGqoCtURTVEkEIP6Ak9W/fWo/VqvU1ac9Z0Zhf9gfX+AybMlfM=</latexit>

�̃



…the unknowns are the Jacobians     of coordinate 
transformations which regularize the components
of a connection    … 

<latexit sha1_base64="5946z9sVs/cRV0cuyiKopFSec0A=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBm3EKgFzgWQJs5OzyZjZCzOzQgh5AhsLRWz1YextxLdxcik08YeBj/8/hznn+IngSjvOt5VZWl5ZXcuu2xubW9s7ud29mopTybDKYhHLhk8VCh5hVXMtsJFIpKEvsO73r8Z5/R6l4nF0qwcJeiHtRjzgjGpjVW7aubxTcCYii+DOIH/xYZ8n7192uZ37bHViloYYaSaoUk3XSbQ3pFJzJnBkt1KFCWV92sWmwYiGqLzhZNAROTJOhwSxNC/SZOL+7hjSUKlB6JvKkOqems/G5n9ZM9XBmTfkUZJqjNj0oyAVRMdkvDXpcIlMi4EByiQ3sxLWo5IybW5jmyO48ysvQu2k4BYLxYqTL13CVFk4gEM4BhdOoQTXUIYqMEB4gCd4tu6sR+vFep2WZqxZzz78kfX2AwOpkBY=</latexit>

J

<latexit sha1_base64="d7fJBdD7ySF74uOfq1l1ZOca5MI=">AAAB7XicbZC7SgNBFIZn4y2ut6ilzWIQrMKuhdqIQQstI5gLJEs4O5lNxsxlmZkVwpJ3sLFQxMbCR7G3Ed/GyaXQxB8GPv7/HOacEyWMauP7305uYXFpeSW/6q6tb2xuFbZ3alqmCpMqlkyqRgSaMCpI1VDDSCNRBHjESD3qX47y+j1RmkpxawYJCTl0BY0pBmOtWusKOId2oeiX/LG8eQimUDz/cM+Sty+30i58tjoSp5wIgxlo3Qz8xIQZKEMxI0O3lWqSAO5DlzQtCuBEh9l42qF3YJ2OF0tlnzDe2P3dkQHXesAjW8nB9PRsNjL/y5qpiU/DjIokNUTgyUdxyjwjvdHqXocqgg0bWACsqJ3Vwz1QgI09kGuPEMyuPA+1o1JwXDq+8YvlCzRRHu2hfXSIAnSCyugaVVAVYXSHHtATenak8+i8OK+T0pwz7dlFf+S8/wC5BJI9</latexit>

�

A connection is the most general construct in 
geometry which has a Riemann Curvature Tensor… 

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

coupled to the unknown
regularized connection    . 

<latexit sha1_base64="Zv7RIgASLkug71/boMB0zRrmaZE=">AAAB9XicbVC5TsNAEF2HK5grQEljESFRRTZFoEFEUEAZJHJIiYnW63Wyyu7a2h2DIiv/QUPBIVo+g54G8TdsjgISnjTS03szmpkXJJxpcN1vK7ewuLS8kl+119Y3NrcK2zt1HaeK0BqJeayaAdaUM0lrwIDTZqIoFgGnjaB/MfIbd1RpFssbGCTUF7grWcQIBiPdtoHxkGbtSywEHnYKRbfkjuHME29Kimcf9mny8mVXO4XPdhiTVFAJhGOtW56bgJ9hBYxwOrTbqaYJJn3cpS1DJRZU+9n46qFzYJTQiWJlSoIzVn9PZFhoPRCB6RQYenrWG4n/ea0UohM/YzJJgUoyWRSl3IHYGUXghExRAnxgCCaKmVsd0sMKEzBB2SYEb/bleVI/KnnlUvnaLVbO0QR5tIf20SHy0DGqoCtURTVEkEIP6Ak9W/fWo/VqvU1ac9Z0Zhf9gfX+AybMlfM=</latexit>

�̃



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)



The RT-equations:

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

d ~J = 0 on @⌦.

<latexit sha1_base64="laTy1FxgcfSMItHS/gbzk9LS/8w="></latexit>

d ~J = Curl(J) = @jJ
µ
i � @iJ

µ
j(                                  )

<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)



The RT-equations:

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

d ~J = 0 on @⌦.



The RT-equations:

The 4-d coordinate Laplacian

<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)

The 4-d coordinate Euclidean Laplacian 



The RT-equations:

—Not the wave operator that goes 
with the connection     !�

<latexit sha1_base64="nXDa1ro9aby2NgbsYvH6Ud8S1pM=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoQY8RzAOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LBjhMaCjyQLGYEWyc1u7dYCNwrlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdu0EnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gIouhGDx5WXSrFaC80r1/qJcu87jKMAxnMAZBHAJNbiDOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/VzmO+Q==</latexit>

The 4-d coordinate Euclidean Laplacian

<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)



The RT-equations:

The 4-d coordinate Euclidean Laplacian
—Not the wave operator that goes 
with the connection     !�

<latexit sha1_base64="nXDa1ro9aby2NgbsYvH6Ud8S1pM=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoQY8RzAOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LBjhMaCjyQLGYEWyc1u7dYCNwrlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdu0EnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gIouhGDx5WXSrFaC80r1/qJcu87jKMAxnMAZBHAJNbiDOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/VzmO+Q==</latexit>

<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)



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

The RT-equations:



The RT-equations:

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

d ~J = 0 on @⌦.

<latexit sha1_base64="laTy1FxgcfSMItHS/gbzk9LS/8w="></latexit>

d ~J = Curl(J) = @jJ
µ
i � @iJ

µ
j(                                  )

<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)

The original RT-equations are coupled…



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)

The original RT-equations are coupled…



The reduced RT-equations:



The reduced RT-equations:

Under a gauge transformation <latexit sha1_base64="vzQN9TeHP25DfikqmC3+CtF5FWk=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJe1blxWsA9oh5JJM21sJhmSjFCG/oMbF4q49X/c+Tem01lo64HA4Zx7yT0niDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqa5koQltEcqm6AdaUM0FbhhlOu7GiOAo47QST27nfeaJKMykezDSmfoRHgoWMYGOl9k3fSNQYlCtu1c2AVomXkwrkaA7KX/2hJElEhSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KBI6r9NLt2hs6sMkShVPYJgzL190aKI62nUWAnI2zGetmbi/95vcSE137KRJwYKsjiozDhyEacR0dDpigxfGoJJorZWxEZY4WJsQWVbAnecuRV0r6oerVq7f6yUm/kdRThBE7hHDy4gjrcQRNaQOARnuEV3hzpvDjvzsditODkO8fwB87nD8w3jqM=</latexit>

A ! B

RT-equations uncouple…



The reduced RT-equations:

Under a gauge transformation 

<latexit sha1_base64="PlyzYS6Ac5h38+788NNONmy4PZc="></latexit>

�J = �(J · �)�B,

d ~B =
�!
div

�
dJ ^ �

�
+
�!
div

�
J d�

�
,

� ~B = v0.

<latexit sha1_base64="vzQN9TeHP25DfikqmC3+CtF5FWk=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJe1blxWsA9oh5JJM21sJhmSjFCG/oMbF4q49X/c+Tem01lo64HA4Zx7yT0niDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqa5koQltEcqm6AdaUM0FbhhlOu7GiOAo47QST27nfeaJKMykezDSmfoRHgoWMYGOl9k3fSNQYlCtu1c2AVomXkwrkaA7KX/2hJElEhSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KBI6r9NLt2hs6sMkShVPYJgzL190aKI62nUWAnI2zGetmbi/95vcSE137KRJwYKsjiozDhyEacR0dDpigxfGoJJorZWxEZY4WJsQWVbAnecuRV0r6oerVq7f6yUm/kdRThBE7hHDy4gjrcQRNaQOARnuEV3hzpvDjvzsditODkO8fwB87nD8w3jqM=</latexit>

A ! B

RT-equations uncouple…

Reduced
RT-equations(       )



The reduced RT-equations:

Under a gauge transformation 

<latexit sha1_base64="PlyzYS6Ac5h38+788NNONmy4PZc="></latexit>

�J = �(J · �)�B,

d ~B =
�!
div

�
dJ ^ �

�
+
�!
div

�
J d�

�
,

� ~B = v0.

<latexit sha1_base64="ONRtyHzQpNw9Zvgbu6m5gqGWoWY="></latexit>

��̃ = �d�� �
�
dJ�1 ^ dJ

�
+ d(J�1A),

<latexit sha1_base64="vzQN9TeHP25DfikqmC3+CtF5FWk=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJe1blxWsA9oh5JJM21sJhmSjFCG/oMbF4q49X/c+Tem01lo64HA4Zx7yT0niDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqa5koQltEcqm6AdaUM0FbhhlOu7GiOAo47QST27nfeaJKMykezDSmfoRHgoWMYGOl9k3fSNQYlCtu1c2AVomXkwrkaA7KX/2hJElEhSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KBI6r9NLt2hs6sMkShVPYJgzL190aKI62nUWAnI2zGetmbi/95vcSE137KRJwYKsjiozDhyEacR0dDpigxfGoJJorZWxEZY4WJsQWVbAnecuRV0r6oerVq7f6yUm/kdRThBE7hHDy4gjrcQRNaQOARnuEV3hzpvDjvzsditODkO8fwB87nD8w3jqM=</latexit>

A ! B

RT-equations uncouple…

Reduced
RT-equations(       )



The reduced RT-equations:

Under a gauge transformation 

<latexit sha1_base64="PlyzYS6Ac5h38+788NNONmy4PZc="></latexit>

�J = �(J · �)�B,

d ~B =
�!
div

�
dJ ^ �

�
+
�!
div

�
J d�

�
,

� ~B = v0.

<latexit sha1_base64="ONRtyHzQpNw9Zvgbu6m5gqGWoWY="></latexit>

��̃ = �d�� �
�
dJ�1 ^ dJ

�
+ d(J�1A),

<latexit sha1_base64="vzQN9TeHP25DfikqmC3+CtF5FWk=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJe1blxWsA9oh5JJM21sJhmSjFCG/oMbF4q49X/c+Tem01lo64HA4Zx7yT0niDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqa5koQltEcqm6AdaUM0FbhhlOu7GiOAo47QST27nfeaJKMykezDSmfoRHgoWMYGOl9k3fSNQYlCtu1c2AVomXkwrkaA7KX/2hJElEhSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KBI6r9NLt2hs6sMkShVPYJgzL190aKI62nUWAnI2zGetmbi/95vcSE137KRJwYKsjiozDhyEacR0dDpigxfGoJJorZWxEZY4WJsQWVbAnecuRV0r6oerVq7f6yUm/kdRThBE7hHDy4gjrcQRNaQOARnuEV3hzpvDjvzsditODkO8fwB87nD8w3jqM=</latexit>

A ! B

RT-equations uncouple…

Reduced
RT-equations(       )

This is required to get existence for 
<latexit sha1_base64="bkRMDeXayMUjm5TGD1TEuTQdKfA=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BD3rwEME8ILuG3slsMmRmdp2ZDYQl3+HFgyJe/Rhv/o2Tx0ETCxqKqm66u8KEM21c99vJrayurW/kNwtb2zu7e8X9g4aOU0VoncQ8Vq0QNOVM0rphhtNWoiiIkNNmOLie+M0hVZrF8sGMEhoI6EkWMQLGSoF/A0KAzyS+e0w6xZJbdqfAy8SbkxKao9YpfvndmKSCSkM4aN323MQEGSjDCKfjgp9qmgAZQI+2LZUgqA6y6dFjfGKVLo5iZUsaPFV/T2QgtB6J0HYKMH296E3E/7x2aqLLIGMySQ2VZLYoSjk2MZ4kgLtMUWL4yBIgitlbMemDAmJsTgUbgrf48jJpnJW9Srlyf16qXs3jyKMjdIxOkYcuUBXdohqqI4Ke0DN6RW/O0Hlx3p2PWWvOmc8coj9wPn8AIKSRsw==</latexit>

� 2 Lp, <latexit sha1_base64="EACYrqYRDfD7VQT8ZgNmCZGqvIw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqicpevFYwbSFNpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyV3ud56o0iyWj2aa0EDgkWQRI9jkUnIj0aBac+vuHGiVeAWpQYHWoPrVH8YkFVQawrHWPc9NTJBhZRjhdFbpp5ommEzwiPYslVhQHWTzW2fozCpDFMXKljRorv6eyLDQeipC2ymwGetlLxf/83qpia6DjMkkNVSSxaIo5cjEKH8cDZmixPCpJZgoZm9FZIwVJsbGU7EheMsvr5L2Rd1r1BsPl7XmbRFHGU7gFM7Bgytowj20wAcCY3iGV3hzhPPivDsfi9aSU8wcwx84nz+D5Y3p</latexit>

p > n



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…

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

Hence they are elliptic independent of
metric signature…



Existence Theorems for the RT-equations
establish coordinate transformations

<latexit sha1_base64="9bdTgLoOqsq2UsdhAEcxdUSzGF0=">AAAB7XicbVDLSgMxFL3js9ZX1aUiwSK4KjMuqsuiG5ct2Ae0Q8mkaRubSYYkIw5Dl+7duFDErb/Q73DnN/gTpo+Fth4IHM65l9xzgogzbVz3y1laXlldW89sZDe3tnd2c3v7NS1jRWiVSC5VI8CaciZo1TDDaSNSFIcBp/VgcD326/dUaSbFrUki6oe4J1iXEWysVHtoGYmSdi7vFtwJ0CLxZiRfOhpVvh+PR+V27rPVkSQOqTCEY62bnhsZP8XKMMLpMNuKNY0wGeAebVoqcEi1n06uHaJTq3RQVyr7hEET9fdGikOtkzCwkyE2fT3vjcX/vGZsupd+ykQUGyrI9KNuzJGNOI6OOkxRYnhiCSaK2VsR6WOFibEFZW0J3nzkRVI7L3jFQrFi27iCKTJwCCdwBh5cQAluoAxVIHAHT/ACr450np035306uuTMdg7gD5yPH2EQkrg=</latexit>

x ! y



Existence Theorems for the RT-equations
establish coordinate transformations

<latexit sha1_base64="9bdTgLoOqsq2UsdhAEcxdUSzGF0=">AAAB7XicbVDLSgMxFL3js9ZX1aUiwSK4KjMuqsuiG5ct2Ae0Q8mkaRubSYYkIw5Dl+7duFDErb/Q73DnN/gTpo+Fth4IHM65l9xzgogzbVz3y1laXlldW89sZDe3tnd2c3v7NS1jRWiVSC5VI8CaciZo1TDDaSNSFIcBp/VgcD326/dUaSbFrUki6oe4J1iXEWysVHtoGYmSdi7vFtwJ0CLxZiRfOhpVvh+PR+V27rPVkSQOqTCEY62bnhsZP8XKMMLpMNuKNY0wGeAebVoqcEi1n06uHaJTq3RQVyr7hEET9fdGikOtkzCwkyE2fT3vjcX/vGZsupd+ykQUGyrI9KNuzJGNOI6OOkxRYnhiCSaK2VsR6WOFibEFZW0J3nzkRVI7L3jFQrFi27iCKTJwCCdwBh5cQAluoAxVIHAHT/ACr450np035306uuTMdg7gD5yPH2EQkrg=</latexit>

x ! y
<latexit sha1_base64="YZRHhaCqRaNTXI31WFqDxIfgtdk=">AAACEHicbVC7SgNBFJ2NrxhfqxYiNoNBtAq7FjGNELQRqwjmAdkkzE5mkyGzD2ZmxWXZT7DxV2wsFLG1EjttbP0MZ5OAmnjgwuGce2fuPXbAqJCG8a5lZmbn5heyi7ml5ZXVNX19oyb8kGNSxT7zecNGgjDqkaqkkpFGwAlybUbq9uA09etXhAvqe5cyCkjLRT2POhQjqaSOvn9+bDkc4dgKEJcUMRi1Y8sNk+RHuW7TpKPnjYIxBJwm5pjky6XP162Pr+1KR3+zuj4OXeJJzJAQTdMIZCtOn8SMJDkrFCRAeIB6pKmoh1wiWvHwoATuKaULHZ+r8iQcqr8nYuQKEbm26nSR7ItJLxX/85qhdEqtmHpBKImHRx85IYPSh2k6sEs5wZJFiiDMqdoV4j5S+UiVYU6FYE6ePE1qhwWzWCheqDROwAhZsAN2wQEwwREogzNQAVWAwQ24Aw/gUbvV7rUn7XnUmtHGM5vgD7SXb2U8od4=</latexit>

J =
@yµ

@xi



Existence Theorems for the RT-equations
establish coordinate transformations

sufficient to smooth an affine connection to

<latexit sha1_base64="9bdTgLoOqsq2UsdhAEcxdUSzGF0=">AAAB7XicbVDLSgMxFL3js9ZX1aUiwSK4KjMuqsuiG5ct2Ae0Q8mkaRubSYYkIw5Dl+7duFDErb/Q73DnN/gTpo+Fth4IHM65l9xzgogzbVz3y1laXlldW89sZDe3tnd2c3v7NS1jRWiVSC5VI8CaciZo1TDDaSNSFIcBp/VgcD326/dUaSbFrUki6oe4J1iXEWysVHtoGYmSdi7vFtwJ0CLxZiRfOhpVvh+PR+V27rPVkSQOqTCEY62bnhsZP8XKMMLpMNuKNY0wGeAebVoqcEi1n06uHaJTq3RQVyr7hEET9fdGikOtkzCwkyE2fT3vjcX/vGZsupd+ykQUGyrI9KNuzJGNOI6OOkxRYnhiCSaK2VsR6WOFibEFZW0J3nzkRVI7L3jFQrFi27iCKTJwCCdwBh5cQAluoAxVIHAHT/ACr450np035306uuTMdg7gD5yPH2EQkrg=</latexit>

x ! y
<latexit sha1_base64="YZRHhaCqRaNTXI31WFqDxIfgtdk=">AAACEHicbVC7SgNBFJ2NrxhfqxYiNoNBtAq7FjGNELQRqwjmAdkkzE5mkyGzD2ZmxWXZT7DxV2wsFLG1EjttbP0MZ5OAmnjgwuGce2fuPXbAqJCG8a5lZmbn5heyi7ml5ZXVNX19oyb8kGNSxT7zecNGgjDqkaqkkpFGwAlybUbq9uA09etXhAvqe5cyCkjLRT2POhQjqaSOvn9+bDkc4dgKEJcUMRi1Y8sNk+RHuW7TpKPnjYIxBJwm5pjky6XP162Pr+1KR3+zuj4OXeJJzJAQTdMIZCtOn8SMJDkrFCRAeIB6pKmoh1wiWvHwoATuKaULHZ+r8iQcqr8nYuQKEbm26nSR7ItJLxX/85qhdEqtmHpBKImHRx85IYPSh2k6sEs5wZJFiiDMqdoV4j5S+UiVYU6FYE6ePE1qhwWzWCheqDROwAhZsAN2wQEwwREogzNQAVWAwQ24Aw/gUbvV7rUn7XnUmtHGM5vgD7SXb2U8od4=</latexit>

J =
@yµ

@xi



Existence Theorems for the RT-equations
establish coordinate transformations

sufficient to smooth an affine connection to

one derivative above
<latexit sha1_base64="d7fJBdD7ySF74uOfq1l1ZOca5MI=">AAAB7XicbZC7SgNBFIZn4y2ut6ilzWIQrMKuhdqIQQstI5gLJEs4O5lNxsxlmZkVwpJ3sLFQxMbCR7G3Ed/GyaXQxB8GPv7/HOacEyWMauP7305uYXFpeSW/6q6tb2xuFbZ3alqmCpMqlkyqRgSaMCpI1VDDSCNRBHjESD3qX47y+j1RmkpxawYJCTl0BY0pBmOtWusKOId2oeiX/LG8eQimUDz/cM+Sty+30i58tjoSp5wIgxlo3Qz8xIQZKEMxI0O3lWqSAO5DlzQtCuBEh9l42qF3YJ2OF0tlnzDe2P3dkQHXesAjW8nB9PRsNjL/y5qpiU/DjIokNUTgyUdxyjwjvdHqXocqgg0bWACsqJ3Vwz1QgI09kGuPEMyuPA+1o1JwXDq+8YvlCzRRHu2hfXSIAnSCyugaVVAVYXSHHtATenak8+i8OK+T0pwz7dlFf+S8/wC5BJI9</latexit>

�
<latexit sha1_base64="TCaxIeUsMGY7NYSG6pHIp9uE+V4=">AAAB83icbVDLSsNAFL2pr1pfVZduhhahIpTERXVZdKHLKvYBTSiT6aQdOpOEmYkQQv9C3LhQxK0/465/4/Sx0NYDFw7n3Mu99/gxZ0rb9sTKra1vbG7ltws7u3v7B8XDo5aKEklok0Q8kh0fK8pZSJuaaU47saRY+Jy2/dHN1G8/UalYFD7qNKaewIOQBYxgbST3gVFRcW+xEPisVyzbVXsGtEqcBSnXS+7586SeNnrFb7cfkUTQUBOOleo6dqy9DEvNCKfjgpsoGmMywgPaNTTEgiovm908RqdG6aMgkqZCjWbq74kMC6VS4ZtOgfVQLXtT8T+vm+jgystYGCeahmS+KEg40hGaBoD6TFKieWoIJpKZWxEZYomJNjEVTAjO8surpHVRdWrV2r1J4xrmyMMJlKACDlxCHe6gAU0gEMMLvMG7lViv1of1OW/NWYuZY/gD6+sHOHiUJQ==</latexit>

Riem(�) .

<latexit sha1_base64="9bdTgLoOqsq2UsdhAEcxdUSzGF0=">AAAB7XicbVDLSgMxFL3js9ZX1aUiwSK4KjMuqsuiG5ct2Ae0Q8mkaRubSYYkIw5Dl+7duFDErb/Q73DnN/gTpo+Fth4IHM65l9xzgogzbVz3y1laXlldW89sZDe3tnd2c3v7NS1jRWiVSC5VI8CaciZo1TDDaSNSFIcBp/VgcD326/dUaSbFrUki6oe4J1iXEWysVHtoGYmSdi7vFtwJ0CLxZiRfOhpVvh+PR+V27rPVkSQOqTCEY62bnhsZP8XKMMLpMNuKNY0wGeAebVoqcEi1n06uHaJTq3RQVyr7hEET9fdGikOtkzCwkyE2fT3vjcX/vGZsupd+ykQUGyrI9KNuzJGNOI6OOkxRYnhiCSaK2VsR6WOFibEFZW0J3nzkRVI7L3jFQrFi27iCKTJwCCdwBh5cQAluoAxVIHAHT/ACr450np035306uuTMdg7gD5yPH2EQkrg=</latexit>

x ! y
<latexit sha1_base64="YZRHhaCqRaNTXI31WFqDxIfgtdk=">AAACEHicbVC7SgNBFJ2NrxhfqxYiNoNBtAq7FjGNELQRqwjmAdkkzE5mkyGzD2ZmxWXZT7DxV2wsFLG1EjttbP0MZ5OAmnjgwuGce2fuPXbAqJCG8a5lZmbn5heyi7ml5ZXVNX19oyb8kGNSxT7zecNGgjDqkaqkkpFGwAlybUbq9uA09etXhAvqe5cyCkjLRT2POhQjqaSOvn9+bDkc4dgKEJcUMRi1Y8sNk+RHuW7TpKPnjYIxBJwm5pjky6XP162Pr+1KR3+zuj4OXeJJzJAQTdMIZCtOn8SMJDkrFCRAeIB6pKmoh1wiWvHwoATuKaULHZ+r8iQcqr8nYuQKEbm26nSR7ItJLxX/85qhdEqtmHpBKImHRx85IYPSh2k6sEs5wZJFiiDMqdoV4j5S+UiVYU6FYE6ePE1qhwWzWCheqDROwAhZsAN2wQEwwREogzNQAVWAwQ24Aw/gUbvV7rUn7XnUmtHGM5vgD7SXb2U8od4=</latexit>

J =
@yµ

@xi



Existence Theorems for the RT-equations
establish coordinate transformations

For metric connections

sufficient to smooth an affine connection to

<latexit sha1_base64="9bdTgLoOqsq2UsdhAEcxdUSzGF0=">AAAB7XicbVDLSgMxFL3js9ZX1aUiwSK4KjMuqsuiG5ct2Ae0Q8mkaRubSYYkIw5Dl+7duFDErb/Q73DnN/gTpo+Fth4IHM65l9xzgogzbVz3y1laXlldW89sZDe3tnd2c3v7NS1jRWiVSC5VI8CaciZo1TDDaSNSFIcBp/VgcD326/dUaSbFrUki6oe4J1iXEWysVHtoGYmSdi7vFtwJ0CLxZiRfOhpVvh+PR+V27rPVkSQOqTCEY62bnhsZP8XKMMLpMNuKNY0wGeAebVoqcEi1n06uHaJTq3RQVyr7hEET9fdGikOtkzCwkyE2fT3vjcX/vGZsupd+ykQUGyrI9KNuzJGNOI6OOkxRYnhiCSaK2VsR6WOFibEFZW0J3nzkRVI7L3jFQrFi27iCKTJwCCdwBh5cQAluoAxVIHAHT/ACr450np035306uuTMdg7gD5yPH2EQkrg=</latexit>

x ! y
<latexit sha1_base64="YZRHhaCqRaNTXI31WFqDxIfgtdk=">AAACEHicbVC7SgNBFJ2NrxhfqxYiNoNBtAq7FjGNELQRqwjmAdkkzE5mkyGzD2ZmxWXZT7DxV2wsFLG1EjttbP0MZ5OAmnjgwuGce2fuPXbAqJCG8a5lZmbn5heyi7ml5ZXVNX19oyb8kGNSxT7zecNGgjDqkaqkkpFGwAlybUbq9uA09etXhAvqe5cyCkjLRT2POhQjqaSOvn9+bDkc4dgKEJcUMRi1Y8sNk+RHuW7TpKPnjYIxBJwm5pjky6XP162Pr+1KR3+zuj4OXeJJzJAQTdMIZCtOn8SMJDkrFCRAeIB6pKmoh1wiWvHwoATuKaULHZ+r8iQcqr8nYuQKEbm26nSR7ItJLxX/85qhdEqtmHpBKImHRx85IYPSh2k6sEs5wZJFiiDMqdoV4j5S+UiVYU6FYE6ePE1qhwWzWCheqDROwAhZsAN2wQEwwREogzNQAVWAwQ24Aw/gUbvV7rUn7XnUmtHGM5vgD7SXb2U8od4=</latexit>

J =
@yµ

@xi

one derivative above
<latexit sha1_base64="d7fJBdD7ySF74uOfq1l1ZOca5MI=">AAAB7XicbZC7SgNBFIZn4y2ut6ilzWIQrMKuhdqIQQstI5gLJEs4O5lNxsxlmZkVwpJ3sLFQxMbCR7G3Ed/GyaXQxB8GPv7/HOacEyWMauP7305uYXFpeSW/6q6tb2xuFbZ3alqmCpMqlkyqRgSaMCpI1VDDSCNRBHjESD3qX47y+j1RmkpxawYJCTl0BY0pBmOtWusKOId2oeiX/LG8eQimUDz/cM+Sty+30i58tjoSp5wIgxlo3Qz8xIQZKEMxI0O3lWqSAO5DlzQtCuBEh9l42qF3YJ2OF0tlnzDe2P3dkQHXesAjW8nB9PRsNjL/y5qpiU/DjIokNUTgyUdxyjwjvdHqXocqgg0bWACsqJ3Vwz1QgI09kGuPEMyuPA+1o1JwXDq+8YvlCzRRHu2hfXSIAnSCyugaVVAVYXSHHtATenak8+i8OK+T0pwz7dlFf+S8/wC5BJI9</latexit>

�
<latexit sha1_base64="TCaxIeUsMGY7NYSG6pHIp9uE+V4=">AAAB83icbVDLSsNAFL2pr1pfVZduhhahIpTERXVZdKHLKvYBTSiT6aQdOpOEmYkQQv9C3LhQxK0/465/4/Sx0NYDFw7n3Mu99/gxZ0rb9sTKra1vbG7ltws7u3v7B8XDo5aKEklok0Q8kh0fK8pZSJuaaU47saRY+Jy2/dHN1G8/UalYFD7qNKaewIOQBYxgbST3gVFRcW+xEPisVyzbVXsGtEqcBSnXS+7586SeNnrFb7cfkUTQUBOOleo6dqy9DEvNCKfjgpsoGmMywgPaNTTEgiovm908RqdG6aMgkqZCjWbq74kMC6VS4ZtOgfVQLXtT8T+vm+jgystYGCeahmS+KEg40hGaBoD6TFKieWoIJpKZWxEZYomJNjEVTAjO8surpHVRdWrV2r1J4xrmyMMJlKACDlxCHe6gAU0gEMMLvMG7lViv1of1OW/NWYuZY/gD6+sHOHiUJQ==</latexit>

Riem(�) .



Existence Theorems for the RT-equations
establish coordinate transformations

For metric connections

sufficient to smooth an affine connection to

<latexit sha1_base64="9bdTgLoOqsq2UsdhAEcxdUSzGF0=">AAAB7XicbVDLSgMxFL3js9ZX1aUiwSK4KjMuqsuiG5ct2Ae0Q8mkaRubSYYkIw5Dl+7duFDErb/Q73DnN/gTpo+Fth4IHM65l9xzgogzbVz3y1laXlldW89sZDe3tnd2c3v7NS1jRWiVSC5VI8CaciZo1TDDaSNSFIcBp/VgcD326/dUaSbFrUki6oe4J1iXEWysVHtoGYmSdi7vFtwJ0CLxZiRfOhpVvh+PR+V27rPVkSQOqTCEY62bnhsZP8XKMMLpMNuKNY0wGeAebVoqcEi1n06uHaJTq3RQVyr7hEET9fdGikOtkzCwkyE2fT3vjcX/vGZsupd+ykQUGyrI9KNuzJGNOI6OOkxRYnhiCSaK2VsR6WOFibEFZW0J3nzkRVI7L3jFQrFi27iCKTJwCCdwBh5cQAluoAxVIHAHT/ACr450np035306uuTMdg7gD5yPH2EQkrg=</latexit>

x ! y
<latexit sha1_base64="YZRHhaCqRaNTXI31WFqDxIfgtdk=">AAACEHicbVC7SgNBFJ2NrxhfqxYiNoNBtAq7FjGNELQRqwjmAdkkzE5mkyGzD2ZmxWXZT7DxV2wsFLG1EjttbP0MZ5OAmnjgwuGce2fuPXbAqJCG8a5lZmbn5heyi7ml5ZXVNX19oyb8kGNSxT7zecNGgjDqkaqkkpFGwAlybUbq9uA09etXhAvqe5cyCkjLRT2POhQjqaSOvn9+bDkc4dgKEJcUMRi1Y8sNk+RHuW7TpKPnjYIxBJwm5pjky6XP162Pr+1KR3+zuj4OXeJJzJAQTdMIZCtOn8SMJDkrFCRAeIB6pKmoh1wiWvHwoATuKaULHZ+r8iQcqr8nYuQKEbm26nSR7ItJLxX/85qhdEqtmHpBKImHRx85IYPSh2k6sEs5wZJFiiDMqdoV4j5S+UiVYU6FYE6ePE1qhwWzWCheqDROwAhZsAN2wQEwwREogzNQAVWAwQ24Aw/gUbvV7rUn7XnUmtHGM5vgD7SXb2U8od4=</latexit>

J =
@yµ

@xi

one derivative above
<latexit sha1_base64="d7fJBdD7ySF74uOfq1l1ZOca5MI=">AAAB7XicbZC7SgNBFIZn4y2ut6ilzWIQrMKuhdqIQQstI5gLJEs4O5lNxsxlmZkVwpJ3sLFQxMbCR7G3Ed/GyaXQxB8GPv7/HOacEyWMauP7305uYXFpeSW/6q6tb2xuFbZ3alqmCpMqlkyqRgSaMCpI1VDDSCNRBHjESD3qX47y+j1RmkpxawYJCTl0BY0pBmOtWusKOId2oeiX/LG8eQimUDz/cM+Sty+30i58tjoSp5wIgxlo3Qz8xIQZKEMxI0O3lWqSAO5DlzQtCuBEh9l42qF3YJ2OF0tlnzDe2P3dkQHXesAjW8nB9PRsNjL/y5qpiU/DjIokNUTgyUdxyjwjvdHqXocqgg0bWACsqJ3Vwz1QgI09kGuPEMyuPA+1o1JwXDq+8YvlCzRRHu2hfXSIAnSCyugaVVAVYXSHHtATenak8+i8OK+T0pwz7dlFf+S8/wC5BJI9</latexit>

�
<latexit sha1_base64="TCaxIeUsMGY7NYSG6pHIp9uE+V4=">AAAB83icbVDLSsNAFL2pr1pfVZduhhahIpTERXVZdKHLKvYBTSiT6aQdOpOEmYkQQv9C3LhQxK0/465/4/Sx0NYDFw7n3Mu99/gxZ0rb9sTKra1vbG7ltws7u3v7B8XDo5aKEklok0Q8kh0fK8pZSJuaaU47saRY+Jy2/dHN1G8/UalYFD7qNKaewIOQBYxgbST3gVFRcW+xEPisVyzbVXsGtEqcBSnXS+7586SeNnrFb7cfkUTQUBOOleo6dqy9DEvNCKfjgpsoGmMywgPaNTTEgiovm908RqdG6aMgkqZCjWbq74kMC6VS4ZtOgfVQLXtT8T+vm+jgystYGCeahmS+KEg40hGaBoD6TFKieWoIJpKZWxEZYomJNjEVTAjO8surpHVRdWrV2r1J4xrmyMMJlKACDlxCHe6gAU0gEMMLvMG7lViv1of1OW/NWYuZY/gD6+sHOHiUJQ==</latexit>

Riem(�) .

<latexit sha1_base64="fKEdUD+qM3yHtBSL/+il61paREk=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGY8RI9BLx4TMAskQ+jp1CRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82LBlbbtLyuzsrq2vpHdzG1t7+zu5fcP6ipKJMMai0Qkmx5VKHiINc21wGYskQaewIY3uJn4jQeUikfhnR7G6Aa0F3KfM6qNVO118gW7aE9BlokzJ4Xy8bj6/XgyrnTyn+1uxJIAQ80EVarl2LF2Uyo1ZwJHuXaiMKZsQHvYMjSkASo3nR46ImdG6RI/kqZCTabq74mUBkoNA890BlT31aI3Ef/zWon2r9yUh3GiMWSzRX4iiI7I5GvS5RKZFkNDKJPc3EpYn0rKtMkmZ0JwFl9eJvWLolMqlqomjWuYIQtHcArn4MAllOEWKlADBghP8AKv1r31bL1Z77PWjDWfOYQ/sD5+AL0GkJ0=</latexit>g two derivatives above
<latexit sha1_base64="TCaxIeUsMGY7NYSG6pHIp9uE+V4=">AAAB83icbVDLSsNAFL2pr1pfVZduhhahIpTERXVZdKHLKvYBTSiT6aQdOpOEmYkQQv9C3LhQxK0/465/4/Sx0NYDFw7n3Mu99/gxZ0rb9sTKra1vbG7ltws7u3v7B8XDo5aKEklok0Q8kh0fK8pZSJuaaU47saRY+Jy2/dHN1G8/UalYFD7qNKaewIOQBYxgbST3gVFRcW+xEPisVyzbVXsGtEqcBSnXS+7586SeNnrFb7cfkUTQUBOOleo6dqy9DEvNCKfjgpsoGmMywgPaNTTEgiovm908RqdG6aMgkqZCjWbq74kMC6VS4ZtOgfVQLXtT8T+vm+jgystYGCeahmS+KEg40hGaBoD6TFKieWoIJpKZWxEZYomJNjEVTAjO8surpHVRdWrV2r1J4xrmyMMJlKACDlxCHe6gAU0gEMMLvMG7lViv1of1OW/NWYuZY/gD6+sHOHiUJQ==</latexit>

Riem(�).



Existence Theorems for the RT-equations
establish coordinate transformations

For metric connections

(Locally, in a neighborhood of every point.)

sufficient to smooth an affine connection to

<latexit sha1_base64="9bdTgLoOqsq2UsdhAEcxdUSzGF0=">AAAB7XicbVDLSgMxFL3js9ZX1aUiwSK4KjMuqsuiG5ct2Ae0Q8mkaRubSYYkIw5Dl+7duFDErb/Q73DnN/gTpo+Fth4IHM65l9xzgogzbVz3y1laXlldW89sZDe3tnd2c3v7NS1jRWiVSC5VI8CaciZo1TDDaSNSFIcBp/VgcD326/dUaSbFrUki6oe4J1iXEWysVHtoGYmSdi7vFtwJ0CLxZiRfOhpVvh+PR+V27rPVkSQOqTCEY62bnhsZP8XKMMLpMNuKNY0wGeAebVoqcEi1n06uHaJTq3RQVyr7hEET9fdGikOtkzCwkyE2fT3vjcX/vGZsupd+ykQUGyrI9KNuzJGNOI6OOkxRYnhiCSaK2VsR6WOFibEFZW0J3nzkRVI7L3jFQrFi27iCKTJwCCdwBh5cQAluoAxVIHAHT/ACr450np035306uuTMdg7gD5yPH2EQkrg=</latexit>

x ! y
<latexit sha1_base64="YZRHhaCqRaNTXI31WFqDxIfgtdk=">AAACEHicbVC7SgNBFJ2NrxhfqxYiNoNBtAq7FjGNELQRqwjmAdkkzE5mkyGzD2ZmxWXZT7DxV2wsFLG1EjttbP0MZ5OAmnjgwuGce2fuPXbAqJCG8a5lZmbn5heyi7ml5ZXVNX19oyb8kGNSxT7zecNGgjDqkaqkkpFGwAlybUbq9uA09etXhAvqe5cyCkjLRT2POhQjqaSOvn9+bDkc4dgKEJcUMRi1Y8sNk+RHuW7TpKPnjYIxBJwm5pjky6XP162Pr+1KR3+zuj4OXeJJzJAQTdMIZCtOn8SMJDkrFCRAeIB6pKmoh1wiWvHwoATuKaULHZ+r8iQcqr8nYuQKEbm26nSR7ItJLxX/85qhdEqtmHpBKImHRx85IYPSh2k6sEs5wZJFiiDMqdoV4j5S+UiVYU6FYE6ePE1qhwWzWCheqDROwAhZsAN2wQEwwREogzNQAVWAwQ24Aw/gUbvV7rUn7XnUmtHGM5vgD7SXb2U8od4=</latexit>

J =
@yµ

@xi

one derivative above
<latexit sha1_base64="d7fJBdD7ySF74uOfq1l1ZOca5MI=">AAAB7XicbZC7SgNBFIZn4y2ut6ilzWIQrMKuhdqIQQstI5gLJEs4O5lNxsxlmZkVwpJ3sLFQxMbCR7G3Ed/GyaXQxB8GPv7/HOacEyWMauP7305uYXFpeSW/6q6tb2xuFbZ3alqmCpMqlkyqRgSaMCpI1VDDSCNRBHjESD3qX47y+j1RmkpxawYJCTl0BY0pBmOtWusKOId2oeiX/LG8eQimUDz/cM+Sty+30i58tjoSp5wIgxlo3Qz8xIQZKEMxI0O3lWqSAO5DlzQtCuBEh9l42qF3YJ2OF0tlnzDe2P3dkQHXesAjW8nB9PRsNjL/y5qpiU/DjIokNUTgyUdxyjwjvdHqXocqgg0bWACsqJ3Vwz1QgI09kGuPEMyuPA+1o1JwXDq+8YvlCzRRHu2hfXSIAnSCyugaVVAVYXSHHtATenak8+i8OK+T0pwz7dlFf+S8/wC5BJI9</latexit>

�
<latexit sha1_base64="TCaxIeUsMGY7NYSG6pHIp9uE+V4=">AAAB83icbVDLSsNAFL2pr1pfVZduhhahIpTERXVZdKHLKvYBTSiT6aQdOpOEmYkQQv9C3LhQxK0/465/4/Sx0NYDFw7n3Mu99/gxZ0rb9sTKra1vbG7ltws7u3v7B8XDo5aKEklok0Q8kh0fK8pZSJuaaU47saRY+Jy2/dHN1G8/UalYFD7qNKaewIOQBYxgbST3gVFRcW+xEPisVyzbVXsGtEqcBSnXS+7586SeNnrFb7cfkUTQUBOOleo6dqy9DEvNCKfjgpsoGmMywgPaNTTEgiovm908RqdG6aMgkqZCjWbq74kMC6VS4ZtOgfVQLXtT8T+vm+jgystYGCeahmS+KEg40hGaBoD6TFKieWoIJpKZWxEZYomJNjEVTAjO8surpHVRdWrV2r1J4xrmyMMJlKACDlxCHe6gAU0gEMMLvMG7lViv1of1OW/NWYuZY/gD6+sHOHiUJQ==</latexit>

Riem(�) .

<latexit sha1_base64="fKEdUD+qM3yHtBSL/+il61paREk=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGY8RI9BLx4TMAskQ+jp1CRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82LBlbbtLyuzsrq2vpHdzG1t7+zu5fcP6ipKJMMai0Qkmx5VKHiINc21wGYskQaewIY3uJn4jQeUikfhnR7G6Aa0F3KfM6qNVO118gW7aE9BlokzJ4Xy8bj6/XgyrnTyn+1uxJIAQ80EVarl2LF2Uyo1ZwJHuXaiMKZsQHvYMjSkASo3nR46ImdG6RI/kqZCTabq74mUBkoNA890BlT31aI3Ef/zWon2r9yUh3GiMWSzRX4iiI7I5GvS5RKZFkNDKJPc3EpYn0rKtMkmZ0JwFl9eJvWLolMqlqomjWuYIQtHcArn4MAllOEWKlADBghP8AKv1r31bL1Z77PWjDWfOYQ/sD5+AL0GkJ0=</latexit>g two derivatives above
<latexit sha1_base64="TCaxIeUsMGY7NYSG6pHIp9uE+V4=">AAAB83icbVDLSsNAFL2pr1pfVZduhhahIpTERXVZdKHLKvYBTSiT6aQdOpOEmYkQQv9C3LhQxK0/465/4/Sx0NYDFw7n3Mu99/gxZ0rb9sTKra1vbG7ltws7u3v7B8XDo5aKEklok0Q8kh0fK8pZSJuaaU47saRY+Jy2/dHN1G8/UalYFD7qNKaewIOQBYxgbST3gVFRcW+xEPisVyzbVXsGtEqcBSnXS+7586SeNnrFb7cfkUTQUBOOleo6dqy9DEvNCKfjgpsoGmMywgPaNTTEgiovm908RqdG6aMgkqZCjWbq74kMC6VS4ZtOgfVQLXtT8T+vm+jgystYGCeahmS+KEg40hGaBoD6TFKieWoIJpKZWxEZYomJNjEVTAjO8surpHVRdWrV2r1J4xrmyMMJlKACDlxCHe6gAU0gEMMLvMG7lViv1of1OW/NWYuZY/gD6+sHOHiUJQ==</latexit>

Riem(�).



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

<latexit sha1_base64="k9R8Zr6EBxGkZnV1xLrWXIDV0MM="></latexit>

M. Reintjes and B. Temple, On the optimal reg-

ularity implied by the assumptions of geometry

I: Connections on tangent bundles, Meth. Appl.
Anal., Vol. 29, No. 4, 303-396, (2023)



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

<latexit sha1_base64="k9R8Zr6EBxGkZnV1xLrWXIDV0MM="></latexit>

M. Reintjes and B. Temple, On the optimal reg-

ularity implied by the assumptions of geometry

I: Connections on tangent bundles, Meth. Appl.
Anal., Vol. 29, No. 4, 303-396, (2023)

<latexit sha1_base64="k9R8Zr6EBxGkZnV1xLrWXIDV0MM="></latexit>

M. Reintjes and B. Temple, On the optimal reg-

ularity implied by the assumptions of geometry

I: Connections on tangent bundles, Meth. Appl.
Anal., Vol. 29, No. 4, 303-396, (2023)



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

<latexit sha1_base64="k9R8Zr6EBxGkZnV1xLrWXIDV0MM="></latexit>

M. Reintjes and B. Temple, On the optimal reg-

ularity implied by the assumptions of geometry

I: Connections on tangent bundles, Meth. Appl.
Anal., Vol. 29, No. 4, 303-396, (2023)

Theorem (RT):  Assume

<latexit sha1_base64="dMQ2REm6P+W0RlZHjwf9bDMCyVU=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBm0sEzAXSEKYnZxNxsxemJkVw5InsLFQxFYfxt5GfBsnl0ITfxj4+P9zmHOOFwuutON8W5ml5ZXVtey6vbG5tb2T292rqSiRDKssEpFseFSh4CFWNdcCG7FEGngC697gapzX71AqHoU3ehhjO6C9kPucUW2syn0nl3cKzkRkEdwZ5C8+7PP4/csud3KfrW7EkgBDzQRVquk6sW6nVGrOBI7sVqIwpmxAe9g0GNIAVTudDDoiR8bpEj+S5oWaTNzfHSkNlBoGnqkMqO6r+Wxs/pc1E+2ftVMexonGkE0/8hNBdETGW5Mul8i0GBqgTHIzK2F9KinT5ja2OYI7v/Ii1E4KbrFQrDj50iVMlYUDOIRjcOEUSnANZagCA4QHeIJn69Z6tF6s12lpxpr17MMfWW8/SWGQRA==</latexit>xin a given coordinate system    . 

<latexit sha1_base64="9bdTgLoOqsq2UsdhAEcxdUSzGF0=">AAAB7XicbVDLSgMxFL3js9ZX1aUiwSK4KjMuqsuiG5ct2Ae0Q8mkaRubSYYkIw5Dl+7duFDErb/Q73DnN/gTpo+Fth4IHM65l9xzgogzbVz3y1laXlldW89sZDe3tnd2c3v7NS1jRWiVSC5VI8CaciZo1TDDaSNSFIcBp/VgcD326/dUaSbFrUki6oe4J1iXEWysVHtoGYmSdi7vFtwJ0CLxZiRfOhpVvh+PR+V27rPVkSQOqTCEY62bnhsZP8XKMMLpMNuKNY0wGeAebVoqcEi1n06uHaJTq3RQVyr7hEET9fdGikOtkzCwkyE2fT3vjcX/vGZsupd+ykQUGyrI9KNuzJGNOI6OOkxRYnhiCSaK2VsR6WOFibEFZW0J3nzkRVI7L3jFQrFi27iCKTJwCCdwBh5cQAluoAxVIHAHT/ACr450np035306uuTMdg7gD5yPH2EQkrg=</latexit>

x ! y

always exist coordinate transformations 

such that in   <latexit sha1_base64="PXV/f4Q4X9mMk0LHrwT8fYH6+m0=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGY8RI9BLx4TMAskQ+jp1CRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82LBlbbtLyuzsrq2vpHdzG1t7+zu5fcP6ipKJMMai0Qkmx5VKHiINc21wGYskQaewIY3uJn4jQeUikfhnR7G6Aa0F3KfM6qNVB128gW7aE9BlokzJ4Xy8bj6/XgyrnTyn+1uxJIAQ80EVarl2LF2Uyo1ZwJHuXaiMKZsQHvYMjSkASo3nR46ImdG6RI/kqZCTabq74mUBkoNA890BlT31aI3Ef/zWon2r9yUh3GiMWSzRX4iiI7I5GvS5RKZFkNDKJPc3EpYn0rKtMkmZ0JwFl9eJvWLolMqlqomjWuYIQtHcArn4MAllOEWKlADBghP8AKv1r31bL1Z77PWjDWfOYQ/sD5+ANhOkK8=</latexit>y-coordinates   

<latexit sha1_base64="f39eyiPt+oXEzB5tYerN+iNFQVs=">AAAB/HicbVC7TsMwFHXKq5RXoCOLRYvEVCUdCmMFAwwMRaIPqQmV4zqtVduJbAcpisqvsDCAECsfwsbf4LYZoOVIVzo6517de08QM6q043xbhbX1jc2t4nZpZ3dv/8A+POqoKJGYtHHEItkLkCKMCtLWVDPSiyVBPGCkG0yuZn73kUhFI3Gv05j4HI0EDSlG2kgDu1z1rhHnyKMC3j5k9XhahQO74tScOeAqcXNSATlaA/vLG0Y44URozJBSfdeJtZ8hqSlmZFryEkVihCdoRPqGCsSJ8rP58VN4apQhDCNpSmg4V39PZIgrlfLAdHKkx2rZm4n/ef1Ehxd+RkWcaCLwYlGYMKgjOEsCDqkkWLPUEIQlNbdCPEYSYW3yKpkQ3OWXV0mnXnMbtcZdvdK8zOMogmNwAs6AC85BE9yAFmgDDFLwDF7Bm/VkvVjv1seitWDlM2XwB9bnD/UBk7A=</latexit>

� 2 L2p
<latexit sha1_base64="CTu9CYYCAu/YtZrnwqllGjRFEV4=">AAAB/nicbVC7TsMwFHV4lvIKICYWixapLFXSoTBWMMDAUBB9SE2oHNdprdpOZDtIVVSJX2FhACFWvoONv8FtM0DLka50dM69uveeIGZUacf5tpaWV1bX1nMb+c2t7Z1de2+/qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvJz4rUciFY3EvR7FxOeoL2hIMdJG6tqHxTtKeMm7QpyjU48KePMQF7t2wSk7U8BF4makADLUu/aX14twwonQmCGlOq4Taz9FUlPMyDjvJYrECA9Rn3QMFYgT5afT88fwxCg9GEbSlNBwqv6eSBFXasQD08mRHqh5byL+53USHZ77KRVxoonAs0VhwqCO4CQL2KOSYM1GhiAsqbkV4gGSCGuTWN6E4M6/vEialbJbLVdvK4XaRRZHDhyBY1ACLjgDNXAN6qABMEjBM3gFb9aT9WK9Wx+z1iUrmzkAf2B9/gAqxpRY</latexit>

Riem(�) 2 Lpand , 

<latexit sha1_base64="MKXf+TAiEiC+n7ZRX7hQI3r8QY4=">AAAB+nicbVA9TwJBEJ3DL8Qv0NJmIzGxMOTOAu0kWmiJiXwkgGRv2YMNu3uX3T0NOfkpNhYaY+svsfOn2LkcFAq+ZJKX92YyM8+PONPGdb+czNLyyupadj23sbm1vZMv7NZ1GCtCayTkoWr6WFPOJK0ZZjhtRopi4XPa8IeXE79xT5Vmobw1o4h2BO5LFjCCjZW6+UL7CguB20yixl3iHUfjbr7oltwUaJF4M1I8/w5SVLv5z3YvJLGg0hCOtW55bmQ6CVaGEU7HuXasaYTJEPdpy1KJBdWdJD19jA6t0kNBqGxJg1L190SChdYj4dtOgc1Az3sT8T+vFZvgrJMwGcWGSjJdFMQcmRBNckA9pigxfGQJJorZWxEZYIWJsWnlbAje/MuLpH5S8sql8o1brFzAFFnYhwM4Ag9OoQLXUIUaEHiAJ3iBV+fReXbenPdpa8aZzezBHzgfPzIZlwQ=</latexit>

� 2 W 1,p
<latexit sha1_base64="CTu9CYYCAu/YtZrnwqllGjRFEV4=">AAAB/nicbVC7TsMwFHV4lvIKICYWixapLFXSoTBWMMDAUBB9SE2oHNdprdpOZDtIVVSJX2FhACFWvoONv8FtM0DLka50dM69uveeIGZUacf5tpaWV1bX1nMb+c2t7Z1de2+/qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvJz4rUciFY3EvR7FxOeoL2hIMdJG6tqHxTtKeMm7QpyjU48KePMQF7t2wSk7U8BF4makADLUu/aX14twwonQmCGlOq4Taz9FUlPMyDjvJYrECA9Rn3QMFYgT5afT88fwxCg9GEbSlNBwqv6eSBFXasQD08mRHqh5byL+53USHZ77KRVxoonAs0VhwqCO4CQL2KOSYM1GhiAsqbkV4gGSCGuTWN6E4M6/vEialbJbLVdvK4XaRRZHDhyBY1ACLjgDNXAN6qABMEjBM3gFb9aT9WK9Wx+z1iUrmzkAf2B9/gAqxpRY</latexit>

Riem(�) 2 Lp, 

Then there

<latexit sha1_base64="NZFDTgGpzeJPopOO+r/ZawFHeQg=">AAAB7HicbVBNS8NAEJ3Ur1o/WvXoZWkRBKEmPVRPUvTisYJpC20om+2mXbrZhN2NEEJ/g5ceFPHqD/LWf+P246CtDwYe780wM8+POVPatmdWbmt7Z3cvv184ODw6LpZOTlsqSiShLol4JDs+VpQzQV3NNKedWFIc+py2/fHD3G+/UKlYJJ51GlMvxEPBAkawNpIb34nrWr9Usav2AmiTOCtSaZR7V9NZI232S9+9QUSSkApNOFaq69ix9jIsNSOcTgq9RNEYkzEe0q6hAodUedni2Am6MMoABZE0JTRaqL8nMhwqlYa+6QyxHql1by7+53UTHdx6GRNxoqkgy0VBwpGO0PxzNGCSEs1TQzCRzNyKyAhLTLTJp2BCcNZf3iStWtWpV+tPJo17WCIP51CGS3DgBhrwCE1wgQCDV3iDd0tYU+vD+ly25qzVzBn8gfX1AydWkT8=</latexit>

p > n/2



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

<latexit sha1_base64="k9R8Zr6EBxGkZnV1xLrWXIDV0MM="></latexit>

M. Reintjes and B. Temple, On the optimal reg-

ularity implied by the assumptions of geometry

I: Connections on tangent bundles, Meth. Appl.
Anal., Vol. 29, No. 4, 303-396, (2023)

Theorem (RT):  Assume

<latexit sha1_base64="dMQ2REm6P+W0RlZHjwf9bDMCyVU=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBm0sEzAXSEKYnZxNxsxemJkVw5InsLFQxFYfxt5GfBsnl0ITfxj4+P9zmHOOFwuutON8W5ml5ZXVtey6vbG5tb2T292rqSiRDKssEpFseFSh4CFWNdcCG7FEGngC697gapzX71AqHoU3ehhjO6C9kPucUW2syn0nl3cKzkRkEdwZ5C8+7PP4/csud3KfrW7EkgBDzQRVquk6sW6nVGrOBI7sVqIwpmxAe9g0GNIAVTudDDoiR8bpEj+S5oWaTNzfHSkNlBoGnqkMqO6r+Wxs/pc1E+2ftVMexonGkE0/8hNBdETGW5Mul8i0GBqgTHIzK2F9KinT5ja2OYI7v/Ii1E4KbrFQrDj50iVMlYUDOIRjcOEUSnANZagCA4QHeIJn69Z6tF6s12lpxpr17MMfWW8/SWGQRA==</latexit>xin a given coordinate system    . 

<latexit sha1_base64="9bdTgLoOqsq2UsdhAEcxdUSzGF0=">AAAB7XicbVDLSgMxFL3js9ZX1aUiwSK4KjMuqsuiG5ct2Ae0Q8mkaRubSYYkIw5Dl+7duFDErb/Q73DnN/gTpo+Fth4IHM65l9xzgogzbVz3y1laXlldW89sZDe3tnd2c3v7NS1jRWiVSC5VI8CaciZo1TDDaSNSFIcBp/VgcD326/dUaSbFrUki6oe4J1iXEWysVHtoGYmSdi7vFtwJ0CLxZiRfOhpVvh+PR+V27rPVkSQOqTCEY62bnhsZP8XKMMLpMNuKNY0wGeAebVoqcEi1n06uHaJTq3RQVyr7hEET9fdGikOtkzCwkyE2fT3vjcX/vGZsupd+ykQUGyrI9KNuzJGNOI6OOkxRYnhiCSaK2VsR6WOFibEFZW0J3nzkRVI7L3jFQrFi27iCKTJwCCdwBh5cQAluoAxVIHAHT/ACr450np035306uuTMdg7gD5yPH2EQkrg=</latexit>

x ! y

always exist coordinate transformations 

such that in   <latexit sha1_base64="PXV/f4Q4X9mMk0LHrwT8fYH6+m0=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGY8RI9BLx4TMAskQ+jp1CRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82LBlbbtLyuzsrq2vpHdzG1t7+zu5fcP6ipKJMMai0Qkmx5VKHiINc21wGYskQaewIY3uJn4jQeUikfhnR7G6Aa0F3KfM6qNVB128gW7aE9BlokzJ4Xy8bj6/XgyrnTyn+1uxJIAQ80EVarl2LF2Uyo1ZwJHuXaiMKZsQHvYMjSkASo3nR46ImdG6RI/kqZCTabq74mUBkoNA890BlT31aI3Ef/zWon2r9yUh3GiMWSzRX4iiI7I5GvS5RKZFkNDKJPc3EpYn0rKtMkmZ0JwFl9eJvWLolMqlqomjWuYIQtHcArn4MAllOEWKlADBghP8AKv1r31bL1Z77PWjDWfOYQ/sD5+ANhOkK8=</latexit>y-coordinates   

<latexit sha1_base64="f39eyiPt+oXEzB5tYerN+iNFQVs=">AAAB/HicbVC7TsMwFHXKq5RXoCOLRYvEVCUdCmMFAwwMRaIPqQmV4zqtVduJbAcpisqvsDCAECsfwsbf4LYZoOVIVzo6517de08QM6q043xbhbX1jc2t4nZpZ3dv/8A+POqoKJGYtHHEItkLkCKMCtLWVDPSiyVBPGCkG0yuZn73kUhFI3Gv05j4HI0EDSlG2kgDu1z1rhHnyKMC3j5k9XhahQO74tScOeAqcXNSATlaA/vLG0Y44URozJBSfdeJtZ8hqSlmZFryEkVihCdoRPqGCsSJ8rP58VN4apQhDCNpSmg4V39PZIgrlfLAdHKkx2rZm4n/ef1Ehxd+RkWcaCLwYlGYMKgjOEsCDqkkWLPUEIQlNbdCPEYSYW3yKpkQ3OWXV0mnXnMbtcZdvdK8zOMogmNwAs6AC85BE9yAFmgDDFLwDF7Bm/VkvVjv1seitWDlM2XwB9bnD/UBk7A=</latexit>

� 2 L2p
<latexit sha1_base64="CTu9CYYCAu/YtZrnwqllGjRFEV4=">AAAB/nicbVC7TsMwFHV4lvIKICYWixapLFXSoTBWMMDAUBB9SE2oHNdprdpOZDtIVVSJX2FhACFWvoONv8FtM0DLka50dM69uveeIGZUacf5tpaWV1bX1nMb+c2t7Z1de2+/qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvJz4rUciFY3EvR7FxOeoL2hIMdJG6tqHxTtKeMm7QpyjU48KePMQF7t2wSk7U8BF4makADLUu/aX14twwonQmCGlOq4Taz9FUlPMyDjvJYrECA9Rn3QMFYgT5afT88fwxCg9GEbSlNBwqv6eSBFXasQD08mRHqh5byL+53USHZ77KRVxoonAs0VhwqCO4CQL2KOSYM1GhiAsqbkV4gGSCGuTWN6E4M6/vEialbJbLVdvK4XaRRZHDhyBY1ACLjgDNXAN6qABMEjBM3gFb9aT9WK9Wx+z1iUrmzkAf2B9/gAqxpRY</latexit>

Riem(�) 2 Lpand , 

<latexit sha1_base64="MKXf+TAiEiC+n7ZRX7hQI3r8QY4=">AAAB+nicbVA9TwJBEJ3DL8Qv0NJmIzGxMOTOAu0kWmiJiXwkgGRv2YMNu3uX3T0NOfkpNhYaY+svsfOn2LkcFAq+ZJKX92YyM8+PONPGdb+czNLyyupadj23sbm1vZMv7NZ1GCtCayTkoWr6WFPOJK0ZZjhtRopi4XPa8IeXE79xT5Vmobw1o4h2BO5LFjCCjZW6+UL7CguB20yixl3iHUfjbr7oltwUaJF4M1I8/w5SVLv5z3YvJLGg0hCOtW55bmQ6CVaGEU7HuXasaYTJEPdpy1KJBdWdJD19jA6t0kNBqGxJg1L190SChdYj4dtOgc1Az3sT8T+vFZvgrJMwGcWGSjJdFMQcmRBNckA9pigxfGQJJorZWxEZYIWJsWnlbAje/MuLpH5S8sql8o1brFzAFFnYhwM4Ag9OoQLXUIUaEHiAJ3iBV+fReXbenPdpa8aZzezBHzgfPzIZlwQ=</latexit>

� 2 W 1,p
<latexit sha1_base64="CTu9CYYCAu/YtZrnwqllGjRFEV4=">AAAB/nicbVC7TsMwFHV4lvIKICYWixapLFXSoTBWMMDAUBB9SE2oHNdprdpOZDtIVVSJX2FhACFWvoONv8FtM0DLka50dM69uveeIGZUacf5tpaWV1bX1nMb+c2t7Z1de2+/qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvJz4rUciFY3EvR7FxOeoL2hIMdJG6tqHxTtKeMm7QpyjU48KePMQF7t2wSk7U8BF4makADLUu/aX14twwonQmCGlOq4Taz9FUlPMyDjvJYrECA9Rn3QMFYgT5afT88fwxCg9GEbSlNBwqv6eSBFXasQD08mRHqh5byL+53USHZ77KRVxoonAs0VhwqCO4CQL2KOSYM1GhiAsqbkV4gGSCGuTWN6E4M6/vEialbJbLVdvK4XaRRZHDhyBY1ACLjgDNXAN6qABMEjBM3gFb9aT9WK9Wx+z1iUrmzkAf2B9/gAqxpRY</latexit>

Riem(�) 2 Lp, 

Then there

<latexit sha1_base64="NZFDTgGpzeJPopOO+r/ZawFHeQg=">AAAB7HicbVBNS8NAEJ3Ur1o/WvXoZWkRBKEmPVRPUvTisYJpC20om+2mXbrZhN2NEEJ/g5ceFPHqD/LWf+P246CtDwYe780wM8+POVPatmdWbmt7Z3cvv184ODw6LpZOTlsqSiShLol4JDs+VpQzQV3NNKedWFIc+py2/fHD3G+/UKlYJJ51GlMvxEPBAkawNpIb34nrWr9Usav2AmiTOCtSaZR7V9NZI232S9+9QUSSkApNOFaq69ix9jIsNSOcTgq9RNEYkzEe0q6hAodUedni2Am6MMoABZE0JTRaqL8nMhwqlYa+6QyxHql1by7+53UTHdx6GRNxoqkgy0VBwpGO0PxzNGCSEs1TQzCRzNyKyAhLTLTJp2BCcNZf3iStWtWpV+tPJo17WCIP51CGS3DgBhrwCE1wgQCDV3iDd0tYU+vD+ly25qzVzBn8gfX1AydWkT8=</latexit>

p > n/2

Connection one full derivative above curvature…



(Locally, in a neighborhood of every point.)

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

<latexit sha1_base64="k9R8Zr6EBxGkZnV1xLrWXIDV0MM="></latexit>

M. Reintjes and B. Temple, On the optimal reg-

ularity implied by the assumptions of geometry

I: Connections on tangent bundles, Meth. Appl.
Anal., Vol. 29, No. 4, 303-396, (2023)

Theorem (RT):  Assume

<latexit sha1_base64="dMQ2REm6P+W0RlZHjwf9bDMCyVU=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBm0sEzAXSEKYnZxNxsxemJkVw5InsLFQxFYfxt5GfBsnl0ITfxj4+P9zmHOOFwuutON8W5ml5ZXVtey6vbG5tb2T292rqSiRDKssEpFseFSh4CFWNdcCG7FEGngC697gapzX71AqHoU3ehhjO6C9kPucUW2syn0nl3cKzkRkEdwZ5C8+7PP4/csud3KfrW7EkgBDzQRVquk6sW6nVGrOBI7sVqIwpmxAe9g0GNIAVTudDDoiR8bpEj+S5oWaTNzfHSkNlBoGnqkMqO6r+Wxs/pc1E+2ftVMexonGkE0/8hNBdETGW5Mul8i0GBqgTHIzK2F9KinT5ja2OYI7v/Ii1E4KbrFQrDj50iVMlYUDOIRjcOEUSnANZagCA4QHeIJn69Z6tF6s12lpxpr17MMfWW8/SWGQRA==</latexit>xin a given coordinate system    . 

<latexit sha1_base64="9bdTgLoOqsq2UsdhAEcxdUSzGF0=">AAAB7XicbVDLSgMxFL3js9ZX1aUiwSK4KjMuqsuiG5ct2Ae0Q8mkaRubSYYkIw5Dl+7duFDErb/Q73DnN/gTpo+Fth4IHM65l9xzgogzbVz3y1laXlldW89sZDe3tnd2c3v7NS1jRWiVSC5VI8CaciZo1TDDaSNSFIcBp/VgcD326/dUaSbFrUki6oe4J1iXEWysVHtoGYmSdi7vFtwJ0CLxZiRfOhpVvh+PR+V27rPVkSQOqTCEY62bnhsZP8XKMMLpMNuKNY0wGeAebVoqcEi1n06uHaJTq3RQVyr7hEET9fdGikOtkzCwkyE2fT3vjcX/vGZsupd+ykQUGyrI9KNuzJGNOI6OOkxRYnhiCSaK2VsR6WOFibEFZW0J3nzkRVI7L3jFQrFi27iCKTJwCCdwBh5cQAluoAxVIHAHT/ACr450np035306uuTMdg7gD5yPH2EQkrg=</latexit>

x ! y

always exist coordinate transformations 

such that in   <latexit sha1_base64="PXV/f4Q4X9mMk0LHrwT8fYH6+m0=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGY8RI9BLx4TMAskQ+jp1CRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82LBlbbtLyuzsrq2vpHdzG1t7+zu5fcP6ipKJMMai0Qkmx5VKHiINc21wGYskQaewIY3uJn4jQeUikfhnR7G6Aa0F3KfM6qNVB128gW7aE9BlokzJ4Xy8bj6/XgyrnTyn+1uxJIAQ80EVarl2LF2Uyo1ZwJHuXaiMKZsQHvYMjSkASo3nR46ImdG6RI/kqZCTabq74mUBkoNA890BlT31aI3Ef/zWon2r9yUh3GiMWSzRX4iiI7I5GvS5RKZFkNDKJPc3EpYn0rKtMkmZ0JwFl9eJvWLolMqlqomjWuYIQtHcArn4MAllOEWKlADBghP8AKv1r31bL1Z77PWjDWfOYQ/sD5+ANhOkK8=</latexit>y-coordinates   

<latexit sha1_base64="f39eyiPt+oXEzB5tYerN+iNFQVs=">AAAB/HicbVC7TsMwFHXKq5RXoCOLRYvEVCUdCmMFAwwMRaIPqQmV4zqtVduJbAcpisqvsDCAECsfwsbf4LYZoOVIVzo6517de08QM6q043xbhbX1jc2t4nZpZ3dv/8A+POqoKJGYtHHEItkLkCKMCtLWVDPSiyVBPGCkG0yuZn73kUhFI3Gv05j4HI0EDSlG2kgDu1z1rhHnyKMC3j5k9XhahQO74tScOeAqcXNSATlaA/vLG0Y44URozJBSfdeJtZ8hqSlmZFryEkVihCdoRPqGCsSJ8rP58VN4apQhDCNpSmg4V39PZIgrlfLAdHKkx2rZm4n/ef1Ehxd+RkWcaCLwYlGYMKgjOEsCDqkkWLPUEIQlNbdCPEYSYW3yKpkQ3OWXV0mnXnMbtcZdvdK8zOMogmNwAs6AC85BE9yAFmgDDFLwDF7Bm/VkvVjv1seitWDlM2XwB9bnD/UBk7A=</latexit>

� 2 L2p
<latexit sha1_base64="CTu9CYYCAu/YtZrnwqllGjRFEV4=">AAAB/nicbVC7TsMwFHV4lvIKICYWixapLFXSoTBWMMDAUBB9SE2oHNdprdpOZDtIVVSJX2FhACFWvoONv8FtM0DLka50dM69uveeIGZUacf5tpaWV1bX1nMb+c2t7Z1de2+/qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvJz4rUciFY3EvR7FxOeoL2hIMdJG6tqHxTtKeMm7QpyjU48KePMQF7t2wSk7U8BF4makADLUu/aX14twwonQmCGlOq4Taz9FUlPMyDjvJYrECA9Rn3QMFYgT5afT88fwxCg9GEbSlNBwqv6eSBFXasQD08mRHqh5byL+53USHZ77KRVxoonAs0VhwqCO4CQL2KOSYM1GhiAsqbkV4gGSCGuTWN6E4M6/vEialbJbLVdvK4XaRRZHDhyBY1ACLjgDNXAN6qABMEjBM3gFb9aT9WK9Wx+z1iUrmzkAf2B9/gAqxpRY</latexit>

Riem(�) 2 Lpand , 

<latexit sha1_base64="MKXf+TAiEiC+n7ZRX7hQI3r8QY4=">AAAB+nicbVA9TwJBEJ3DL8Qv0NJmIzGxMOTOAu0kWmiJiXwkgGRv2YMNu3uX3T0NOfkpNhYaY+svsfOn2LkcFAq+ZJKX92YyM8+PONPGdb+czNLyyupadj23sbm1vZMv7NZ1GCtCayTkoWr6WFPOJK0ZZjhtRopi4XPa8IeXE79xT5Vmobw1o4h2BO5LFjCCjZW6+UL7CguB20yixl3iHUfjbr7oltwUaJF4M1I8/w5SVLv5z3YvJLGg0hCOtW55bmQ6CVaGEU7HuXasaYTJEPdpy1KJBdWdJD19jA6t0kNBqGxJg1L190SChdYj4dtOgc1Az3sT8T+vFZvgrJMwGcWGSjJdFMQcmRBNckA9pigxfGQJJorZWxEZYIWJsWnlbAje/MuLpH5S8sql8o1brFzAFFnYhwM4Ag9OoQLXUIUaEHiAJ3iBV+fReXbenPdpa8aZzezBHzgfPzIZlwQ=</latexit>

� 2 W 1,p
<latexit sha1_base64="CTu9CYYCAu/YtZrnwqllGjRFEV4=">AAAB/nicbVC7TsMwFHV4lvIKICYWixapLFXSoTBWMMDAUBB9SE2oHNdprdpOZDtIVVSJX2FhACFWvoONv8FtM0DLka50dM69uveeIGZUacf5tpaWV1bX1nMb+c2t7Z1de2+/qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvJz4rUciFY3EvR7FxOeoL2hIMdJG6tqHxTtKeMm7QpyjU48KePMQF7t2wSk7U8BF4makADLUu/aX14twwonQmCGlOq4Taz9FUlPMyDjvJYrECA9Rn3QMFYgT5afT88fwxCg9GEbSlNBwqv6eSBFXasQD08mRHqh5byL+53USHZ77KRVxoonAs0VhwqCO4CQL2KOSYM1GhiAsqbkV4gGSCGuTWN6E4M6/vEialbJbLVdvK4XaRRZHDhyBY1ACLjgDNXAN6qABMEjBM3gFb9aT9WK9Wx+z1iUrmzkAf2B9/gAqxpRY</latexit>

Riem(�) 2 Lp, 

Then there

<latexit sha1_base64="NZFDTgGpzeJPopOO+r/ZawFHeQg=">AAAB7HicbVBNS8NAEJ3Ur1o/WvXoZWkRBKEmPVRPUvTisYJpC20om+2mXbrZhN2NEEJ/g5ceFPHqD/LWf+P246CtDwYe780wM8+POVPatmdWbmt7Z3cvv184ODw6LpZOTlsqSiShLol4JDs+VpQzQV3NNKedWFIc+py2/fHD3G+/UKlYJJ51GlMvxEPBAkawNpIb34nrWr9Usav2AmiTOCtSaZR7V9NZI232S9+9QUSSkApNOFaq69ix9jIsNSOcTgq9RNEYkzEe0q6hAodUedni2Am6MMoABZE0JTRaqL8nMhwqlYa+6QyxHql1by7+53UTHdx6GRNxoqkgy0VBwpGO0PxzNGCSEs1TQzCRzNyKyAhLTLTJp2BCcNZf3iStWtWpV+tPJo17WCIP51CGS3DgBhrwCE1wgQCDV3iDd0tYU+vD+ly25qzVzBn8gfX1AydWkT8=</latexit>

p > n/2



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

<latexit sha1_base64="k9R8Zr6EBxGkZnV1xLrWXIDV0MM="></latexit>

M. Reintjes and B. Temple, On the optimal reg-

ularity implied by the assumptions of geometry

I: Connections on tangent bundles, Meth. Appl.
Anal., Vol. 29, No. 4, 303-396, (2023)

For metric connections:



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

<latexit sha1_base64="k9R8Zr6EBxGkZnV1xLrWXIDV0MM="></latexit>

M. Reintjes and B. Temple, On the optimal reg-

ularity implied by the assumptions of geometry

I: Connections on tangent bundles, Meth. Appl.
Anal., Vol. 29, No. 4, 303-396, (2023)

Theorem (RT):  Assume

<latexit sha1_base64="dMQ2REm6P+W0RlZHjwf9bDMCyVU=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBm0sEzAXSEKYnZxNxsxemJkVw5InsLFQxFYfxt5GfBsnl0ITfxj4+P9zmHOOFwuutON8W5ml5ZXVtey6vbG5tb2T292rqSiRDKssEpFseFSh4CFWNdcCG7FEGngC697gapzX71AqHoU3ehhjO6C9kPucUW2syn0nl3cKzkRkEdwZ5C8+7PP4/csud3KfrW7EkgBDzQRVquk6sW6nVGrOBI7sVqIwpmxAe9g0GNIAVTudDDoiR8bpEj+S5oWaTNzfHSkNlBoGnqkMqO6r+Wxs/pc1E+2ftVMexonGkE0/8hNBdETGW5Mul8i0GBqgTHIzK2F9KinT5ja2OYI7v/Ii1E4KbrFQrDj50iVMlYUDOIRjcOEUSnANZagCA4QHeIJn69Z6tF6s12lpxpr17MMfWW8/SWGQRA==</latexit>xin a given coordinate system    . 

<latexit sha1_base64="9bdTgLoOqsq2UsdhAEcxdUSzGF0=">AAAB7XicbVDLSgMxFL3js9ZX1aUiwSK4KjMuqsuiG5ct2Ae0Q8mkaRubSYYkIw5Dl+7duFDErb/Q73DnN/gTpo+Fth4IHM65l9xzgogzbVz3y1laXlldW89sZDe3tnd2c3v7NS1jRWiVSC5VI8CaciZo1TDDaSNSFIcBp/VgcD326/dUaSbFrUki6oe4J1iXEWysVHtoGYmSdi7vFtwJ0CLxZiRfOhpVvh+PR+V27rPVkSQOqTCEY62bnhsZP8XKMMLpMNuKNY0wGeAebVoqcEi1n06uHaJTq3RQVyr7hEET9fdGikOtkzCwkyE2fT3vjcX/vGZsupd+ykQUGyrI9KNuzJGNOI6OOkxRYnhiCSaK2VsR6WOFibEFZW0J3nzkRVI7L3jFQrFi27iCKTJwCCdwBh5cQAluoAxVIHAHT/ACr450np035306uuTMdg7gD5yPH2EQkrg=</latexit>

x ! y
always exist coordinate transformations 

such that in   <latexit sha1_base64="PXV/f4Q4X9mMk0LHrwT8fYH6+m0=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGY8RI9BLx4TMAskQ+jp1CRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82LBlbbtLyuzsrq2vpHdzG1t7+zu5fcP6ipKJMMai0Qkmx5VKHiINc21wGYskQaewIY3uJn4jQeUikfhnR7G6Aa0F3KfM6qNVB128gW7aE9BlokzJ4Xy8bj6/XgyrnTyn+1uxJIAQ80EVarl2LF2Uyo1ZwJHuXaiMKZsQHvYMjSkASo3nR46ImdG6RI/kqZCTabq74mUBkoNA890BlT31aI3Ef/zWon2r9yUh3GiMWSzRX4iiI7I5GvS5RKZFkNDKJPc3EpYn0rKtMkmZ0JwFl9eJvWLolMqlqomjWuYIQtHcArn4MAllOEWKlADBghP8AKv1r31bL1Z77PWjDWfOYQ/sD5+ANhOkK8=</latexit>y-coordinates   

<latexit sha1_base64="CTu9CYYCAu/YtZrnwqllGjRFEV4=">AAAB/nicbVC7TsMwFHV4lvIKICYWixapLFXSoTBWMMDAUBB9SE2oHNdprdpOZDtIVVSJX2FhACFWvoONv8FtM0DLka50dM69uveeIGZUacf5tpaWV1bX1nMb+c2t7Z1de2+/qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvJz4rUciFY3EvR7FxOeoL2hIMdJG6tqHxTtKeMm7QpyjU48KePMQF7t2wSk7U8BF4makADLUu/aX14twwonQmCGlOq4Taz9FUlPMyDjvJYrECA9Rn3QMFYgT5afT88fwxCg9GEbSlNBwqv6eSBFXasQD08mRHqh5byL+53USHZ77KRVxoonAs0VhwqCO4CQL2KOSYM1GhiAsqbkV4gGSCGuTWN6E4M6/vEialbJbLVdvK4XaRRZHDhyBY1ACLjgDNXAN6qABMEjBM3gFb9aT9WK9Wx+z1iUrmzkAf2B9/gAqxpRY</latexit>

Riem(�) 2 Lpand , 

<latexit sha1_base64="CTu9CYYCAu/YtZrnwqllGjRFEV4=">AAAB/nicbVC7TsMwFHV4lvIKICYWixapLFXSoTBWMMDAUBB9SE2oHNdprdpOZDtIVVSJX2FhACFWvoONv8FtM0DLka50dM69uveeIGZUacf5tpaWV1bX1nMb+c2t7Z1de2+/qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvJz4rUciFY3EvR7FxOeoL2hIMdJG6tqHxTtKeMm7QpyjU48KePMQF7t2wSk7U8BF4makADLUu/aX14twwonQmCGlOq4Taz9FUlPMyDjvJYrECA9Rn3QMFYgT5afT88fwxCg9GEbSlNBwqv6eSBFXasQD08mRHqh5byL+53USHZ77KRVxoonAs0VhwqCO4CQL2KOSYM1GhiAsqbkV4gGSCGuTWN6E4M6/vEialbJbLVdvK4XaRRZHDhyBY1ACLjgDNXAN6qABMEjBM3gFb9aT9WK9Wx+z1iUrmzkAf2B9/gAqxpRY</latexit>

Riem(�) 2 Lp, 

Then there

<latexit sha1_base64="L7tk6oC2V7/bUyb7eCbUHNAtd34=">AAAB9HicbVC7SgNBFL0bXzG+opaKDAbBQsJuimgZtLFMwDwgWcPsZDYZMju7zswGwpLSb7CxUMTWOt9h5zf4E04ehSYeuHA4517uvceLOFPatr+s1Mrq2vpGejOztb2zu5fdP6ipMJaEVknIQ9nwsKKcCVrVTHPaiCTFgcdp3evfTPz6gErFQnGnhxF1A9wVzGcEayO53RYTqH6fOBeFaNTO5uy8PQVaJs6c5ErH48r348m43M5+tjohiQMqNOFYqaZjR9pNsNSMcDrKtGJFI0z6uEubhgocUOUm06NH6MwoHeSH0pTQaKr+nkhwoNQw8ExngHVPLXoT8T+vGWv/yk2YiGJNBZkt8mOOdIgmCaAOk5RoPjQEE8nMrYj0sMREm5wyJgRn8eVlUivknWK+WDFpXMMMaTiCUzgHBy6hBLdQhioQeIAneIFXa2A9W2/W+6w1Zc1nDuEPrI8fogaVFA==</latexit>

g 2 W 1,2p

<latexit sha1_base64="KneuboPLlH5wDzc6SzMTjHVawtE=">AAAB83icbVC7SgNBFL0bXzG+opaKDAbBQsJuimgZtLFMwDwgu4bZyWwyZHZ2mZkVwpLSX7CxUMTWPt9h5zf4E04ehSYeuHA4517uvcePOVPatr+szMrq2vpGdjO3tb2zu5ffP2ioKJGE1knEI9nysaKcCVrXTHPaiiXFoc9p0x/cTPzmA5WKReJOD2PqhbgnWMAI1kZyey4TqHmfli7iUSdfsIv2FGiZOHNSqByPa9+PJ+NqJ//pdiOShFRowrFSbceOtZdiqRnhdJRzE0VjTAa4R9uGChxS5aXTm0fozChdFETSlNBoqv6eSHGo1DD0TWeIdV8tehPxP6+d6ODKS5mIE00FmS0KEo50hCYBoC6TlGg+NAQTycytiPSxxESbmHImBGfx5WXSKBWdcrFcM2lcwwxZOIJTOAcHLqECt1CFOhCI4Qle4NVKrGfrzXqftWas+cwh/IH18QMvIJTZ</latexit>

g 2 W 2,p

<latexit sha1_base64="6QRQsdhHZoZHjUyI55RY2qHieWE=">AAAB7nicbVDLSgNBEOz1GddX1KOXIUEQhLibQ/QkQS8eI5gHJEuYnUySIbOzw8yssCz5CEE8KOLV7/GWv3HyOGhiQUNR1U13Vyg508bzJs7a+sbm1nZux93d2z84zB8dN3ScKELrJOaxaoVYU84ErRtmOG1JRXEUctoMR3dTv/lElWaxeDSppEGEB4L1GcHGSk15Iy7LLurmi17JmwGtEn9BitVC5+JlUk1r3fx3pxeTJKLCEI61bvueNEGGlWGE07HbSTSVmIzwgLYtFTiiOshm547RmVV6qB8rW8Kgmfp7IsOR1mkU2s4Im6Fe9qbif147Mf3rIGNCJoYKMl/UTzgyMZr+jnpMUWJ4agkmitlbERlihYmxCbk2BH/55VXSKJf8SqnyYNO4hTlycAoFOAcfrqAK91CDOhAYwTO8wbsjnVfnw/mct645i5kT+APn6wez3JF9</latexit>

p > n/2



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…



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

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

(We called this optimal regularity because we did 
not realize that    could regularize the curvature 
as well…so “optimal regularity’’ was not the 
“essential regularity” of the connection…)

<latexit sha1_base64="ViVca9E1g1fiIPJTTTRgJpSyieU=">AAAB+nicbVDLSgMxFM3UVx1fU126CRbBVZlxUd2IVRFFXFSxD+gMJZNJ29BMZkgyShn7KW4UFHHrP7h3I/6N6WOhrQcCh3Pu4d4cP2ZUKtv+NjIzs3PzC9lFc2l5ZXXNyq1XZZQITCo4YpGo+0gSRjmpKKoYqceCoNBnpOZ3TwZ+7ZYISSN+o3ox8ULU5rRFMVJaalo59/Lo+uzU5RHlAeEKXjStvF2wh4DTxBmT/OGHeRA/fZnlpvXpBhFOQp3GDEnZcOxYeSkSimJG+qabSBIj3EVt0tCUo5BILx2e3ofbWglgKxL66e1D9XciRaGUvdDXkyFSHTnpDcT/vEaiWvteSnmcKMLxaFErYVBFcNADDKggWLGeJggLqm+FuIMEwkq3ZeoSnMkvT5PqbsEpFopXdr50DEbIgk2wBXaAA/ZACZyDMqgADO7AA3gGL8a98Wi8Gm+j0YwxzmyAPzDefwCDa5aJ</latexit>

J



<latexit sha1_base64="HOo0WtFeXsxoU6JuDMcRWdLtpOo=">AAACD3icbVC7TsNAEDzzJrwClDQWCERl2RSBBglBAWUikQQpNtb5ck5OuTtbd2ukyPIf0PArNBQQRIVES8eH0HN5FLxGWmk0s6vdnSjlTIPrflhT0zOzc/MLi6Wl5ZXVtfL6RkMnmSK0ThKeqKsIa8qZpHVgwOlVqigWEafNqHc29Js3VGmWyEvopzQQuCNZzAgGI4XlPZ/TGPzcP8dC4JD5inW64Bdh3jv2iuvcZzKGfhGWd1zHHcH+S7wJ2TnZ/RzUnNdBNSy/++2EZIJKIBxr3fLcFIIcK2CE06LkZ5qmmPRwh7YMlVhQHeSjfwp71yhtO06UKQn2SP0+kWOhdV9EplNg6Orf3lD8z2tlEB8FOZNpBlSS8aI44zYk9jAcu80UJcD7hmCimLnVJl2sMAETYcmE4P1++S9pHDhexanUTBqnaIwFtIW20T7y0CE6QReoiuqIoFt0jx7Rk3VnPVjP1su4dcqazGyiH7DevgDEjaGL</latexit>

{�i}1k=1

The extra derivative implies compactness
for sequences            of affine connections:



<latexit sha1_base64="HOo0WtFeXsxoU6JuDMcRWdLtpOo=">AAACD3icbVC7TsNAEDzzJrwClDQWCERl2RSBBglBAWUikQQpNtb5ck5OuTtbd2ukyPIf0PArNBQQRIVES8eH0HN5FLxGWmk0s6vdnSjlTIPrflhT0zOzc/MLi6Wl5ZXVtfL6RkMnmSK0ThKeqKsIa8qZpHVgwOlVqigWEafNqHc29Js3VGmWyEvopzQQuCNZzAgGI4XlPZ/TGPzcP8dC4JD5inW64Bdh3jv2iuvcZzKGfhGWd1zHHcH+S7wJ2TnZ/RzUnNdBNSy/++2EZIJKIBxr3fLcFIIcK2CE06LkZ5qmmPRwh7YMlVhQHeSjfwp71yhtO06UKQn2SP0+kWOhdV9EplNg6Orf3lD8z2tlEB8FOZNpBlSS8aI44zYk9jAcu80UJcD7hmCimLnVJl2sMAETYcmE4P1++S9pHDhexanUTBqnaIwFtIW20T7y0CE6QReoiuqIoFt0jx7Rk3VnPVjP1su4dcqazGyiH7DevgDEjaGL</latexit>

{�i}1k=1

The extra derivative implies compactness
for sequences            of affine connections:

Theorem (RT):  Assume

convergent subsequence in   <latexit sha1_base64="PXV/f4Q4X9mMk0LHrwT8fYH6+m0=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGY8RI9BLx4TMAskQ+jp1CRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82LBlbbtLyuzsrq2vpHdzG1t7+zu5fcP6ipKJMMai0Qkmx5VKHiINc21wGYskQaewIY3uJn4jQeUikfhnR7G6Aa0F3KfM6qNVB128gW7aE9BlokzJ4Xy8bj6/XgyrnTyn+1uxJIAQ80EVarl2LF2Uyo1ZwJHuXaiMKZsQHvYMjSkASo3nR46ImdG6RI/kqZCTabq74mUBkoNA890BlT31aI3Ef/zWon2r9yUh3GiMWSzRX4iiI7I5GvS5RKZFkNDKJPc3EpYn0rKtMkmZ0JwFl9eJvWLolMqlqomjWuYIQtHcArn4MAllOEWKlADBghP8AKv1r31bL1Z77PWjDWfOYQ/sD5+ANhOkK8=</latexit>y-coordinates   

and
<latexit sha1_base64="xuMrZj10TXPfl8o2rBo4bgKP4sw=">AAAB6nicbVC7SgNBFL3rM8ZX1FKRwSBYhV2LaCVBG8sEzQOSJcxOZpMhszPLzKwQlpSWNhaK2PoR+Q47v8GfcPIoNPHAhcM593LvPUHMmTau++UsLa+srq1nNrKbW9s7u7m9/ZqWiSK0SiSXqhFgTTkTtGqY4bQRK4qjgNN60L8Z+/UHqjST4t4MYupHuCtYyAg2VrqLr0Q7l3cL7gRokXgzki8djSrfj8ejcjv32epIkkRUGMKx1k3PjY2fYmUY4XSYbSWaxpj0cZc2LRU4otpPJ6cO0alVOiiUypYwaKL+nkhxpPUgCmxnhE1Pz3tj8T+vmZjw0k+ZiBNDBZkuChOOjETjv1GHKUoMH1iCiWL2VkR6WGFibDpZG4I3//IiqZ0XvGKhWLFpXMMUGTiEEzgDDy6gBLdQhioQ6MITvMCrw51n5815n7YuObOZA/gD5+MHGmCRZg==</latexit>

p > n, 
<latexit sha1_base64="jduLYpWX6dzhxHD+le9SDVLi+SY=">AAAB/3icbVC7TsMwFHXKq5RXAKkLi0WFxFQlDIWxKgMMDK1EH1JbIsd1Wqu2E9kOUhQ68CssDDzEys4XsLHwLbiPAVqOdHWPzrlXvj5+xKjSjvNlZZaWV1bXsuu5jc2t7R17d6+hwlhiUschC2XLR4owKkhdU81IK5IEcZ+Rpj88H/vNWyIVDcW1TiLS5agvaEAx0kby7HznAnGOPNqhAl7dpKYFOhl5dsEpOhPAReLOSKGcr33Tl8pH1bM/O70Qx5wIjRlSqu06ke6mSGqKGRnlOrEiEcJD1CdtQwXiRHXTyf0jeGSUHgxCaUpoOFF/b6SIK5Vw30xypAdq3huL/3ntWAdn3ZSKKNZE4OlDQcygDuE4DNijkmDNEkMQltTcCvEASYS1iSxnQnDnv7xIGidFt1Qs1UwaFTBFFhyAQ3AMXHAKyuASVEEdYHAHHsATeLburUfr1Xqbjmas2c4++APr/QfPDZmx</latexit>

�i 2 L1 <latexit sha1_base64="bkZQcM0Ma/ojv1AdCAfE4IcVkHs=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNkOCEBHCrkW0DFpoYRHFPCC7htnJJBkyM7vMzAph2cZv8A9sLBSx9TPs8jdOHoUmHrhwOOde7r0niBhV2nFGVmZpeWV1Lbue29jc2t6xd/fqKowlJjUcslA2A6QIo4LUNNWMNCNJEA8YaQSDy7HfeCRS0VDc62FEfI56gnYpRtpIbfvgjhJe9K4Q56hNjz0q4M1DEqVtu+CUnAngInFnpFDJeyfPo8qw2ra/vU6IY06Exgwp1XKdSPsJkppiRtKcFysSITxAPdIyVCBOlJ9MHkjhkVE6sBtKU0LDifp7IkFcqSEPTCdHuq/mvbH4n9eKdffcT6iIYk0Eni7qxgzqEI7TgB0qCdZsaAjCkppbIe4jibA2meVMCO78y4ukflpyy6XyrUnjAkyRBYcgD4rABWegAq5BFdQABil4AW/g3XqyXq0P63PamrFmM/vgD6yvH968mPE=</latexit>

Riem(�i) 2 Lp

with uniform bounds. Then there exist a 

such that

<latexit sha1_base64="ocGZCGquu+HDKdh8GsLQfr/gy10=">AAAB/HicbZDLSgMxFIYzXmu9jRbcuAkWwVWZcVFdlrrQZQv2Au0wZNJMG5pkhiQjDEN9FTcuFOnWJ/AJ3LnxWUw7XWjrD4GP/5xDzvmDmFGlHefLWlvf2NzaLuwUd/f2Dw7to+O2ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsH4ZlbvPBCpaCTudRoTj6OhoCHFSBvLt0v9W8Q58mlfRzBn6Ntlp+LMBVfBXUC5dtL8ptP6R8O3P/uDCCecCI0ZUqrnOrH2MiQ1xYxMiv1EkRjhMRqSnkGBOFFeNl9+As+NM4BhJM0TGs7d3xMZ4kqlPDCdHOmRWq7NzP9qvUSH115GRZxoInD+UZgwaA6dJQEHVBKsWWoAYUnNrhCPkERYm7yKJgR3+eRVaF9W3Gql2jRp1EGuAjgFZ+ACuOAK1MAdaIAWwCAFT+AFvFqP1rP1Zk3z1jVrMVMCf2S9/wCmZpfW</latexit>

�i ! �
<latexit sha1_base64="b6CdT5jQvRCD7Jz/PTHeo2GlpYc=">AAAB7nicbZC7SgNBFIbPeo3rLWppMxgECwm7FtFGDNpYRjAXSNYwO5lNhszODjOzQljyEDYWiljY+Cb2NuLbOLkUmvjDwMf/n8Occ0LJmTae9+0sLC4tr6zm1tz1jc2t7fzObk0nqSK0ShKeqEaINeVM0KphhtOGVBTHIaf1sH81yuv3VGmWiFszkDSIcVewiBFsrFWv32X+sRy28wWv6I2F5sGfQuHiwz2Xb19upZ3/bHUSksZUGMKx1k3fkybIsDKMcDp0W6mmEpM+7tKmRYFjqoNsPO4QHVqng6JE2ScMGru/OzIcaz2IQ1sZY9PTs9nI/C9rpiY6CzImZGqoIJOPopQjk6DR7qjDFCWGDyxgopidFZEeVpgYeyHXHsGfXXkeaidFv1Qs3XiF8iVMlIN9OIAj8OEUynANFagCgT48wBM8O9J5dF6c10npgjPt2YM/ct5/ADlCkoI=</latexit>

W 1,p<latexit sha1_base64="xv36bfj/FdCx4zsqRtLmEqhwN/I=">AAAB6nicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBm0sLCKaCyRrmJ3MJkNmZ4eZWSGEPIKNhSKW+i72NuLbOLkUmvjDwMf/n8Occ0LJmTae9+1kFhaXlleyq+7a+sbmVm57p6qTVBFaIQlPVD3EmnImaMUww2ldKorjkNNa2LsY5bV7qjRLxK3pSxrEuCNYxAg21rq5upOtXN4reGOhefCnkD/7cE/l25dbbuU+m+2EpDEVhnCsdcP3pAkGWBlGOB26zVRTiUkPd2jDosAx1cFgPOoQHVinjaJE2ScMGru/OwY41rofh7YyxqarZ7OR+V/WSE10EgyYkKmhgkw+ilKOTIJGe6M2U5QY3reAiWJ2VkS6WGFi7HVcewR/duV5qB4V/GKheO3lS+cwURb2YB8OwYdjKMEllKECBDrwAE/w7HDn0XlxXielGWfaswt/5Lz/AIm4kPo=</latexit>

Lpstrongly in      ,    weakly in



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



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

(Locally, in a neighborhood of every point.)



Vector Bundle version of the RT-equations
“Same Theorems”

<latexit sha1_base64="cDNDPTv6LQHFp0nolXq4E/lAaQ0="></latexit>

M. Reintjes and B. Temple, Optimal regularity and Uh-

lenbeck compactness for General Relativity and Yang-

Mills Theory, Proc. R. Soc. A 479: 20220444 (2022)

<latexit sha1_base64="8zLG1Zrj7PbVyDG68HzCTCm7aRA="></latexit>

M. Reintjes and B. Temple, On the optimal regularity

implied by the assumptions of geometry II: Connections

on vector bundles, Adv. Theo. Math. Phys. Volume 27,
Number 3, 623–684, (2023)



<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 ⌘



Theorem (RT):  Assume

This extends Uhlenbeck compactness to 
connections on vector bundles:

and
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M. Reintjes, B. Temple, On weak solutions to the geodesic

equation in the presence of curvature bounds, Jour. Di↵
Eqns, Vol. 392, 306-324 (2024)
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Our Questions:  

*A manifold alone has no geometric level of regularity, 
so essential regularity of connections is the point at 
which a geometric level of regularity enters Geometry!

*Our theory relies on an existence theory 
for the RT-equations…

*…together with the fact that the RT-
equations lift the regularity of the curvature 
along with the connection until the essential 
regularity of the connection is reached.
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Describe the RT-equations and how we 
discovered them…

State necessary and sufficient condition for 
essential regularity…give proof by RT-equations    

Review Riemann’s theory of Curvature…    

Motivation from GR Shock-wave theory and 
Glimm’s method…    



Introduction
The Riemann Curvature Tensor
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<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="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="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



Theorem:  There exist coordinate transformations 
which make the metric diagonal at a point…



Theorem:  There exist coordinate transformations 
which make the metric diagonal at a point…and 
you can make the derivatives zero at that point…



…but you can’t remove the second order errors…

Theorem:  There exist coordinate transformations 
which make the metric diagonal at a point…and 
you can make the derivatives zero at that point…



…we say geometry is locally flat.

…but you can’t remove the second order errors…

Theorem:  There exist coordinate transformations 
which make the metric diagonal at a point…and 
you can make the derivatives zero at that point…



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



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



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

Second Order Errors



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

In GR such coordinates are called locally inertial…

Second Order Errors



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

In GR such coordinates are called locally inertial…

We say curved spacetime is locally Minkowski…



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

<latexit sha1_base64="PYqQay+xo+kLohR7zjN9LVyrMQs=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMevEYxTwgWcLspJMMmZ1dZmaFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glhwbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SxbDBIhGpdkA1Ci6xYbgR2I4V0jAQ2ArGtzO/9YRK80g+mkmMfkiHkg84o8ZKrQeOYXl43iuW3Io7B1klXkZKkKHeK351+xFLQpSGCap1x3Nj46dUGc4ETgvdRGNM2ZgOsWOppCFqP52fOyVnVumTQaRsSUPm6u+JlIZaT8LAdobUjPSyNxP/8zqJGVz7KZdxYlCyxaJBIoiJyOx30ucKmRETSyhT3N5K2IgqyoxNqGBD8JZfXiXNi4pXrVTvL0u1myyOPJzAKZTBgyuowR3UoQEMxvAMr/DmxM6L8+58LFpzTjZzDH/gfP4AibyPEA==</latexit>

Riem(g)



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>

�



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>

�

The connection determines the geodesics…



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>

�

The connection determines the geodesics…

<latexit sha1_base64="OcQ527JrO8pu6IaaZ1SlGihA3XU=">AAACKnicbZBNS8MwGMfT+TbnW9Wjl+IQJshoh0wvwtSDHie4F1i7kabpli1pS5IKo/TzePGreNlBGV79IGZbD7r5QMKP//95SJ6/G1EipGlOtdza+sbmVn67sLO7t3+gHx41RRhzhBsopCFvu1BgSgLckERS3I44hsyluOWO7md+6wVzQcLgWY4j7DDYD4hPEJRK6um3ts8hSrxuJU08oW77wu5DxmB3VBLnN/bDgnsJGaaZQZSR4VBhTy+aZXNexipYGRRBVvWePrG9EMUMBxJRKETHMiPpJJBLgihOC3YscATRCPZxR2EAGRZOMl81Nc6U4hl+yNUJpDFXf08kkAkxZq7qZFAOxLI3E//zOrH0r52EBFEscYAWD/kxNWRozHIzPMIxknSsACJO1F8NNIAqO6nSLagQrOWVV6FZKVvVcvXpsli7y+LIgxNwCkrAAlegBh5BHTQAAq/gHXyAT+1Nm2hT7WvRmtOymWPwp7TvH2ENpzs=</latexit>

d2

ds2
�k(s) = �k

ij�
i(s)�j(s)

<latexit sha1_base64="ggIUIbQYETjYFzYaLIgIlsRjaH8=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMevEYwTwkWULvZDYZMrO7zMwKIeQrvHhQxKuf482/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDvzW09MaR5HD2acMF/iIOIhp2is9NgdoJRY1ue9YsmtuHOQVeJlpAQZ6r3iV7cf01SyyFCBWnc8NzH+BJXhVLBpoZtqliAd4YB1LI1QMu1P5gdPyZlV+iSMla3IkLn6e2KCUuuxDGynRDPUy95M/M/rpCa89ic8SlLDIrpYFKaCmJjMvid9rhg1YmwJUsXtrYQOUSE1NqOCDcFbfnmVNC8qXrVSvb8s1W6yOPJwAqdQBg+uoAZ3UIcGUJDwDK/w5ijnxXl3PhatOSebOYY/cD5/ACpbkAI=</latexit>

�(s)

<latexit sha1_base64="xNbTxtfgDoC/DyF4+jr7rv/Rki4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqJP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwB3auM/w==</latexit>p

<latexit sha1_base64="fflT8DIRgZ1NzRM/p9XN3nEVhs4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AN8vjQA=</latexit>q

Shortest 
distance



 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>

�↵
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@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>
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jk
@y↵

@xi

@xj
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@y�

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

+
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@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>
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@y�

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

�

first derivatives of
<latexit sha1_base64="JWIF0ihYtFOfjnj5+Hfu3Y8iJVI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqDPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD0AeM9g==</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}

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>gfirst derivatives of

<latexit sha1_base64="JWIF0ihYtFOfjnj5+Hfu3Y8iJVI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqDPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD0AeM9g==</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>gfirst derivatives of

<latexit sha1_base64="JWIF0ihYtFOfjnj5+Hfu3Y8iJVI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqDPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD0AeM9g==</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�+ � ^ �



RT-Equations:  Equations for Jacobians that lift the
<latexit sha1_base64="d7fJBdD7ySF74uOfq1l1ZOca5MI=">AAAB7XicbZC7SgNBFIZn4y2ut6ilzWIQrMKuhdqIQQstI5gLJEs4O5lNxsxlmZkVwpJ3sLFQxMbCR7G3Ed/GyaXQxB8GPv7/HOacEyWMauP7305uYXFpeSW/6q6tb2xuFbZ3alqmCpMqlkyqRgSaMCpI1VDDSCNRBHjESD3qX47y+j1RmkpxawYJCTl0BY0pBmOtWusKOId2oeiX/LG8eQimUDz/cM+Sty+30i58tjoSp5wIgxlo3Qz8xIQZKEMxI0O3lWqSAO5DlzQtCuBEh9l42qF3YJ2OF0tlnzDe2P3dkQHXesAjW8nB9PRsNjL/y5qpiU/DjIokNUTgyUdxyjwjvdHqXocqgg0bWACsqJ3Vwz1QgI09kGuPEMyuPA+1o1JwXDq+8YvlCzRRHu2hfXSIAnSCyugaVVAVYXSHHtATenak8+i8OK+T0pwz7dlFf+S8/wC5BJI9</latexit>

�
<latexit sha1_base64="PlN1MD1ltwv7animoHdJfxhazFo=">AAAB7nicbZC7SgNBFIZn4y2ut6ilzWAQrMKuRbQRgxZaRjAXSJZwdnaSDJmZXWZmhbDkIWwsFLGw8U3sbcS3cXIpNPGHgY//P4c554QJZ9p43reTW1peWV3Lr7sbm1vbO4XdvbqOU0VojcQ8Vs0QNOVM0pphhtNmoiiIkNNGOLga5417qjSL5Z0ZJjQQ0JOsywgYazWi9jUIAZ1C0St5E+FF8GdQvPhwz5O3L7faKXy2o5ikgkpDOGjd8r3EBBkowwinI7edapoAGUCPtixKEFQH2WTcET6yToS7sbJPGjxxf3dkILQeitBWCjB9PZ+Nzf+yVmq6Z0HGZJIaKsn0o27KsYnxeHccMUWJ4UMLQBSzs2LSBwXE2Au59gj+/MqLUD8p+eVS+dYrVi7RVHl0gA7RMfLRKaqgG1RFNUTQAD2gJ/TsJM6j8+K8TktzzqxnH/2R8/4Dd+mSqw==</latexit>

d�regularity of connection      to one derivative above 

<latexit sha1_base64="PlyzYS6Ac5h38+788NNONmy4PZc="></latexit>

�J = �(J · �)�B,

d ~B =
�!
div

�
dJ ^ �

�
+
�!
div

�
J d�

�
,

� ~B = v0.

<latexit sha1_base64="ONRtyHzQpNw9Zvgbu6m5gqGWoWY="></latexit>

��̃ = �d�� �
�
dJ�1 ^ dJ

�
+ d(J�1A),

Reduced
RT-equations(       )



Q:  Why can metrics and connections have 
low regularity components in a coordinate 
system?
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Q:  Why can metrics and connections have 
low regularity components in a coordinate 
system?

I.e.  why/when is  the curvature at the same 
regularity as its connection?

Ans:  Stated in following theorem…



(Note: the metric is ALWAYS one derivative more regular 
than its connection…no wiggle room there…)

Q:  Why can metrics and connections have 
low regularity components in a coordinate 
system?

I.e.  why/when is  the curvature at the same 
regularity as its connection?

Ans:  Stated in following theorem…



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

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



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

The problem is:  Riem involves second 
derivatives of the metric, but transforms by 
first derivative Jacobians



“Proof:’’

Transform to    -coordinates:
<latexit sha1_base64="Wc+SuwGu1gWPWB5JAP5olpWFkag=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjRBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDyRL0IzqUPOSMGis1sn6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGH9CleFM4LTYSzUmlI3pELuWShqh9ifzQ6fk3CoDEsbKljRkrv6emNBI6ywKbGdEzUgvezPxP6+bmvDGn3CZpAYlWywKU0FMTGZfkwFXyIzILKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD60+NCA==</latexit>y <latexit sha1_base64="uFQXZAReVoUqPMfrkXt1pI++2Ds=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyItC6LblxWsA9oh5JJM21sJhmSjDgM/Qc3LhRx6/+4829M21lo64HA4Zx7yT0niDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqa5koQltEcqm6AdaUM0FbhhlOu7GiOAo47QSTm5nfeaRKMynuTRpTP8IjwUJGsLFS+6lvJEoH5YpbdedAq8TLSQVyNAflr/5QkiSiwhCOte55bmz8DCvDCKfTUj/RNMZkgke0Z6nAEdV+Nr92is6sMkShVPYJg+bq740MR1qnUWAnI2zGetmbif95vcSEV37GRJwYKsjiozDhyEacRUdDpigxPLUEE8XsrYiMscLE2IJKtgRvOfIqaV9UvVq1dndZaVzndRThBE7hHDyoQwNuoQktIPAAz/AKb450Xpx352MxWnDynWP4A+fzB3QRjxE=</latexit>

x ! y

Assume:
<latexit sha1_base64="KvMM42WfQD6h8ww6tZ2MPu9t9F8=">AAACGHicbZBNS8MwGMfT+TbnW9Wjl+AQBGG2ItPjcBfxNMG9wFpHmqVbWJrWJB2O0o/hxa/ixYMiXnfz25huA3XzD4Ef/+d5kjx/L2JUKsv6MnJLyyura/n1wsbm1vaOubvXkGEsMKnjkIWi5SFJGOWkrqhipBUJggKPkaY3qGb15pAISUN+p0YRcQPU49SnGCltdczTG4c8xHTo+ALhxImQUBQx+Jj+8Ch1KIfV+2RwYqcds2iVrIngItgzKIKZah1z7HRDHAeEK8yQlG3bipSbZHdjRtKCE0sSITxAPdLWyFFApJtMFkvhkXa60A+FPlzBift7IkGBlKPA050BUn05X8vM/2rtWPmXbkJ5FCvC8fQhP2ZQhTBLCXapIFixkQaEBdV/hbiPdERKZ1nQIdjzKy9C46xkl0vl2/Ni5WoWRx4cgENwDGxwASrgGtRAHWDwBF7AG3g3no1X48P4nLbmjNnMPvgjY/wNl36gug==</latexit>

J ⌘ @x

@y
2 Ck+1

<latexit sha1_base64="5vrj5yQcixZZgN7PlqI+9OgyItE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiQi1WWxC11WsQ9oYplMJ+3QmUmYmQgh1F9x40IRt36IO//GaZuFth64cDjnXu69J4gZVdpxvq2V1bX1jc3CVnF7Z3dv3z44bKsokZi0cMQi2Q2QIowK0tJUM9KNJUE8YKQTjBtTv/NIpKKRuNdpTHyOhoKGFCNtpL5duqOEV7xrxDk69aiAjYdx3y47VWcGuEzcnJRBjmbf/vIGEU44ERozpFTPdWLtZ0hqihmZFL1EkRjhMRqSnqECcaL8bHb8BJ4YZQDDSJoSGs7U3xMZ4kqlPDCdHOmRWvSm4n9eL9HhpZ9RESeaCDxfFCYM6ghOk4ADKgnWLDUEYUnNrRCPkERYm7yKJgR38eVl0j6rurVq7fa8XL/K4yiAI3AMKsAFF6AObkATtAAGKXgGr+DNerJerHfrY966YuUzJfAH1ucPVUOT8A==</latexit>

Riem(�) 2 Ck
<latexit sha1_base64="FcsxUCfWOrgQl76nGfDLfRYKahY=">AAAB+nicbVDLSgNBEOyNrxhfiR69DAZBEMKuSPQYzEGPEcwDkjXMTmaTITOzy8ysEtZ8ihcPinj1S7z5N04eB00saCiquunuCmLOtHHdbyezsrq2vpHdzG1t7+zu5Qv7DR0litA6iXikWgHWlDNJ64YZTluxolgEnDaDYXXiNx+o0iySd2YUU1/gvmQhI9hYqZsvdK6xELjDJKrep8NTb9zNF92SOwVaJt6cFGGOWjf/1elFJBFUGsKx1m3PjY2fYmUY4XSc6ySaxpgMcZ+2LZVYUO2n09PH6NgqPRRGypY0aKr+nkix0HokAtspsBnoRW8i/ue1ExNe+imTcWKoJLNFYcKRidAkB9RjihLDR5Zgopi9FZEBVpgYm1bOhuAtvrxMGmclr1wq354XK1fzOLJwCEdwAh5cQAVuoAZ1IPAIz/AKb86T8+K8Ox+z1owznzmAP3A+fwAvRpNS</latexit>

� 2 Ck+1
<latexit sha1_base64="hxZ6r+3nfMzZb0dpiBSnp3Ou0H0=">AAAB83icbVBNSwMxEJ31s9avqkcvwSIIQtktUj0We/FYwX5Ady3ZNNuGZpMlyQpl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzwoQzbVz321lb39jc2i7sFHf39g8OS0fHbS1TRWiLSC5VN8SaciZoyzDDaTdRFMchp51w3Jj5nSeqNJPiwUwSGsR4KFjECDZW8oc+E6jxmI0vq9N+qexW3DnQKvFyUoYczX7pyx9IksZUGMKx1j3PTUyQYWUY4XRa9FNNE0zGeEh7lgocUx1k85un6NwqAxRJZUsYNFd/T2Q41noSh7Yzxmakl72Z+J/XS010E2RMJKmhgiwWRSlHRqJZAGjAFCWGTyzBRDF7KyIjrDAxNqaiDcFbfnmVtKsVr1ap3V+V67d5HAU4hTO4AA+uoQ530IQWEEjgGV7hzUmdF+fd+Vi0rjn5zAn8gfP5AxqskRg=</latexit>

g 2 Ck+2,,

Assume optimal regularity in    -coords:<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x



“Proof:’’

Assume optimal regularity in    -coords:<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

Transform to    -coordinates:
<latexit sha1_base64="Wc+SuwGu1gWPWB5JAP5olpWFkag=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjRBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDyRL0IzqUPOSMGis1sn6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGH9CleFM4LTYSzUmlI3pELuWShqh9ifzQ6fk3CoDEsbKljRkrv6emNBI6ywKbGdEzUgvezPxP6+bmvDGn3CZpAYlWywKU0FMTGZfkwFXyIzILKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD60+NCA==</latexit>y <latexit sha1_base64="uFQXZAReVoUqPMfrkXt1pI++2Ds=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyItC6LblxWsA9oh5JJM21sJhmSjDgM/Qc3LhRx6/+4829M21lo64HA4Zx7yT0niDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqa5koQltEcqm6AdaUM0FbhhlOu7GiOAo47QSTm5nfeaRKMynuTRpTP8IjwUJGsLFS+6lvJEoH5YpbdedAq8TLSQVyNAflr/5QkiSiwhCOte55bmz8DCvDCKfTUj/RNMZkgke0Z6nAEdV+Nr92is6sMkShVPYJg+bq740MR1qnUWAnI2zGetmbif95vcSEV37GRJwYKsjiozDhyEacRUdDpigxPLUEE8XsrYiMscLE2IJKtgRvOfIqaV9UvVq1dndZaVzndRThBE7hHDyoQwNuoQktIPAAz/AKb450Xpx352MxWnDynWP4A+fzB3QRjxE=</latexit>

x ! y

Assume:
<latexit sha1_base64="KvMM42WfQD6h8ww6tZ2MPu9t9F8=">AAACGHicbZBNS8MwGMfT+TbnW9Wjl+AQBGG2ItPjcBfxNMG9wFpHmqVbWJrWJB2O0o/hxa/ixYMiXnfz25huA3XzD4Ef/+d5kjx/L2JUKsv6MnJLyyura/n1wsbm1vaOubvXkGEsMKnjkIWi5SFJGOWkrqhipBUJggKPkaY3qGb15pAISUN+p0YRcQPU49SnGCltdczTG4c8xHTo+ALhxImQUBQx+Jj+8Ch1KIfV+2RwYqcds2iVrIngItgzKIKZah1z7HRDHAeEK8yQlG3bipSbZHdjRtKCE0sSITxAPdLWyFFApJtMFkvhkXa60A+FPlzBift7IkGBlKPA050BUn05X8vM/2rtWPmXbkJ5FCvC8fQhP2ZQhTBLCXapIFixkQaEBdV/hbiPdERKZ1nQIdjzKy9C46xkl0vl2/Ni5WoWRx4cgENwDGxwASrgGtRAHWDwBF7AG3g3no1X48P4nLbmjNnMPvgjY/wNl36gug==</latexit>

J ⌘ @x

@y
2 Ck+1

<latexit sha1_base64="5vrj5yQcixZZgN7PlqI+9OgyItE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiQi1WWxC11WsQ9oYplMJ+3QmUmYmQgh1F9x40IRt36IO//GaZuFth64cDjnXu69J4gZVdpxvq2V1bX1jc3CVnF7Z3dv3z44bKsokZi0cMQi2Q2QIowK0tJUM9KNJUE8YKQTjBtTv/NIpKKRuNdpTHyOhoKGFCNtpL5duqOEV7xrxDk69aiAjYdx3y47VWcGuEzcnJRBjmbf/vIGEU44ERozpFTPdWLtZ0hqihmZFL1EkRjhMRqSnqECcaL8bHb8BJ4YZQDDSJoSGs7U3xMZ4kqlPDCdHOmRWvSm4n9eL9HhpZ9RESeaCDxfFCYM6ghOk4ADKgnWLDUEYUnNrRCPkERYm7yKJgR38eVl0j6rurVq7fa8XL/K4yiAI3AMKsAFF6AObkATtAAGKXgGr+DNerJerHfrY966YuUzJfAH1ucPVUOT8A==</latexit>

Riem(�) 2 Ck
<latexit sha1_base64="FcsxUCfWOrgQl76nGfDLfRYKahY=">AAAB+nicbVDLSgNBEOyNrxhfiR69DAZBEMKuSPQYzEGPEcwDkjXMTmaTITOzy8ysEtZ8ihcPinj1S7z5N04eB00saCiquunuCmLOtHHdbyezsrq2vpHdzG1t7+zu5Qv7DR0litA6iXikWgHWlDNJ64YZTluxolgEnDaDYXXiNx+o0iySd2YUU1/gvmQhI9hYqZsvdK6xELjDJKrep8NTb9zNF92SOwVaJt6cFGGOWjf/1elFJBFUGsKx1m3PjY2fYmUY4XSc6ySaxpgMcZ+2LZVYUO2n09PH6NgqPRRGypY0aKr+nkix0HokAtspsBnoRW8i/ue1ExNe+imTcWKoJLNFYcKRidAkB9RjihLDR5Zgopi9FZEBVpgYm1bOhuAtvrxMGmclr1wq354XK1fzOLJwCEdwAh5cQAVuoAZ1IPAIz/AKb86T8+K8Ox+z1owznzmAP3A+fwAvRpNS</latexit>

� 2 Ck+1
<latexit sha1_base64="hxZ6r+3nfMzZb0dpiBSnp3Ou0H0=">AAAB83icbVBNSwMxEJ31s9avqkcvwSIIQtktUj0We/FYwX5Ady3ZNNuGZpMlyQpl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzwoQzbVz321lb39jc2i7sFHf39g8OS0fHbS1TRWiLSC5VN8SaciZoyzDDaTdRFMchp51w3Jj5nSeqNJPiwUwSGsR4KFjECDZW8oc+E6jxmI0vq9N+qexW3DnQKvFyUoYczX7pyx9IksZUGMKx1j3PTUyQYWUY4XRa9FNNE0zGeEh7lgocUx1k85un6NwqAxRJZUsYNFd/T2Q41noSh7Yzxmakl72Z+J/XS010E2RMJKmhgiwWRSlHRqJZAGjAFCWGTyzBRDF7KyIjrDAxNqaiDcFbfnmVtKsVr1ap3V+V67d5HAU4hTO4AA+uoQ530IQWEEjgGV7hzUmdF+fd+Vi0rjn5zAn8gfP5AxqskRg=</latexit>

g 2 Ck+2,,



“Proof:’’

Transform to    -coordinates:
<latexit sha1_base64="Wc+SuwGu1gWPWB5JAP5olpWFkag=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjRBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDyRL0IzqUPOSMGis1sn6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGH9CleFM4LTYSzUmlI3pELuWShqh9ifzQ6fk3CoDEsbKljRkrv6emNBI6ywKbGdEzUgvezPxP6+bmvDGn3CZpAYlWywKU0FMTGZfkwFXyIzILKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD60+NCA==</latexit>y <latexit sha1_base64="uFQXZAReVoUqPMfrkXt1pI++2Ds=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyItC6LblxWsA9oh5JJM21sJhmSjDgM/Qc3LhRx6/+4829M21lo64HA4Zx7yT0niDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqa5koQltEcqm6AdaUM0FbhhlOu7GiOAo47QSTm5nfeaRKMynuTRpTP8IjwUJGsLFS+6lvJEoH5YpbdedAq8TLSQVyNAflr/5QkiSiwhCOte55bmz8DCvDCKfTUj/RNMZkgke0Z6nAEdV+Nr92is6sMkShVPYJg+bq740MR1qnUWAnI2zGetmbif95vcSEV37GRJwYKsjiozDhyEacRUdDpigxPLUEE8XsrYiMscLE2IJKtgRvOfIqaV9UvVq1dndZaVzndRThBE7hHDyoQwNuoQktIPAAz/AKb450Xpx352MxWnDynWP4A+fzB3QRjxE=</latexit>

x ! y

Assume:
<latexit sha1_base64="KvMM42WfQD6h8ww6tZ2MPu9t9F8=">AAACGHicbZBNS8MwGMfT+TbnW9Wjl+AQBGG2ItPjcBfxNMG9wFpHmqVbWJrWJB2O0o/hxa/ixYMiXnfz25huA3XzD4Ef/+d5kjx/L2JUKsv6MnJLyyura/n1wsbm1vaOubvXkGEsMKnjkIWi5SFJGOWkrqhipBUJggKPkaY3qGb15pAISUN+p0YRcQPU49SnGCltdczTG4c8xHTo+ALhxImQUBQx+Jj+8Ch1KIfV+2RwYqcds2iVrIngItgzKIKZah1z7HRDHAeEK8yQlG3bipSbZHdjRtKCE0sSITxAPdLWyFFApJtMFkvhkXa60A+FPlzBift7IkGBlKPA050BUn05X8vM/2rtWPmXbkJ5FCvC8fQhP2ZQhTBLCXapIFixkQaEBdV/hbiPdERKZ1nQIdjzKy9C46xkl0vl2/Ni5WoWRx4cgENwDGxwASrgGtRAHWDwBF7AG3g3no1X48P4nLbmjNnMPvgjY/wNl36gug==</latexit>

J ⌘ @x

@y
2 Ck+1

<latexit sha1_base64="5vrj5yQcixZZgN7PlqI+9OgyItE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiQi1WWxC11WsQ9oYplMJ+3QmUmYmQgh1F9x40IRt36IO//GaZuFth64cDjnXu69J4gZVdpxvq2V1bX1jc3CVnF7Z3dv3z44bKsokZi0cMQi2Q2QIowK0tJUM9KNJUE8YKQTjBtTv/NIpKKRuNdpTHyOhoKGFCNtpL5duqOEV7xrxDk69aiAjYdx3y47VWcGuEzcnJRBjmbf/vIGEU44ERozpFTPdWLtZ0hqihmZFL1EkRjhMRqSnqECcaL8bHb8BJ4YZQDDSJoSGs7U3xMZ4kqlPDCdHOmRWvSm4n9eL9HhpZ9RESeaCDxfFCYM6ghOk4ADKgnWLDUEYUnNrRCPkERYm7yKJgR38eVl0j6rurVq7fa8XL/K4yiAI3AMKsAFF6AObkATtAAGKXgGr+DNerJerHfrY966YuUzJfAH1ucPVUOT8A==</latexit>

Riem(�) 2 Ck
<latexit sha1_base64="FcsxUCfWOrgQl76nGfDLfRYKahY=">AAAB+nicbVDLSgNBEOyNrxhfiR69DAZBEMKuSPQYzEGPEcwDkjXMTmaTITOzy8ysEtZ8ihcPinj1S7z5N04eB00saCiquunuCmLOtHHdbyezsrq2vpHdzG1t7+zu5Qv7DR0litA6iXikWgHWlDNJ64YZTluxolgEnDaDYXXiNx+o0iySd2YUU1/gvmQhI9hYqZsvdK6xELjDJKrep8NTb9zNF92SOwVaJt6cFGGOWjf/1elFJBFUGsKx1m3PjY2fYmUY4XSc6ySaxpgMcZ+2LZVYUO2n09PH6NgqPRRGypY0aKr+nkix0HokAtspsBnoRW8i/ue1ExNe+imTcWKoJLNFYcKRidAkB9RjihLDR5Zgopi9FZEBVpgYm1bOhuAtvrxMGmclr1wq354XK1fzOLJwCEdwAh5cQAVuoAZ1IPAIz/AKb86T8+K8Ox+z1owznzmAP3A+fwAvRpNS</latexit>

� 2 Ck+1
<latexit sha1_base64="hxZ6r+3nfMzZb0dpiBSnp3Ou0H0=">AAAB83icbVBNSwMxEJ31s9avqkcvwSIIQtktUj0We/FYwX5Ady3ZNNuGZpMlyQpl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzwoQzbVz321lb39jc2i7sFHf39g8OS0fHbS1TRWiLSC5VN8SaciZoyzDDaTdRFMchp51w3Jj5nSeqNJPiwUwSGsR4KFjECDZW8oc+E6jxmI0vq9N+qexW3DnQKvFyUoYczX7pyx9IksZUGMKx1j3PTUyQYWUY4XRa9FNNE0zGeEh7lgocUx1k85un6NwqAxRJZUsYNFd/T2Q41noSh7Yzxmakl72Z+J/XS010E2RMJKmhgiwWRSlHRqJZAGjAFCWGTyzBRDF7KyIjrDAxNqaiDcFbfnmVtKsVr1ap3V+V67d5HAU4hTO4AA+uoQ530IQWEEjgGV7hzUmdF+fd+Vi0rjn5zAn8gfP5AxqskRg=</latexit>

g 2 Ck+2,,

Assume optimal regularity in    -coords:<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x



“Proof:’’

Transform to    -coordinates:
<latexit sha1_base64="Wc+SuwGu1gWPWB5JAP5olpWFkag=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjRBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDyRL0IzqUPOSMGis1sn6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGH9CleFM4LTYSzUmlI3pELuWShqh9ifzQ6fk3CoDEsbKljRkrv6emNBI6ywKbGdEzUgvezPxP6+bmvDGn3CZpAYlWywKU0FMTGZfkwFXyIzILKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD60+NCA==</latexit>y <latexit sha1_base64="uFQXZAReVoUqPMfrkXt1pI++2Ds=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyItC6LblxWsA9oh5JJM21sJhmSjDgM/Qc3LhRx6/+4829M21lo64HA4Zx7yT0niDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqa5koQltEcqm6AdaUM0FbhhlOu7GiOAo47QSTm5nfeaRKMynuTRpTP8IjwUJGsLFS+6lvJEoH5YpbdedAq8TLSQVyNAflr/5QkiSiwhCOte55bmz8DCvDCKfTUj/RNMZkgke0Z6nAEdV+Nr92is6sMkShVPYJg+bq740MR1qnUWAnI2zGetmbif95vcSEV37GRJwYKsjiozDhyEacRUdDpigxPLUEE8XsrYiMscLE2IJKtgRvOfIqaV9UvVq1dndZaVzndRThBE7hHDyoQwNuoQktIPAAz/AKb450Xpx352MxWnDynWP4A+fzB3QRjxE=</latexit>

x ! y

Assume:
<latexit sha1_base64="KvMM42WfQD6h8ww6tZ2MPu9t9F8=">AAACGHicbZBNS8MwGMfT+TbnW9Wjl+AQBGG2ItPjcBfxNMG9wFpHmqVbWJrWJB2O0o/hxa/ixYMiXnfz25huA3XzD4Ef/+d5kjx/L2JUKsv6MnJLyyura/n1wsbm1vaOubvXkGEsMKnjkIWi5SFJGOWkrqhipBUJggKPkaY3qGb15pAISUN+p0YRcQPU49SnGCltdczTG4c8xHTo+ALhxImQUBQx+Jj+8Ch1KIfV+2RwYqcds2iVrIngItgzKIKZah1z7HRDHAeEK8yQlG3bipSbZHdjRtKCE0sSITxAPdLWyFFApJtMFkvhkXa60A+FPlzBift7IkGBlKPA050BUn05X8vM/2rtWPmXbkJ5FCvC8fQhP2ZQhTBLCXapIFixkQaEBdV/hbiPdERKZ1nQIdjzKy9C46xkl0vl2/Ni5WoWRx4cgENwDGxwASrgGtRAHWDwBF7AG3g3no1X48P4nLbmjNnMPvgjY/wNl36gug==</latexit>

J ⌘ @x

@y
2 Ck+1

<latexit sha1_base64="5vrj5yQcixZZgN7PlqI+9OgyItE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiQi1WWxC11WsQ9oYplMJ+3QmUmYmQgh1F9x40IRt36IO//GaZuFth64cDjnXu69J4gZVdpxvq2V1bX1jc3CVnF7Z3dv3z44bKsokZi0cMQi2Q2QIowK0tJUM9KNJUE8YKQTjBtTv/NIpKKRuNdpTHyOhoKGFCNtpL5duqOEV7xrxDk69aiAjYdx3y47VWcGuEzcnJRBjmbf/vIGEU44ERozpFTPdWLtZ0hqihmZFL1EkRjhMRqSnqECcaL8bHb8BJ4YZQDDSJoSGs7U3xMZ4kqlPDCdHOmRWvSm4n9eL9HhpZ9RESeaCDxfFCYM6ghOk4ADKgnWLDUEYUnNrRCPkERYm7yKJgR38eVl0j6rurVq7fa8XL/K4yiAI3AMKsAFF6AObkATtAAGKXgGr+DNerJerHfrY966YuUzJfAH1ucPVUOT8A==</latexit>

Riem(�) 2 Ck
<latexit sha1_base64="FcsxUCfWOrgQl76nGfDLfRYKahY=">AAAB+nicbVDLSgNBEOyNrxhfiR69DAZBEMKuSPQYzEGPEcwDkjXMTmaTITOzy8ysEtZ8ihcPinj1S7z5N04eB00saCiquunuCmLOtHHdbyezsrq2vpHdzG1t7+zu5Qv7DR0litA6iXikWgHWlDNJ64YZTluxolgEnDaDYXXiNx+o0iySd2YUU1/gvmQhI9hYqZsvdK6xELjDJKrep8NTb9zNF92SOwVaJt6cFGGOWjf/1elFJBFUGsKx1m3PjY2fYmUY4XSc6ySaxpgMcZ+2LZVYUO2n09PH6NgqPRRGypY0aKr+nkix0HokAtspsBnoRW8i/ue1ExNe+imTcWKoJLNFYcKRidAkB9RjihLDR5Zgopi9FZEBVpgYm1bOhuAtvrxMGmclr1wq354XK1fzOLJwCEdwAh5cQAVuoAZ1IPAIz/AKb86T8+K8Ox+z1owznzmAP3A+fwAvRpNS</latexit>

� 2 Ck+1
<latexit sha1_base64="hxZ6r+3nfMzZb0dpiBSnp3Ou0H0=">AAAB83icbVBNSwMxEJ31s9avqkcvwSIIQtktUj0We/FYwX5Ady3ZNNuGZpMlyQpl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzwoQzbVz321lb39jc2i7sFHf39g8OS0fHbS1TRWiLSC5VN8SaciZoyzDDaTdRFMchp51w3Jj5nSeqNJPiwUwSGsR4KFjECDZW8oc+E6jxmI0vq9N+qexW3DnQKvFyUoYczX7pyx9IksZUGMKx1j3PTUyQYWUY4XRa9FNNE0zGeEh7lgocUx1k85un6NwqAxRJZUsYNFd/T2Q41noSh7Yzxmakl72Z+J/XS010E2RMJKmhgiwWRSlHRqJZAGjAFCWGTyzBRDF7KyIjrDAxNqaiDcFbfnmVtKsVr1ap3V+V67d5HAU4hTO4AA+uoQ530IQWEEjgGV7hzUmdF+fd+Vi0rjn5zAn8gfP5AxqskRg=</latexit>

g 2 Ck+2,,

Assume optimal regularity in    -coords:<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x



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

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

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



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



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



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 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:



<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:



<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:



<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:



<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:



<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:



<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:



<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:



<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:

Geodesics don’t exist…



<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:

Geodesics don’t exist…
<latexit sha1_base64="bhpehdIDpstgkwYCzToSyBPrNc4=">AAACJnicbVDLSsNAFJ3UV62vqEs3wSK4KCURqW4KRRe6rGAf0KRhMpm2084kYWYilNCvceOvuHFREXHnpzhps+jDAwNnzrn3ztzjRZQIaZo/Wm5jc2t7J79b2Ns/ODzSj0+aIow5wg0U0pC3PSgwJQFuSCIpbkccQ+ZR3PJG96nfesFckDB4luMIOwz2A9IjCEoluXrV9v1QJnYfMgYndqlql+yHlHdHbkKGSrEX/C5Zug1dvWiWzRmMdWJlpAgy1F19qgagmOFAIgqF6FhmJJ0EckkQxZOCHQscQTSCfdxRNIAMCyeZrTkxLpTiG72QqxNIY6YudiSQCTFmnqpkUA7EqpeK/3mdWPZunYQEUSxxgOYP9WJqyNBIMzN8wjGSdKwIRJyovxpoADlEUiVbUCFYqyuvk+ZV2aqUK0/XxdpdFkcenIFzcAkscANq4BHUQQMg8ArewRR8am/ah/alfc9Lc1rWcwqWoP3+AWKDpwA=</latexit>

�̈ = �k
ij �̇

i�̇j
<latexit sha1_base64="JTmJUUE8XGsvdieLycX6xyS8spY=">AAACB3icbVDLSgMxFM3UV62vUZeCBItQN2VGpLosutCFiwr2AZ22ZNJMG5tkhiQjlmF2bvwVNy4UcesvuPNvTB8LbT1wuYdz7iW5x48YVdpxvq3MwuLS8kp2Nbe2vrG5ZW/v1FQYS0yqOGShbPhIEUYFqWqqGWlEkiDuM1L3Bxcjv35PpKKhuNXDiLQ46gkaUIy0kTr2vneJOEftQSehd2nh4cijAl63E9MCPUw7dt4pOmPAeeJOSR5MUenYX143xDEnQmOGlGq6TqRbCZKaYkbSnBcrEiE8QD3SNFQgTlQrGd+RwkOjdGEQSlNCw7H6eyNBXKkh980kR7qvZr2R+J/XjHVw1kqoiGJNBJ48FMQM6hCOQoFdKgnWbGgIwpKav0LcRxJhbaLLmRDc2ZPnSe246JaKpZuTfPl8GkcW7IEDUAAuOAVlcAUqoAoweATP4BW8WU/Wi/VufUxGM9Z0Zxf8gfX5A+E1mVg=</latexit>

�k
ij(x) 2 L1Geodesics don’t exist…



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:



<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:

Spacetime does not look “locally flat”…



<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:

The classical limit looks suspect…



<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:

Experts questioned the physical significance of such 
low regularity solutions of Einstein’s equations…



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

<latexit sha1_base64="4rxBPRaC20JNJ17Qkr3q/j7NxV8=">AAACFXicbZDLSsNAFIYn9VbrrerSTbAIldaSFEE3Qq0blxXsBdq0TCaTdujkwsyJUEJfwo2v4saFIm4Fd76Nk7QLbf1h4Jv/nMPM+e2QMwmG8a1lVlbX1jeym7mt7Z3dvfz+QUsGkSC0SQIeiI6NJeXMp01gwGknFBR7Nqdte3yT1NsPVEgW+PcwCanl4aHPXEYwKGuQLzuyX706qxehLE4d6FdLPVdgEjuiX53G16k9LalLYgzyBaNipNKXwZxDAc3VGOS/ek5AIo/6QDiWsmsaIVgxFsAIp9NcL5I0xGSMh7Sr0McelVacbjXVT5Tj6G4g1PFBT93fEzH2pJx4tur0MIzkYi0x/6t1I3AvrZj5YQTUJ7OH3IjrEOhJRLrDBCXAJwowEUz9VScjrFIBFWROhWAurrwMrWrFVHx3XqjV53Fk0RE6RkVkogtUQ7eogZqIoEf0jF7Rm/akvWjv2sesNaPNZw7RH2mfPymWnPE=</latexit><latexit sha1_base64="4rxBPRaC20JNJ17Qkr3q/j7NxV8=">AAACFXicbZDLSsNAFIYn9VbrrerSTbAIldaSFEE3Qq0blxXsBdq0TCaTdujkwsyJUEJfwo2v4saFIm4Fd76Nk7QLbf1h4Jv/nMPM+e2QMwmG8a1lVlbX1jeym7mt7Z3dvfz+QUsGkSC0SQIeiI6NJeXMp01gwGknFBR7Nqdte3yT1NsPVEgW+PcwCanl4aHPXEYwKGuQLzuyX706qxehLE4d6FdLPVdgEjuiX53G16k9LalLYgzyBaNipNKXwZxDAc3VGOS/ek5AIo/6QDiWsmsaIVgxFsAIp9NcL5I0xGSMh7Sr0McelVacbjXVT5Tj6G4g1PFBT93fEzH2pJx4tur0MIzkYi0x/6t1I3AvrZj5YQTUJ7OH3IjrEOhJRLrDBCXAJwowEUz9VScjrFIBFWROhWAurrwMrWrFVHx3XqjV53Fk0RE6RkVkogtUQ7eogZqIoEf0jF7Rm/akvWjv2sesNaPNZw7RH2mfPymWnPE=</latexit><latexit sha1_base64="4rxBPRaC20JNJ17Qkr3q/j7NxV8=">AAACFXicbZDLSsNAFIYn9VbrrerSTbAIldaSFEE3Qq0blxXsBdq0TCaTdujkwsyJUEJfwo2v4saFIm4Fd76Nk7QLbf1h4Jv/nMPM+e2QMwmG8a1lVlbX1jeym7mt7Z3dvfz+QUsGkSC0SQIeiI6NJeXMp01gwGknFBR7Nqdte3yT1NsPVEgW+PcwCanl4aHPXEYwKGuQLzuyX706qxehLE4d6FdLPVdgEjuiX53G16k9LalLYgzyBaNipNKXwZxDAc3VGOS/ek5AIo/6QDiWsmsaIVgxFsAIp9NcL5I0xGSMh7Sr0McelVacbjXVT5Tj6G4g1PFBT93fEzH2pJx4tur0MIzkYi0x/6t1I3AvrZj5YQTUJ7OH3IjrEOhJRLrDBCXAJwowEUz9VScjrFIBFWROhWAurrwMrWrFVHx3XqjV53Fk0RE6RkVkogtUQ7eogZqIoEf0jF7Rm/akvWjv2sesNaPNZw7RH2mfPymWnPE=</latexit><latexit sha1_base64="4rxBPRaC20JNJ17Qkr3q/j7NxV8=">AAACFXicbZDLSsNAFIYn9VbrrerSTbAIldaSFEE3Qq0blxXsBdq0TCaTdujkwsyJUEJfwo2v4saFIm4Fd76Nk7QLbf1h4Jv/nMPM+e2QMwmG8a1lVlbX1jeym7mt7Z3dvfz+QUsGkSC0SQIeiI6NJeXMp01gwGknFBR7Nqdte3yT1NsPVEgW+PcwCanl4aHPXEYwKGuQLzuyX706qxehLE4d6FdLPVdgEjuiX53G16k9LalLYgzyBaNipNKXwZxDAc3VGOS/ek5AIo/6QDiWsmsaIVgxFsAIp9NcL5I0xGSMh7Sr0McelVacbjXVT5Tj6G4g1PFBT93fEzH2pJx4tur0MIzkYi0x/6t1I3AvrZj5YQTUJ7OH3IjrEOhJRLrDBCXAJwowEUz9VScjrFIBFWROhWAurrwMrWrFVHx3XqjV53Fk0RE6RkVkogtUQ7eogZqIoEf0jF7Rm/akvWjv2sesNaPNZw7RH2mfPymWnPE=</latexit>

Plug into the Einstein equations : 

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>

Tij = (⇢+ p)uiuj + pgij
<latexit sha1_base64="jV5DFV+0aJm+5CdrPsNwe5NM9MY=">AAACBnicbZDLSgMxFIYz9VbrbdSlCINFqBTKjAi6EYpuXFboDdphyKSZNm0mCUlGKENXbnwVNy4UceszuPNtTKddaOsPgY//nMPJ+UNBidKu+23lVlbX1jfym4Wt7Z3dPXv/oKl4IhFuIE65bIdQYUoYbmiiKW4LiWEcUtwKR7fTeusBS0U4q+uxwH4M+4xEBEFtrMA+rgcpGU6uS1054GVxlgQkCYZl0c/swC66FTeTswzeHIpgrlpgf3V7HCUxZhpRqFTHc4X2Uyg1QRRPCt1EYQHRCPZxxyCDMVZ+mp0xcU6N03MiLs1j2snc3xMpjJUax6HpjKEeqMXa1Pyv1kl0dOWnhIlEY4Zmi6KEOpo700ycHpEYaTo2AJEk5q8OGkAJkTbJFUwI3uLJy9A8r3iG7y+K1Zt5HHlwBE5ACXjgElTBHaiBBkDgETyDV/BmPVkv1rv1MWvNWfOZQ/BH1ucP5L+YwA==</latexit><latexit sha1_base64="jV5DFV+0aJm+5CdrPsNwe5NM9MY=">AAACBnicbZDLSgMxFIYz9VbrbdSlCINFqBTKjAi6EYpuXFboDdphyKSZNm0mCUlGKENXbnwVNy4UceszuPNtTKddaOsPgY//nMPJ+UNBidKu+23lVlbX1jfym4Wt7Z3dPXv/oKl4IhFuIE65bIdQYUoYbmiiKW4LiWEcUtwKR7fTeusBS0U4q+uxwH4M+4xEBEFtrMA+rgcpGU6uS1054GVxlgQkCYZl0c/swC66FTeTswzeHIpgrlpgf3V7HCUxZhpRqFTHc4X2Uyg1QRRPCt1EYQHRCPZxxyCDMVZ+mp0xcU6N03MiLs1j2snc3xMpjJUax6HpjKEeqMXa1Pyv1kl0dOWnhIlEY4Zmi6KEOpo700ycHpEYaTo2AJEk5q8OGkAJkTbJFUwI3uLJy9A8r3iG7y+K1Zt5HHlwBE5ACXjgElTBHaiBBkDgETyDV/BmPVkv1rv1MWvNWfOZQ/BH1ucP5L+YwA==</latexit><latexit sha1_base64="jV5DFV+0aJm+5CdrPsNwe5NM9MY=">AAACBnicbZDLSgMxFIYz9VbrbdSlCINFqBTKjAi6EYpuXFboDdphyKSZNm0mCUlGKENXbnwVNy4UceszuPNtTKddaOsPgY//nMPJ+UNBidKu+23lVlbX1jfym4Wt7Z3dPXv/oKl4IhFuIE65bIdQYUoYbmiiKW4LiWEcUtwKR7fTeusBS0U4q+uxwH4M+4xEBEFtrMA+rgcpGU6uS1054GVxlgQkCYZl0c/swC66FTeTswzeHIpgrlpgf3V7HCUxZhpRqFTHc4X2Uyg1QRRPCt1EYQHRCPZxxyCDMVZ+mp0xcU6N03MiLs1j2snc3xMpjJUax6HpjKEeqMXa1Pyv1kl0dOWnhIlEY4Zmi6KEOpo700ycHpEYaTo2AJEk5q8OGkAJkTbJFUwI3uLJy9A8r3iG7y+K1Zt5HHlwBE5ACXjgElTBHaiBBkDgETyDV/BmPVkv1rv1MWvNWfOZQ/BH1ucP5L+YwA==</latexit><latexit sha1_base64="jV5DFV+0aJm+5CdrPsNwe5NM9MY=">AAACBnicbZDLSgMxFIYz9VbrbdSlCINFqBTKjAi6EYpuXFboDdphyKSZNm0mCUlGKENXbnwVNy4UceszuPNtTKddaOsPgY//nMPJ+UNBidKu+23lVlbX1jfym4Wt7Z3dPXv/oKl4IhFuIE65bIdQYUoYbmiiKW4LiWEcUtwKR7fTeusBS0U4q+uxwH4M+4xEBEFtrMA+rgcpGU6uS1054GVxlgQkCYZl0c/swC66FTeTswzeHIpgrlpgf3V7HCUxZhpRqFTHc4X2Uyg1QRRPCt1EYQHRCPZxxyCDMVZ+mp0xcU6N03MiLs1j2snc3xMpjJUax6HpjKEeqMXa1Pyv1kl0dOWnhIlEY4Zmi6KEOpo700ycHpEYaTo2AJEk5q8OGkAJkTbJFUwI3uLJy9A8r3iG7y+K1Zt5HHlwBE5ACXjgElTBHaiBBkDgETyDV/BmPVkv1rv1MWvNWfOZQ/BH1ucP5L+YwA==</latexit>



Standard Schwarzschild Coordinates
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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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<latexit sha1_base64="TnwGVpgOqxh78BC4BPNyR3ZwyQQ=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IMeI+SFyRJ6J7PJkNnZZWZWCCF/4cWDIl79G2/+jZNkDxotaCiquunuChLBtXHdLye3srq2vpHfLGxt7+zuFfcPmjpOFWUNGotYtQPUTHDJGoYbwdqJYhgFgrWC0c3Mbz0ypXks62acMD/CgeQhp2is9HB71R1hkiCp94olt+zOQf4SLyMlyFDrFT+7/ZimEZOGCtS647mJ8SeoDKeCTQvdVLME6QgHrGOpxIhpfzK/eEpOrNInYaxsSUPm6s+JCUZaj6PAdkZohnrZm4n/eZ3UhJf+hMskNUzSxaIwFcTEZPY+6XPFqBFjS5Aqbm8ldIgKqbEhFWwI3vLLf0nzrOxVypX781L1OosjD0dwDKfgwQVU4Q5q0AAKEp7gBV4d7Tw7b877ojXnZDOH8AvOxzeu2ZBK</latexit>

G = T
The metric is only one
derivative smoother 
than curvature tensor 



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>



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>



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>



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>



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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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

Eg, regularity too low for geodesics to exist…
<latexit sha1_base64="jlskBYEFAOHnjV00aA5wDKwBHdo=">AAACJHicbVDLSsNAFJ3UV62vqEs3wSIISklcVEGEogtdVrAPaGKYTCbttDNJmJkIJfQL/ApB/BU3Lnzgwo1/4d5J66IPDwyce869M3OPF1MipGl+abm5+YXFpfxyYWV1bX1D39yqiyjhCNdQRCPe9KDAlIS4JomkuBlzDJlHccPrXWR+4w5zQaLwRvZj7DDYDklAEJRKcvVT2/cjmdptyBgc3PbO7MuMuSnpqso+tMddMlF1Xb1olswhjFli/ZFi5eDn8R4X46qrv6sLUMJwKBGFQrQsM5ZOCrkkiOJBwU4EjiHqwTZuKRpChoWTDpccGHtK8Y0g4uqE0hiq4xMpZEL0mac6GZQdMe1l4n9eK5HBiZOSME4kDtHooSChhoyMLDHDJxwjSfuKQMSJ+quBOpBDJFWuBRWCNb3yLKkflaxyqXyt0jgHI+TBDtgF+8ACx6ACrkAV1AACD+AZvII37Ul70T60z1FrTvub2QYT0L5/AVKKqig=</latexit>

�̈k = �k
ij �̇

i�̇j
<latexit sha1_base64="TKM1zw7U9SLBq1t0s3vlguWz4O0=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJCYqgShwljBAANDkehDatPIcZ3W1HYi20GKogws/AoLAwix8hFs/A3uY4CWI13do3PulX1PEDOqtON8W0vLK6tr64WN4ubW9s6uvbffVFEiMWngiEWyHSBFGBWkoalmpB1LgnjASCsYXY791gORikbiTqcx8TgaCBpSjLSRfLvUvUKco97Iz+h93qUC3vQy00Kd5r5ddirOBHCRuDNSBjPUffur249wwonQmCGlOq4Tay9DUlPMSF7sJorECI/QgHQMFYgT5WWTI3J4ZJQ+DCNpSmg4UX9vZIgrlfLATHKkh2reG4v/eZ1Eh+deRkWcaCLw9KEwYVBHcJwI7FNJsGapIQhLav4K8RBJhLXJrWhCcOdPXiTNk4pbrVRvT8u1i1kcBVACh+AYuOAM1MA1qIMGwOARPINX8GY9WS/Wu/UxHV2yZjsH4A+szx8le5hx</latexit>

�k
ij 2 L1



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 smoothing coordinate
transformations directly looks impossible…<latexit sha1_base64="uFQXZAReVoUqPMfrkXt1pI++2Ds=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyItC6LblxWsA9oh5JJM21sJhmSjDgM/Qc3LhRx6/+4829M21lo64HA4Zx7yT0niDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqa5koQltEcqm6AdaUM0FbhhlOu7GiOAo47QSTm5nfeaRKMynuTRpTP8IjwUJGsLFS+6lvJEoH5YpbdedAq8TLSQVyNAflr/5QkiSiwhCOte55bmz8DCvDCKfTUj/RNMZkgke0Z6nAEdV+Nr92is6sMkShVPYJg+bq740MR1qnUWAnI2zGetmbif95vcSEV37GRJwYKsjiozDhyEacRUdDpigxPLUEE8XsrYiMscLE2IJKtgRvOfIqaV9UvVq1dndZaVzndRThBE7hHDyoQwNuoQktIPAAz/AKb450Xpx352MxWnDynWP4A+fzB3QRjxE=</latexit>

x ! 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 smoothing coordinate
transformations directly looks impossible…<latexit sha1_base64="uFQXZAReVoUqPMfrkXt1pI++2Ds=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyItC6LblxWsA9oh5JJM21sJhmSjDgM/Qc3LhRx6/+4829M21lo64HA4Zx7yT0niDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqa5koQltEcqm6AdaUM0FbhhlOu7GiOAo47QSTm5nfeaRKMynuTRpTP8IjwUJGsLFS+6lvJEoH5YpbdedAq8TLSQVyNAflr/5QkiSiwhCOte55bmz8DCvDCKfTUj/RNMZkgke0Z6nAEdV+Nr92is6sMkShVPYJg+bq740MR1qnUWAnI2zGetmbif95vcSEV37GRJwYKsjiozDhyEacRUdDpigxPLUEE8XsrYiMscLE2IJKtgRvOfIqaV9UvVq1dndZaVzndRThBE7hHDyoQwNuoQktIPAAz/AKb450Xpx352MxWnDynWP4A+fzB3QRjxE=</latexit>

x ! 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 smoothing coordinate
transformations directly looks impossible…<latexit sha1_base64="uFQXZAReVoUqPMfrkXt1pI++2Ds=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyItC6LblxWsA9oh5JJM21sJhmSjDgM/Qc3LhRx6/+4829M21lo64HA4Zx7yT0niDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqa5koQltEcqm6AdaUM0FbhhlOu7GiOAo47QSTm5nfeaRKMynuTRpTP8IjwUJGsLFS+6lvJEoH5YpbdedAq8TLSQVyNAflr/5QkiSiwhCOte55bmz8DCvDCKfTUj/RNMZkgke0Z6nAEdV+Nr92is6sMkShVPYJg+bq740MR1qnUWAnI2zGetmbif95vcSEV37GRJwYKsjiozDhyEacRUdDpigxPLUEE8XsrYiMscLE2IJKtgRvOfIqaV9UvVq1dndZaVzndRThBE7hHDyoQwNuoQktIPAAz/AKb450Xpx352MxWnDynWP4A+fzB3QRjxE=</latexit>

x ! 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 smoothing coordinate
transformations directly looks impossible…<latexit sha1_base64="uFQXZAReVoUqPMfrkXt1pI++2Ds=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyItC6LblxWsA9oh5JJM21sJhmSjDgM/Qc3LhRx6/+4829M21lo64HA4Zx7yT0niDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqa5koQltEcqm6AdaUM0FbhhlOu7GiOAo47QSTm5nfeaRKMynuTRpTP8IjwUJGsLFS+6lvJEoH5YpbdedAq8TLSQVyNAflr/5QkiSiwhCOte55bmz8DCvDCKfTUj/RNMZkgke0Z6nAEdV+Nr92is6sMkShVPYJg+bq740MR1qnUWAnI2zGetmbif95vcSEV37GRJwYKsjiozDhyEacRUdDpigxPLUEE8XsrYiMscLE2IJKtgRvOfIqaV9UvVq1dndZaVzndRThBE7hHDyoQwNuoQktIPAAz/AKb450Xpx352MxWnDynWP4A+fzB3QRjxE=</latexit>

x ! 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>
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@y
ḡ↵� =
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⇢
gij
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�

Nevertheless…Our theorem says such transformations 
always exists…

The problem of constructing smoothing coordinate
transformations directly looks impossible…<latexit sha1_base64="uFQXZAReVoUqPMfrkXt1pI++2Ds=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyItC6LblxWsA9oh5JJM21sJhmSjDgM/Qc3LhRx6/+4829M21lo64HA4Zx7yT0niDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqa5koQltEcqm6AdaUM0FbhhlOu7GiOAo47QSTm5nfeaRKMynuTRpTP8IjwUJGsLFS+6lvJEoH5YpbdedAq8TLSQVyNAflr/5QkiSiwhCOte55bmz8DCvDCKfTUj/RNMZkgke0Z6nAEdV+Nr92is6sMkShVPYJg+bq740MR1qnUWAnI2zGetmbif95vcSEV37GRJwYKsjiozDhyEacRUdDpigxPLUEE8XsrYiMscLE2IJKtgRvOfIqaV9UvVq1dndZaVzndRThBE7hHDyoQwNuoQktIPAAz/AKb450Xpx352MxWnDynWP4A+fzB3QRjxE=</latexit>

x ! y

…



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:



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 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



<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          



<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          



<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          



<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          



<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          



<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          



<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          





<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          



<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 Theorem-same assumptions…



<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 Theorem-same assumptions…

Our theorem implies not just weak convergence, 
but strong convergence in a transformed 
coordinate system!

strongly in
<latexit sha1_base64="6VKka8smnhV+3rgVfDb0S3P6IYs=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXQxsIiovmA5Ax7m02yZG/v2J0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXhBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRtdTv/nEtRGResBxzP2QDpToC0bRSve3j3G3WHLL7gxkmXgZKUGGWrf41elFLAm5QiapMW3PjdFPqUbBJJ8UOonhMWUjOuBtSxUNufHT2akTcmKVHulH2pZCMlN/T6Q0NGYcBrYzpDg0i95U/M9rJ9i/9FOh4gS5YvNF/UQSjMj0b9ITmjOUY0so08LeStiQasrQplOwIXiLLy+TxlnZq5Qrd+el6lUWRx6O4BhOwYMLqMIN1KAODAbwDK/w5kjnxXl3PuatOSebOYQ/cD5/ACoxjb0=</latexit>

Lp<latexit sha1_base64="2PTyjLBtFd+FrJzjF65E7hC097A=">AAAB+nicbZDLSgMxFIbPeK31NtWlm2ARXJUZkeqy6EKXFewFOkPJpJk2NMkMSUYptY/ixoUibn0Sd76NaTsLbf0h8PGfczgnf5Rypo3nfTsrq2vrG5uFreL2zu7evls6aOokU4Q2SMIT1Y6wppxJ2jDMcNpOFcUi4rQVDa+n9dYDVZol8t6MUhoK3JcsZgQba3XdUnCDhcBdFpgkR7fsVbyZ0DL4OZQhV73rfgW9hGSCSkM41rrje6kJx1gZRjidFINM0xSTIe7TjkWJBdXheHb6BJ1Yp4fiRNknDZq5vyfGWGg9EpHtFNgM9GJtav5X62QmvgzHTKaZoZLMF8UZRyZB0xxQjylKDB9ZwEQxeysiA6wwMTatog3BX/zyMjTPKn61Ur07L9eu8jgKcATHcAo+XEANbqEODSDwCM/wCm/Ok/PivDsf89YVJ585hD9yPn8AEMuT5Q==</latexit>

�i ! �



<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 Theorem-same assumptions…

Our theorem implies not just weak convergence, 
but strong convergence in a transformed 
coordinate system!

strongly in
<latexit sha1_base64="6VKka8smnhV+3rgVfDb0S3P6IYs=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXQxsIiovmA5Ax7m02yZG/v2J0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXhBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRtdTv/nEtRGResBxzP2QDpToC0bRSve3j3G3WHLL7gxkmXgZKUGGWrf41elFLAm5QiapMW3PjdFPqUbBJJ8UOonhMWUjOuBtSxUNufHT2akTcmKVHulH2pZCMlN/T6Q0NGYcBrYzpDg0i95U/M9rJ9i/9FOh4gS5YvNF/UQSjMj0b9ITmjOUY0so08LeStiQasrQplOwIXiLLy+TxlnZq5Qrd+el6lUWRx6O4BhOwYMLqMIN1KAODAbwDK/w5kjnxXl3PuatOSebOYQ/cD5/ACoxjb0=</latexit>

Lp<latexit sha1_base64="2PTyjLBtFd+FrJzjF65E7hC097A=">AAAB+nicbZDLSgMxFIbPeK31NtWlm2ARXJUZkeqy6EKXFewFOkPJpJk2NMkMSUYptY/ixoUibn0Sd76NaTsLbf0h8PGfczgnf5Rypo3nfTsrq2vrG5uFreL2zu7evls6aOokU4Q2SMIT1Y6wppxJ2jDMcNpOFcUi4rQVDa+n9dYDVZol8t6MUhoK3JcsZgQba3XdUnCDhcBdFpgkR7fsVbyZ0DL4OZQhV73rfgW9hGSCSkM41rrje6kJx1gZRjidFINM0xSTIe7TjkWJBdXheHb6BJ1Yp4fiRNknDZq5vyfGWGg9EpHtFNgM9GJtav5X62QmvgzHTKaZoZLMF8UZRyZB0xxQjylKDB9ZwEQxeysiA6wwMTatog3BX/zyMjTPKn61Ur07L9eu8jgKcATHcAo+XEANbqEODSDwCM/wCm/Ok/PivDsf89YVJ585hD9yPn8AEMuT5Q==</latexit>

�i ! �

…in y-coordinates



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)

RT-Equations:  Equations for Jacobians that lift the
<latexit sha1_base64="d7fJBdD7ySF74uOfq1l1ZOca5MI=">AAAB7XicbZC7SgNBFIZn4y2ut6ilzWIQrMKuhdqIQQstI5gLJEs4O5lNxsxlmZkVwpJ3sLFQxMbCR7G3Ed/GyaXQxB8GPv7/HOacEyWMauP7305uYXFpeSW/6q6tb2xuFbZ3alqmCpMqlkyqRgSaMCpI1VDDSCNRBHjESD3qX47y+j1RmkpxawYJCTl0BY0pBmOtWusKOId2oeiX/LG8eQimUDz/cM+Sty+30i58tjoSp5wIgxlo3Qz8xIQZKEMxI0O3lWqSAO5DlzQtCuBEh9l42qF3YJ2OF0tlnzDe2P3dkQHXesAjW8nB9PRsNjL/y5qpiU/DjIokNUTgyUdxyjwjvdHqXocqgg0bWACsqJ3Vwz1QgI09kGuPEMyuPA+1o1JwXDq+8YvlCzRRHu2hfXSIAnSCyugaVVAVYXSHHtATenak8+i8OK+T0pwz7dlFf+S8/wC5BJI9</latexit>

�
<latexit sha1_base64="PlN1MD1ltwv7animoHdJfxhazFo=">AAAB7nicbZC7SgNBFIZn4y2ut6ilzWAQrMKuRbQRgxZaRjAXSJZwdnaSDJmZXWZmhbDkIWwsFLGw8U3sbcS3cXIpNPGHgY//P4c554QJZ9p43reTW1peWV3Lr7sbm1vbO4XdvbqOU0VojcQ8Vs0QNOVM0pphhtNmoiiIkNNGOLga5417qjSL5Z0ZJjQQ0JOsywgYazWi9jUIAZ1C0St5E+FF8GdQvPhwz5O3L7faKXy2o5ikgkpDOGjd8r3EBBkowwinI7edapoAGUCPtixKEFQH2WTcET6yToS7sbJPGjxxf3dkILQeitBWCjB9PZ+Nzf+yVmq6Z0HGZJIaKsn0o27KsYnxeHccMUWJ4UMLQBSzs2LSBwXE2Au59gj+/MqLUD8p+eVS+dYrVi7RVHl0gA7RMfLRKaqgG1RFNUTQAD2gJ/TsJM6j8+K8TktzzqxnH/2R8/4Dd+mSqw==</latexit>

d�regularity of connection      to one derivative above 

<latexit sha1_base64="Lu0WQsYBoAirGt8qoXW/Mvzucfw=">AAAB83icbVBNSwMxEM36WetX1aOXYBHqpeyKVI9FD3qsYj+gu5RsOtuGJtklyQpl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzwoQzbVz321lZXVvf2CxsFbd3dvf2SweHLR2nikKTxjxWnZBo4ExC0zDDoZMoICLk0A5HN1O//QRKs1g+mnECgSADySJGibGS/8BAVPxbIgQ565XKbtWdAS8TLydllKPRK335/ZimAqShnGjd9dzEBBlRhlEOk6KfakgIHZEBdC2VRIAOstnNE3xqlT6OYmVLGjxTf09kRGg9FqHtFMQM9aI3Ff/zuqmJroKMySQ1IOl8UZRybGI8DQD3mQJq+NgSQhWzt2I6JIpQY2Mq2hC8xZeXSeu86tWqtfuLcv06j6OAjtEJqiAPXaI6ukMN1EQUJegZvaI3J3VenHfnY9664uQzR+gPnM8fHc+RGg==</latexit>

Riem(�)
<latexit sha1_base64="57TmPiNsWZvgAArLLcMUz8q0l4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiBz1WsB/QhjLZbNqlu0nY3Qil9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSq4Nq777RTW1jc2t4rbpZ3dvf2D8uFRSyeZoqxJE5GoToCaCR6zpuFGsE6qGMpAsHYwup357SemNE/iRzNOmS9xEPOIUzRWaoe9O5QS++WKW3XnIKvEy0kFcjT65a9emNBMsthQgVp3PTc1/gSV4VSwaamXaZYiHeGAdS2NUTLtT+bnTsmZVUISJcpWbMhc/T0xQan1WAa2U6IZ6mVvJv7ndTMTXfsTHqeZYTFdLIoyQUxCZr+TkCtGjRhbglRxeyuhQ1RIjU2oZEPwll9eJa2Lqler1h4uK/WbPI4inMApnIMHV1CHe2hAEyiM4Ble4c1JnRfn3flYtBacfOYY/sD5/AEYYo9u</latexit>

d�Surprise: controls only
                               …but<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x-coordinatesin



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)

RT-Equations:  Equations for Jacobians that lift the
<latexit sha1_base64="d7fJBdD7ySF74uOfq1l1ZOca5MI=">AAAB7XicbZC7SgNBFIZn4y2ut6ilzWIQrMKuhdqIQQstI5gLJEs4O5lNxsxlmZkVwpJ3sLFQxMbCR7G3Ed/GyaXQxB8GPv7/HOacEyWMauP7305uYXFpeSW/6q6tb2xuFbZ3alqmCpMqlkyqRgSaMCpI1VDDSCNRBHjESD3qX47y+j1RmkpxawYJCTl0BY0pBmOtWusKOId2oeiX/LG8eQimUDz/cM+Sty+30i58tjoSp5wIgxlo3Qz8xIQZKEMxI0O3lWqSAO5DlzQtCuBEh9l42qF3YJ2OF0tlnzDe2P3dkQHXesAjW8nB9PRsNjL/y5qpiU/DjIokNUTgyUdxyjwjvdHqXocqgg0bWACsqJ3Vwz1QgI09kGuPEMyuPA+1o1JwXDq+8YvlCzRRHu2hfXSIAnSCyugaVVAVYXSHHtATenak8+i8OK+T0pwz7dlFf+S8/wC5BJI9</latexit>

�
<latexit sha1_base64="PlN1MD1ltwv7animoHdJfxhazFo=">AAAB7nicbZC7SgNBFIZn4y2ut6ilzWAQrMKuRbQRgxZaRjAXSJZwdnaSDJmZXWZmhbDkIWwsFLGw8U3sbcS3cXIpNPGHgY//P4c554QJZ9p43reTW1peWV3Lr7sbm1vbO4XdvbqOU0VojcQ8Vs0QNOVM0pphhtNmoiiIkNNGOLga5417qjSL5Z0ZJjQQ0JOsywgYazWi9jUIAZ1C0St5E+FF8GdQvPhwz5O3L7faKXy2o5ikgkpDOGjd8r3EBBkowwinI7edapoAGUCPtixKEFQH2WTcET6yToS7sbJPGjxxf3dkILQeitBWCjB9PZ+Nzf+yVmq6Z0HGZJIaKsn0o27KsYnxeHccMUWJ4UMLQBSzs2LSBwXE2Au59gj+/MqLUD8p+eVS+dYrVi7RVHl0gA7RMfLRKaqgG1RFNUTQAD2gJ/TsJM6j8+K8TktzzqxnH/2R8/4Dd+mSqw==</latexit>

d�regularity of connection      to one derivative above 

<latexit sha1_base64="Lu0WQsYBoAirGt8qoXW/Mvzucfw=">AAAB83icbVBNSwMxEM36WetX1aOXYBHqpeyKVI9FD3qsYj+gu5RsOtuGJtklyQpl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzwoQzbVz321lZXVvf2CxsFbd3dvf2SweHLR2nikKTxjxWnZBo4ExC0zDDoZMoICLk0A5HN1O//QRKs1g+mnECgSADySJGibGS/8BAVPxbIgQ565XKbtWdAS8TLydllKPRK335/ZimAqShnGjd9dzEBBlRhlEOk6KfakgIHZEBdC2VRIAOstnNE3xqlT6OYmVLGjxTf09kRGg9FqHtFMQM9aI3Ff/zuqmJroKMySQ1IOl8UZRybGI8DQD3mQJq+NgSQhWzt2I6JIpQY2Mq2hC8xZeXSeu86tWqtfuLcv06j6OAjtEJqiAPXaI6ukMN1EQUJegZvaI3J3VenHfnY9664uQzR+gPnM8fHc+RGg==</latexit>

Riem(�)
<latexit sha1_base64="57TmPiNsWZvgAArLLcMUz8q0l4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiBz1WsB/QhjLZbNqlu0nY3Qil9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSq4Nq777RTW1jc2t4rbpZ3dvf2D8uFRSyeZoqxJE5GoToCaCR6zpuFGsE6qGMpAsHYwup357SemNE/iRzNOmS9xEPOIUzRWaoe9O5QS++WKW3XnIKvEy0kFcjT65a9emNBMsthQgVp3PTc1/gSV4VSwaamXaZYiHeGAdS2NUTLtT+bnTsmZVUISJcpWbMhc/T0xQan1WAa2U6IZ6mVvJv7ndTMTXfsTHqeZYTFdLIoyQUxCZr+TkCtGjRhbglRxeyuhQ1RIjU2oZEPwll9eJa2Lqler1h4uK/WbPI4inMApnIMHV1CHe2hAEyiM4Ble4c1JnRfn3flYtBacfOYY/sD5/AEYYo9u</latexit>

d�Surprise: controls only
                               …but<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x-coordinatesin

…controls all derivatives of      under 
coordinate transformation.

<latexit sha1_base64="crIBX0OiEwfM9ODWrVPuAVhEhTQ=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoQY8RzAOSJfROZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7AkM5k7RhmeW0nWgKIuK0FY1upn7riWrDlHyw44SGAgaSxYyAdVKzewtCQK9U9iv+DHiZBDkpoxz1Xumr21ckFVRawsGYTuAnNsxAW0Y4nRS7qaEJkBEMaMdRCYKaMJtdO8GnTunjWGlX0uKZ+nsiA2HMWESuU4AdmkVvKv7ndVIbX4UZk0lqqSTzRXHKsVV4+jruM02J5WNHgGjmbsVkCBqIdQEVXQjB4svLpHleCaqV6v1FuXadx1FAx+gEnaEAXaIaukN11EAEPaJn9IrePOW9eO/ex7x1xctnjtAfeJ8/WX2PAA==</latexit>

�
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The Essential Regularity of a Connection

E.g., the Schwarzschild metric…
<latexit sha1_base64="zsUkHQBKmcppn8pU5AjwLCfF2AU="></latexit>

ds2 =

✓
1� 2M

r

◆
dt2 +

dr2

1� 2M
r

+ r2d⌦2

Given a metric or connection, is there a necessary 
and sufficient condition for determining,  apriori, 
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E.g., the Schwarzschild metric…

<latexit sha1_base64="uJ6oLYKTqoq2zVzntKv0paGShwc="></latexit>

ds2 =

✓
1� 2M

r

◆
dt2 +

 
1

1� 2M
r

!
dr2 + r2 d⌦2



E.g., the Schwarzschild metric…

<latexit sha1_base64="uJ6oLYKTqoq2zVzntKv0paGShwc="></latexit>

ds2 =

✓
1� 2M

r

◆
dt2 +

 
1

1� 2M
r

!
dr2 + r2 d⌦2

<latexit sha1_base64="WcasWJRYk2UJlVjdVZv80XscBOk=">AAACDHicbVC7SgNBFJ2NrxhfUUubJUFIcAm7EaKNELSxjGAekE3C7GQ2GTL7YOauZAn5ABsr/8PGQhFbP8Auf+PkUWjigQOHc+5l5h4n5EyCaU60xNr6xuZWcju1s7u3f5A+PKrJIBKEVknAA9FwsKSc+bQKDDhthIJiz+G07gxupnn9gQrJAv8e4pC2PNzzmcsIBmV10tncsG0aw7alWFQ8z1/lwBCGDX0K2LDDPsurKbNgzqCvCmshsuWMffY8KceVTvrb7gYk8qgPhGMpm5YZQmuEBTDC6ThlR5KGmAxwjzaV9LFHZWs0O2asnyqnq7uBUPRBn7m/N0bYkzL2HDXpYejL5Wxq/pc1I3AvWyPmhxFQn8wfciOuQ6BPm9G7TFACPFYCE8HUX3XSxwITUP2lVAnW8smrolYsWKVC6U61cY3mSKITlEE5ZKELVEa3qIKqiKBH9ILe0Lv2pL1qH9rnfDShLXaO0R9oXz8KepwZ</latexit>

(x0, x1, x2, x3) = (t, r, ✓,�)



E.g., the Schwarzschild metric…

<latexit sha1_base64="uJ6oLYKTqoq2zVzntKv0paGShwc="></latexit>

ds2 =

✓
1� 2M

r

◆
dt2 +

 
1

1� 2M
r

!
dr2 + r2 d⌦2

<latexit sha1_base64="4uzmEzJi450dwUQ5f78ujkIWHjQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYhyRJmJ5NkyMzsMjMrLku+Qg8eFPHq53jL3zh5HDSxoKGo6qa7K4g408Z1J05mbX1jcyu7ndvZ3ds/yB8eNXQYK0LrJOShagVYU84krRtmOG1FimIRcNoMRjdTv/lIlWahvDdJRH2BB5L1GcHGSg+Dbuq649LTWTdfdMvuDGiVeAtSrBY65y+TalLr5r87vZDEgkpDONa67bmR8VOsDCOcjnOdWNMIkxEe0LalEguq/XR28BidWqWH+qGyJQ2aqb8nUiy0TkRgOwU2Q73sTcX/vHZs+ld+ymQUGyrJfFE/5siEaPo96jFFieGJJZgoZm9FZIgVJsZmlLMheMsvr5LGRdmrlCt3No1rmCMLJ1CAEnhwCVW4hRrUgYCAZ3iDd0c5r86H8zlvzTiLmWP4A+frB+j1ktE=</latexit>

g00(x)
<latexit sha1_base64="Zlqpg9jU18TCXcccSckJjiu8a3Y=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYhyRJmJ5NkyMzsMjMrLku+Qg8eFPHq53jL3zh5HDSxoKGo6qa7K4g408Z1J05mbX1jcyu7ndvZ3ds/yB8eNXQYK0LrJOShagVYU84krRtmOG1FimIRcNoMRjdTv/lIlWahvDdJRH2BB5L1GcHGSg+Dbup549LTWTdfdMvuDGiVeAtSrBY65y+TalLr5r87vZDEgkpDONa67bmR8VOsDCOcjnOdWNMIkxEe0LalEguq/XR28BidWqWH+qGyJQ2aqb8nUiy0TkRgOwU2Q73sTcX/vHZs+ld+ymQUGyrJfFE/5siEaPo96jFFieGJJZgoZm9FZIgVJsZmlLMheMsvr5LGRdmrlCt3No1rmCMLJ1CAEnhwCVW4hRrUgYCAZ3iDd0c5r86H8zlvzTiLmWP4A+frB+wGktM=</latexit>

g11(x)

<latexit sha1_base64="WcasWJRYk2UJlVjdVZv80XscBOk=">AAACDHicbVC7SgNBFJ2NrxhfUUubJUFIcAm7EaKNELSxjGAekE3C7GQ2GTL7YOauZAn5ABsr/8PGQhFbP8Auf+PkUWjigQOHc+5l5h4n5EyCaU60xNr6xuZWcju1s7u3f5A+PKrJIBKEVknAA9FwsKSc+bQKDDhthIJiz+G07gxupnn9gQrJAv8e4pC2PNzzmcsIBmV10tncsG0aw7alWFQ8z1/lwBCGDX0K2LDDPsurKbNgzqCvCmshsuWMffY8KceVTvrb7gYk8qgPhGMpm5YZQmuEBTDC6ThlR5KGmAxwjzaV9LFHZWs0O2asnyqnq7uBUPRBn7m/N0bYkzL2HDXpYejL5Wxq/pc1I3AvWyPmhxFQn8wfciOuQ6BPm9G7TFACPFYCE8HUX3XSxwITUP2lVAnW8smrolYsWKVC6U61cY3mSKITlEE5ZKELVEa3qIKqiKBH9ILe0Lv2pL1qH9rnfDShLXaO0R9oXz8KepwZ</latexit>

(x0, x1, x2, x3) = (t, r, ✓,�)



E.g., the Schwarzschild metric…

<latexit sha1_base64="uJ6oLYKTqoq2zVzntKv0paGShwc="></latexit>

ds2 =

✓
1� 2M

r

◆
dt2 +

 
1

1� 2M
r

!
dr2 + r2 d⌦2

<latexit sha1_base64="4uzmEzJi450dwUQ5f78ujkIWHjQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYhyRJmJ5NkyMzsMjMrLku+Qg8eFPHq53jL3zh5HDSxoKGo6qa7K4g408Z1J05mbX1jcyu7ndvZ3ds/yB8eNXQYK0LrJOShagVYU84krRtmOG1FimIRcNoMRjdTv/lIlWahvDdJRH2BB5L1GcHGSg+Dbuq649LTWTdfdMvuDGiVeAtSrBY65y+TalLr5r87vZDEgkpDONa67bmR8VOsDCOcjnOdWNMIkxEe0LalEguq/XR28BidWqWH+qGyJQ2aqb8nUiy0TkRgOwU2Q73sTcX/vHZs+ld+ymQUGyrJfFE/5siEaPo96jFFieGJJZgoZm9FZIgVJsZmlLMheMsvr5LGRdmrlCt3No1rmCMLJ1CAEnhwCVW4hRrUgYCAZ3iDd0c5r86H8zlvzTiLmWP4A+frB+j1ktE=</latexit>

g00(x)
<latexit sha1_base64="Zlqpg9jU18TCXcccSckJjiu8a3Y=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYhyRJmJ5NkyMzsMjMrLku+Qg8eFPHq53jL3zh5HDSxoKGo6qa7K4g408Z1J05mbX1jcyu7ndvZ3ds/yB8eNXQYK0LrJOShagVYU84krRtmOG1FimIRcNoMRjdTv/lIlWahvDdJRH2BB5L1GcHGSg+Dbup549LTWTdfdMvuDGiVeAtSrBY65y+TalLr5r87vZDEgkpDONa67bmR8VOsDCOcjnOdWNMIkxEe0LalEguq/XR28BidWqWH+qGyJQ2aqb8nUiy0TkRgOwU2Q73sTcX/vHZs+ld+ymQUGyrJfFE/5siEaPo96jFFieGJJZgoZm9FZIgVJsZmlLMheMsvr5LGRdmrlCt3No1rmCMLJ1CAEnhwCVW4hRrUgYCAZ3iDd0c5r86H8zlvzTiLmWP4A+frB+wGktM=</latexit>

g11(x)

<latexit sha1_base64="93rsdGOFS/28KHrVhoJEpiNrHfU=">AAAB/HicbVDLTsJAFJ3iC8FHlaWbRjRxRVoW6MaE6MYlJvJIoDTT6RQGptNmZkpsGvwVNy40xi0/4B+480N07fBYKHiSm5ycc2/uvceNKBHSND+1zNr6xuZWdjuX39nd29cPDhsijDnCdRTSkLdcKDAlDNclkRS3Io5h4FLcdIfXU785wlyQkN3JJMJ2AHuM+ARBqSRHL3iiW77sOSkZjL37LlE1cPSiWTJnMFaJtSDF6snX5H2U/645+kfHC1EcYCYRhUK0LTOSdgq5JIjica4TCxxBNIQ93FaUwQALO50dPzZOleIZfshVMWnM1N8TKQyESAJXdQZQ9sWyNxX/89qx9C/slLAolpih+SI/poYMjWkShkc4RpImikDEibrVQH3IIZIqr5wKwVp+eZU0yiWrUqrcqjSuwBxZcASOwRmwwDmoghtQA3WAQAIewTN40R60J+1Ve5u3ZrTFTAH8gTb5AaDrmTU=</latexit>

ds2 = gijdx
idxj

<latexit sha1_base64="WcasWJRYk2UJlVjdVZv80XscBOk=">AAACDHicbVC7SgNBFJ2NrxhfUUubJUFIcAm7EaKNELSxjGAekE3C7GQ2GTL7YOauZAn5ABsr/8PGQhFbP8Auf+PkUWjigQOHc+5l5h4n5EyCaU60xNr6xuZWcju1s7u3f5A+PKrJIBKEVknAA9FwsKSc+bQKDDhthIJiz+G07gxupnn9gQrJAv8e4pC2PNzzmcsIBmV10tncsG0aw7alWFQ8z1/lwBCGDX0K2LDDPsurKbNgzqCvCmshsuWMffY8KceVTvrb7gYk8qgPhGMpm5YZQmuEBTDC6ThlR5KGmAxwjzaV9LFHZWs0O2asnyqnq7uBUPRBn7m/N0bYkzL2HDXpYejL5Wxq/pc1I3AvWyPmhxFQn8wfciOuQ6BPm9G7TFACPFYCE8HUX3XSxwITUP2lVAnW8smrolYsWKVC6U61cY3mSKITlEE5ZKELVEa3qIKqiKBH9ILe0Lv2pL1qH9rnfDShLXaO0R9oXz8KepwZ</latexit>

(x0, x1, x2, x3) = (t, r, ✓,�)

Metric:



Metric has a singularity in           at 
<latexit sha1_base64="Zlqpg9jU18TCXcccSckJjiu8a3Y=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYhyRJmJ5NkyMzsMjMrLku+Qg8eFPHq53jL3zh5HDSxoKGo6qa7K4g408Z1J05mbX1jcyu7ndvZ3ds/yB8eNXQYK0LrJOShagVYU84krRtmOG1FimIRcNoMRjdTv/lIlWahvDdJRH2BB5L1GcHGSg+Dbup549LTWTdfdMvuDGiVeAtSrBY65y+TalLr5r87vZDEgkpDONa67bmR8VOsDCOcjnOdWNMIkxEe0LalEguq/XR28BidWqWH+qGyJQ2aqb8nUiy0TkRgOwU2Q73sTcX/vHZs+ld+ymQUGyrJfFE/5siEaPo96jFFieGJJZgoZm9FZIgVJsZmlLMheMsvr5LGRdmrlCt3No1rmCMLJ1CAEnhwCVW4hRrUgYCAZ3iDd0c5r86H8zlvzTiLmWP4A+frB+wGktM=</latexit>

g11(x)
<latexit sha1_base64="LanTR8/hgVkV/IeokVem6P7NhxA=">AAAB63icbZC7SgNBFIbPxltcb1FLm8EgWIXdFNEmGLSxESKYCyRLmJ3MJkNmdpeZWSEseQUbC0XsxGextxHfxtkkhSb+MPDx/+cw5xw/5kxpx/m2ciura+sb+U17a3tnd6+wf9BUUSIJbZCIR7LtY0U5C2lDM81pO5YUC5/Tlj+6yvLWPZWKReGdHsfUE3gQsoARrDNLVss3vULRKTlToWVw51C8+LCr8duXXe8VPrv9iCSChppwrFTHdWLtpVhqRjid2N1E0RiTER7QjsEQC6q8dDrrBJ0Yp4+CSJoXajR1f3ekWCg1Fr6pFFgP1WKWmf9lnUQH517KwjjRNCSzj4KEIx2hbHHUZ5ISzccGMJHMzIrIEEtMtDmPbY7gLq68DM1yya2UKrdOsXYJM+XhCI7hFFw4gxpcQx0aQGAID/AEz5awHq0X63VWmrPmPYfwR9b7D838kRg=</latexit>

r = 2M

<latexit sha1_base64="93rsdGOFS/28KHrVhoJEpiNrHfU=">AAAB/HicbVDLTsJAFJ3iC8FHlaWbRjRxRVoW6MaE6MYlJvJIoDTT6RQGptNmZkpsGvwVNy40xi0/4B+480N07fBYKHiSm5ycc2/uvceNKBHSND+1zNr6xuZWdjuX39nd29cPDhsijDnCdRTSkLdcKDAlDNclkRS3Io5h4FLcdIfXU785wlyQkN3JJMJ2AHuM+ARBqSRHL3iiW77sOSkZjL37LlE1cPSiWTJnMFaJtSDF6snX5H2U/645+kfHC1EcYCYRhUK0LTOSdgq5JIjica4TCxxBNIQ93FaUwQALO50dPzZOleIZfshVMWnM1N8TKQyESAJXdQZQ9sWyNxX/89qx9C/slLAolpih+SI/poYMjWkShkc4RpImikDEibrVQH3IIZIqr5wKwVp+eZU0yiWrUqrcqjSuwBxZcASOwRmwwDmoghtQA3WAQAIewTN40R60J+1Ve5u3ZrTFTAH8gTb5AaDrmTU=</latexit>

ds2 = gijdx
idxjMetric:

E.g., the Schwarzschild metric…

<latexit sha1_base64="uJ6oLYKTqoq2zVzntKv0paGShwc="></latexit>

ds2 =

✓
1� 2M

r

◆
dt2 +

 
1

1� 2M
r

!
dr2 + r2 d⌦2

<latexit sha1_base64="WcasWJRYk2UJlVjdVZv80XscBOk=">AAACDHicbVC7SgNBFJ2NrxhfUUubJUFIcAm7EaKNELSxjGAekE3C7GQ2GTL7YOauZAn5ABsr/8PGQhFbP8Auf+PkUWjigQOHc+5l5h4n5EyCaU60xNr6xuZWcju1s7u3f5A+PKrJIBKEVknAA9FwsKSc+bQKDDhthIJiz+G07gxupnn9gQrJAv8e4pC2PNzzmcsIBmV10tncsG0aw7alWFQ8z1/lwBCGDX0K2LDDPsurKbNgzqCvCmshsuWMffY8KceVTvrb7gYk8qgPhGMpm5YZQmuEBTDC6ThlR5KGmAxwjzaV9LFHZWs0O2asnyqnq7uBUPRBn7m/N0bYkzL2HDXpYejL5Wxq/pc1I3AvWyPmhxFQn8wfciOuQ6BPm9G7TFACPFYCE8HUX3XSxwITUP2lVAnW8smrolYsWKVC6U61cY3mSKITlEE5ZKELVEa3qIKqiKBH9ILe0Lv2pL1qH9rnfDShLXaO0R9oXz8KepwZ</latexit>

(x0, x1, x2, x3) = (t, r, ✓,�)

<latexit sha1_base64="4uzmEzJi450dwUQ5f78ujkIWHjQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYhyRJmJ5NkyMzsMjMrLku+Qg8eFPHq53jL3zh5HDSxoKGo6qa7K4g408Z1J05mbX1jcyu7ndvZ3ds/yB8eNXQYK0LrJOShagVYU84krRtmOG1FimIRcNoMRjdTv/lIlWahvDdJRH2BB5L1GcHGSg+Dbuq649LTWTdfdMvuDGiVeAtSrBY65y+TalLr5r87vZDEgkpDONa67bmR8VOsDCOcjnOdWNMIkxEe0LalEguq/XR28BidWqWH+qGyJQ2aqb8nUiy0TkRgOwU2Q73sTcX/vHZs+ld+ymQUGyrJfFE/5siEaPo96jFFieGJJZgoZm9FZIgVJsZmlLMheMsvr5LGRdmrlCt3No1rmCMLJ1CAEnhwCVW4hRrUgYCAZ3iDd0c5r86H8zlvzTiLmWP4A+frB+j1ktE=</latexit>

g00(x)
<latexit sha1_base64="Zlqpg9jU18TCXcccSckJjiu8a3Y=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYhyRJmJ5NkyMzsMjMrLku+Qg8eFPHq53jL3zh5HDSxoKGo6qa7K4g408Z1J05mbX1jcyu7ndvZ3ds/yB8eNXQYK0LrJOShagVYU84krRtmOG1FimIRcNoMRjdTv/lIlWahvDdJRH2BB5L1GcHGSg+Dbup549LTWTdfdMvuDGiVeAtSrBY65y+TalLr5r87vZDEgkpDONa67bmR8VOsDCOcjnOdWNMIkxEe0LalEguq/XR28BidWqWH+qGyJQ2aqb8nUiy0TkRgOwU2Q73sTcX/vHZs+ld+ymQUGyrJfFE/5siEaPo96jFFieGJJZgoZm9FZIgVJsZmlLMheMsvr5LGRdmrlCt3No1rmCMLJ1CAEnhwCVW4hRrUgYCAZ3iDd0c5r86H8zlvzTiLmWP4A+frB+wGktM=</latexit>

g11(x)



E.g., the Schwarzschild metric…

<latexit sha1_base64="uJ6oLYKTqoq2zVzntKv0paGShwc="></latexit>

ds2 =

✓
1� 2M

r

◆
dt2 +

 
1

1� 2M
r

!
dr2 + r2 d⌦2

<latexit sha1_base64="4uzmEzJi450dwUQ5f78ujkIWHjQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYhyRJmJ5NkyMzsMjMrLku+Qg8eFPHq53jL3zh5HDSxoKGo6qa7K4g408Z1J05mbX1jcyu7ndvZ3ds/yB8eNXQYK0LrJOShagVYU84krRtmOG1FimIRcNoMRjdTv/lIlWahvDdJRH2BB5L1GcHGSg+Dbuq649LTWTdfdMvuDGiVeAtSrBY65y+TalLr5r87vZDEgkpDONa67bmR8VOsDCOcjnOdWNMIkxEe0LalEguq/XR28BidWqWH+qGyJQ2aqb8nUiy0TkRgOwU2Q73sTcX/vHZs+ld+ymQUGyrJfFE/5siEaPo96jFFieGJJZgoZm9FZIgVJsZmlLMheMsvr5LGRdmrlCt3No1rmCMLJ1CAEnhwCVW4hRrUgYCAZ3iDd0c5r86H8zlvzTiLmWP4A+frB+j1ktE=</latexit>

g00(x)
<latexit sha1_base64="Zlqpg9jU18TCXcccSckJjiu8a3Y=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYhyRJmJ5NkyMzsMjMrLku+Qg8eFPHq53jL3zh5HDSxoKGo6qa7K4g408Z1J05mbX1jcyu7ndvZ3ds/yB8eNXQYK0LrJOShagVYU84krRtmOG1FimIRcNoMRjdTv/lIlWahvDdJRH2BB5L1GcHGSg+Dbup549LTWTdfdMvuDGiVeAtSrBY65y+TalLr5r87vZDEgkpDONa67bmR8VOsDCOcjnOdWNMIkxEe0LalEguq/XR28BidWqWH+qGyJQ2aqb8nUiy0TkRgOwU2Q73sTcX/vHZs+ld+ymQUGyrJfFE/5siEaPo96jFFieGJJZgoZm9FZIgVJsZmlLMheMsvr5LGRdmrlCt3No1rmCMLJ1CAEnhwCVW4hRrUgYCAZ3iDd0c5r86H8zlvzTiLmWP4A+frB+wGktM=</latexit>

g11(x)

<latexit sha1_base64="93rsdGOFS/28KHrVhoJEpiNrHfU=">AAAB/HicbVDLTsJAFJ3iC8FHlaWbRjRxRVoW6MaE6MYlJvJIoDTT6RQGptNmZkpsGvwVNy40xi0/4B+480N07fBYKHiSm5ycc2/uvceNKBHSND+1zNr6xuZWdjuX39nd29cPDhsijDnCdRTSkLdcKDAlDNclkRS3Io5h4FLcdIfXU785wlyQkN3JJMJ2AHuM+ARBqSRHL3iiW77sOSkZjL37LlE1cPSiWTJnMFaJtSDF6snX5H2U/645+kfHC1EcYCYRhUK0LTOSdgq5JIjica4TCxxBNIQ93FaUwQALO50dPzZOleIZfshVMWnM1N8TKQyESAJXdQZQ9sWyNxX/89qx9C/slLAolpih+SI/poYMjWkShkc4RpImikDEibrVQH3IIZIqr5wKwVp+eZU0yiWrUqrcqjSuwBxZcASOwRmwwDmoghtQA3WAQAIewTN40R60J+1Ve5u3ZrTFTAH8gTb5AaDrmTU=</latexit>

ds2 = gijdx
idxj

<latexit sha1_base64="WcasWJRYk2UJlVjdVZv80XscBOk=">AAACDHicbVC7SgNBFJ2NrxhfUUubJUFIcAm7EaKNELSxjGAekE3C7GQ2GTL7YOauZAn5ABsr/8PGQhFbP8Auf+PkUWjigQOHc+5l5h4n5EyCaU60xNr6xuZWcju1s7u3f5A+PKrJIBKEVknAA9FwsKSc+bQKDDhthIJiz+G07gxupnn9gQrJAv8e4pC2PNzzmcsIBmV10tncsG0aw7alWFQ8z1/lwBCGDX0K2LDDPsurKbNgzqCvCmshsuWMffY8KceVTvrb7gYk8qgPhGMpm5YZQmuEBTDC6ThlR5KGmAxwjzaV9LFHZWs0O2asnyqnq7uBUPRBn7m/N0bYkzL2HDXpYejL5Wxq/pc1I3AvWyPmhxFQn8wfciOuQ6BPm9G7TFACPFYCE8HUX3XSxwITUP2lVAnW8smrolYsWKVC6U61cY3mSKITlEE5ZKELVEa3qIKqiKBH9ILe0Lv2pL1qH9rnfDShLXaO0R9oXz8KepwZ</latexit>

(x0, x1, x2, x3) = (t, r, ✓,�)

Metric:



E.g., the Schwarzschild metric…

<latexit sha1_base64="uJ6oLYKTqoq2zVzntKv0paGShwc="></latexit>

ds2 =

✓
1� 2M

r

◆
dt2 +

 
1

1� 2M
r

!
dr2 + r2 d⌦2

<latexit sha1_base64="4uzmEzJi450dwUQ5f78ujkIWHjQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYhyRJmJ5NkyMzsMjMrLku+Qg8eFPHq53jL3zh5HDSxoKGo6qa7K4g408Z1J05mbX1jcyu7ndvZ3ds/yB8eNXQYK0LrJOShagVYU84krRtmOG1FimIRcNoMRjdTv/lIlWahvDdJRH2BB5L1GcHGSg+Dbuq649LTWTdfdMvuDGiVeAtSrBY65y+TalLr5r87vZDEgkpDONa67bmR8VOsDCOcjnOdWNMIkxEe0LalEguq/XR28BidWqWH+qGyJQ2aqb8nUiy0TkRgOwU2Q73sTcX/vHZs+ld+ymQUGyrJfFE/5siEaPo96jFFieGJJZgoZm9FZIgVJsZmlLMheMsvr5LGRdmrlCt3No1rmCMLJ1CAEnhwCVW4hRrUgYCAZ3iDd0c5r86H8zlvzTiLmWP4A+frB+j1ktE=</latexit>

g00(x)
<latexit sha1_base64="Zlqpg9jU18TCXcccSckJjiu8a3Y=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYhyRJmJ5NkyMzsMjMrLku+Qg8eFPHq53jL3zh5HDSxoKGo6qa7K4g408Z1J05mbX1jcyu7ndvZ3ds/yB8eNXQYK0LrJOShagVYU84krRtmOG1FimIRcNoMRjdTv/lIlWahvDdJRH2BB5L1GcHGSg+Dbup549LTWTdfdMvuDGiVeAtSrBY65y+TalLr5r87vZDEgkpDONa67bmR8VOsDCOcjnOdWNMIkxEe0LalEguq/XR28BidWqWH+qGyJQ2aqb8nUiy0TkRgOwU2Q73sTcX/vHZs+ld+ymQUGyrJfFE/5siEaPo96jFFieGJJZgoZm9FZIgVJsZmlLMheMsvr5LGRdmrlCt3No1rmCMLJ1CAEnhwCVW4hRrUgYCAZ3iDd0c5r86H8zlvzTiLmWP4A+frB+wGktM=</latexit>

g11(x)

<latexit sha1_base64="93rsdGOFS/28KHrVhoJEpiNrHfU=">AAAB/HicbVDLTsJAFJ3iC8FHlaWbRjRxRVoW6MaE6MYlJvJIoDTT6RQGptNmZkpsGvwVNy40xi0/4B+480N07fBYKHiSm5ycc2/uvceNKBHSND+1zNr6xuZWdjuX39nd29cPDhsijDnCdRTSkLdcKDAlDNclkRS3Io5h4FLcdIfXU785wlyQkN3JJMJ2AHuM+ARBqSRHL3iiW77sOSkZjL37LlE1cPSiWTJnMFaJtSDF6snX5H2U/645+kfHC1EcYCYRhUK0LTOSdgq5JIjica4TCxxBNIQ93FaUwQALO50dPzZOleIZfshVMWnM1N8TKQyESAJXdQZQ9sWyNxX/89qx9C/slLAolpih+SI/poYMjWkShkc4RpImikDEibrVQH3IIZIqr5wKwVp+eZU0yiWrUqrcqjSuwBxZcASOwRmwwDmoghtQA3WAQAIewTN40R60J+1Ve5u3ZrTFTAH8gTb5AaDrmTU=</latexit>

ds2 = gijdx
idxj

<latexit sha1_base64="WcasWJRYk2UJlVjdVZv80XscBOk=">AAACDHicbVC7SgNBFJ2NrxhfUUubJUFIcAm7EaKNELSxjGAekE3C7GQ2GTL7YOauZAn5ABsr/8PGQhFbP8Auf+PkUWjigQOHc+5l5h4n5EyCaU60xNr6xuZWcju1s7u3f5A+PKrJIBKEVknAA9FwsKSc+bQKDDhthIJiz+G07gxupnn9gQrJAv8e4pC2PNzzmcsIBmV10tncsG0aw7alWFQ8z1/lwBCGDX0K2LDDPsurKbNgzqCvCmshsuWMffY8KceVTvrb7gYk8qgPhGMpm5YZQmuEBTDC6ThlR5KGmAxwjzaV9LFHZWs0O2asnyqnq7uBUPRBn7m/N0bYkzL2HDXpYejL5Wxq/pc1I3AvWyPmhxFQn8wfciOuQ6BPm9G7TFACPFYCE8HUX3XSxwITUP2lVAnW8smrolYsWKVC6U61cY3mSKITlEE5ZKELVEa3qIKqiKBH9ILe0Lv2pL1qH9rnfDShLXaO0R9oXz8KepwZ</latexit>

(x0, x1, x2, x3) = (t, r, ✓,�)

<latexit sha1_base64="K98DTiDNBhrzfqwzyUt1oyM1Loc="></latexit>

�k
ij =

1

2
gk� {�gij,� + g�i,j + gj�i}

Metric:

Connection:



E.g., the Schwarzschild metric…

<latexit sha1_base64="uJ6oLYKTqoq2zVzntKv0paGShwc="></latexit>

ds2 =

✓
1� 2M

r

◆
dt2 +

 
1

1� 2M
r

!
dr2 + r2 d⌦2

<latexit sha1_base64="4uzmEzJi450dwUQ5f78ujkIWHjQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYhyRJmJ5NkyMzsMjMrLku+Qg8eFPHq53jL3zh5HDSxoKGo6qa7K4g408Z1J05mbX1jcyu7ndvZ3ds/yB8eNXQYK0LrJOShagVYU84krRtmOG1FimIRcNoMRjdTv/lIlWahvDdJRH2BB5L1GcHGSg+Dbuq649LTWTdfdMvuDGiVeAtSrBY65y+TalLr5r87vZDEgkpDONa67bmR8VOsDCOcjnOdWNMIkxEe0LalEguq/XR28BidWqWH+qGyJQ2aqb8nUiy0TkRgOwU2Q73sTcX/vHZs+ld+ymQUGyrJfFE/5siEaPo96jFFieGJJZgoZm9FZIgVJsZmlLMheMsvr5LGRdmrlCt3No1rmCMLJ1CAEnhwCVW4hRrUgYCAZ3iDd0c5r86H8zlvzTiLmWP4A+frB+j1ktE=</latexit>

g00(x)
<latexit sha1_base64="Zlqpg9jU18TCXcccSckJjiu8a3Y=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYhyRJmJ5NkyMzsMjMrLku+Qg8eFPHq53jL3zh5HDSxoKGo6qa7K4g408Z1J05mbX1jcyu7ndvZ3ds/yB8eNXQYK0LrJOShagVYU84krRtmOG1FimIRcNoMRjdTv/lIlWahvDdJRH2BB5L1GcHGSg+Dbup549LTWTdfdMvuDGiVeAtSrBY65y+TalLr5r87vZDEgkpDONa67bmR8VOsDCOcjnOdWNMIkxEe0LalEguq/XR28BidWqWH+qGyJQ2aqb8nUiy0TkRgOwU2Q73sTcX/vHZs+ld+ymQUGyrJfFE/5siEaPo96jFFieGJJZgoZm9FZIgVJsZmlLMheMsvr5LGRdmrlCt3No1rmCMLJ1CAEnhwCVW4hRrUgYCAZ3iDd0c5r86H8zlvzTiLmWP4A+frB+wGktM=</latexit>

g11(x)

<latexit sha1_base64="93rsdGOFS/28KHrVhoJEpiNrHfU=">AAAB/HicbVDLTsJAFJ3iC8FHlaWbRjRxRVoW6MaE6MYlJvJIoDTT6RQGptNmZkpsGvwVNy40xi0/4B+480N07fBYKHiSm5ycc2/uvceNKBHSND+1zNr6xuZWdjuX39nd29cPDhsijDnCdRTSkLdcKDAlDNclkRS3Io5h4FLcdIfXU785wlyQkN3JJMJ2AHuM+ARBqSRHL3iiW77sOSkZjL37LlE1cPSiWTJnMFaJtSDF6snX5H2U/645+kfHC1EcYCYRhUK0LTOSdgq5JIjica4TCxxBNIQ93FaUwQALO50dPzZOleIZfshVMWnM1N8TKQyESAJXdQZQ9sWyNxX/89qx9C/slLAolpih+SI/poYMjWkShkc4RpImikDEibrVQH3IIZIqr5wKwVp+eZU0yiWrUqrcqjSuwBxZcASOwRmwwDmoghtQA3WAQAIewTN40R60J+1Ve5u3ZrTFTAH8gTb5AaDrmTU=</latexit>

ds2 = gijdx
idxj

<latexit sha1_base64="WcasWJRYk2UJlVjdVZv80XscBOk=">AAACDHicbVC7SgNBFJ2NrxhfUUubJUFIcAm7EaKNELSxjGAekE3C7GQ2GTL7YOauZAn5ABsr/8PGQhFbP8Auf+PkUWjigQOHc+5l5h4n5EyCaU60xNr6xuZWcju1s7u3f5A+PKrJIBKEVknAA9FwsKSc+bQKDDhthIJiz+G07gxupnn9gQrJAv8e4pC2PNzzmcsIBmV10tncsG0aw7alWFQ8z1/lwBCGDX0K2LDDPsurKbNgzqCvCmshsuWMffY8KceVTvrb7gYk8qgPhGMpm5YZQmuEBTDC6ThlR5KGmAxwjzaV9LFHZWs0O2asnyqnq7uBUPRBn7m/N0bYkzL2HDXpYejL5Wxq/pc1I3AvWyPmhxFQn8wfciOuQ6BPm9G7TFACPFYCE8HUX3XSxwITUP2lVAnW8smrolYsWKVC6U61cY3mSKITlEE5ZKELVEa3qIKqiKBH9ILe0Lv2pL1qH9rnfDShLXaO0R9oXz8KepwZ</latexit>

(x0, x1, x2, x3) = (t, r, ✓,�)

<latexit sha1_base64="K98DTiDNBhrzfqwzyUt1oyM1Loc="></latexit>

�k
ij =

1

2
gk� {�gij,� + g�i,j + gj�i}

<latexit sha1_base64="5wGd+b+bmtz/jeDb1MmSGH0yukc="></latexit>

Rl
ijk = �l

ik,j � �l
ij,k + �l

j��
�
ik � �l

k��
l
ij

Metric:

Connection:

Curvature:



E.g., the Schwarzschild metric…

<latexit sha1_base64="uJ6oLYKTqoq2zVzntKv0paGShwc="></latexit>

ds2 =

✓
1� 2M

r

◆
dt2 +

 
1

1� 2M
r

!
dr2 + r2 d⌦2

<latexit sha1_base64="4uzmEzJi450dwUQ5f78ujkIWHjQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYhyRJmJ5NkyMzsMjMrLku+Qg8eFPHq53jL3zh5HDSxoKGo6qa7K4g408Z1J05mbX1jcyu7ndvZ3ds/yB8eNXQYK0LrJOShagVYU84krRtmOG1FimIRcNoMRjdTv/lIlWahvDdJRH2BB5L1GcHGSg+Dbuq649LTWTdfdMvuDGiVeAtSrBY65y+TalLr5r87vZDEgkpDONa67bmR8VOsDCOcjnOdWNMIkxEe0LalEguq/XR28BidWqWH+qGyJQ2aqb8nUiy0TkRgOwU2Q73sTcX/vHZs+ld+ymQUGyrJfFE/5siEaPo96jFFieGJJZgoZm9FZIgVJsZmlLMheMsvr5LGRdmrlCt3No1rmCMLJ1CAEnhwCVW4hRrUgYCAZ3iDd0c5r86H8zlvzTiLmWP4A+frB+j1ktE=</latexit>

g00(x)
<latexit sha1_base64="Zlqpg9jU18TCXcccSckJjiu8a3Y=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYhyRJmJ5NkyMzsMjMrLku+Qg8eFPHq53jL3zh5HDSxoKGo6qa7K4g408Z1J05mbX1jcyu7ndvZ3ds/yB8eNXQYK0LrJOShagVYU84krRtmOG1FimIRcNoMRjdTv/lIlWahvDdJRH2BB5L1GcHGSg+Dbup549LTWTdfdMvuDGiVeAtSrBY65y+TalLr5r87vZDEgkpDONa67bmR8VOsDCOcjnOdWNMIkxEe0LalEguq/XR28BidWqWH+qGyJQ2aqb8nUiy0TkRgOwU2Q73sTcX/vHZs+ld+ymQUGyrJfFE/5siEaPo96jFFieGJJZgoZm9FZIgVJsZmlLMheMsvr5LGRdmrlCt3No1rmCMLJ1CAEnhwCVW4hRrUgYCAZ3iDd0c5r86H8zlvzTiLmWP4A+frB+wGktM=</latexit>

g11(x)

<latexit sha1_base64="WcasWJRYk2UJlVjdVZv80XscBOk=">AAACDHicbVC7SgNBFJ2NrxhfUUubJUFIcAm7EaKNELSxjGAekE3C7GQ2GTL7YOauZAn5ABsr/8PGQhFbP8Auf+PkUWjigQOHc+5l5h4n5EyCaU60xNr6xuZWcju1s7u3f5A+PKrJIBKEVknAA9FwsKSc+bQKDDhthIJiz+G07gxupnn9gQrJAv8e4pC2PNzzmcsIBmV10tncsG0aw7alWFQ8z1/lwBCGDX0K2LDDPsurKbNgzqCvCmshsuWMffY8KceVTvrb7gYk8qgPhGMpm5YZQmuEBTDC6ThlR5KGmAxwjzaV9LFHZWs0O2asnyqnq7uBUPRBn7m/N0bYkzL2HDXpYejL5Wxq/pc1I3AvWyPmhxFQn8wfciOuQ6BPm9G7TFACPFYCE8HUX3XSxwITUP2lVAnW8smrolYsWKVC6U61cY3mSKITlEE5ZKELVEa3qIKqiKBH9ILe0Lv2pL1qH9rnfDShLXaO0R9oXz8KepwZ</latexit>

(x0, x1, x2, x3) = (t, r, ✓,�)

Calculation:  



E.g., the Schwarzschild metric…

<latexit sha1_base64="uJ6oLYKTqoq2zVzntKv0paGShwc="></latexit>

ds2 =

✓
1� 2M

r

◆
dt2 +

 
1

1� 2M
r

!
dr2 + r2 d⌦2

<latexit sha1_base64="4uzmEzJi450dwUQ5f78ujkIWHjQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYhyRJmJ5NkyMzsMjMrLku+Qg8eFPHq53jL3zh5HDSxoKGo6qa7K4g408Z1J05mbX1jcyu7ndvZ3ds/yB8eNXQYK0LrJOShagVYU84krRtmOG1FimIRcNoMRjdTv/lIlWahvDdJRH2BB5L1GcHGSg+Dbuq649LTWTdfdMvuDGiVeAtSrBY65y+TalLr5r87vZDEgkpDONa67bmR8VOsDCOcjnOdWNMIkxEe0LalEguq/XR28BidWqWH+qGyJQ2aqb8nUiy0TkRgOwU2Q73sTcX/vHZs+ld+ymQUGyrJfFE/5siEaPo96jFFieGJJZgoZm9FZIgVJsZmlLMheMsvr5LGRdmrlCt3No1rmCMLJ1CAEnhwCVW4hRrUgYCAZ3iDd0c5r86H8zlvzTiLmWP4A+frB+j1ktE=</latexit>

g00(x)
<latexit sha1_base64="Zlqpg9jU18TCXcccSckJjiu8a3Y=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYhyRJmJ5NkyMzsMjMrLku+Qg8eFPHq53jL3zh5HDSxoKGo6qa7K4g408Z1J05mbX1jcyu7ndvZ3ds/yB8eNXQYK0LrJOShagVYU84krRtmOG1FimIRcNoMRjdTv/lIlWahvDdJRH2BB5L1GcHGSg+Dbup549LTWTdfdMvuDGiVeAtSrBY65y+TalLr5r87vZDEgkpDONa67bmR8VOsDCOcjnOdWNMIkxEe0LalEguq/XR28BidWqWH+qGyJQ2aqb8nUiy0TkRgOwU2Q73sTcX/vHZs+ld+ymQUGyrJfFE/5siEaPo96jFFieGJJZgoZm9FZIgVJsZmlLMheMsvr5LGRdmrlCt3No1rmCMLJ1CAEnhwCVW4hRrUgYCAZ3iDd0c5r86H8zlvzTiLmWP4A+frB+wGktM=</latexit>

g11(x)

<latexit sha1_base64="WcasWJRYk2UJlVjdVZv80XscBOk=">AAACDHicbVC7SgNBFJ2NrxhfUUubJUFIcAm7EaKNELSxjGAekE3C7GQ2GTL7YOauZAn5ABsr/8PGQhFbP8Auf+PkUWjigQOHc+5l5h4n5EyCaU60xNr6xuZWcju1s7u3f5A+PKrJIBKEVknAA9FwsKSc+bQKDDhthIJiz+G07gxupnn9gQrJAv8e4pC2PNzzmcsIBmV10tncsG0aw7alWFQ8z1/lwBCGDX0K2LDDPsurKbNgzqCvCmshsuWMffY8KceVTvrb7gYk8qgPhGMpm5YZQmuEBTDC6ThlR5KGmAxwjzaV9LFHZWs0O2asnyqnq7uBUPRBn7m/N0bYkzL2HDXpYejL5Wxq/pc1I3AvWyPmhxFQn8wfciOuQ6BPm9G7TFACPFYCE8HUX3XSxwITUP2lVAnW8smrolYsWKVC6U61cY3mSKITlEE5ZKELVEa3qIKqiKBH9ILe0Lv2pL1qH9rnfDShLXaO0R9oXz8KepwZ</latexit>

(x0, x1, x2, x3) = (t, r, ✓,�)

Connection singularity in     
<latexit sha1_base64="xv36bfj/FdCx4zsqRtLmEqhwN/I=">AAAB6nicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBm0sLCKaCyRrmJ3MJkNmZ4eZWSGEPIKNhSKW+i72NuLbOLkUmvjDwMf/n8Occ0LJmTae9+1kFhaXlleyq+7a+sbmVm57p6qTVBFaIQlPVD3EmnImaMUww2ldKorjkNNa2LsY5bV7qjRLxK3pSxrEuCNYxAg21rq5upOtXN4reGOhefCnkD/7cE/l25dbbuU+m+2EpDEVhnCsdcP3pAkGWBlGOB26zVRTiUkPd2jDosAx1cFgPOoQHVinjaJE2ScMGru/OwY41rofh7YyxqarZ7OR+V/WSE10EgyYkKmhgkw+ilKOTIJGe6M2U5QY3reAiWJ2VkS6WGFi7HVcewR/duV5qB4V/GKheO3lS+cwURb2YB8OwYdjKMEllKECBDrwAE/w7HDn0XlxXielGWfaswt/5Lz/AIm4kPo=</latexit>

LpCalculation:  



E.g., the Schwarzschild metric…

<latexit sha1_base64="uJ6oLYKTqoq2zVzntKv0paGShwc="></latexit>

ds2 =

✓
1� 2M

r

◆
dt2 +

 
1

1� 2M
r

!
dr2 + r2 d⌦2

<latexit sha1_base64="4uzmEzJi450dwUQ5f78ujkIWHjQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYhyRJmJ5NkyMzsMjMrLku+Qg8eFPHq53jL3zh5HDSxoKGo6qa7K4g408Z1J05mbX1jcyu7ndvZ3ds/yB8eNXQYK0LrJOShagVYU84krRtmOG1FimIRcNoMRjdTv/lIlWahvDdJRH2BB5L1GcHGSg+Dbuq649LTWTdfdMvuDGiVeAtSrBY65y+TalLr5r87vZDEgkpDONa67bmR8VOsDCOcjnOdWNMIkxEe0LalEguq/XR28BidWqWH+qGyJQ2aqb8nUiy0TkRgOwU2Q73sTcX/vHZs+ld+ymQUGyrJfFE/5siEaPo96jFFieGJJZgoZm9FZIgVJsZmlLMheMsvr5LGRdmrlCt3No1rmCMLJ1CAEnhwCVW4hRrUgYCAZ3iDd0c5r86H8zlvzTiLmWP4A+frB+j1ktE=</latexit>

g00(x)
<latexit sha1_base64="Zlqpg9jU18TCXcccSckJjiu8a3Y=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYhyRJmJ5NkyMzsMjMrLku+Qg8eFPHq53jL3zh5HDSxoKGo6qa7K4g408Z1J05mbX1jcyu7ndvZ3ds/yB8eNXQYK0LrJOShagVYU84krRtmOG1FimIRcNoMRjdTv/lIlWahvDdJRH2BB5L1GcHGSg+Dbup549LTWTdfdMvuDGiVeAtSrBY65y+TalLr5r87vZDEgkpDONa67bmR8VOsDCOcjnOdWNMIkxEe0LalEguq/XR28BidWqWH+qGyJQ2aqb8nUiy0TkRgOwU2Q73sTcX/vHZs+ld+ymQUGyrJfFE/5siEaPo96jFFieGJJZgoZm9FZIgVJsZmlLMheMsvr5LGRdmrlCt3No1rmCMLJ1CAEnhwCVW4hRrUgYCAZ3iDd0c5r86H8zlvzTiLmWP4A+frB+wGktM=</latexit>

g11(x)

<latexit sha1_base64="WcasWJRYk2UJlVjdVZv80XscBOk=">AAACDHicbVC7SgNBFJ2NrxhfUUubJUFIcAm7EaKNELSxjGAekE3C7GQ2GTL7YOauZAn5ABsr/8PGQhFbP8Auf+PkUWjigQOHc+5l5h4n5EyCaU60xNr6xuZWcju1s7u3f5A+PKrJIBKEVknAA9FwsKSc+bQKDDhthIJiz+G07gxupnn9gQrJAv8e4pC2PNzzmcsIBmV10tncsG0aw7alWFQ8z1/lwBCGDX0K2LDDPsurKbNgzqCvCmshsuWMffY8KceVTvrb7gYk8qgPhGMpm5YZQmuEBTDC6ThlR5KGmAxwjzaV9LFHZWs0O2asnyqnq7uBUPRBn7m/N0bYkzL2HDXpYejL5Wxq/pc1I3AvWyPmhxFQn8wfciOuQ6BPm9G7TFACPFYCE8HUX3XSxwITUP2lVAnW8smrolYsWKVC6U61cY3mSKITlEE5ZKELVEa3qIKqiKBH9ILe0Lv2pL1qH9rnfDShLXaO0R9oXz8KepwZ</latexit>

(x0, x1, x2, x3) = (t, r, ✓,�)

Connection singularity in     
<latexit sha1_base64="xv36bfj/FdCx4zsqRtLmEqhwN/I=">AAAB6nicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBm0sLCKaCyRrmJ3MJkNmZ4eZWSGEPIKNhSKW+i72NuLbOLkUmvjDwMf/n8Occ0LJmTae9+1kFhaXlleyq+7a+sbmVm57p6qTVBFaIQlPVD3EmnImaMUww2ldKorjkNNa2LsY5bV7qjRLxK3pSxrEuCNYxAg21rq5upOtXN4reGOhefCnkD/7cE/l25dbbuU+m+2EpDEVhnCsdcP3pAkGWBlGOB26zVRTiUkPd2jDosAx1cFgPOoQHVinjaJE2ScMGru/OwY41rofh7YyxqarZ7OR+V/WSE10EgyYkKmhgkw+ilKOTIJGe6M2U5QY3reAiWJ2VkS6WGFi7HVcewR/duV5qB4V/GKheO3lS+cwURb2YB8OwYdjKMEllKECBDrwAE/w7HDn0XlxXielGWfaswt/5Lz/AIm4kPo=</latexit>

LpCalculation:  

Curvature singularity in         
<latexit sha1_base64="b6CdT5jQvRCD7Jz/PTHeo2GlpYc=">AAAB7nicbZC7SgNBFIbPeo3rLWppMxgECwm7FtFGDNpYRjAXSNYwO5lNhszODjOzQljyEDYWiljY+Cb2NuLbOLkUmvjDwMf/n8Occ0LJmTae9+0sLC4tr6zm1tz1jc2t7fzObk0nqSK0ShKeqEaINeVM0KphhtOGVBTHIaf1sH81yuv3VGmWiFszkDSIcVewiBFsrFWv32X+sRy28wWv6I2F5sGfQuHiwz2Xb19upZ3/bHUSksZUGMKx1k3fkybIsDKMcDp0W6mmEpM+7tKmRYFjqoNsPO4QHVqng6JE2ScMGru/OzIcaz2IQ1sZY9PTs9nI/C9rpiY6CzImZGqoIJOPopQjk6DR7qjDFCWGDyxgopidFZEeVpgYeyHXHsGfXXkeaidFv1Qs3XiF8iVMlIN9OIAj8OEUynANFagCgT48wBM8O9J5dF6c10npgjPt2YM/ct5/ADlCkoI=</latexit>

W 1,p



E.g., the Schwarzschild metric…

<latexit sha1_base64="uJ6oLYKTqoq2zVzntKv0paGShwc="></latexit>

ds2 =

✓
1� 2M

r

◆
dt2 +

 
1

1� 2M
r

!
dr2 + r2 d⌦2

<latexit sha1_base64="4uzmEzJi450dwUQ5f78ujkIWHjQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYhyRJmJ5NkyMzsMjMrLku+Qg8eFPHq53jL3zh5HDSxoKGo6qa7K4g408Z1J05mbX1jcyu7ndvZ3ds/yB8eNXQYK0LrJOShagVYU84krRtmOG1FimIRcNoMRjdTv/lIlWahvDdJRH2BB5L1GcHGSg+Dbuq649LTWTdfdMvuDGiVeAtSrBY65y+TalLr5r87vZDEgkpDONa67bmR8VOsDCOcjnOdWNMIkxEe0LalEguq/XR28BidWqWH+qGyJQ2aqb8nUiy0TkRgOwU2Q73sTcX/vHZs+ld+ymQUGyrJfFE/5siEaPo96jFFieGJJZgoZm9FZIgVJsZmlLMheMsvr5LGRdmrlCt3No1rmCMLJ1CAEnhwCVW4hRrUgYCAZ3iDd0c5r86H8zlvzTiLmWP4A+frB+j1ktE=</latexit>

g00(x)
<latexit sha1_base64="Zlqpg9jU18TCXcccSckJjiu8a3Y=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYhyRJmJ5NkyMzsMjMrLku+Qg8eFPHq53jL3zh5HDSxoKGo6qa7K4g408Z1J05mbX1jcyu7ndvZ3ds/yB8eNXQYK0LrJOShagVYU84krRtmOG1FimIRcNoMRjdTv/lIlWahvDdJRH2BB5L1GcHGSg+Dbup549LTWTdfdMvuDGiVeAtSrBY65y+TalLr5r87vZDEgkpDONa67bmR8VOsDCOcjnOdWNMIkxEe0LalEguq/XR28BidWqWH+qGyJQ2aqb8nUiy0TkRgOwU2Q73sTcX/vHZs+ld+ymQUGyrJfFE/5siEaPo96jFFieGJJZgoZm9FZIgVJsZmlLMheMsvr5LGRdmrlCt3No1rmCMLJ1CAEnhwCVW4hRrUgYCAZ3iDd0c5r86H8zlvzTiLmWP4A+frB+wGktM=</latexit>

g11(x)

<latexit sha1_base64="WcasWJRYk2UJlVjdVZv80XscBOk=">AAACDHicbVC7SgNBFJ2NrxhfUUubJUFIcAm7EaKNELSxjGAekE3C7GQ2GTL7YOauZAn5ABsr/8PGQhFbP8Auf+PkUWjigQOHc+5l5h4n5EyCaU60xNr6xuZWcju1s7u3f5A+PKrJIBKEVknAA9FwsKSc+bQKDDhthIJiz+G07gxupnn9gQrJAv8e4pC2PNzzmcsIBmV10tncsG0aw7alWFQ8z1/lwBCGDX0K2LDDPsurKbNgzqCvCmshsuWMffY8KceVTvrb7gYk8qgPhGMpm5YZQmuEBTDC6ThlR5KGmAxwjzaV9LFHZWs0O2asnyqnq7uBUPRBn7m/N0bYkzL2HDXpYejL5Wxq/pc1I3AvWyPmhxFQn8wfciOuQ6BPm9G7TFACPFYCE8HUX3XSxwITUP2lVAnW8smrolYsWKVC6U61cY3mSKITlEE5ZKELVEa3qIKqiKBH9ILe0Lv2pL1qH9rnfDShLXaO0R9oXz8KepwZ</latexit>

(x0, x1, x2, x3) = (t, r, ✓,�)

Connection singularity in     
<latexit sha1_base64="xv36bfj/FdCx4zsqRtLmEqhwN/I=">AAAB6nicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBm0sLCKaCyRrmJ3MJkNmZ4eZWSGEPIKNhSKW+i72NuLbOLkUmvjDwMf/n8Occ0LJmTae9+1kFhaXlleyq+7a+sbmVm57p6qTVBFaIQlPVD3EmnImaMUww2ldKorjkNNa2LsY5bV7qjRLxK3pSxrEuCNYxAg21rq5upOtXN4reGOhefCnkD/7cE/l25dbbuU+m+2EpDEVhnCsdcP3pAkGWBlGOB26zVRTiUkPd2jDosAx1cFgPOoQHVinjaJE2ScMGru/OwY41rofh7YyxqarZ7OR+V/WSE10EgyYkKmhgkw+ilKOTIJGe6M2U5QY3reAiWJ2VkS6WGFi7HVcewR/duV5qB4V/GKheO3lS+cwURb2YB8OwYdjKMEllKECBDrwAE/w7HDn0XlxXielGWfaswt/5Lz/AIm4kPo=</latexit>

LpCalculation:  

Curvature singularity in         
<latexit sha1_base64="b6CdT5jQvRCD7Jz/PTHeo2GlpYc=">AAAB7nicbZC7SgNBFIbPeo3rLWppMxgECwm7FtFGDNpYRjAXSNYwO5lNhszODjOzQljyEDYWiljY+Cb2NuLbOLkUmvjDwMf/n8Occ0LJmTae9+0sLC4tr6zm1tz1jc2t7fzObk0nqSK0ShKeqEaINeVM0KphhtOGVBTHIaf1sH81yuv3VGmWiFszkDSIcVewiBFsrFWv32X+sRy28wWv6I2F5sGfQuHiwz2Xb19upZ3/bHUSksZUGMKx1k3fkybIsDKMcDp0W6mmEpM+7tKmRYFjqoNsPO4QHVqng6JE2ScMGru/OzIcaz2IQ1sZY9PTs9nI/C9rpiY6CzImZGqoIJOPopQjk6DR7qjDFCWGDyxgopidFZEeVpgYeyHXHsGfXXkeaidFv1Qs3XiF8iVMlIN9OIAj8OEUynANFagCgT48wBM8O9J5dF6c10npgjPt2YM/ct5/ADlCkoI=</latexit>

W 1,p

<latexit sha1_base64="diI6Z6QLvu/eEDryW9MfjlRd+i4=">AAAB6nicbVC7SgNBFL3rM8ZX1FKRwSBYhV2LaGERtLFM0DwgWcLsZDYZMjuzzMwKYUlpaWOhiK0fke+w8xv8CSePQhMPXDiccy/33hPEnGnjul/O0vLK6tp6ZiO7ubW9s5vb269pmShCq0RyqRoB1pQzQauGGU4bsaI4CjitB/2bsV9/oEozKe7NIKZ+hLuChYxgY6W7+Eq0c3m34E6AFok3I/nS0ajy/Xg8Krdzn62OJElEhSEca9303Nj4KVaGEU6H2VaiaYxJH3dp01KBI6r9dHLqEJ1apYNCqWwJgybq74kUR1oPosB2Rtj09Lw3Fv/zmokJL/2UiTgxVJDpojDhyEg0/ht1mKLE8IElmChmb0WkhxUmxqaTtSF48y8vktp5wSsWihWbxjVMkYFDOIEz8OACSnALZagCgS48wQu8Otx5dt6c92nrkjObOYA/cD5+ABdWkWQ=</latexit>

p < n



E.g., the Schwarzschild metric…

<latexit sha1_base64="uJ6oLYKTqoq2zVzntKv0paGShwc="></latexit>

ds2 =

✓
1� 2M

r

◆
dt2 +

 
1

1� 2M
r

!
dr2 + r2 d⌦2

<latexit sha1_base64="4uzmEzJi450dwUQ5f78ujkIWHjQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYhyRJmJ5NkyMzsMjMrLku+Qg8eFPHq53jL3zh5HDSxoKGo6qa7K4g408Z1J05mbX1jcyu7ndvZ3ds/yB8eNXQYK0LrJOShagVYU84krRtmOG1FimIRcNoMRjdTv/lIlWahvDdJRH2BB5L1GcHGSg+Dbuq649LTWTdfdMvuDGiVeAtSrBY65y+TalLr5r87vZDEgkpDONa67bmR8VOsDCOcjnOdWNMIkxEe0LalEguq/XR28BidWqWH+qGyJQ2aqb8nUiy0TkRgOwU2Q73sTcX/vHZs+ld+ymQUGyrJfFE/5siEaPo96jFFieGJJZgoZm9FZIgVJsZmlLMheMsvr5LGRdmrlCt3No1rmCMLJ1CAEnhwCVW4hRrUgYCAZ3iDd0c5r86H8zlvzTiLmWP4A+frB+j1ktE=</latexit>

g00(x)
<latexit sha1_base64="Zlqpg9jU18TCXcccSckJjiu8a3Y=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYhyRJmJ5NkyMzsMjMrLku+Qg8eFPHq53jL3zh5HDSxoKGo6qa7K4g408Z1J05mbX1jcyu7ndvZ3ds/yB8eNXQYK0LrJOShagVYU84krRtmOG1FimIRcNoMRjdTv/lIlWahvDdJRH2BB5L1GcHGSg+Dbup549LTWTdfdMvuDGiVeAtSrBY65y+TalLr5r87vZDEgkpDONa67bmR8VOsDCOcjnOdWNMIkxEe0LalEguq/XR28BidWqWH+qGyJQ2aqb8nUiy0TkRgOwU2Q73sTcX/vHZs+ld+ymQUGyrJfFE/5siEaPo96jFFieGJJZgoZm9FZIgVJsZmlLMheMsvr5LGRdmrlCt3No1rmCMLJ1CAEnhwCVW4hRrUgYCAZ3iDd0c5r86H8zlvzTiLmWP4A+frB+wGktM=</latexit>

g11(x)

<latexit sha1_base64="WcasWJRYk2UJlVjdVZv80XscBOk=">AAACDHicbVC7SgNBFJ2NrxhfUUubJUFIcAm7EaKNELSxjGAekE3C7GQ2GTL7YOauZAn5ABsr/8PGQhFbP8Auf+PkUWjigQOHc+5l5h4n5EyCaU60xNr6xuZWcju1s7u3f5A+PKrJIBKEVknAA9FwsKSc+bQKDDhthIJiz+G07gxupnn9gQrJAv8e4pC2PNzzmcsIBmV10tncsG0aw7alWFQ8z1/lwBCGDX0K2LDDPsurKbNgzqCvCmshsuWMffY8KceVTvrb7gYk8qgPhGMpm5YZQmuEBTDC6ThlR5KGmAxwjzaV9LFHZWs0O2asnyqnq7uBUPRBn7m/N0bYkzL2HDXpYejL5Wxq/pc1I3AvWyPmhxFQn8wfciOuQ6BPm9G7TFACPFYCE8HUX3XSxwITUP2lVAnW8smrolYsWKVC6U61cY3mSKITlEE5ZKELVEa3qIKqiKBH9ILe0Lv2pL1qH9rnfDShLXaO0R9oXz8KepwZ</latexit>

(x0, x1, x2, x3) = (t, r, ✓,�)

Connection singularity in     
<latexit sha1_base64="xv36bfj/FdCx4zsqRtLmEqhwN/I=">AAAB6nicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBm0sLCKaCyRrmJ3MJkNmZ4eZWSGEPIKNhSKW+i72NuLbOLkUmvjDwMf/n8Occ0LJmTae9+1kFhaXlleyq+7a+sbmVm57p6qTVBFaIQlPVD3EmnImaMUww2ldKorjkNNa2LsY5bV7qjRLxK3pSxrEuCNYxAg21rq5upOtXN4reGOhefCnkD/7cE/l25dbbuU+m+2EpDEVhnCsdcP3pAkGWBlGOB26zVRTiUkPd2jDosAx1cFgPOoQHVinjaJE2ScMGru/OwY41rofh7YyxqarZ7OR+V/WSE10EgyYkKmhgkw+ilKOTIJGe6M2U5QY3reAiWJ2VkS6WGFi7HVcewR/duV5qB4V/GKheO3lS+cwURb2YB8OwYdjKMEllKECBDrwAE/w7HDn0XlxXielGWfaswt/5Lz/AIm4kPo=</latexit>

LpCalculation:  

Curvature singularity in         
<latexit sha1_base64="b6CdT5jQvRCD7Jz/PTHeo2GlpYc=">AAAB7nicbZC7SgNBFIbPeo3rLWppMxgECwm7FtFGDNpYRjAXSNYwO5lNhszODjOzQljyEDYWiljY+Cb2NuLbOLkUmvjDwMf/n8Occ0LJmTae9+0sLC4tr6zm1tz1jc2t7fzObk0nqSK0ShKeqEaINeVM0KphhtOGVBTHIaf1sH81yuv3VGmWiFszkDSIcVewiBFsrFWv32X+sRy28wWv6I2F5sGfQuHiwz2Xb19upZ3/bHUSksZUGMKx1k3fkybIsDKMcDp0W6mmEpM+7tKmRYFjqoNsPO4QHVqng6JE2ScMGru/OzIcaz2IQ1sZY9PTs9nI/C9rpiY6CzImZGqoIJOPopQjk6DR7qjDFCWGDyxgopidFZEeVpgYeyHXHsGfXXkeaidFv1Qs3XiF8iVMlIN9OIAj8OEUynANFagCgT48wBM8O9J5dF6c10npgjPt2YM/ct5/ADlCkoI=</latexit>

W 1,p

<latexit sha1_base64="diI6Z6QLvu/eEDryW9MfjlRd+i4=">AAAB6nicbVC7SgNBFL3rM8ZX1FKRwSBYhV2LaGERtLFM0DwgWcLsZDYZMjuzzMwKYUlpaWOhiK0fke+w8xv8CSePQhMPXDiccy/33hPEnGnjul/O0vLK6tp6ZiO7ubW9s5vb269pmShCq0RyqRoB1pQzQauGGU4bsaI4CjitB/2bsV9/oEozKe7NIKZ+hLuChYxgY6W7+Eq0c3m34E6AFok3I/nS0ajy/Xg8Krdzn62OJElEhSEca9303Nj4KVaGEU6H2VaiaYxJH3dp01KBI6r9dHLqEJ1apYNCqWwJgybq74kUR1oPosB2Rtj09Lw3Fv/zmokJL/2UiTgxVJDpojDhyEg0/ht1mKLE8IElmChmb0WkhxUmxqaTtSF48y8vktp5wSsWihWbxjVMkYFDOIEz8OACSnALZagCgS48wQu8Otx5dt6c92nrkjObOYA/cD5+ABdWkWQ=</latexit>

p < n

So far we have a theory for 
<latexit sha1_base64="xuMrZj10TXPfl8o2rBo4bgKP4sw=">AAAB6nicbVC7SgNBFL3rM8ZX1FKRwSBYhV2LaCVBG8sEzQOSJcxOZpMhszPLzKwQlpSWNhaK2PoR+Q47v8GfcPIoNPHAhcM593LvPUHMmTau++UsLa+srq1nNrKbW9s7u7m9/ZqWiSK0SiSXqhFgTTkTtGqY4bQRK4qjgNN60L8Z+/UHqjST4t4MYupHuCtYyAg2VrqLr0Q7l3cL7gRokXgzki8djSrfj8ejcjv32epIkkRUGMKx1k3PjY2fYmUY4XSYbSWaxpj0cZc2LRU4otpPJ6cO0alVOiiUypYwaKL+nkhxpPUgCmxnhE1Pz3tj8T+vmZjw0k+ZiBNDBZkuChOOjETjv1GHKUoMH1iCiWL2VkR6WGFibDpZG4I3//IiqZ0XvGKhWLFpXMMUGTiEEzgDDy6gBLdQhioQ6MITvMCrw51n5815n7YuObOZA/gD5+MHGmCRZg==</latexit>

p > n
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The Essential Regularity of a Connection

We use the RT-equations to prove a connection 
has an inherent geometric level of regularity, even 
though a manifold by itself does not…

Essential regularity applies to ANY connection, 
independent of metric or metric signature!

We define this to be the essential regularity of the 
connection…it applies both locally and globally…



The Essential Regularity of a Connection

We use the RT-equations to prove a connection 
has an inherent geometric level of regularity, even 
though a manifold by itself does not…

We conclude:  a connection is the point at which a 
geometric level of regularity enters the very 
subject of Geometry!

We define this to be the essential regularity of the 
connection…it applies both locally and globally…
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The Essential Regularity of a Connection

To start, we find a necessary and sufficient condition 
for determining,  apriori, whether a singularity in a 
metric or connection is essential or removable…

If it is removable, then we construct coordinate 
transformations which lift it all the way up to its 
essential regularity…

…the highest level of regularity reachable by 
coordinate transformation…



The Essential Regularity of a Connection

To globalize, start with a connection     defined by 
its components in an atlas     of coordinate charts                    

<latexit sha1_base64="5lfneKt8BCfMl4LtoOgniOiwXHk=">AAACAXicbVC7TsMwFHXKq5RXgAWJJaJFYqqSDoWxggEGhiLRh9RE1Y3rtFZtJ7IdpKoqC7/CwgBCrPwFG3+D22aAliNZOjrn3ut7T5gwqrTrflu5ldW19Y38ZmFre2d3z94/aKo4lZg0cMxi2Q5BEUYFaWiqGWknkgAPGWmFw6up33ogUtFY3OtRQgIOfUEjikEbqWsf+bcg+8QXMRU9IrRT8q+Bcyh17aJbdmdwlomXkSLKUO/aX34vxik3QzADpTqem+hgDFJTzMik4KeKJICH0CcdQwVwooLx7IKJc2qUnhPF0jyzxEz93TEGrtSIh6aSgx6oRW8q/ud1Uh1dBGMqklQTgecfRSlzdOxM43B6VBKs2cgQwJKaXR08AAlYm9AKJgRv8eRl0qyUvWq5elcp1i6zOPLoGJ2gM+Shc1RDN6iOGgijR/SMXtGb9WS9WO/Wx7w0Z2U9h+gPrM8fh92WTQ==</latexit>

�
<latexit sha1_base64="42GPQr9TNwkXK+gr5F+wrFalrlQ=">AAACBnicbVC7TsMwFHXKq5RXgBEhWbRITFXSoTAWWBgYikQfUhNVjuu0Vh07sh2kKurEwq+wMIAQK9/Axt/gtBmg5UiWjs59+NwTxIwq7TjfVmFldW19o7hZ2tre2d2z9w/aSiQSkxYWTMhugBRhlJOWppqRbiwJigJGOsH4Oqt3HohUVPB7PYmJH6EhpyHFSBupbx97t0gOiccF5QPCNax4EdIjjFh6Oa307bJTdWaAy8TNSRnkaPbtL28gcBKZTZghpXquE2s/RVJTzMi05CWKxAiP0ZD0DOUoIspPZ2dM4alRBjAU0jzjZKb+nkhRpNQkCkxn5lEt1jLxv1ov0eGFn1IeJ5pwPP8oTBjUAmaZwAGVBGs2MQRhSY1XiEdIIqxNciUTgrt48jJp16puvVq/q5UbV3kcRXAETsAZcME5aIAb0AQtgMEjeAav4M16sl6sd+tj3lqw8plD8AfW5w/FHZiv</latexit>

A
<latexit sha1_base64="5+ARbXUL8K6Xi1+mLj/1CGxHcFI=">AAACFHicbVC7SgNBFJ31GeNr1dJmMREEIeymiGIVtLEQjGIekI1hdnKTDJmdWWZmJWHJR9j4KzYWitha2Pk3Th6FJh4YOJz7mHNPEDGqtOt+WwuLS8srq6m19PrG5ta2vbNbUSKWBMpEMCFrAVbAKIeypppBLZKAw4BBNehdjOrVB5CKCn6nBxE0QtzhtE0J1kZq2sf+FZYd8LmgvAVcO9n+mX8dQgc3+74Wfoh1NwiS2+E9zzbtjJtzx3DmiTclGTRFqWl/+S1B4tDsJQwrVffcSDcSLDUlDIZpP1YQYdLDHagbynEIqpGMjxo6h0ZpOW0hzTO+xurviQSHSg3CwHSOTKrZ2kj8r1aPdfu0kVAexRo4mXzUjpmjhTNKyGlRCUSzgSGYSGq8OqSLJSba5Jg2IXizJ8+TSj7nFXKFm3ymeD6NI4X20QE6Qh46QUV0iUqojAh6RM/oFb1ZT9aL9W59TFoXrOnMHvoD6/MH3ieeuQ==</latexit>

x : ⌦x ! Rn
<latexit sha1_base64="0llXGQbH+5rFq/2Pnh17vPzSxR8=">AAACBnicbVDLSgMxFM3UV62vUZciBFvBVZnporosunGhUME+oDOUTJppQzPJkGSEMnTlxl9x40IRt36DO//GTDsLbT0QOJz7yLkniBlV2nG+rcLK6tr6RnGztLW9s7tn7x+0lUgkJi0smJDdACnCKCctTTUj3VgSFAWMdILxVVbvPBCpqOD3ehITP0JDTkOKkTZS3z72bpAcEo8LygeEa1jxIqRHGLH0dlrp22Wn6swAl4mbkzLI0ezbX95A4CQymzBDSvVcJ9Z+iqSmmJFpyUsUiREeoyHpGcpRRJSfzs6YwlOjDGAopHnGyUz9PZGiSKlJFJjOzKNarGXif7VeosMLP6U8TjTheP5RmDCoBcwygQMqCdZsYgjCkhqvEI+QRFib5EomBHfx5GXSrlXderV+Vys3LvM4iuAInIAz4IJz0ADXoAlaAINH8AxewZv1ZL1Y79bHvLVg5TOH4A+szx/XZZi7</latexit>

Mwhich in turn define manifold .



The regularity of an atlas:
<latexit sha1_base64="dYHCEvNpug6gHnLAWkBKe3FPHBg="></latexit>

Definition: An atlas A is said to have regularity
Ws,p if all of its transition maps on the overlaps of
coordinate neighborhoods have regularity Ws,p.



The regularity of an atlas:
<latexit sha1_base64="dYHCEvNpug6gHnLAWkBKe3FPHBg="></latexit>

Definition: An atlas A is said to have regularity
Ws,p if all of its transition maps on the overlaps of
coordinate neighborhoods have regularity Ws,p.

<latexit sha1_base64="3iENyoYXZ3UxaO9Xj7g8xCzAMdw=">AAAB83icbVC7TsMwFL0prxJeBUYWiwqJqUoYgAVRwcJYEH1ITagc12mtOk5kO0hV1N9gYQABK9/BzoL4G5y2A7QcydLROffqHp8g4Uxpx/m2CguLS8srxVV7bX1jc6u0vdNQcSoJrZOYx7IVYEU5E7Sumea0lUiKo4DTZjC4zP3mPZWKxeJWDxPqR7gnWMgI1kbyvAjrfhBkN6M70SmVnYozBpon7pSUzz/ss+T1y651Sp9eNyZpRIUmHCvVdp1E+xmWmhFOR7aXKppgMsA92jZU4IgqPxtnHqEDo3RRGEvzhEZj9fdGhiOlhlFgJvOMatbLxf+8dqrDUz9jIkk1FWRyKEw50jHKC0BdJinRfGgIJpKZrIj0scREm5psU4I7++V50jiquMeV42unXL2ACYqwB/twCC6cQBWuoAZ1IJDAAzzBs5Vaj9aL9TYZLVjTnV34A+v9B6g6lRo=</latexit>

Rn

<latexit sha1_base64="x6sfaMPMiJQiqPAVV2pF32d3frw=">AAAB73icbVC7SgNBFL3rM8ZXVLCxGQyCVdi1iJYhNnYmYB6QLGF2MpsMmZldZ2bFsOQnbCwUsbXwL/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peztLyyurae2chubm3v7Ob29us6ShShNRLxSDUDrClnktYMM5w2Y0WxCDhtBIPLsd+4o0qzSN6YYUx9gXuShYxgY6Vm+1rQHu7cd3J5t+BOgBaJNyP50mH1m72XPyqd3Ge7G5FEUGkIx1q3PDc2foqVYYTTUbadaBpjMsA92rJUYkG1n07uHaETq3RRGClb0qCJ+nsixULroQhsp8Cmr+e9sfif10pMeOGnTMaJoZJMF4UJRyZC4+dRlylKDB9agoli9lZE+lhhYmxEWRuCN//yIqmfFbxioVi1aZRhigwcwTGcggfnUIIrqEANCHB4gCd4dm6dR+fFeZ22LjmzmQP4A+ftB9Ydk44=</latexit>

⌦x
<latexit sha1_base64="jDqGeLHWa8nKmMNWDIekStycqCQ=">AAAB73icbVC7TgMxEPTxDAmPACWNRUCiiu4oAmUEDR1BIg8pOUU+Zy+xYvsO2xfpFOUnaChAiJYf4Af4Azo+BGqcRwEJI600mtnV7k4Qc6aN6346S8srq2vrmY1sbnNreye/u1fTUaIoVGnEI9UIiAbOJFQNMxwasQIiAg71oH859usDUJpF8takMfiCdCULGSXGSo3WtYAuaaftfMEtuhPgReLNSKF89PX2Psh9V9r5j1YnookAaSgnWjc9Nzb+kCjDKIdRtpVoiAntky40LZVEgPaHk3tH+NgqHRxGypY0eKL+nhgSoXUqAtspiOnpeW8s/uc1ExOe+0Mm48SApNNFYcKxifD4edxhCqjhqSWEKmZvxbRHFKHGRpS1IXjzLy+S2mnRKxVLNzaNCzRFBh2gQ3SCPHSGyugKVVAVUcTRPXpET86d8+A8Oy/T1iVnNrOP/sB5/QG6yZQ3</latexit>

⌦y

<latexit sha1_base64="dMQ2REm6P+W0RlZHjwf9bDMCyVU=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBm0sEzAXSEKYnZxNxsxemJkVw5InsLFQxFYfxt5GfBsnl0ITfxj4+P9zmHOOFwuutON8W5ml5ZXVtey6vbG5tb2T292rqSiRDKssEpFseFSh4CFWNdcCG7FEGngC697gapzX71AqHoU3ehhjO6C9kPucUW2syn0nl3cKzkRkEdwZ5C8+7PP4/csud3KfrW7EkgBDzQRVquk6sW6nVGrOBI7sVqIwpmxAe9g0GNIAVTudDDoiR8bpEj+S5oWaTNzfHSkNlBoGnqkMqO6r+Wxs/pc1E+2ftVMexonGkE0/8hNBdETGW5Mul8i0GBqgTHIzK2F9KinT5ja2OYI7v/Ii1E4KbrFQrDj50iVMlYUDOIRjcOEUSnANZagCA4QHeIJn69Z6tF6s12lpxpr17MMfWW8/SWGQRA==</latexit>x

<latexit sha1_base64="3iENyoYXZ3UxaO9Xj7g8xCzAMdw=">AAAB83icbVC7TsMwFL0prxJeBUYWiwqJqUoYgAVRwcJYEH1ITagc12mtOk5kO0hV1N9gYQABK9/BzoL4G5y2A7QcydLROffqHp8g4Uxpx/m2CguLS8srxVV7bX1jc6u0vdNQcSoJrZOYx7IVYEU5E7Sumea0lUiKo4DTZjC4zP3mPZWKxeJWDxPqR7gnWMgI1kbyvAjrfhBkN6M70SmVnYozBpon7pSUzz/ss+T1y651Sp9eNyZpRIUmHCvVdp1E+xmWmhFOR7aXKppgMsA92jZU4IgqPxtnHqEDo3RRGEvzhEZj9fdGhiOlhlFgJvOMatbLxf+8dqrDUz9jIkk1FWRyKEw50jHKC0BdJinRfGgIJpKZrIj0scREm5psU4I7++V50jiquMeV42unXL2ACYqwB/twCC6cQBWuoAZ1IJDAAzzBs5Vaj9aL9TYZLVjTnV34A+v9B6g6lRo=</latexit>

Rn

<latexit sha1_base64="PXV/f4Q4X9mMk0LHrwT8fYH6+m0=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGY8RI9BLx4TMAskQ+jp1CRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82LBlbbtLyuzsrq2vpHdzG1t7+zu5fcP6ipKJMMai0Qkmx5VKHiINc21wGYskQaewIY3uJn4jQeUikfhnR7G6Aa0F3KfM6qNVB128gW7aE9BlokzJ4Xy8bj6/XgyrnTyn+1uxJIAQ80EVarl2LF2Uyo1ZwJHuXaiMKZsQHvYMjSkASo3nR46ImdG6RI/kqZCTabq74mUBkoNA890BlT31aI3Ef/zWon2r9yUh3GiMWSzRX4iiI7I5GvS5RKZFkNDKJPc3EpYn0rKtMkmZ0JwFl9eJvWLolMqlqomjWuYIQtHcArn4MAllOEWKlADBghP8AKv1r31bL1Z77PWjDWfOYQ/sD5+ANhOkK8=</latexit>y

<latexit sha1_base64="LO6AU+IVi10Kh0JGoVeoFo+HC3U=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhex6MWLUMF+QBrKZrtpl252w+5EKKE/w4sHRXr1f3j3Iv4bN20P2vpg4PHeDPNmwoQzDa77bRVWVtfWN4qb9tb2zu5eaf+gqWWqCG0QyaVqh1hTzgRtAANO24miOA45bYXDm9xvPVKlmRQPMEpoEOO+YBEjGIzkd2IMA4J5djfulspuxZ3CWSbenJSvPuzLZPJl17ulz05PkjSmAgjHWvuem0CQYQWMcDq2O6mmCSZD3Ke+oQLHVAfZNPLYOTFKz4mkMiXAmaq/JzIcaz2KQ9OZR9SLXi7+5/kpRBdBxkSSAhVktihKuQPSye93ekxRAnxkCCaKmawOGWCFCZgv2eYJ3uLJy6R5VvGqleq9W65doxmK6Agdo1PkoXNUQ7eojhqIIIme0At6tcB6tt6syay1YM1nDtEfWO8/5aOUqw==</latexit>

M



The regularity of an atlas:
<latexit sha1_base64="dYHCEvNpug6gHnLAWkBKe3FPHBg="></latexit>

Definition: An atlas A is said to have regularity
Ws,p if all of its transition maps on the overlaps of
coordinate neighborhoods have regularity Ws,p.

<latexit sha1_base64="3iENyoYXZ3UxaO9Xj7g8xCzAMdw=">AAAB83icbVC7TsMwFL0prxJeBUYWiwqJqUoYgAVRwcJYEH1ITagc12mtOk5kO0hV1N9gYQABK9/BzoL4G5y2A7QcydLROffqHp8g4Uxpx/m2CguLS8srxVV7bX1jc6u0vdNQcSoJrZOYx7IVYEU5E7Sumea0lUiKo4DTZjC4zP3mPZWKxeJWDxPqR7gnWMgI1kbyvAjrfhBkN6M70SmVnYozBpon7pSUzz/ss+T1y651Sp9eNyZpRIUmHCvVdp1E+xmWmhFOR7aXKppgMsA92jZU4IgqPxtnHqEDo3RRGEvzhEZj9fdGhiOlhlFgJvOMatbLxf+8dqrDUz9jIkk1FWRyKEw50jHKC0BdJinRfGgIJpKZrIj0scREm5psU4I7++V50jiquMeV42unXL2ACYqwB/twCC6cQBWuoAZ1IJDAAzzBs5Vaj9aL9TYZLVjTnV34A+v9B6g6lRo=</latexit>

Rn

<latexit sha1_base64="x6sfaMPMiJQiqPAVV2pF32d3frw=">AAAB73icbVC7SgNBFL3rM8ZXVLCxGQyCVdi1iJYhNnYmYB6QLGF2MpsMmZldZ2bFsOQnbCwUsbXwL/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peztLyyurae2chubm3v7Ob29us6ShShNRLxSDUDrClnktYMM5w2Y0WxCDhtBIPLsd+4o0qzSN6YYUx9gXuShYxgY6Vm+1rQHu7cd3J5t+BOgBaJNyP50mH1m72XPyqd3Ge7G5FEUGkIx1q3PDc2foqVYYTTUbadaBpjMsA92rJUYkG1n07uHaETq3RRGClb0qCJ+nsixULroQhsp8Cmr+e9sfif10pMeOGnTMaJoZJMF4UJRyZC4+dRlylKDB9agoli9lZE+lhhYmxEWRuCN//yIqmfFbxioVi1aZRhigwcwTGcggfnUIIrqEANCHB4gCd4dm6dR+fFeZ22LjmzmQP4A+ftB9Ydk44=</latexit>

⌦x
<latexit sha1_base64="jDqGeLHWa8nKmMNWDIekStycqCQ=">AAAB73icbVC7TgMxEPTxDAmPACWNRUCiiu4oAmUEDR1BIg8pOUU+Zy+xYvsO2xfpFOUnaChAiJYf4Af4Azo+BGqcRwEJI600mtnV7k4Qc6aN6346S8srq2vrmY1sbnNreye/u1fTUaIoVGnEI9UIiAbOJFQNMxwasQIiAg71oH859usDUJpF8takMfiCdCULGSXGSo3WtYAuaaftfMEtuhPgReLNSKF89PX2Psh9V9r5j1YnookAaSgnWjc9Nzb+kCjDKIdRtpVoiAntky40LZVEgPaHk3tH+NgqHRxGypY0eKL+nhgSoXUqAtspiOnpeW8s/uc1ExOe+0Mm48SApNNFYcKxifD4edxhCqjhqSWEKmZvxbRHFKHGRpS1IXjzLy+S2mnRKxVLNzaNCzRFBh2gQ3SCPHSGyugKVVAVUcTRPXpET86d8+A8Oy/T1iVnNrOP/sB5/QG6yZQ3</latexit>

⌦y

<latexit sha1_base64="dMQ2REm6P+W0RlZHjwf9bDMCyVU=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBm0sEzAXSEKYnZxNxsxemJkVw5InsLFQxFYfxt5GfBsnl0ITfxj4+P9zmHOOFwuutON8W5ml5ZXVtey6vbG5tb2T292rqSiRDKssEpFseFSh4CFWNdcCG7FEGngC697gapzX71AqHoU3ehhjO6C9kPucUW2syn0nl3cKzkRkEdwZ5C8+7PP4/csud3KfrW7EkgBDzQRVquk6sW6nVGrOBI7sVqIwpmxAe9g0GNIAVTudDDoiR8bpEj+S5oWaTNzfHSkNlBoGnqkMqO6r+Wxs/pc1E+2ftVMexonGkE0/8hNBdETGW5Mul8i0GBqgTHIzK2F9KinT5ja2OYI7v/Ii1E4KbrFQrDj50iVMlYUDOIRjcOEUSnANZagCA4QHeIJn69Z6tF6s12lpxpr17MMfWW8/SWGQRA==</latexit>x

<latexit sha1_base64="3iENyoYXZ3UxaO9Xj7g8xCzAMdw=">AAAB83icbVC7TsMwFL0prxJeBUYWiwqJqUoYgAVRwcJYEH1ITagc12mtOk5kO0hV1N9gYQABK9/BzoL4G5y2A7QcydLROffqHp8g4Uxpx/m2CguLS8srxVV7bX1jc6u0vdNQcSoJrZOYx7IVYEU5E7Sumea0lUiKo4DTZjC4zP3mPZWKxeJWDxPqR7gnWMgI1kbyvAjrfhBkN6M70SmVnYozBpon7pSUzz/ss+T1y651Sp9eNyZpRIUmHCvVdp1E+xmWmhFOR7aXKppgMsA92jZU4IgqPxtnHqEDo3RRGEvzhEZj9fdGhiOlhlFgJvOMatbLxf+8dqrDUz9jIkk1FWRyKEw50jHKC0BdJinRfGgIJpKZrIj0scREm5psU4I7++V50jiquMeV42unXL2ACYqwB/twCC6cQBWuoAZ1IJDAAzzBs5Vaj9aL9TYZLVjTnV34A+v9B6g6lRo=</latexit>

Rn

<latexit sha1_base64="PXV/f4Q4X9mMk0LHrwT8fYH6+m0=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGY8RI9BLx4TMAskQ+jp1CRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82LBlbbtLyuzsrq2vpHdzG1t7+zu5fcP6ipKJMMai0Qkmx5VKHiINc21wGYskQaewIY3uJn4jQeUikfhnR7G6Aa0F3KfM6qNVB128gW7aE9BlokzJ4Xy8bj6/XgyrnTyn+1uxJIAQ80EVarl2LF2Uyo1ZwJHuXaiMKZsQHvYMjSkASo3nR46ImdG6RI/kqZCTabq74mUBkoNA890BlT31aI3Ef/zWon2r9yUh3GiMWSzRX4iiI7I5GvS5RKZFkNDKJPc3EpYn0rKtMkmZ0JwFl9eJvWLolMqlqomjWuYIQtHcArn4MAllOEWKlADBghP8AKv1r31bL1Z77PWjDWfOYQ/sD5+ANhOkK8=</latexit>y

<latexit sha1_base64="LO6AU+IVi10Kh0JGoVeoFo+HC3U=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhex6MWLUMF+QBrKZrtpl252w+5EKKE/w4sHRXr1f3j3Iv4bN20P2vpg4PHeDPNmwoQzDa77bRVWVtfWN4qb9tb2zu5eaf+gqWWqCG0QyaVqh1hTzgRtAANO24miOA45bYXDm9xvPVKlmRQPMEpoEOO+YBEjGIzkd2IMA4J5djfulspuxZ3CWSbenJSvPuzLZPJl17ulz05PkjSmAgjHWvuem0CQYQWMcDq2O6mmCSZD3Ke+oQLHVAfZNPLYOTFKz4mkMiXAmaq/JzIcaz2KQ9OZR9SLXi7+5/kpRBdBxkSSAhVktihKuQPSye93ekxRAnxkCCaKmawOGWCFCZgv2eYJ3uLJy6R5VvGqleq9W65doxmK6Agdo1PkoXNUQ7eojhqIIIme0At6tcB6tt6syay1YM1nDtEfWO8/5aOUqw==</latexit>

M <latexit sha1_base64="8CdvKkdxnFfI8gISyFoSy3awfIo=">AAAB+nicbVC7TsMwFHXKq5RXCiMIWVRIDKhKGApjgYWxlehDaqLKcZ3WquNEtgNEoSOfwcIAQqwM/Q42voGfwGk7QOFIlo7OuVf3+HgRo1JZ1qeRW1hcWl7JrxbW1jc2t8zidlOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3vAy81s3REga8muVRMQNUJ9Tn2KktNQ1i3fHiUO5EyA1wIil56OuWbLK1gTwL7FnpFTdG9e/HvbHta754fRCHAeEK8yQlB3bipSbIqEoZmRUcGJJIoSHqE86mnIUEOmmk+gjeKiVHvRDoR9XcKL+3EhRIGUSeHoyiyjnvUz8z+vEyj9zU8qjWBGOp4f8mEEVwqwH2KOCYMUSTRAWVGeFeIAEwkq3VdAl2PNf/kuaJ2W7Uq7UdRsXYIo82AUH4AjY4BRUwRWogQbA4BY8gmfwYtwbT8ar8TYdzRmznR3wC8b7N1dPl8Y=</latexit>

x, y 2 A



The regularity of an atlas:
<latexit sha1_base64="dYHCEvNpug6gHnLAWkBKe3FPHBg="></latexit>

Definition: An atlas A is said to have regularity
Ws,p if all of its transition maps on the overlaps of
coordinate neighborhoods have regularity Ws,p.

<latexit sha1_base64="3iENyoYXZ3UxaO9Xj7g8xCzAMdw=">AAAB83icbVC7TsMwFL0prxJeBUYWiwqJqUoYgAVRwcJYEH1ITagc12mtOk5kO0hV1N9gYQABK9/BzoL4G5y2A7QcydLROffqHp8g4Uxpx/m2CguLS8srxVV7bX1jc6u0vdNQcSoJrZOYx7IVYEU5E7Sumea0lUiKo4DTZjC4zP3mPZWKxeJWDxPqR7gnWMgI1kbyvAjrfhBkN6M70SmVnYozBpon7pSUzz/ss+T1y651Sp9eNyZpRIUmHCvVdp1E+xmWmhFOR7aXKppgMsA92jZU4IgqPxtnHqEDo3RRGEvzhEZj9fdGhiOlhlFgJvOMatbLxf+8dqrDUz9jIkk1FWRyKEw50jHKC0BdJinRfGgIJpKZrIj0scREm5psU4I7++V50jiquMeV42unXL2ACYqwB/twCC6cQBWuoAZ1IJDAAzzBs5Vaj9aL9TYZLVjTnV34A+v9B6g6lRo=</latexit>

Rn

<latexit sha1_base64="x6sfaMPMiJQiqPAVV2pF32d3frw=">AAAB73icbVC7SgNBFL3rM8ZXVLCxGQyCVdi1iJYhNnYmYB6QLGF2MpsMmZldZ2bFsOQnbCwUsbXwL/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peztLyyurae2chubm3v7Ob29us6ShShNRLxSDUDrClnktYMM5w2Y0WxCDhtBIPLsd+4o0qzSN6YYUx9gXuShYxgY6Vm+1rQHu7cd3J5t+BOgBaJNyP50mH1m72XPyqd3Ge7G5FEUGkIx1q3PDc2foqVYYTTUbadaBpjMsA92rJUYkG1n07uHaETq3RRGClb0qCJ+nsixULroQhsp8Cmr+e9sfif10pMeOGnTMaJoZJMF4UJRyZC4+dRlylKDB9agoli9lZE+lhhYmxEWRuCN//yIqmfFbxioVi1aZRhigwcwTGcggfnUIIrqEANCHB4gCd4dm6dR+fFeZ22LjmzmQP4A+ftB9Ydk44=</latexit>

⌦x
<latexit sha1_base64="jDqGeLHWa8nKmMNWDIekStycqCQ=">AAAB73icbVC7TgMxEPTxDAmPACWNRUCiiu4oAmUEDR1BIg8pOUU+Zy+xYvsO2xfpFOUnaChAiJYf4Af4Azo+BGqcRwEJI600mtnV7k4Qc6aN6346S8srq2vrmY1sbnNreye/u1fTUaIoVGnEI9UIiAbOJFQNMxwasQIiAg71oH859usDUJpF8takMfiCdCULGSXGSo3WtYAuaaftfMEtuhPgReLNSKF89PX2Psh9V9r5j1YnookAaSgnWjc9Nzb+kCjDKIdRtpVoiAntky40LZVEgPaHk3tH+NgqHRxGypY0eKL+nhgSoXUqAtspiOnpeW8s/uc1ExOe+0Mm48SApNNFYcKxifD4edxhCqjhqSWEKmZvxbRHFKHGRpS1IXjzLy+S2mnRKxVLNzaNCzRFBh2gQ3SCPHSGyugKVVAVUcTRPXpET86d8+A8Oy/T1iVnNrOP/sB5/QG6yZQ3</latexit>

⌦y

<latexit sha1_base64="dMQ2REm6P+W0RlZHjwf9bDMCyVU=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBm0sEzAXSEKYnZxNxsxemJkVw5InsLFQxFYfxt5GfBsnl0ITfxj4+P9zmHOOFwuutON8W5ml5ZXVtey6vbG5tb2T292rqSiRDKssEpFseFSh4CFWNdcCG7FEGngC697gapzX71AqHoU3ehhjO6C9kPucUW2syn0nl3cKzkRkEdwZ5C8+7PP4/csud3KfrW7EkgBDzQRVquk6sW6nVGrOBI7sVqIwpmxAe9g0GNIAVTudDDoiR8bpEj+S5oWaTNzfHSkNlBoGnqkMqO6r+Wxs/pc1E+2ftVMexonGkE0/8hNBdETGW5Mul8i0GBqgTHIzK2F9KinT5ja2OYI7v/Ii1E4KbrFQrDj50iVMlYUDOIRjcOEUSnANZagCA4QHeIJn69Z6tF6s12lpxpr17MMfWW8/SWGQRA==</latexit>x

<latexit sha1_base64="3iENyoYXZ3UxaO9Xj7g8xCzAMdw=">AAAB83icbVC7TsMwFL0prxJeBUYWiwqJqUoYgAVRwcJYEH1ITagc12mtOk5kO0hV1N9gYQABK9/BzoL4G5y2A7QcydLROffqHp8g4Uxpx/m2CguLS8srxVV7bX1jc6u0vdNQcSoJrZOYx7IVYEU5E7Sumea0lUiKo4DTZjC4zP3mPZWKxeJWDxPqR7gnWMgI1kbyvAjrfhBkN6M70SmVnYozBpon7pSUzz/ss+T1y651Sp9eNyZpRIUmHCvVdp1E+xmWmhFOR7aXKppgMsA92jZU4IgqPxtnHqEDo3RRGEvzhEZj9fdGhiOlhlFgJvOMatbLxf+8dqrDUz9jIkk1FWRyKEw50jHKC0BdJinRfGgIJpKZrIj0scREm5psU4I7++V50jiquMeV42unXL2ACYqwB/twCC6cQBWuoAZ1IJDAAzzBs5Vaj9aL9TYZLVjTnV34A+v9B6g6lRo=</latexit>

Rn

<latexit sha1_base64="PXV/f4Q4X9mMk0LHrwT8fYH6+m0=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGY8RI9BLx4TMAskQ+jp1CRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82LBlbbtLyuzsrq2vpHdzG1t7+zu5fcP6ipKJMMai0Qkmx5VKHiINc21wGYskQaewIY3uJn4jQeUikfhnR7G6Aa0F3KfM6qNVB128gW7aE9BlokzJ4Xy8bj6/XgyrnTyn+1uxJIAQ80EVarl2LF2Uyo1ZwJHuXaiMKZsQHvYMjSkASo3nR46ImdG6RI/kqZCTabq74mUBkoNA890BlT31aI3Ef/zWon2r9yUh3GiMWSzRX4iiI7I5GvS5RKZFkNDKJPc3EpYn0rKtMkmZ0JwFl9eJvWLolMqlqomjWuYIQtHcArn4MAllOEWKlADBghP8AKv1r31bL1Z77PWjDWfOYQ/sD5+ANhOkK8=</latexit>y

<latexit sha1_base64="LO6AU+IVi10Kh0JGoVeoFo+HC3U=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhex6MWLUMF+QBrKZrtpl252w+5EKKE/w4sHRXr1f3j3Iv4bN20P2vpg4PHeDPNmwoQzDa77bRVWVtfWN4qb9tb2zu5eaf+gqWWqCG0QyaVqh1hTzgRtAANO24miOA45bYXDm9xvPVKlmRQPMEpoEOO+YBEjGIzkd2IMA4J5djfulspuxZ3CWSbenJSvPuzLZPJl17ulz05PkjSmAgjHWvuem0CQYQWMcDq2O6mmCSZD3Ke+oQLHVAfZNPLYOTFKz4mkMiXAmaq/JzIcaz2KQ9OZR9SLXi7+5/kpRBdBxkSSAhVktihKuQPSye93ekxRAnxkCCaKmawOGWCFCZgv2eYJ3uLJy6R5VvGqleq9W65doxmK6Agdo1PkoXNUQ7eojhqIIIme0At6tcB6tt6syay1YM1nDtEfWO8/5aOUqw==</latexit>

M <latexit sha1_base64="8CdvKkdxnFfI8gISyFoSy3awfIo=">AAAB+nicbVC7TsMwFHXKq5RXCiMIWVRIDKhKGApjgYWxlehDaqLKcZ3WquNEtgNEoSOfwcIAQqwM/Q42voGfwGk7QOFIlo7OuVf3+HgRo1JZ1qeRW1hcWl7JrxbW1jc2t8zidlOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3vAy81s3REga8muVRMQNUJ9Tn2KktNQ1i3fHiUO5EyA1wIil56OuWbLK1gTwL7FnpFTdG9e/HvbHta754fRCHAeEK8yQlB3bipSbIqEoZmRUcGJJIoSHqE86mnIUEOmmk+gjeKiVHvRDoR9XcKL+3EhRIGUSeHoyiyjnvUz8z+vEyj9zU8qjWBGOp4f8mEEVwqwH2KOCYMUSTRAWVGeFeIAEwkq3VdAl2PNf/kuaJ2W7Uq7UdRsXYIo82AUH4AjY4BRUwRWogQbA4BY8gmfwYtwbT8ar8TYdzRmznR3wC8b7N1dPl8Y=</latexit>

x, y 2 A
<latexit sha1_base64="eDo1AfBe1vrecK7tjLM7jCElqBU=">AAACFHicbVDLSgMxFM3UV62vUZeKBIsgiGXGRRVXRTcuW7EP6LQlk6Y1NJMZkow4DF36AW78FbtwoYhbF+78Bn/CTNtFbT0QODnnXu69xw0Ylcqyvo3U3PzC4lJ6ObOyura+YW5uVaQfCkzK2Ge+qLlIEkY5KSuqGKkFgiDPZaTq9i4Tv3pHhKQ+v1FRQBoe6nLaoRgpLbXMo3sHU4Fh1IyP7f45hI6H1K3rxtf9JneUP/ltmVkrZw0BZ4k9JtnC7qD087A3KLbML6ft49AjXGGGpKzbVqAaMRKKYkb6GSeUJEC4h7qkrilHHpGNeHhUHx5opQ07vtCPKzhUJzti5EkZea6uTHaU014i/ufVQ9U5a8SUB6EiHI8GdUIGlQ+ThGCbCoIVizRBWFC9K8S3SCCsdI4ZHYI9ffIsqZzk7HwuX9JpXIAR0mAH7INDYINTUABXoAjKAINH8AxewZvxZLwY78bHqDRljHu2wR8Yn7+T5qJG</latexit>

x � y�1 : Rn ! Rn



The regularity of an atlas:
<latexit sha1_base64="dYHCEvNpug6gHnLAWkBKe3FPHBg="></latexit>

Definition: An atlas A is said to have regularity
Ws,p if all of its transition maps on the overlaps of
coordinate neighborhoods have regularity Ws,p.

<latexit sha1_base64="3iENyoYXZ3UxaO9Xj7g8xCzAMdw=">AAAB83icbVC7TsMwFL0prxJeBUYWiwqJqUoYgAVRwcJYEH1ITagc12mtOk5kO0hV1N9gYQABK9/BzoL4G5y2A7QcydLROffqHp8g4Uxpx/m2CguLS8srxVV7bX1jc6u0vdNQcSoJrZOYx7IVYEU5E7Sumea0lUiKo4DTZjC4zP3mPZWKxeJWDxPqR7gnWMgI1kbyvAjrfhBkN6M70SmVnYozBpon7pSUzz/ss+T1y651Sp9eNyZpRIUmHCvVdp1E+xmWmhFOR7aXKppgMsA92jZU4IgqPxtnHqEDo3RRGEvzhEZj9fdGhiOlhlFgJvOMatbLxf+8dqrDUz9jIkk1FWRyKEw50jHKC0BdJinRfGgIJpKZrIj0scREm5psU4I7++V50jiquMeV42unXL2ACYqwB/twCC6cQBWuoAZ1IJDAAzzBs5Vaj9aL9TYZLVjTnV34A+v9B6g6lRo=</latexit>

Rn

<latexit sha1_base64="x6sfaMPMiJQiqPAVV2pF32d3frw=">AAAB73icbVC7SgNBFL3rM8ZXVLCxGQyCVdi1iJYhNnYmYB6QLGF2MpsMmZldZ2bFsOQnbCwUsbXwL/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peztLyyurae2chubm3v7Ob29us6ShShNRLxSDUDrClnktYMM5w2Y0WxCDhtBIPLsd+4o0qzSN6YYUx9gXuShYxgY6Vm+1rQHu7cd3J5t+BOgBaJNyP50mH1m72XPyqd3Ge7G5FEUGkIx1q3PDc2foqVYYTTUbadaBpjMsA92rJUYkG1n07uHaETq3RRGClb0qCJ+nsixULroQhsp8Cmr+e9sfif10pMeOGnTMaJoZJMF4UJRyZC4+dRlylKDB9agoli9lZE+lhhYmxEWRuCN//yIqmfFbxioVi1aZRhigwcwTGcggfnUIIrqEANCHB4gCd4dm6dR+fFeZ22LjmzmQP4A+ftB9Ydk44=</latexit>

⌦x
<latexit sha1_base64="jDqGeLHWa8nKmMNWDIekStycqCQ=">AAAB73icbVC7TgMxEPTxDAmPACWNRUCiiu4oAmUEDR1BIg8pOUU+Zy+xYvsO2xfpFOUnaChAiJYf4Af4Azo+BGqcRwEJI600mtnV7k4Qc6aN6346S8srq2vrmY1sbnNreye/u1fTUaIoVGnEI9UIiAbOJFQNMxwasQIiAg71oH859usDUJpF8takMfiCdCULGSXGSo3WtYAuaaftfMEtuhPgReLNSKF89PX2Psh9V9r5j1YnookAaSgnWjc9Nzb+kCjDKIdRtpVoiAntky40LZVEgPaHk3tH+NgqHRxGypY0eKL+nhgSoXUqAtspiOnpeW8s/uc1ExOe+0Mm48SApNNFYcKxifD4edxhCqjhqSWEKmZvxbRHFKHGRpS1IXjzLy+S2mnRKxVLNzaNCzRFBh2gQ3SCPHSGyugKVVAVUcTRPXpET86d8+A8Oy/T1iVnNrOP/sB5/QG6yZQ3</latexit>

⌦y

<latexit sha1_base64="dMQ2REm6P+W0RlZHjwf9bDMCyVU=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBm0sEzAXSEKYnZxNxsxemJkVw5InsLFQxFYfxt5GfBsnl0ITfxj4+P9zmHOOFwuutON8W5ml5ZXVtey6vbG5tb2T292rqSiRDKssEpFseFSh4CFWNdcCG7FEGngC697gapzX71AqHoU3ehhjO6C9kPucUW2syn0nl3cKzkRkEdwZ5C8+7PP4/csud3KfrW7EkgBDzQRVquk6sW6nVGrOBI7sVqIwpmxAe9g0GNIAVTudDDoiR8bpEj+S5oWaTNzfHSkNlBoGnqkMqO6r+Wxs/pc1E+2ftVMexonGkE0/8hNBdETGW5Mul8i0GBqgTHIzK2F9KinT5ja2OYI7v/Ii1E4KbrFQrDj50iVMlYUDOIRjcOEUSnANZagCA4QHeIJn69Z6tF6s12lpxpr17MMfWW8/SWGQRA==</latexit>x

<latexit sha1_base64="3iENyoYXZ3UxaO9Xj7g8xCzAMdw=">AAAB83icbVC7TsMwFL0prxJeBUYWiwqJqUoYgAVRwcJYEH1ITagc12mtOk5kO0hV1N9gYQABK9/BzoL4G5y2A7QcydLROffqHp8g4Uxpx/m2CguLS8srxVV7bX1jc6u0vdNQcSoJrZOYx7IVYEU5E7Sumea0lUiKo4DTZjC4zP3mPZWKxeJWDxPqR7gnWMgI1kbyvAjrfhBkN6M70SmVnYozBpon7pSUzz/ss+T1y651Sp9eNyZpRIUmHCvVdp1E+xmWmhFOR7aXKppgMsA92jZU4IgqPxtnHqEDo3RRGEvzhEZj9fdGhiOlhlFgJvOMatbLxf+8dqrDUz9jIkk1FWRyKEw50jHKC0BdJinRfGgIJpKZrIj0scREm5psU4I7++V50jiquMeV42unXL2ACYqwB/twCC6cQBWuoAZ1IJDAAzzBs5Vaj9aL9TYZLVjTnV34A+v9B6g6lRo=</latexit>

Rn

<latexit sha1_base64="PXV/f4Q4X9mMk0LHrwT8fYH6+m0=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGY8RI9BLx4TMAskQ+jp1CRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82LBlbbtLyuzsrq2vpHdzG1t7+zu5fcP6ipKJMMai0Qkmx5VKHiINc21wGYskQaewIY3uJn4jQeUikfhnR7G6Aa0F3KfM6qNVB128gW7aE9BlokzJ4Xy8bj6/XgyrnTyn+1uxJIAQ80EVarl2LF2Uyo1ZwJHuXaiMKZsQHvYMjSkASo3nR46ImdG6RI/kqZCTabq74mUBkoNA890BlT31aI3Ef/zWon2r9yUh3GiMWSzRX4iiI7I5GvS5RKZFkNDKJPc3EpYn0rKtMkmZ0JwFl9eJvWLolMqlqomjWuYIQtHcArn4MAllOEWKlADBghP8AKv1r31bL1Z77PWjDWfOYQ/sD5+ANhOkK8=</latexit>y

<latexit sha1_base64="LO6AU+IVi10Kh0JGoVeoFo+HC3U=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhex6MWLUMF+QBrKZrtpl252w+5EKKE/w4sHRXr1f3j3Iv4bN20P2vpg4PHeDPNmwoQzDa77bRVWVtfWN4qb9tb2zu5eaf+gqWWqCG0QyaVqh1hTzgRtAANO24miOA45bYXDm9xvPVKlmRQPMEpoEOO+YBEjGIzkd2IMA4J5djfulspuxZ3CWSbenJSvPuzLZPJl17ulz05PkjSmAgjHWvuem0CQYQWMcDq2O6mmCSZD3Ke+oQLHVAfZNPLYOTFKz4mkMiXAmaq/JzIcaz2KQ9OZR9SLXi7+5/kpRBdBxkSSAhVktihKuQPSye93ekxRAnxkCCaKmawOGWCFCZgv2eYJ3uLJy6R5VvGqleq9W65doxmK6Agdo1PkoXNUQ7eojhqIIIme0At6tcB6tt6syay1YM1nDtEfWO8/5aOUqw==</latexit>

M <latexit sha1_base64="8CdvKkdxnFfI8gISyFoSy3awfIo=">AAAB+nicbVC7TsMwFHXKq5RXCiMIWVRIDKhKGApjgYWxlehDaqLKcZ3WquNEtgNEoSOfwcIAQqwM/Q42voGfwGk7QOFIlo7OuVf3+HgRo1JZ1qeRW1hcWl7JrxbW1jc2t8zidlOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3vAy81s3REga8muVRMQNUJ9Tn2KktNQ1i3fHiUO5EyA1wIil56OuWbLK1gTwL7FnpFTdG9e/HvbHta754fRCHAeEK8yQlB3bipSbIqEoZmRUcGJJIoSHqE86mnIUEOmmk+gjeKiVHvRDoR9XcKL+3EhRIGUSeHoyiyjnvUz8z+vEyj9zU8qjWBGOp4f8mEEVwqwH2KOCYMUSTRAWVGeFeIAEwkq3VdAl2PNf/kuaJ2W7Uq7UdRsXYIo82AUH4AjY4BRUwRWogQbA4BY8gmfwYtwbT8ar8TYdzRmznR3wC8b7N1dPl8Y=</latexit>

x, y 2 A
<latexit sha1_base64="eDo1AfBe1vrecK7tjLM7jCElqBU=">AAACFHicbVDLSgMxFM3UV62vUZeKBIsgiGXGRRVXRTcuW7EP6LQlk6Y1NJMZkow4DF36AW78FbtwoYhbF+78Bn/CTNtFbT0QODnnXu69xw0Ylcqyvo3U3PzC4lJ6ObOyura+YW5uVaQfCkzK2Ge+qLlIEkY5KSuqGKkFgiDPZaTq9i4Tv3pHhKQ+v1FRQBoe6nLaoRgpLbXMo3sHU4Fh1IyP7f45hI6H1K3rxtf9JneUP/ltmVkrZw0BZ4k9JtnC7qD087A3KLbML6ft49AjXGGGpKzbVqAaMRKKYkb6GSeUJEC4h7qkrilHHpGNeHhUHx5opQ07vtCPKzhUJzti5EkZea6uTHaU014i/ufVQ9U5a8SUB6EiHI8GdUIGlQ+ThGCbCoIVizRBWFC9K8S3SCCsdI4ZHYI9ffIsqZzk7HwuX9JpXIAR0mAH7INDYINTUABXoAjKAINH8AxewZvxZLwY78bHqDRljHu2wR8Yn7+T5qJG</latexit>

x � y�1 : Rn ! Rn

<latexit sha1_base64="gQHXdXcVzs6eg/Z0tP09xcDzAGA=">AAACAXicbVDLSsNAFJ3UV62vqBtBkcEiuNCSuKgui25ctmAf0KRlMp20QyeTMDMRQ6gb8U/cuFDEVcG/cOc3+BNOHwu1HrhwOOde7r3HixiVyrI+jczc/MLiUnY5t7K6tr5hbm7VZBgLTKo4ZKFoeEgSRjmpKqoYaUSCoMBjpO71L0d+/YYISUN+rZKIuAHqcupTjJSW2ubOrYOpwDBppSf2wKEc1lupPI4GbTNvFawx4CyxpyRf2htWvh72h+W2+eF0QhwHhCvMkJRN24qUmyKhKGZkkHNiSSKE+6hLmppyFBDppuMPBvBQKx3oh0IXV3Cs/pxIUSBlEni6M0CqJ/96I/E/rxkr/9xNKY9iRTieLPJjBlUIR3HADhUEK5ZogrCg+laIe0ggrHRoOR2C/fflWVI7LdjFQrGi07gAE2TBLjgAR8AGZ6AErkAZVAEGd+ARPIMX4954Ml6Nt0lrxpjObINfMN6/Aa/Emh4=</latexit>

x � y�1 2 W s,p

<latexit sha1_base64="h4fFORs2y7+Bqc82502iqaTNkxs=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmLiRdIagx6JXjxiYoEEKtkuW9iw3dbdLbFp+B1ePGiMV3+MN/+NC/Sg4EsmeXlvJjPz/JgzpW372yqsrK6tbxQ3S1vbO7t75f2DpooSSahLIh7Jto8V5UxQVzPNaTuWFIc+py1/dDP1W2MqFYvEvU5j6oV4IFjACNZG8p66hEmC0ofszJn0yhW7as+AlomTkwrkaPTKX91+RJKQCk04Vqrj2LH2Miw1I5xOSt1E0RiTER7QjqECh1R52ezoCToxSh8FkTQlNJqpvycyHCqVhr7pDLEeqkVvKv7ndRIdXHkZE3GiqSDzRUHCkY7QNAHUZ5ISzVNDMJHM3IrIEEtMtMmpZEJwFl9eJs3zqlOr1u4uKvXrPI4iHMExnIIDl1CHW2iACwQe4Rle4c0aWy/Wu/Uxby1Y+cwh/IH1+QNDp5HJ</latexit>

x � y�1



The regularity of an atlas:



<latexit sha1_base64="dYHCEvNpug6gHnLAWkBKe3FPHBg="></latexit>

Definition: An atlas A is said to have regularity
Ws,p if all of its transition maps on the overlaps of
coordinate neighborhoods have regularity Ws,p.

The regularity of an atlas:



The regularity of an atlas:
<latexit sha1_base64="dYHCEvNpug6gHnLAWkBKe3FPHBg="></latexit>

Definition: An atlas A is said to have regularity
Ws,p if all of its transition maps on the overlaps of
coordinate neighborhoods have regularity Ws,p.

<latexit sha1_base64="olfOeV1s0c9h0O1TymDRl553hk0="></latexit>

Theorem 2.9 (Hirsch): Every atlas A of regularity

Ws0,p
, s0 � 2 can be extended to a unique maximal

Ws,p
atlas Amax

(s, p), for any s � s0.
<latexit sha1_base64="CVuPsKj9Z2/CpEg6jKgfLPN8CoQ=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjF6IrvGoEeiF4+YyCOBDZkdemHC7OwyM2tCCD/hxYPGePV3vPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvPqHSPJaPZpygH9G+5CFn1FippTsCR0Sfd4slt+zOQVaJl5ESZKh1i1+dXszSCKVhgmrd9tzE+BOqDGcCp4VOqjGhbEj72LZU0gi1P5nfOyVnVumRMFa2pCFz9ffEhEZaj6PAdkbUDPSyNxP/89qpCW/8CZdJalCyxaIwFcTEZPY86XGFzIixJZQpbm8lbEAVZcZGVLAheMsvr5LGZdmrlCsPV6XqbRZHHk7gFC7Ag2uowj3UoA4MBDzDK7w5I+fFeXc+Fq05J5s5hj9wPn8AfUuPoA==</latexit>

s  s0



The regularity of an atlas:
<latexit sha1_base64="dYHCEvNpug6gHnLAWkBKe3FPHBg="></latexit>

Definition: An atlas A is said to have regularity
Ws,p if all of its transition maps on the overlaps of
coordinate neighborhoods have regularity Ws,p.

<latexit sha1_base64="olfOeV1s0c9h0O1TymDRl553hk0="></latexit>

Theorem 2.9 (Hirsch): Every atlas A of regularity

Ws0,p
, s0 � 2 can be extended to a unique maximal

Ws,p
atlas Amax

(s, p), for any s � s0.
<latexit sha1_base64="46zXij/NWPprzhBoueiiFn2/uYU="></latexit>

Moreover, any such maximal atlas Amax(s, p) con-
tains subatlases of arbitrary higher regularity, in-
cluding C1 subatlases, and given any chart in A
there exist a C1 atlas which contains this chart.

<latexit sha1_base64="CVuPsKj9Z2/CpEg6jKgfLPN8CoQ=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjF6IrvGoEeiF4+YyCOBDZkdemHC7OwyM2tCCD/hxYPGePV3vPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvPqHSPJaPZpygH9G+5CFn1FippTsCR0Sfd4slt+zOQVaJl5ESZKh1i1+dXszSCKVhgmrd9tzE+BOqDGcCp4VOqjGhbEj72LZU0gi1P5nfOyVnVumRMFa2pCFz9ffEhEZaj6PAdkbUDPSyNxP/89qpCW/8CZdJalCyxaIwFcTEZPY86XGFzIixJZQpbm8lbEAVZcZGVLAheMsvr5LGZdmrlCsPV6XqbRZHHk7gFC7Ag2uowj3UoA4MBDzDK7w5I+fFeXc+Fq05J5s5hj9wPn8AfUuPoA==</latexit>

s  s0



The regularity of a connection:



<latexit sha1_base64="CULbGpbCPpKuVP4Xa2iwMNeIWOY="></latexit>

Definition: Write �x 2 Ws,p(⌦x) if the compo-
nents of � have regularity Ws,p in chart (x,⌦).

The regularity of a connection:



<latexit sha1_base64="CULbGpbCPpKuVP4Xa2iwMNeIWOY="></latexit>

Definition: Write �x 2 Ws,p(⌦x) if the compo-
nents of � have regularity Ws,p in chart (x,⌦).

<latexit sha1_base64="W/RnTQnzc99W1z54sVTUtmAQIG8="></latexit>

� 2 Ws,p
A if the components of � have regularity

Ws,p in every chart (x,⌦) of A.

The regularity of a connection:



<latexit sha1_base64="CULbGpbCPpKuVP4Xa2iwMNeIWOY="></latexit>

Definition: Write �x 2 Ws,p(⌦x) if the compo-
nents of � have regularity Ws,p in chart (x,⌦).

<latexit sha1_base64="W/RnTQnzc99W1z54sVTUtmAQIG8="></latexit>

� 2 Ws,p
A if the components of � have regularity

Ws,p in every chart (x,⌦) of A.

The regularity of a connection:

Similarly:  regularity of the curvature:



<latexit sha1_base64="CULbGpbCPpKuVP4Xa2iwMNeIWOY="></latexit>

Definition: Write �x 2 Ws,p(⌦x) if the compo-
nents of � have regularity Ws,p in chart (x,⌦).

<latexit sha1_base64="W/RnTQnzc99W1z54sVTUtmAQIG8="></latexit>

� 2 Ws,p
A if the components of � have regularity

Ws,p in every chart (x,⌦) of A.

The regularity of a connection:

Similarly:  regularity of the curvature:
<latexit sha1_base64="qLZKr6LRbJFzPhY8dSSfVwcwvK0="></latexit>

Riem(�x) 2 Ws,p(⌦x) if components have regu-
larity Ws,p in chart (x,⌦).



<latexit sha1_base64="CULbGpbCPpKuVP4Xa2iwMNeIWOY="></latexit>

Definition: Write �x 2 Ws,p(⌦x) if the compo-
nents of � have regularity Ws,p in chart (x,⌦).

<latexit sha1_base64="W/RnTQnzc99W1z54sVTUtmAQIG8="></latexit>

� 2 Ws,p
A if the components of � have regularity

Ws,p in every chart (x,⌦) of A.

<latexit sha1_base64="qLZKr6LRbJFzPhY8dSSfVwcwvK0="></latexit>

Riem(�x) 2 Ws,p(⌦x) if components have regu-
larity Ws,p in chart (x,⌦).

The regularity of a connection:

Similarly:  regularity of the curvature:

<latexit sha1_base64="xaTy9WcDgE1W+BVB9AwqHD8YeEg="></latexit>

Riem(�) 2 Ws,p
A if the Riemann curvature tensor

has regularity Ws,p in each chart of A.



The regularity of a connection determines the 
regularity of the atlas!



<latexit sha1_base64="37inoJOkwAqKpujciZSNAOx+IQs="></latexit>

Lemma: Assume � 2 Ws,p
A . Then all transition

maps of the atlas A have regularity Ws+2,p.

The regularity of a connection determines the 
regularity of the atlas!



<latexit sha1_base64="37inoJOkwAqKpujciZSNAOx+IQs="></latexit>

Lemma: Assume � 2 Ws,p
A . Then all transition

maps of the atlas A have regularity Ws+2,p.

The regularity of a connection determines the 
regularity of the atlas!

The RT-equations tell us that to raise the regularity 
of connection in a            atlas must be mapped by 
transformations in            , one derivative lower…

<latexit sha1_base64="uqRqS4vmzFYR5nxhWvG9JlLH3rs=">AAACA3icbVDLSsNAFJ34rPEVdaebYBEEpSRdVDdiVUQXLqrYBzSxTKaTduhkEmYmQgkFN36J4MaFIm5du3cj/o2TtgttPTBwOOfeO/ceL6JESMv61iYmp6ZnZjNz+vzC4tKysbJaEWHMES6jkIa85kGBKWG4LImkuBZxDAOP4qrXOUn96i3mgoTsWnYj7AawxYhPEJRKahjrzsXR1dmpw0LCmphJs3qTiJ38btTTG0bWyll9mOPEHpLs4Yd+ED186aWG8ek0QxQHagyiUIi6bUXSTSCXBFHc051Y4AiiDmzhuqIMBli4Sf+GnrmllKbph1w9tUZf/d2RwECIbuCpygDKthj1UvE/rx5Lf99NCItiiRkafOTH1JShmQZiNgnHSNKuIhBxonY1URtyiKSKLQ3BHj15nFTyObuQK1xa2eIxGCADNsAm2AY22ANFcA5KoAwQuAOP4Bm8aPfak/aqvQ1KJ7Rhzxr4A+39B2Vsmbw=</latexit>

W s+2,p
<latexit sha1_base64="pMd+EszXwuBEBU3QalsJe/8Ygto=">AAACA3icbVDLSsNAFJ3UV42vqDvdBIsgKCVxUd2IVRFduKhiH9DEMplO2qGTSZiZCCUU3PglghsXirh17d6N+DdO2i609cDA4Zx779x7vIgSIS3rW8tMTE5Nz2Rn9bn5hcUlY3mlIsKYI1xGIQ15zYMCU8JwWRJJcS3iGAYexVWvc5L61VvMBQnZtexG2A1gixGfICiV1DDWnIujq7NTh4WENTGTZvUmEdv2TtTTG0bOylt9mOPEHpLc4Yd+ED186aWG8ek0QxQHagyiUIi6bUXSTSCXBFHc051Y4AiiDmzhuqIMBli4Sf+GnrmplKbph1w9tUZf/d2RwECIbuCpygDKthj1UvE/rx5Lf99NCItiiRkafOTH1JShmQZiNgnHSNKuIhBxonY1URtyiKSKLQ3BHj15nFR283YhX7i0csVjMEAWrIMNsAVssAeK4ByUQBkgcAcewTN40e61J+1VexuUZrRhzyr4A+39B2Pkmbs=</latexit>

W s+1,p



<latexit sha1_base64="37inoJOkwAqKpujciZSNAOx+IQs="></latexit>

Lemma: Assume � 2 Ws,p
A . Then all transition

maps of the atlas A have regularity Ws+2,p.

The regularity of a connection determines the 
regularity of the atlas!

The RT-equations tell us that to raise the regularity 
of connection in a            atlas must be mapped by 
transformations in            , one derivative lower…

<latexit sha1_base64="uqRqS4vmzFYR5nxhWvG9JlLH3rs=">AAACA3icbVDLSsNAFJ34rPEVdaebYBEEpSRdVDdiVUQXLqrYBzSxTKaTduhkEmYmQgkFN36J4MaFIm5du3cj/o2TtgttPTBwOOfeO/ceL6JESMv61iYmp6ZnZjNz+vzC4tKysbJaEWHMES6jkIa85kGBKWG4LImkuBZxDAOP4qrXOUn96i3mgoTsWnYj7AawxYhPEJRKahjrzsXR1dmpw0LCmphJs3qTiJ38btTTG0bWyll9mOPEHpLs4Yd+ED186aWG8ek0QxQHagyiUIi6bUXSTSCXBFHc051Y4AiiDmzhuqIMBli4Sf+GnrmllKbph1w9tUZf/d2RwECIbuCpygDKthj1UvE/rx5Lf99NCItiiRkafOTH1JShmQZiNgnHSNKuIhBxonY1URtyiKSKLQ3BHj15nFTyObuQK1xa2eIxGCADNsAm2AY22ANFcA5KoAwQuAOP4Bm8aPfak/aqvQ1KJ7Rhzxr4A+39B2Vsmbw=</latexit>

W s+2,p
<latexit sha1_base64="pMd+EszXwuBEBU3QalsJe/8Ygto=">AAACA3icbVDLSsNAFJ3UV42vqDvdBIsgKCVxUd2IVRFduKhiH9DEMplO2qGTSZiZCCUU3PglghsXirh17d6N+DdO2i609cDA4Zx779x7vIgSIS3rW8tMTE5Nz2Rn9bn5hcUlY3mlIsKYI1xGIQ15zYMCU8JwWRJJcS3iGAYexVWvc5L61VvMBQnZtexG2A1gixGfICiV1DDWnIujq7NTh4WENTGTZvUmEdv2TtTTG0bOylt9mOPEHpLc4Yd+ED186aWG8ek0QxQHagyiUIi6bUXSTSCXBFHc051Y4AiiDmzhuqIMBli4Sf+GnrmplKbph1w9tUZf/d2RwECIbuCpygDKthj1UvE/rx5Lf99NCItiiRkafOTH1JShmQZiNgnHSNKuIhBxonY1URtyiKSKLQ3BHj15nFR283YhX7i0csVjMEAWrIMNsAVssAeK4ByUQBkgcAcewTN40e61J+1VexuUZrRhzyr4A+39B2Pkmbs=</latexit>

W s+1,p

should lie within the lower regularity extension
<latexit sha1_base64="Y2gAYQJF/wiB+ygephYKWxhZZT4=">AAACBnicbVDLSsNAFJ3UV62vqEsRQotQqZTERXVZdeOygn1AE8tkOmmHziRhZiKGkJUbP8CfcONCEbd+g7v+jZO2C209cOFwzr3ce48bUiKkaY613NLyyupafr2wsbm1vaPv7rVEEHGEmyigAe+4UGBKfNyURFLcCTmGzKW47Y6uMr99j7kggX8r4xA7DA584hEEpZJ6+qHNoBwiSJOL9C6xOUsYfEjTsqhYJ+FxTy+ZVXMCY5FYM1KqF+3K87geN3r6t90PUMSwLxGFQnQtM5ROArkkiOK0YEcChxCN4AB3FfUhw8JJJm+kxpFS+oYXcFW+NCbq74kEMiFi5qrO7Ggx72Xif143kt65kxA/jCT20XSRF1FDBkaWidEnHCNJY0Ug4kTdaqAh5BBJlVxBhWDNv7xIWqdVq1at3ag0LsEUeXAAiqAMLHAG6uAaNEATIPAIXsAbeNeetFftQ/uctua02cw++APt6wcb85vd</latexit>

Amax(s+ 1, p)

Thus an atlas which regularizes connection
<latexit sha1_base64="3EzOmSTvQdWndEBzRT2r4Iggk8A=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhex6sVjBfsBaSib7aZdutkNuxOhhP4MLx4U6dX/4d2L+G/ctD1o64OBx3szzJsJE840uO63VVhZXVvfKG7aW9s7u3ul/YOmlqkitEEkl6odYk05E7QBDDhtJ4riOOS0FQ5vc7/1SJVmUjzAKKFBjPuCRYxgMJLfiTEMCObZ9bhbKrsVdwpnmXhzUr76sC+TyZdd75Y+Oz1J0pgKIBxr7XtuAkGGFTDC6djupJommAxxn/qGChxTHWTTyGPnxCg9J5LKlABnqv6eyHCs9SgOTWceUS96ufif56cQXQQZE0kKVJDZoijlDkgnv9/pMUUJ8JEhmChmsjpkgBUmYL5kmyd4iycvk+ZZxatWqvduuXaDZiiiI3SMTpGHzlEN3aE6aiCCJHpCL+jVAuvZerMms9aCNZ85RH9gvf8A02eUnw==</latexit>

A



<latexit sha1_base64="37inoJOkwAqKpujciZSNAOx+IQs="></latexit>

Lemma: Assume � 2 Ws,p
A . Then all transition

maps of the atlas A have regularity Ws+2,p.

The regularity of a connection determines the 
regularity of the atlas!

The RT-equations tell us that to raise the regularity 
of connection in a            atlas must be mapped by 
transformations in            , one derivative lower…

<latexit sha1_base64="uqRqS4vmzFYR5nxhWvG9JlLH3rs=">AAACA3icbVDLSsNAFJ34rPEVdaebYBEEpSRdVDdiVUQXLqrYBzSxTKaTduhkEmYmQgkFN36J4MaFIm5du3cj/o2TtgttPTBwOOfeO/ceL6JESMv61iYmp6ZnZjNz+vzC4tKysbJaEWHMES6jkIa85kGBKWG4LImkuBZxDAOP4qrXOUn96i3mgoTsWnYj7AawxYhPEJRKahjrzsXR1dmpw0LCmphJs3qTiJ38btTTG0bWyll9mOPEHpLs4Yd+ED186aWG8ek0QxQHagyiUIi6bUXSTSCXBFHc051Y4AiiDmzhuqIMBli4Sf+GnrmllKbph1w9tUZf/d2RwECIbuCpygDKthj1UvE/rx5Lf99NCItiiRkafOTH1JShmQZiNgnHSNKuIhBxonY1URtyiKSKLQ3BHj15nFTyObuQK1xa2eIxGCADNsAm2AY22ANFcA5KoAwQuAOP4Bm8aPfak/aqvQ1KJ7Rhzxr4A+39B2Vsmbw=</latexit>

W s+2,p
<latexit sha1_base64="pMd+EszXwuBEBU3QalsJe/8Ygto=">AAACA3icbVDLSsNAFJ3UV42vqDvdBIsgKCVxUd2IVRFduKhiH9DEMplO2qGTSZiZCCUU3PglghsXirh17d6N+DdO2i609cDA4Zx779x7vIgSIS3rW8tMTE5Nz2Rn9bn5hcUlY3mlIsKYI1xGIQ15zYMCU8JwWRJJcS3iGAYexVWvc5L61VvMBQnZtexG2A1gixGfICiV1DDWnIujq7NTh4WENTGTZvUmEdv2TtTTG0bOylt9mOPEHpLc4Yd+ED186aWG8ek0QxQHagyiUIi6bUXSTSCXBFHc051Y4AiiDmzhuqIMBli4Sf+GnrmplKbph1w9tUZf/d2RwECIbuCpygDKthj1UvE/rx5Lf99NCItiiRkafOTH1JShmQZiNgnHSNKuIhBxonY1URtyiKSKLQ3BHj15nFR283YhX7i0csVjMEAWrIMNsAVssAeK4ByUQBkgcAcewTN40e61J+1VexuUZrRhzyr4A+39B2Pkmbs=</latexit>

W s+1,p

should lie within the lower regularity extension
<latexit sha1_base64="Y2gAYQJF/wiB+ygephYKWxhZZT4=">AAACBnicbVDLSsNAFJ3UV62vqEsRQotQqZTERXVZdeOygn1AE8tkOmmHziRhZiKGkJUbP8CfcONCEbd+g7v+jZO2C209cOFwzr3ce48bUiKkaY613NLyyupafr2wsbm1vaPv7rVEEHGEmyigAe+4UGBKfNyURFLcCTmGzKW47Y6uMr99j7kggX8r4xA7DA584hEEpZJ6+qHNoBwiSJOL9C6xOUsYfEjTsqhYJ+FxTy+ZVXMCY5FYM1KqF+3K87geN3r6t90PUMSwLxGFQnQtM5ROArkkiOK0YEcChxCN4AB3FfUhw8JJJm+kxpFS+oYXcFW+NCbq74kEMiFi5qrO7Ggx72Xif143kt65kxA/jCT20XSRF1FDBkaWidEnHCNJY0Ug4kTdaqAh5BBJlVxBhWDNv7xIWqdVq1at3ag0LsEUeXAAiqAMLHAG6uAaNEATIPAIXsAbeNeetFftQ/uctua02cw++APt6wcb85vd</latexit>

Amax(s+ 1, p)

Thus an atlas which regularizes connection
<latexit sha1_base64="3EzOmSTvQdWndEBzRT2r4Iggk8A=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhex6sVjBfsBaSib7aZdutkNuxOhhP4MLx4U6dX/4d2L+G/ctD1o64OBx3szzJsJE840uO63VVhZXVvfKG7aW9s7u3ul/YOmlqkitEEkl6odYk05E7QBDDhtJ4riOOS0FQ5vc7/1SJVmUjzAKKFBjPuCRYxgMJLfiTEMCObZ9bhbKrsVdwpnmXhzUr76sC+TyZdd75Y+Oz1J0pgKIBxr7XtuAkGGFTDC6djupJommAxxn/qGChxTHWTTyGPnxCg9J5LKlABnqv6eyHCs9SgOTWceUS96ufif56cQXQQZE0kKVJDZoijlDkgnv9/pMUUJ8JEhmChmsjpkgBUmYL5kmyd4iycvk+ZZxatWqvduuXaDZiiiI3SMTpGHzlEN3aE6aiCCJHpCL+jVAuvZerMms9aCNZ85RH9gvf8A02eUnw==</latexit>

A

The largest relevant extension is thus…
<latexit sha1_base64="Cs21LK900yPrnAwS7DdsnPlMe3M=">AAACFHicbVDLSgMxFM34tr6qLt2EFkFRykwX1WVVRBcuVGwVOrVkMmkbmseQZMQyzEcI4q+4caGIWxfu/BszbRe+DgQO5z5y7gkiRrVx3U9nbHxicmp6ZjY3N7+wuJRfXqlrGStMalgyqa4CpAmjgtQMNYxcRYogHjByGfQOsvrlDVGaSnFh+hFpctQRtE0xMlZq5bf8k73zo0NfSCpCIgz0OTJdjFiyl14nvuKQo9t0o7wdbeZa+aJbcgeAf4k3IsVqwd+6/6z2T1v5Dz+UOOZ2L2ZI64bnRqaZIGUoZiTN+bEmEcI91CENSwXiRDeTwVEpXLdKCNtS2Wd9DdTvEwniWvd5YDszy/p3LRP/qzVi095tJlREsSECDz9qxwwaCbOEYEgVwYb1LUFYUesV4i5SCBubYxaC9/vkv6ReLnmVUuXMprEPhpgBa6AANoAHdkAVHINTUAMY3IFH8AxenAfnyXl13oatY85oZhX8gPP+BTAYoKA=</latexit>

Amax(2, p)



This leads to the following definition of the essential 
(highest possible) regularity of a connection…



<latexit sha1_base64="2hH5nydXv/iJy0+7CKdajT5PSN0="></latexit>

Definition: � defined on (M,A) has global es-
sential regularity m = essM(�) � 0 if there ex-
ists a sub-atlas Am of Amax(2, p) of A such that
� 2 Wm,p

Am
, and there does not exist a subatlas As

of Amax(2, p) in which �, is more regular.

This leads to the following definition of the essential 
(highest possible) regularity of a connection…



<latexit sha1_base64="2hH5nydXv/iJy0+7CKdajT5PSN0="></latexit>

Definition: � defined on (M,A) has global es-
sential regularity m = essM(�) � 0 if there ex-
ists a sub-atlas Am of Amax(2, p) of A such that
� 2 Wm,p

Am
, and there does not exist a subatlas As

of Amax(2, p) in which �, is more regular.

This leads to the following definition of the essential 
(highest possible) regularity of a connection…

Theorem (RT-2024):  This provides a natural 
consistent geometric definition of the essential 
regularity of a connection.



<latexit sha1_base64="jL11gPoAM7hIGBTREa4aN5HzigU="></latexit>

Theorem (RT-2024): Assume � 2 Ws,p
As

is given
on (M,As), p > n, s � 0. Then:

(i)
<latexit sha1_base64="vTqaWaT+4sDTkLuOrrxcvw/lqDk="></latexit>

essM(�) = s if and only if Riem(�) 2 Ws�1,p
A

and Riem(�) 62 Ws0,p
A , any s0 � s;

(ii)
<latexit sha1_base64="0Fa9C+guwBn0LeEy44oJ9vkzeB4="></latexit>

essM(�) = s + 1 if and only if Riem(�) 2 Ws,p
A

and Riem(�) 62 Ws0,p
A , any s0 > s;

<latexit sha1_base64="l8jw0YMREiHFDM+1Yfk7+aq4YCw="></latexit>

essM(�) � s+2 if and only if Riem(�) 2 Ws+1,p
A .(iii)



<latexit sha1_base64="jL11gPoAM7hIGBTREa4aN5HzigU="></latexit>

Theorem (RT-2024): Assume � 2 Ws,p
As

is given
on (M,As), p > n, s � 0. Then:

(i)
<latexit sha1_base64="vTqaWaT+4sDTkLuOrrxcvw/lqDk="></latexit>

essM(�) = s if and only if Riem(�) 2 Ws�1,p
A

and Riem(�) 62 Ws0,p
A , any s0 � s;

(ii)
<latexit sha1_base64="0Fa9C+guwBn0LeEy44oJ9vkzeB4="></latexit>

essM(�) = s + 1 if and only if Riem(�) 2 Ws,p
A

and Riem(�) 62 Ws0,p
A , any s0 > s;

<latexit sha1_base64="l8jw0YMREiHFDM+1Yfk7+aq4YCw="></latexit>

essM(�) � s+2 if and only if Riem(�) 2 Ws+1,p
A .(iii)

Moreover:  RT-equations provide iterative method

for lifting any connection below essential regularity…



<latexit sha1_base64="jL11gPoAM7hIGBTREa4aN5HzigU="></latexit>

Theorem (RT-2024): Assume � 2 Ws,p
As

is given
on (M,As), p > n, s � 0. Then:

(i)
<latexit sha1_base64="vTqaWaT+4sDTkLuOrrxcvw/lqDk="></latexit>

essM(�) = s if and only if Riem(�) 2 Ws�1,p
A

and Riem(�) 62 Ws0,p
A , any s0 � s;

(ii)
<latexit sha1_base64="0Fa9C+guwBn0LeEy44oJ9vkzeB4="></latexit>

essM(�) = s + 1 if and only if Riem(�) 2 Ws,p
A

and Riem(�) 62 Ws0,p
A , any s0 > s;

<latexit sha1_base64="l8jw0YMREiHFDM+1Yfk7+aq4YCw="></latexit>

essM(�) � s+2 if and only if Riem(�) 2 Ws+1,p
A .(iii)

Note:  Curvature is more regular than connection 
whenever you are two derivatives below essential.



<latexit sha1_base64="jL11gPoAM7hIGBTREa4aN5HzigU="></latexit>

Theorem (RT-2024): Assume � 2 Ws,p
As

is given
on (M,As), p > n, s � 0. Then:

(i)
<latexit sha1_base64="vTqaWaT+4sDTkLuOrrxcvw/lqDk="></latexit>

essM(�) = s if and only if Riem(�) 2 Ws�1,p
A

and Riem(�) 62 Ws0,p
A , any s0 � s;

(ii)
<latexit sha1_base64="0Fa9C+guwBn0LeEy44oJ9vkzeB4="></latexit>

essM(�) = s + 1 if and only if Riem(�) 2 Ws,p
A

and Riem(�) 62 Ws0,p
A , any s0 > s;

<latexit sha1_base64="l8jw0YMREiHFDM+1Yfk7+aq4YCw="></latexit>

essM(�) � s+2 if and only if Riem(�) 2 Ws+1,p
A .(iii)

(This explains why the Schwarzshild curvature is one 
order more regular than the connection…)



“Proof”: 



“Proof”: 

Consider first the forward implications:



“Proof”: 

Consider first the forward implications:
I.e., curvature as regular as connection… 

<latexit sha1_base64="pwzJbHkCbUrmL8Fh8rXVJbi6xX8=">AAACCHicbVC7SgNBFJ01PmJ8RS0tHBTBQsKuhVr6KLSMYBIhuy53J5M4ODO7zMwKYdkyjT9iYWOhiK2fYCeW/oiTR6HRAxcO59zLvfdECWfauO6HM1GYnJqeKc6W5uYXFpfKyyt1HaeK0BqJeawuI9CUM0lrhhlOLxNFQUScNqKbk77fuKVKs1hemG5CAwEdydqMgLFSWF73T0EI8JnEjatM7yR5mPkCzDUBnh3leVjedCvuAPgv8UZk83CrV/C+7j+rYfndb8UkFVQawkHrpucmJshAGUY4zUt+qmkC5AY6tGmpBEF1kA0eyfGWVVq4HStb0uCB+nMiA6F1V0S2s3+jHvf64n9eMzXtgyBjMkkNlWS4qJ1ybGLcTwW3mKLE8K4lQBSzt2JyDQqIsdmVbAje+Mt/SX234u1V9s5tGsdoiCJaQxtoG3loHx2iM1RFNURQDz2gJ/Ts3DmPzovzOmydcEYzq+gXnLdvtvqdfw==</latexit>

� 2 W s,p
A

<latexit sha1_base64="SAptChYosCanpggIQ32asJIbIfM=">AAACDnicbVA9SwNBEN1L/Ijx69TSZlECChLuLNTSj0LLKCYRcjHMbTZmye7esbsnhONKKxv/hbWNhSK21nZi6R9xk1j49WDg8d4MM/PCmDNtPO/NyeXHxicmC1PF6ZnZuXl3YbGmo0QRWiURj9RZCJpyJmnVMMPpWawoiJDTetg7GPj1S6o0i+Sp6ce0KeBCsg4jYKzUcksnjIq14BCEgPWASVw/T/VGnLXSQIDpEuDpXpa13FWv7A2B/xL/i6zulq7y/sfte6XlvgbtiCSCSkM4aN3wvdg0U1CGEU6zYpBoGgPpwQVtWCpBUN1Mh+9kuGSVNu5EypY0eKh+n0hBaN0Xoe0c3Kh/ewPxP6+RmM5OM2UyTgyVZLSok3BsIjzIBreZosTwviVAFLO3YtIFBcTYBIs2BP/3y39JbbPsb5W3jm0a+2iEAlpGK2gN+Wgb7aIjVEFVRNA1ukMP6NG5ce6dJ+d51JpzvmaW0A84L5+r4J+Z</latexit>

Riem(�) 2 W s,p
A

<latexit sha1_base64="OgiTqWuAH+lRTMTlwUDxIIpMpB0=">AAAB9XicbVC7SgNBFJ2NrxhfUUtFBoNgIWHXIlpJ0MYyAfOA7BpmJ3eTIbOz68ysEkJK/8HGQhFb23yHnd/gTzh5FJp44MLhnHu59x4/5kxp2/6yUguLS8sr6dXM2vrG5lZ2e6eqokRSqNCIR7LuEwWcCahopjnUYwkk9DnU/O7VyK/dg1QsEje6F4MXkrZgAaNEG+lWuW24s09c7OL4QjSzOTtvj4HniTMlueL+sPz9eDAsNbOfbiuiSQhCU06Uajh2rL0+kZpRDoOMmyiICe2SNjQMFSQE5fXHVw/wkVFaOIikKaHxWP090SehUr3QN50h0R01643E/7xGooNzr89EnGgQdLIoSDjWER5FgFtMAtW8ZwihkplbMe0QSag2QWVMCM7sy/Okepp3CvlC2aRxiSZIoz10iI6Rg85QEV2jEqogiiR6Qi/o1Xqwnq03633SmrKmM7voD6yPH+xrlTQ=</latexit>

s � 0, p > n



“Proof”: 

Consider first the forward implications:
I.e., curvature as regular as connection… 

<latexit sha1_base64="pwzJbHkCbUrmL8Fh8rXVJbi6xX8=">AAACCHicbVC7SgNBFJ01PmJ8RS0tHBTBQsKuhVr6KLSMYBIhuy53J5M4ODO7zMwKYdkyjT9iYWOhiK2fYCeW/oiTR6HRAxcO59zLvfdECWfauO6HM1GYnJqeKc6W5uYXFpfKyyt1HaeK0BqJeawuI9CUM0lrhhlOLxNFQUScNqKbk77fuKVKs1hemG5CAwEdydqMgLFSWF73T0EI8JnEjatM7yR5mPkCzDUBnh3leVjedCvuAPgv8UZk83CrV/C+7j+rYfndb8UkFVQawkHrpucmJshAGUY4zUt+qmkC5AY6tGmpBEF1kA0eyfGWVVq4HStb0uCB+nMiA6F1V0S2s3+jHvf64n9eMzXtgyBjMkkNlWS4qJ1ybGLcTwW3mKLE8K4lQBSzt2JyDQqIsdmVbAje+Mt/SX234u1V9s5tGsdoiCJaQxtoG3loHx2iM1RFNURQDz2gJ/Ts3DmPzovzOmydcEYzq+gXnLdvtvqdfw==</latexit>

� 2 W s,p
A

<latexit sha1_base64="SAptChYosCanpggIQ32asJIbIfM=">AAACDnicbVA9SwNBEN1L/Ijx69TSZlECChLuLNTSj0LLKCYRcjHMbTZmye7esbsnhONKKxv/hbWNhSK21nZi6R9xk1j49WDg8d4MM/PCmDNtPO/NyeXHxicmC1PF6ZnZuXl3YbGmo0QRWiURj9RZCJpyJmnVMMPpWawoiJDTetg7GPj1S6o0i+Sp6ce0KeBCsg4jYKzUcksnjIq14BCEgPWASVw/T/VGnLXSQIDpEuDpXpa13FWv7A2B/xL/i6zulq7y/sfte6XlvgbtiCSCSkM4aN3wvdg0U1CGEU6zYpBoGgPpwQVtWCpBUN1Mh+9kuGSVNu5EypY0eKh+n0hBaN0Xoe0c3Kh/ewPxP6+RmM5OM2UyTgyVZLSok3BsIjzIBreZosTwviVAFLO3YtIFBcTYBIs2BP/3y39JbbPsb5W3jm0a+2iEAlpGK2gN+Wgb7aIjVEFVRNA1ukMP6NG5ce6dJ+d51JpzvmaW0A84L5+r4J+Z</latexit>

Riem(�) 2 W s,p
A

<latexit sha1_base64="OgiTqWuAH+lRTMTlwUDxIIpMpB0=">AAAB9XicbVC7SgNBFJ2NrxhfUUtFBoNgIWHXIlpJ0MYyAfOA7BpmJ3eTIbOz68ysEkJK/8HGQhFb23yHnd/gTzh5FJp44MLhnHu59x4/5kxp2/6yUguLS8sr6dXM2vrG5lZ2e6eqokRSqNCIR7LuEwWcCahopjnUYwkk9DnU/O7VyK/dg1QsEje6F4MXkrZgAaNEG+lWuW24s09c7OL4QjSzOTtvj4HniTMlueL+sPz9eDAsNbOfbiuiSQhCU06Uajh2rL0+kZpRDoOMmyiICe2SNjQMFSQE5fXHVw/wkVFaOIikKaHxWP090SehUr3QN50h0R01643E/7xGooNzr89EnGgQdLIoSDjWER5FgFtMAtW8ZwihkplbMe0QSag2QWVMCM7sy/Okepp3CvlC2aRxiSZIoz10iI6Rg85QEV2jEqogiiR6Qi/o1Xqwnq03633SmrKmM7voD6yPH+xrlTQ=</latexit>

s � 0, p > n

which lift connection to
<latexit sha1_base64="bLWB+VIS8Nc4mDOGwkEG+N219Lk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgKCVxUd1ZdKHLCvYBTSyT6aQdOjMJMxMhhPorblwo4tYPceenuHOadqGtBy4czrmXe+8JYkaVdpwvq7C0vLK6VlwvbWxube/Yu3stFSUSkyaOWCQ7AVKEUUGammpGOrEkiAeMtIPR1cRvPxCpaCTudBoTn6OBoCHFSBupZ5e9a8Q58qiA7ftMHbsn8bhnV5yqkwMuEndGKhffYY5Gz/70+hFOOBEaM6RU13Vi7WdIaooZGZe8RJEY4REakK6hAnGi/Cw/fgwPjdKHYSRNCQ1z9fdEhrhSKQ9MJ0d6qOa9ifif1010eO5nVMSJJgJPF4UJgzqCkyRgn0qCNUsNQVhScyvEQyQR1iavkgnBnX95kbROq26tWrt1KvVLMEUR7IMDcARccAbq4AY0QBNgkIIn8AJerUfr2Xqz3qetBWs2UwZ/YH38AHhXl7Y=</latexit>

� 2 W s+1,p

Then the RT-equations provide
<latexit sha1_base64="K0m/cRNF3JxneaIWNu9nDg6p9Xc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBZBUErioXqz6EU8VbAf0KZls920SzebsLtRSsj/8OJBEa/+F2/+FG9u0x609cHA470ZZuZ5EWdK2/aXlVtaXlldy68XNja3tneKu3sNFcaS0DoJeShbHlaUM0HrmmlOW5GkOPA4bXqj64nffKBSsVDc63FE3QAPBPMZwdpI3dsOE6jZTdSJcxqlvWLJLtsZ0CJxZqR0+e1nqPWKn51+SOKACk04Vqrt2JF2Eyw1I5ymhU6saITJCA9o21CBA6rcJLs6RUdG6SM/lKaERpn6eyLBgVLjwDOdAdZDNe9NxP+8dqz9CzdhIoo1FWS6yI850iGaRID6TFKi+dgQTCQztyIyxBITbYIqmBCc+ZcXSeOs7FTKlTu7VL2CKfJwAIdwDA6cQxVuoAZ1ICDhCV7g1Xq0nq03633amrNmM/vwB9bHDzDJlV4=</latexit>

J 2 W s+1,p



“Proof”: 

Consider first the forward implications:
I.e., curvature as regular as connection… 

<latexit sha1_base64="pwzJbHkCbUrmL8Fh8rXVJbi6xX8=">AAACCHicbVC7SgNBFJ01PmJ8RS0tHBTBQsKuhVr6KLSMYBIhuy53J5M4ODO7zMwKYdkyjT9iYWOhiK2fYCeW/oiTR6HRAxcO59zLvfdECWfauO6HM1GYnJqeKc6W5uYXFpfKyyt1HaeK0BqJeawuI9CUM0lrhhlOLxNFQUScNqKbk77fuKVKs1hemG5CAwEdydqMgLFSWF73T0EI8JnEjatM7yR5mPkCzDUBnh3leVjedCvuAPgv8UZk83CrV/C+7j+rYfndb8UkFVQawkHrpucmJshAGUY4zUt+qmkC5AY6tGmpBEF1kA0eyfGWVVq4HStb0uCB+nMiA6F1V0S2s3+jHvf64n9eMzXtgyBjMkkNlWS4qJ1ybGLcTwW3mKLE8K4lQBSzt2JyDQqIsdmVbAje+Mt/SX234u1V9s5tGsdoiCJaQxtoG3loHx2iM1RFNURQDz2gJ/Ts3DmPzovzOmydcEYzq+gXnLdvtvqdfw==</latexit>

� 2 W s,p
A

<latexit sha1_base64="SAptChYosCanpggIQ32asJIbIfM=">AAACDnicbVA9SwNBEN1L/Ijx69TSZlECChLuLNTSj0LLKCYRcjHMbTZmye7esbsnhONKKxv/hbWNhSK21nZi6R9xk1j49WDg8d4MM/PCmDNtPO/NyeXHxicmC1PF6ZnZuXl3YbGmo0QRWiURj9RZCJpyJmnVMMPpWawoiJDTetg7GPj1S6o0i+Sp6ce0KeBCsg4jYKzUcksnjIq14BCEgPWASVw/T/VGnLXSQIDpEuDpXpa13FWv7A2B/xL/i6zulq7y/sfte6XlvgbtiCSCSkM4aN3wvdg0U1CGEU6zYpBoGgPpwQVtWCpBUN1Mh+9kuGSVNu5EypY0eKh+n0hBaN0Xoe0c3Kh/ewPxP6+RmM5OM2UyTgyVZLSok3BsIjzIBreZosTwviVAFLO3YtIFBcTYBIs2BP/3y39JbbPsb5W3jm0a+2iEAlpGK2gN+Wgb7aIjVEFVRNA1ukMP6NG5ce6dJ+d51JpzvmaW0A84L5+r4J+Z</latexit>

Riem(�) 2 W s,p
A

<latexit sha1_base64="OgiTqWuAH+lRTMTlwUDxIIpMpB0=">AAAB9XicbVC7SgNBFJ2NrxhfUUtFBoNgIWHXIlpJ0MYyAfOA7BpmJ3eTIbOz68ysEkJK/8HGQhFb23yHnd/gTzh5FJp44MLhnHu59x4/5kxp2/6yUguLS8sr6dXM2vrG5lZ2e6eqokRSqNCIR7LuEwWcCahopjnUYwkk9DnU/O7VyK/dg1QsEje6F4MXkrZgAaNEG+lWuW24s09c7OL4QjSzOTtvj4HniTMlueL+sPz9eDAsNbOfbiuiSQhCU06Uajh2rL0+kZpRDoOMmyiICe2SNjQMFSQE5fXHVw/wkVFaOIikKaHxWP090SehUr3QN50h0R01643E/7xGooNzr89EnGgQdLIoSDjWER5FgFtMAtW8ZwihkplbMe0QSag2QWVMCM7sy/Okepp3CvlC2aRxiSZIoz10iI6Rg85QEV2jEqogiiR6Qi/o1Xqwnq03633SmrKmM7voD6yPH+xrlTQ=</latexit>

s � 0, p > n

which lift connection to
<latexit sha1_base64="bLWB+VIS8Nc4mDOGwkEG+N219Lk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgKCVxUd1ZdKHLCvYBTSyT6aQdOjMJMxMhhPorblwo4tYPceenuHOadqGtBy4czrmXe+8JYkaVdpwvq7C0vLK6VlwvbWxube/Yu3stFSUSkyaOWCQ7AVKEUUGammpGOrEkiAeMtIPR1cRvPxCpaCTudBoTn6OBoCHFSBupZ5e9a8Q58qiA7ftMHbsn8bhnV5yqkwMuEndGKhffYY5Gz/70+hFOOBEaM6RU13Vi7WdIaooZGZe8RJEY4REakK6hAnGi/Cw/fgwPjdKHYSRNCQ1z9fdEhrhSKQ9MJ0d6qOa9ifif1010eO5nVMSJJgJPF4UJgzqCkyRgn0qCNUsNQVhScyvEQyQR1iavkgnBnX95kbROq26tWrt1KvVLMEUR7IMDcARccAbq4AY0QBNgkIIn8AJerUfr2Xqz3qetBWs2UwZ/YH38AHhXl7Y=</latexit>

� 2 W s+1,p

…in a neighborhood of every point.

Then the RT-equations provide
<latexit sha1_base64="K0m/cRNF3JxneaIWNu9nDg6p9Xc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBZBUErioXqz6EU8VbAf0KZls920SzebsLtRSsj/8OJBEa/+F2/+FG9u0x609cHA470ZZuZ5EWdK2/aXlVtaXlldy68XNja3tneKu3sNFcaS0DoJeShbHlaUM0HrmmlOW5GkOPA4bXqj64nffKBSsVDc63FE3QAPBPMZwdpI3dsOE6jZTdSJcxqlvWLJLtsZ0CJxZqR0+e1nqPWKn51+SOKACk04Vqrt2JF2Eyw1I5ymhU6saITJCA9o21CBA6rcJLs6RUdG6SM/lKaERpn6eyLBgVLjwDOdAdZDNe9NxP+8dqz9CzdhIoo1FWS6yI850iGaRID6TFKi+dgQTCQztyIyxBITbYIqmBCc+ZcXSeOs7FTKlTu7VL2CKfJwAIdwDA6cQxVuoAZ1ICDhCV7g1Xq0nq03633amrNmM/vwB9bHDzDJlV4=</latexit>

J 2 W s+1,p



The union of all these local neighborhoods
produces a new atlas <latexit sha1_base64="RslYstZPSV+fuZEQ/yMyAMdJT+M=">AAAB+nicbVC7TsMwFHV4lvJKYWQxVEhFSFXCUBgLLIxFog+piSLHdVqrjhPZDqgK+Qa+gIUBhFj5Aj6BjQ9hx2k7QMuRLB2dc6/u8fFjRqWyrC9jYXFpeWW1sFZc39jc2jZLOy0ZJQKTJo5YJDo+koRRTpqKKkY6sSAo9Blp+8PL3G/fEiFpxG/UKCZuiPqcBhQjpSXPLDkhUgOMWHqeeak8tjPPLFtVaww4T+wpKdf3K98fD85RwzM/nV6Ek5BwhRmSsmtbsXJTJBTFjGRFJ5EkRniI+qSrKUchkW46jp7BQ630YBAJ/biCY/X3RopCKUehryfzoHLWy8X/vG6igjM3pTxOFOF4cihIGFQRzHuAPSoIVmykCcKC6qwQD5BAWOm2iroEe/bL86R1UrVr1dq1buMCTFAAe+AAVIANTkEdXIEGaAIM7sAjeAYvxr3xZLwab5PRBWO6swv+wHj/AaSnl0U=</latexit>

As+1 in which
<latexit sha1_base64="36RdGxhuDrlC7ts2uPGLTYAB6qM=">AAACEHicbVDLSgMxFM34tr6qLt1EiygoZcaFuvQFupIK1hY643AnTdtgkhmSjFCG+QQ3/oobF4q6denOvzF9LHwdCJyccy/33hMlnGnjup/OyOjY+MTk1HRhZnZufqG4uHSl41QRWiUxj1U9Ak05k7RqmOG0nigKIuK0Ft0c9/zaLVWaxfLSdBMaCGhL1mIEjJXC4oZ/CkKAzySuXWd6y9tO8jDzBZgOAZ4d2o8V8zwsltyy2wf+S7whKR14/urryeZ5JSx++M2YpIJKQzho3fDcxAQZKMMIp3nBTzVNgNxAmzYslSCoDrL+QTlet0oTt2JlnzS4r37vyEBo3RWRrextqn97PfE/r5Ga1n6QMZmkhkoyGNRKOTYx7qWDm0xRYnjXEiCK2V0x6YACYmyGBRuC9/vkv+Rqp+ztlncvbBpHaIAptILW0Cby0B46QGeogqqIoDv0gJ7Qs3PvPDovztugdMQZ9iyjH3DevwCVip82</latexit>

� 2 W s+1,p
As+1



The union of all these local neighborhoods
produces a new atlas <latexit sha1_base64="RslYstZPSV+fuZEQ/yMyAMdJT+M=">AAAB+nicbVC7TsMwFHV4lvJKYWQxVEhFSFXCUBgLLIxFog+piSLHdVqrjhPZDqgK+Qa+gIUBhFj5Aj6BjQ9hx2k7QMuRLB2dc6/u8fFjRqWyrC9jYXFpeWW1sFZc39jc2jZLOy0ZJQKTJo5YJDo+koRRTpqKKkY6sSAo9Blp+8PL3G/fEiFpxG/UKCZuiPqcBhQjpSXPLDkhUgOMWHqeeak8tjPPLFtVaww4T+wpKdf3K98fD85RwzM/nV6Ek5BwhRmSsmtbsXJTJBTFjGRFJ5EkRniI+qSrKUchkW46jp7BQ630YBAJ/biCY/X3RopCKUehryfzoHLWy8X/vG6igjM3pTxOFOF4cihIGFQRzHuAPSoIVmykCcKC6qwQD5BAWOm2iroEe/bL86R1UrVr1dq1buMCTFAAe+AAVIANTkEdXIEGaAIM7sAjeAYvxr3xZLwab5PRBWO6swv+wHj/AaSnl0U=</latexit>

As+1 in which
<latexit sha1_base64="36RdGxhuDrlC7ts2uPGLTYAB6qM=">AAACEHicbVDLSgMxFM34tr6qLt1EiygoZcaFuvQFupIK1hY643AnTdtgkhmSjFCG+QQ3/oobF4q6denOvzF9LHwdCJyccy/33hMlnGnjup/OyOjY+MTk1HRhZnZufqG4uHSl41QRWiUxj1U9Ak05k7RqmOG0nigKIuK0Ft0c9/zaLVWaxfLSdBMaCGhL1mIEjJXC4oZ/CkKAzySuXWd6y9tO8jDzBZgOAZ4d2o8V8zwsltyy2wf+S7whKR14/urryeZ5JSx++M2YpIJKQzho3fDcxAQZKMMIp3nBTzVNgNxAmzYslSCoDrL+QTlet0oTt2JlnzS4r37vyEBo3RWRrextqn97PfE/r5Ga1n6QMZmkhkoyGNRKOTYx7qWDm0xRYnjXEiCK2V0x6YACYmyGBRuC9/vkv+Rqp+ztlncvbBpHaIAptILW0Cby0B46QGeogqqIoDv0gJ7Qs3PvPDovztugdMQZ9iyjH3DevwCVip82</latexit>

� 2 W s+1,p
As+1

Originally we thought this would preserve 

the regularity of the curvature tensor…



The union of all these local neighborhoods
produces a new atlas <latexit sha1_base64="RslYstZPSV+fuZEQ/yMyAMdJT+M=">AAAB+nicbVC7TsMwFHV4lvJKYWQxVEhFSFXCUBgLLIxFog+piSLHdVqrjhPZDqgK+Qa+gIUBhFj5Aj6BjQ9hx2k7QMuRLB2dc6/u8fFjRqWyrC9jYXFpeWW1sFZc39jc2jZLOy0ZJQKTJo5YJDo+koRRTpqKKkY6sSAo9Blp+8PL3G/fEiFpxG/UKCZuiPqcBhQjpSXPLDkhUgOMWHqeeak8tjPPLFtVaww4T+wpKdf3K98fD85RwzM/nV6Ek5BwhRmSsmtbsXJTJBTFjGRFJ5EkRniI+qSrKUchkW46jp7BQ630YBAJ/biCY/X3RopCKUehryfzoHLWy8X/vG6igjM3pTxOFOF4cihIGFQRzHuAPSoIVmykCcKC6qwQD5BAWOm2iroEe/bL86R1UrVr1dq1buMCTFAAe+AAVIANTkEdXIEGaAIM7sAjeAYvxr3xZLwab5PRBWO6swv+wHj/AaSnl0U=</latexit>

As+1 in which
<latexit sha1_base64="36RdGxhuDrlC7ts2uPGLTYAB6qM=">AAACEHicbVDLSgMxFM34tr6qLt1EiygoZcaFuvQFupIK1hY643AnTdtgkhmSjFCG+QQ3/oobF4q6denOvzF9LHwdCJyccy/33hMlnGnjup/OyOjY+MTk1HRhZnZufqG4uHSl41QRWiUxj1U9Ak05k7RqmOG0nigKIuK0Ft0c9/zaLVWaxfLSdBMaCGhL1mIEjJXC4oZ/CkKAzySuXWd6y9tO8jDzBZgOAZ4d2o8V8zwsltyy2wf+S7whKR14/urryeZ5JSx++M2YpIJKQzho3fDcxAQZKMMIp3nBTzVNgNxAmzYslSCoDrL+QTlet0oTt2JlnzS4r37vyEBo3RWRrextqn97PfE/r5Ga1n6QMZmkhkoyGNRKOTYx7qWDm0xRYnjXEiCK2V0x6YACYmyGBRuC9/vkv+Rqp+ztlncvbBpHaIAptILW0Cby0B46QGeogqqIoDv0gJ7Qs3PvPDovztugdMQZ9iyjH3DevwCVip82</latexit>

� 2 W s+1,p
As+1

Originally we thought this would preserve 

the regularity of the curvature tensor…

<latexit sha1_base64="QlG4fXTur4dydN2naQyg7QcDeZ4="></latexit>
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The union of all these local neighborhoods
produces a new atlas <latexit sha1_base64="RslYstZPSV+fuZEQ/yMyAMdJT+M=">AAAB+nicbVC7TsMwFHV4lvJKYWQxVEhFSFXCUBgLLIxFog+piSLHdVqrjhPZDqgK+Qa+gIUBhFj5Aj6BjQ9hx2k7QMuRLB2dc6/u8fFjRqWyrC9jYXFpeWW1sFZc39jc2jZLOy0ZJQKTJo5YJDo+koRRTpqKKkY6sSAo9Blp+8PL3G/fEiFpxG/UKCZuiPqcBhQjpSXPLDkhUgOMWHqeeak8tjPPLFtVaww4T+wpKdf3K98fD85RwzM/nV6Ek5BwhRmSsmtbsXJTJBTFjGRFJ5EkRniI+qSrKUchkW46jp7BQ630YBAJ/biCY/X3RopCKUehryfzoHLWy8X/vG6igjM3pTxOFOF4cihIGFQRzHuAPSoIVmykCcKC6qwQD5BAWOm2iroEe/bL86R1UrVr1dq1buMCTFAAe+AAVIANTkEdXIEGaAIM7sAjeAYvxr3xZLwab5PRBWO6swv+wHj/AaSnl0U=</latexit>

As+1 in which
<latexit sha1_base64="36RdGxhuDrlC7ts2uPGLTYAB6qM=">AAACEHicbVDLSgMxFM34tr6qLt1EiygoZcaFuvQFupIK1hY643AnTdtgkhmSjFCG+QQ3/oobF4q6denOvzF9LHwdCJyccy/33hMlnGnjup/OyOjY+MTk1HRhZnZufqG4uHSl41QRWiUxj1U9Ak05k7RqmOG0nigKIuK0Ft0c9/zaLVWaxfLSdBMaCGhL1mIEjJXC4oZ/CkKAzySuXWd6y9tO8jDzBZgOAZ4d2o8V8zwsltyy2wf+S7whKR14/urryeZ5JSx++M2YpIJKQzho3fDcxAQZKMMIp3nBTzVNgNxAmzYslSCoDrL+QTlet0oTt2JlnzS4r37vyEBo3RWRrextqn97PfE/r5Ga1n6QMZmkhkoyGNRKOTYx7qWDm0xRYnjXEiCK2V0x6YACYmyGBRuC9/vkv+Rqp+ztlncvbBpHaIAptILW0Cby0B46QGeogqqIoDv0gJ7Qs3PvPDovztugdMQZ9iyjH3DevwCVip82</latexit>

� 2 W s+1,p
As+1

Originally we thought this would preserve 

the regularity of the curvature tensor…

<latexit sha1_base64="QlG4fXTur4dydN2naQyg7QcDeZ4="></latexit>
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<latexit sha1_base64="jewCJQev6KVFKMKE5F8JZn4/hLw=">AAAB/nicbVDLSsNAFJ3UV62vqLhSZLAIgrUkLqrLohvpqgX7gDYtk+mkHTqZhJmJUELAjR/ixoUibvsd7vwGf8LpY6GtBy4czrmXe+9xQ0alsqwvI7W0vLK6ll7PbGxube+Yu3s1GUQCkyoOWCAaLpKEUU6qiipGGqEgyHcZqbuD27FffyBC0oDfq2FIHB/1OPUoRkpLHfOglCu14ws7aVEO6+1Yntu5MOmYWStvTQAXiT0j2eLRqPL9dDwqd8zPVjfAkU+4wgxJ2bStUDkxEopiRpJMK5IkRHiAeqSpKUc+kU48OT+Bp1rpQi8QuriCE/X3RIx8KYe+qzt9pPpy3huL/3nNSHnXTkx5GCnC8XSRFzGoAjjOAnapIFixoSYIC6pvhbiPBMJKJ5bRIdjzLy+S2mXeLuQLFZ3GDZgiDQ7BCTgDNrgCRXAHyqAKMIjBM3gFb8aj8WK8Gx/T1pQxm9kHf2CMfgAp/JgO</latexit>

J, J�1 2 W s+1,p



The union of all these local neighborhoods
produces a new atlas <latexit sha1_base64="RslYstZPSV+fuZEQ/yMyAMdJT+M=">AAAB+nicbVC7TsMwFHV4lvJKYWQxVEhFSFXCUBgLLIxFog+piSLHdVqrjhPZDqgK+Qa+gIUBhFj5Aj6BjQ9hx2k7QMuRLB2dc6/u8fFjRqWyrC9jYXFpeWW1sFZc39jc2jZLOy0ZJQKTJo5YJDo+koRRTpqKKkY6sSAo9Blp+8PL3G/fEiFpxG/UKCZuiPqcBhQjpSXPLDkhUgOMWHqeeak8tjPPLFtVaww4T+wpKdf3K98fD85RwzM/nV6Ek5BwhRmSsmtbsXJTJBTFjGRFJ5EkRniI+qSrKUchkW46jp7BQ630YBAJ/biCY/X3RopCKUehryfzoHLWy8X/vG6igjM3pTxOFOF4cihIGFQRzHuAPSoIVmykCcKC6qwQD5BAWOm2iroEe/bL86R1UrVr1dq1buMCTFAAe+AAVIANTkEdXIEGaAIM7sAjeAYvxr3xZLwab5PRBWO6swv+wHj/AaSnl0U=</latexit>

As+1 in which
<latexit sha1_base64="36RdGxhuDrlC7ts2uPGLTYAB6qM=">AAACEHicbVDLSgMxFM34tr6qLt1EiygoZcaFuvQFupIK1hY643AnTdtgkhmSjFCG+QQ3/oobF4q6denOvzF9LHwdCJyccy/33hMlnGnjup/OyOjY+MTk1HRhZnZufqG4uHSl41QRWiUxj1U9Ak05k7RqmOG0nigKIuK0Ft0c9/zaLVWaxfLSdBMaCGhL1mIEjJXC4oZ/CkKAzySuXWd6y9tO8jDzBZgOAZ4d2o8V8zwsltyy2wf+S7whKR14/urryeZ5JSx++M2YpIJKQzho3fDcxAQZKMMIp3nBTzVNgNxAmzYslSCoDrL+QTlet0oTt2JlnzS4r37vyEBo3RWRrextqn97PfE/r5Ga1n6QMZmkhkoyGNRKOTYx7qWDm0xRYnjXEiCK2V0x6YACYmyGBRuC9/vkv+Rqp+ztlncvbBpHaIAptILW0Cby0B46QGeogqqIoDv0gJ7Qs3PvPDovztugdMQZ9iyjH3DevwCVip82</latexit>

� 2 W s+1,p
As+1

Originally we thought this would preserve 

the regularity of the curvature tensor…

<latexit sha1_base64="QlG4fXTur4dydN2naQyg7QcDeZ4="></latexit>
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jkl
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@y�

<latexit sha1_base64="jewCJQev6KVFKMKE5F8JZn4/hLw=">AAAB/nicbVDLSsNAFJ3UV62vqLhSZLAIgrUkLqrLohvpqgX7gDYtk+mkHTqZhJmJUELAjR/ixoUibvsd7vwGf8LpY6GtBy4czrmXe+9xQ0alsqwvI7W0vLK6ll7PbGxube+Yu3s1GUQCkyoOWCAaLpKEUU6qiipGGqEgyHcZqbuD27FffyBC0oDfq2FIHB/1OPUoRkpLHfOglCu14ws7aVEO6+1Yntu5MOmYWStvTQAXiT0j2eLRqPL9dDwqd8zPVjfAkU+4wgxJ2bStUDkxEopiRpJMK5IkRHiAeqSpKUc+kU48OT+Bp1rpQi8QuriCE/X3RIx8KYe+qzt9pPpy3huL/3nNSHnXTkx5GCnC8XSRFzGoAjjOAnapIFixoSYIC6pvhbiPBMJKJ5bRIdjzLy+S2mXeLuQLFZ3GDZgiDQ7BCTgDNrgCRXAHyqAKMIjBM3gFb8aj8WK8Gx/T1pQxm9kHf2CMfgAp/JgO</latexit>

J, J�1 2 W s+1,p



The union of all these local neighborhoods
produces a new atlas <latexit sha1_base64="RslYstZPSV+fuZEQ/yMyAMdJT+M=">AAAB+nicbVC7TsMwFHV4lvJKYWQxVEhFSFXCUBgLLIxFog+piSLHdVqrjhPZDqgK+Qa+gIUBhFj5Aj6BjQ9hx2k7QMuRLB2dc6/u8fFjRqWyrC9jYXFpeWW1sFZc39jc2jZLOy0ZJQKTJo5YJDo+koRRTpqKKkY6sSAo9Blp+8PL3G/fEiFpxG/UKCZuiPqcBhQjpSXPLDkhUgOMWHqeeak8tjPPLFtVaww4T+wpKdf3K98fD85RwzM/nV6Ek5BwhRmSsmtbsXJTJBTFjGRFJ5EkRniI+qSrKUchkW46jp7BQ630YBAJ/biCY/X3RopCKUehryfzoHLWy8X/vG6igjM3pTxOFOF4cihIGFQRzHuAPSoIVmykCcKC6qwQD5BAWOm2iroEe/bL86R1UrVr1dq1buMCTFAAe+AAVIANTkEdXIEGaAIM7sAjeAYvxr3xZLwab5PRBWO6swv+wHj/AaSnl0U=</latexit>

As+1 in which
<latexit sha1_base64="36RdGxhuDrlC7ts2uPGLTYAB6qM=">AAACEHicbVDLSgMxFM34tr6qLt1EiygoZcaFuvQFupIK1hY643AnTdtgkhmSjFCG+QQ3/oobF4q6denOvzF9LHwdCJyccy/33hMlnGnjup/OyOjY+MTk1HRhZnZufqG4uHSl41QRWiUxj1U9Ak05k7RqmOG0nigKIuK0Ft0c9/zaLVWaxfLSdBMaCGhL1mIEjJXC4oZ/CkKAzySuXWd6y9tO8jDzBZgOAZ4d2o8V8zwsltyy2wf+S7whKR14/urryeZ5JSx++M2YpIJKQzho3fDcxAQZKMMIp3nBTzVNgNxAmzYslSCoDrL+QTlet0oTt2JlnzS4r37vyEBo3RWRrextqn97PfE/r5Ga1n6QMZmkhkoyGNRKOTYx7qWDm0xRYnjXEiCK2V0x6YACYmyGBRuC9/vkv+Rqp+ztlncvbBpHaIAptILW0Cby0B46QGeogqqIoDv0gJ7Qs3PvPDovztugdMQZ9iyjH3DevwCVip82</latexit>

� 2 W s+1,p
As+1

Originally we thought this would preserve 

the regularity of the curvature tensor…

<latexit sha1_base64="QlG4fXTur4dydN2naQyg7QcDeZ4="></latexit>
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��� = Ri

jkl
@y↵

@xi

@xj

@y�
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@y�

<latexit sha1_base64="0WctkL5VZAJESJPRbV7eqvcmCHs=">AAACAnicbVDLSgMxFM3UV62vUVfiJrQIFaXMuKguiy50WcU+oDOWTJq2oUlmSDJiGYobP8FfcONCEbd+hbv+jeljoa0HLhzOuZd77wkiRpV2nKGVWlhcWl5Jr2bW1jc2t+ztnaoKY4lJBYcslPUAKcKoIBVNNSP1SBLEA0ZqQe9i5NfuiVQ0FLe6HxGfo46gbYqRNlLT3ruhhOe9S8Q5aj4celTA2l2ijqNB0845BWcMOE/cKcmVst7R87DULzftb68V4pgToTFDSjVcJ9J+gqSmmJFBxosViRDuoQ5pGCoQJ8pPxi8M4IFRWrAdSlNCw7H6eyJBXKk+D0wnR7qrZr2R+J/XiHX7zE+oiGJNBJ4sascM6hCO8oAtKgnWrG8IwpKaWyHuIomwNqllTAju7MvzpHpScIuF4rVJ4xxMkAb7IAvywAWnoASuQBlUAAaP4AW8gXfryXq1PqzPSWvKms7sgj+wvn4AUv+Zvg==</latexit>

Riem(�x) 2 W s,p

<latexit sha1_base64="jewCJQev6KVFKMKE5F8JZn4/hLw=">AAAB/nicbVDLSsNAFJ3UV62vqLhSZLAIgrUkLqrLohvpqgX7gDYtk+mkHTqZhJmJUELAjR/ixoUibvsd7vwGf8LpY6GtBy4czrmXe+9xQ0alsqwvI7W0vLK6ll7PbGxube+Yu3s1GUQCkyoOWCAaLpKEUU6qiipGGqEgyHcZqbuD27FffyBC0oDfq2FIHB/1OPUoRkpLHfOglCu14ws7aVEO6+1Yntu5MOmYWStvTQAXiT0j2eLRqPL9dDwqd8zPVjfAkU+4wgxJ2bStUDkxEopiRpJMK5IkRHiAeqSpKUc+kU48OT+Bp1rpQi8QuriCE/X3RIx8KYe+qzt9pPpy3huL/3nNSHnXTkx5GCnC8XSRFzGoAjjOAnapIFixoSYIC6pvhbiPBMJKJ5bRIdjzLy+S2mXeLuQLFZ3GDZgiDQ7BCTgDNrgCRXAHyqAKMIjBM3gFb8aj8WK8Gx/T1pQxm9kHf2CMfgAp/JgO</latexit>

J, J�1 2 W s+1,p



The union of all these local neighborhoods
produces a new atlas <latexit sha1_base64="RslYstZPSV+fuZEQ/yMyAMdJT+M=">AAAB+nicbVC7TsMwFHV4lvJKYWQxVEhFSFXCUBgLLIxFog+piSLHdVqrjhPZDqgK+Qa+gIUBhFj5Aj6BjQ9hx2k7QMuRLB2dc6/u8fFjRqWyrC9jYXFpeWW1sFZc39jc2jZLOy0ZJQKTJo5YJDo+koRRTpqKKkY6sSAo9Blp+8PL3G/fEiFpxG/UKCZuiPqcBhQjpSXPLDkhUgOMWHqeeak8tjPPLFtVaww4T+wpKdf3K98fD85RwzM/nV6Ek5BwhRmSsmtbsXJTJBTFjGRFJ5EkRniI+qSrKUchkW46jp7BQ630YBAJ/biCY/X3RopCKUehryfzoHLWy8X/vG6igjM3pTxOFOF4cihIGFQRzHuAPSoIVmykCcKC6qwQD5BAWOm2iroEe/bL86R1UrVr1dq1buMCTFAAe+AAVIANTkEdXIEGaAIM7sAjeAYvxr3xZLwab5PRBWO6swv+wHj/AaSnl0U=</latexit>

As+1 in which
<latexit sha1_base64="36RdGxhuDrlC7ts2uPGLTYAB6qM=">AAACEHicbVDLSgMxFM34tr6qLt1EiygoZcaFuvQFupIK1hY643AnTdtgkhmSjFCG+QQ3/oobF4q6denOvzF9LHwdCJyccy/33hMlnGnjup/OyOjY+MTk1HRhZnZufqG4uHSl41QRWiUxj1U9Ak05k7RqmOG0nigKIuK0Ft0c9/zaLVWaxfLSdBMaCGhL1mIEjJXC4oZ/CkKAzySuXWd6y9tO8jDzBZgOAZ4d2o8V8zwsltyy2wf+S7whKR14/urryeZ5JSx++M2YpIJKQzho3fDcxAQZKMMIp3nBTzVNgNxAmzYslSCoDrL+QTlet0oTt2JlnzS4r37vyEBo3RWRrextqn97PfE/r5Ga1n6QMZmkhkoyGNRKOTYx7qWDm0xRYnjXEiCK2V0x6YACYmyGBRuC9/vkv+Rqp+ztlncvbBpHaIAptILW0Cby0B46QGeogqqIoDv0gJ7Qs3PvPDovztugdMQZ9iyjH3DevwCVip82</latexit>

� 2 W s+1,p
As+1

Originally we thought this would preserve 

the regularity of the curvature tensor…

<latexit sha1_base64="QlG4fXTur4dydN2naQyg7QcDeZ4="></latexit>

R↵
��� = Ri

jkl
@y↵

@xi

@xj

@y�
@xk

@y�
@xl

@y�

<latexit sha1_base64="0WctkL5VZAJESJPRbV7eqvcmCHs=">AAACAnicbVDLSgMxFM3UV62vUVfiJrQIFaXMuKguiy50WcU+oDOWTJq2oUlmSDJiGYobP8FfcONCEbd+hbv+jeljoa0HLhzOuZd77wkiRpV2nKGVWlhcWl5Jr2bW1jc2t+ztnaoKY4lJBYcslPUAKcKoIBVNNSP1SBLEA0ZqQe9i5NfuiVQ0FLe6HxGfo46gbYqRNlLT3ruhhOe9S8Q5aj4celTA2l2ijqNB0845BWcMOE/cKcmVst7R87DULzftb68V4pgToTFDSjVcJ9J+gqSmmJFBxosViRDuoQ5pGCoQJ8pPxi8M4IFRWrAdSlNCw7H6eyJBXKk+D0wnR7qrZr2R+J/XiHX7zE+oiGJNBJ4sascM6hCO8oAtKgnWrG8IwpKaWyHuIomwNqllTAju7MvzpHpScIuF4rVJ4xxMkAb7IAvywAWnoASuQBlUAAaP4AW8gXfryXq1PqzPSWvKms7sgj+wvn4AUv+Zvg==</latexit>

Riem(�x) 2 W s,p

<latexit sha1_base64="/TUecKXUeMOlANPHgG3rwXyA0MY=">AAACAnicbVC7SgNBFJ2Nr5j4iFqJzWAUIkjYtYiWQQsto5gHZGOYncwmQ2Zml5nZQFiCjb9iY6GIYGXnH9j5IVo7eRSaeODC4Zx7ufceL2RUadv+tBJz8wuLS8nlVHpldW09s7FZUUEkMSnjgAWy5iFFGBWkrKlmpBZKgrjHSNXrng39ao9IRQNxrfshaXDUFtSnGGkjNTPbV5TwnHuOOEfN/oFLBazexOowHDQzWTtvjwBniTMh2eLe1+t7L/1damY+3FaAI06ExgwpVXfsUDdiJDXFjAxSbqRIiHAXtUndUIE4UY149MIA7hulBf1AmhIajtTfEzHiSvW5Zzo50h017Q3F/7x6pP2TRkxFGGki8HiRHzGoAzjMA7aoJFizviEIS2puhbiDJMLapJYyITjTL8+SylHeKeQLlyaNUzBGEuyAXZADDjgGRXA BSqAMMLgF9+ARPFl31oP1bL2MWxPWZGYL/IH19gP7p5r5</latexit>

Riem(�y) 2 W s,p <latexit sha1_base64="jewCJQev6KVFKMKE5F8JZn4/hLw=">AAAB/nicbVDLSsNAFJ3UV62vqLhSZLAIgrUkLqrLohvpqgX7gDYtk+mkHTqZhJmJUELAjR/ixoUibvsd7vwGf8LpY6GtBy4czrmXe+9xQ0alsqwvI7W0vLK6ll7PbGxube+Yu3s1GUQCkyoOWCAaLpKEUU6qiipGGqEgyHcZqbuD27FffyBC0oDfq2FIHB/1OPUoRkpLHfOglCu14ws7aVEO6+1Yntu5MOmYWStvTQAXiT0j2eLRqPL9dDwqd8zPVjfAkU+4wgxJ2bStUDkxEopiRpJMK5IkRHiAeqSpKUc+kU48OT+Bp1rpQi8QuriCE/X3RIx8KYe+qzt9pPpy3huL/3nNSHnXTkx5GCnC8XSRFzGoAjjOAnapIFixoSYIC6pvhbiPBMJKJ5bRIdjzLy+S2mXeLuQLFZ3GDZgiDQ7BCTgDNrgCRXAHyqAKMIjBM3gFb8aj8WK8Gx/T1pQxm9kHf2CMfgAp/JgO</latexit>

J, J�1 2 W s+1,p



We didn’t realize…

To see this…

Apply a low regularity transformation to a 
connection starting at its essential regularity…

<latexit sha1_base64="HDZHYa4kiqAMA6ERXTGLpsmWyWI="></latexit>

Riem(�) 2 Wm�1,p
Am

<latexit sha1_base64="Lu6aoemZ+yeAZPSK5dgJq3/D+EA=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SBYSNhViJY+Ci0jGBPIxuXuZGKGzMwuM7NCWLa28ROs7G1EfGDrF9j5N04SC18HLhzOuZd77wljzrRx3Q8nNzY+MTmVny7MzM7NLxQXl850lChCayTikWqEoClnktYMM5w2YkVBhJzWw97hwK9fUqVZJE9NP6YtAReSdRgBY6WguOofgRDgM4nr56nYjLMg9QWYLgGe7meByIJiyS27Q+C/xPsipb3N552H2+2balB899sRSQSVhnDQuum5sWmloAwjnGYFP9E0BtKDC9q0VIKgupUOX8nwulXauBMpW9Lgofp9IgWhdV+EtnNwpf7tDcT/vGZiOrutlMk4MVSS0aJOwrGJ8CAX3GaKEsP7lgBRzN6KSRcUEGPTK9gQvN8v/yVnW2WvUq6c2DQO0Ah5tILW0Aby0A7aQ8eoimqIoCt0hx7Rk3Pt3DsvzuuoNed8zSyjH3DePgFEJJ5W</latexit>

� 2 Wm,p
Am

<latexit sha1_base64="54JV7qm19iK4bZQvi0Ik5kiZlps=">AAAB6XicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKgbsehGXFWxF2iHkkkzbWgmE5KMUIa+gRsXirjtw7h3I76N6WWhrT8EPv7/HHLOCSVn2njet5NbWl5ZXcuvuxubW9s7hd29mk5SRWiVJDxRjRBrypmgVcMMpw2pKI5DTuth/3qc1x+p0iwRD2YgaRDjrmARI9hY6969bReKXsmbCC2CP4Pi5Yd7IUdfbqVd+Gx1EpLGVBjCsdZN35MmyLAyjHA6dFupphKTPu7SpkWBY6qDbDLpEB1Zp4OiRNknDJq4vzsyHGs9iENbGWPT0/PZ2Pwva6YmOg8yJmRqqCDTj6KUI5Og8dqowxQlhg8sYKKYnRWRHlaYGHsc1x7Bn195EWonJf+0dHrnFctXMFUeDuAQjsGHMyjDDVSgCgQieIIXeHX6zrPz5rxPS3POrGcf/sgZ/QA3v5Aq</latexit>

J…     can lift the regularity of curvature as well!



Assume essential regularity:



Assume essential regularity:
<latexit sha1_base64="891pkw02PuzIigaqj8EEEGyoC34=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmYU1GXVhS4VrC106nAnTdtgkhmSjFiG+QA3foErf8BNFxVx6we4829MHwu1HggczjmX3HvCmDNtXPfLmZqemZ2bzy3kF5eWV1YLa+vXOkoUoRUS8UjVQtCUM0krhhlOa7GiIEJOq+Ht6cCv3lGlWSSvTDemDQFtyVqMgLFSUCj6ZyAEBPc+k7h6k4rdOAtSX4DpEODpcRaIzKbckjsEniTemBTLu/3D3vP+00VQ+PSbEUkElYZw0LruubFppKAMI5xmeT/RNAZyC21at1SCoLqRDo/J8LZVmrgVKfukwUP150QKQuuuCG1ysKX+6w3E/7x6YlpHjZTJODFUktFHrYRjE+FBM7jJFCWGdy0BopjdFZMOKCDG9pe3JXh/T54k13sl76B0cGnbOEEj5NAm2kI7yEOHqIzO0QWqIIIe0Avqo1fn0ek5b877KDrljGc20C84H9/wIZ9B</latexit>

�x 2 Wm,p
Am



Assume essential regularity:
<latexit sha1_base64="891pkw02PuzIigaqj8EEEGyoC34=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmYU1GXVhS4VrC106nAnTdtgkhmSjFiG+QA3foErf8BNFxVx6we4829MHwu1HggczjmX3HvCmDNtXPfLmZqemZ2bzy3kF5eWV1YLa+vXOkoUoRUS8UjVQtCUM0krhhlOa7GiIEJOq+Ht6cCv3lGlWSSvTDemDQFtyVqMgLFSUCj6ZyAEBPc+k7h6k4rdOAtSX4DpEODpcRaIzKbckjsEniTemBTLu/3D3vP+00VQ+PSbEUkElYZw0LruubFppKAMI5xmeT/RNAZyC21at1SCoLqRDo/J8LZVmrgVKfukwUP150QKQuuuCG1ysKX+6w3E/7x6YlpHjZTJODFUktFHrYRjE+FBM7jJFCWGdy0BopjdFZMOKCDG9pe3JXh/T54k13sl76B0cGnbOEEj5NAm2kI7yEOHqIzO0QWqIIIe0Avqo1fn0ek5b877KDrljGc20C84H9/wIZ9B</latexit>

�x 2 Wm,p
Am

<latexit sha1_base64="AYkZnGOtOB2b9+2lMlRaA8LDF3U=">AAACA3icbVC7SgNBFJ2Nrxhfq4KFNoNBEJSwmyJaxthYJmAekKzL7GSSDJmZXWZmhbAEbPwVGxFFbO38Ajsbv8XJo9DEAxcO59zLvfcEEaNKO86XlVpYXFpeSa9m1tY3Nrfs7Z2aCmOJSRWHLJSNACnCqCBVTTUjjUgSxANG6kH/cuTXb4lUNBTXehARj6OuoB2KkTaSb++3ONI9jFhyMfR5iwpYv0n4Sf40Gvp21sk5Y8B54k5JtrhX+aZPpY+yb3+22iGOOREaM6RU03Ui7SVIaooZGWZasSIRwn3UJU1DBeJEecn4hyE8MkobdkJpSmg4Vn9PJIgrNeCB6RxdrGa9kfif14x159xLqIhiTQSeLOrEDOoQjgKBbSoJ1mxgCMKSmlsh7iGJsDaxZUwI7uzL86SWz7mFXKFi0iiBCdLgAByCY+CCM1AEV6AMqgCDO/AAnsGLdW89Wq/W26Q1ZU1ndsEfWO8/Pyua+A==</latexit>

Am 2 Wm+2,p



Assume essential regularity:
<latexit sha1_base64="891pkw02PuzIigaqj8EEEGyoC34=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmYU1GXVhS4VrC106nAnTdtgkhmSjFiG+QA3foErf8BNFxVx6we4829MHwu1HggczjmX3HvCmDNtXPfLmZqemZ2bzy3kF5eWV1YLa+vXOkoUoRUS8UjVQtCUM0krhhlOa7GiIEJOq+Ht6cCv3lGlWSSvTDemDQFtyVqMgLFSUCj6ZyAEBPc+k7h6k4rdOAtSX4DpEODpcRaIzKbckjsEniTemBTLu/3D3vP+00VQ+PSbEUkElYZw0LruubFppKAMI5xmeT/RNAZyC21at1SCoLqRDo/J8LZVmrgVKfukwUP150QKQuuuCG1ysKX+6w3E/7x6YlpHjZTJODFUktFHrYRjE+FBM7jJFCWGdy0BopjdFZMOKCDG9pe3JXh/T54k13sl76B0cGnbOEEj5NAm2kI7yEOHqIzO0QWqIIIe0Avqo1fn0ek5b877KDrljGc20C84H9/wIZ9B</latexit>

�x 2 Wm,p
Am

<latexit sha1_base64="djZW9cr1diQsdy8xmkL9KJNZGo4="></latexit>

Riem(�x) 2 Wm�1,p
Am

<latexit sha1_base64="AYkZnGOtOB2b9+2lMlRaA8LDF3U=">AAACA3icbVC7SgNBFJ2Nrxhfq4KFNoNBEJSwmyJaxthYJmAekKzL7GSSDJmZXWZmhbAEbPwVGxFFbO38Ajsbv8XJo9DEAxcO59zLvfcEEaNKO86XlVpYXFpeSa9m1tY3Nrfs7Z2aCmOJSRWHLJSNACnCqCBVTTUjjUgSxANG6kH/cuTXb4lUNBTXehARj6OuoB2KkTaSb++3ONI9jFhyMfR5iwpYv0n4Sf40Gvp21sk5Y8B54k5JtrhX+aZPpY+yb3+22iGOOREaM6RU03Ui7SVIaooZGWZasSIRwn3UJU1DBeJEecn4hyE8MkobdkJpSmg4Vn9PJIgrNeCB6RxdrGa9kfif14x159xLqIhiTQSeLOrEDOoQjgKBbSoJ1mxgCMKSmlsh7iGJsDaxZUwI7uzL86SWz7mFXKFi0iiBCdLgAByCY+CCM1AEV6AMqgCDO/AAnsGLdW89Wq/W26Q1ZU1ndsEfWO8/Pyua+A==</latexit>

Am 2 Wm+2,p



Assume essential regularity:
<latexit sha1_base64="891pkw02PuzIigaqj8EEEGyoC34=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmYU1GXVhS4VrC106nAnTdtgkhmSjFiG+QA3foErf8BNFxVx6we4829MHwu1HggczjmX3HvCmDNtXPfLmZqemZ2bzy3kF5eWV1YLa+vXOkoUoRUS8UjVQtCUM0krhhlOa7GiIEJOq+Ht6cCv3lGlWSSvTDemDQFtyVqMgLFSUCj6ZyAEBPc+k7h6k4rdOAtSX4DpEODpcRaIzKbckjsEniTemBTLu/3D3vP+00VQ+PSbEUkElYZw0LruubFppKAMI5xmeT/RNAZyC21at1SCoLqRDo/J8LZVmrgVKfukwUP150QKQuuuCG1ysKX+6w3E/7x6YlpHjZTJODFUktFHrYRjE+FBM7jJFCWGdy0BopjdFZMOKCDG9pe3JXh/T54k13sl76B0cGnbOEEj5NAm2kI7yEOHqIzO0QWqIIIe0Avqo1fn0ek5b877KDrljGc20C84H9/wIZ9B</latexit>

�x 2 Wm,p
Am

<latexit sha1_base64="djZW9cr1diQsdy8xmkL9KJNZGo4="></latexit>

Riem(�x) 2 Wm�1,p
Am

<latexit sha1_base64="AYkZnGOtOB2b9+2lMlRaA8LDF3U=">AAACA3icbVC7SgNBFJ2Nrxhfq4KFNoNBEJSwmyJaxthYJmAekKzL7GSSDJmZXWZmhbAEbPwVGxFFbO38Ajsbv8XJo9DEAxcO59zLvfcEEaNKO86XlVpYXFpeSa9m1tY3Nrfs7Z2aCmOJSRWHLJSNACnCqCBVTTUjjUgSxANG6kH/cuTXb4lUNBTXehARj6OuoB2KkTaSb++3ONI9jFhyMfR5iwpYv0n4Sf40Gvp21sk5Y8B54k5JtrhX+aZPpY+yb3+22iGOOREaM6RU03Ui7SVIaooZGWZasSIRwn3UJU1DBeJEecn4hyE8MkobdkJpSmg4Vn9PJIgrNeCB6RxdrGa9kfif14x159xLqIhiTQSeLOrEDOoQjgKBbSoJ1mxgCMKSmlsh7iGJsDaxZUwI7uzL86SWz7mFXKFi0iiBCdLgAByCY+CCM1AEV6AMqgCDO/AAnsGLdW89Wq/W26Q1ZU1ndsEfWO8/Pyua+A==</latexit>

Am 2 Wm+2,p

<latexit sha1_base64="K0m/cRNF3JxneaIWNu9nDg6p9Xc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBZBUErioXqz6EU8VbAf0KZls920SzebsLtRSsj/8OJBEa/+F2/+FG9u0x609cHA470ZZuZ5EWdK2/aXlVtaXlldy68XNja3tneKu3sNFcaS0DoJeShbHlaUM0HrmmlOW5GkOPA4bXqj64nffKBSsVDc63FE3QAPBPMZwdpI3dsOE6jZTdSJcxqlvWLJLtsZ0CJxZqR0+e1nqPWKn51+SOKACk04Vqrt2JF2Eyw1I5ymhU6saITJCA9o21CBA6rcJLs6RUdG6SM/lKaERpn6eyLBgVLjwDOdAdZDNe9NxP+8dqz9CzdhIoo1FWS6yI850iGaRID6TFKi+dgQTCQztyIyxBITbYIqmBCc+ZcXSeOs7FTKlTu7VL2CKfJwAIdwDA6cQxVuoAZ1ICDhCV7g1Xq0nq03633amrNmM/vwB9bHDzDJlV4=</latexit>

J 2 W s+1,p
<latexit sha1_base64="ycXHWISwN6jrsgeloZjD94mlLvY=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCozLqoLwaIblxXtBdqhZNJMG5pkhiQjlKGP4MaFIm59Inc+ijvTmS609YfAx/+fQ845QcyZNq775RRWVtfWN4qbpa3tnd298v5BS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDPL249UaRbJBzOJqS/wULKQEWysda8vRb9ccatuJrQM3hwqV99hpka//NkbRCQRVBrCsdZdz42Nn2JlGOF0WuolmsaYjPGQdi1KLKj202zUKTqxzgCFkbJPGpS5vztSLLSeiMBWCmxGejGbmf9l3cSEF37KZJwYKkn+UZhwZCI02xsNmKLE8IkFTBSzsyIywgoTY69TskfwFldehtZZ1atVa3dupX4NuYpwBMdwCh6cQx1uoQFNIDCEJ3iBV4c7z86b856XFpx5zyH8kfPxAwjFkVc=</latexit>

s < m

Assume              lowers regularity:<latexit sha1_base64="9bdTgLoOqsq2UsdhAEcxdUSzGF0=">AAAB7XicbVDLSgMxFL3js9ZX1aUiwSK4KjMuqsuiG5ct2Ae0Q8mkaRubSYYkIw5Dl+7duFDErb/Q73DnN/gTpo+Fth4IHM65l9xzgogzbVz3y1laXlldW89sZDe3tnd2c3v7NS1jRWiVSC5VI8CaciZo1TDDaSNSFIcBp/VgcD326/dUaSbFrUki6oe4J1iXEWysVHtoGYmSdi7vFtwJ0CLxZiRfOhpVvh+PR+V27rPVkSQOqTCEY62bnhsZP8XKMMLpMNuKNY0wGeAebVoqcEi1n06uHaJTq3RQVyr7hEET9fdGikOtkzCwkyE2fT3vjcX/vGZsupd+ykQUGyrI9KNuzJGNOI6OOkxRYnhiCSaK2VsR6WOFibEFZW0J3nzkRVI7L3jFQrFi27iCKTJwCCdwBh5cQAluoAxVIHAHT/ACr450np035306uuTMdg7gD5yPH2EQkrg=</latexit>

x ! y



Assume essential regularity:
<latexit sha1_base64="891pkw02PuzIigaqj8EEEGyoC34=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmYU1GXVhS4VrC106nAnTdtgkhmSjFiG+QA3foErf8BNFxVx6we4829MHwu1HggczjmX3HvCmDNtXPfLmZqemZ2bzy3kF5eWV1YLa+vXOkoUoRUS8UjVQtCUM0krhhlOa7GiIEJOq+Ht6cCv3lGlWSSvTDemDQFtyVqMgLFSUCj6ZyAEBPc+k7h6k4rdOAtSX4DpEODpcRaIzKbckjsEniTemBTLu/3D3vP+00VQ+PSbEUkElYZw0LruubFppKAMI5xmeT/RNAZyC21at1SCoLqRDo/J8LZVmrgVKfukwUP150QKQuuuCG1ysKX+6w3E/7x6YlpHjZTJODFUktFHrYRjE+FBM7jJFCWGdy0BopjdFZMOKCDG9pe3JXh/T54k13sl76B0cGnbOEEj5NAm2kI7yEOHqIzO0QWqIIIe0Avqo1fn0ek5b877KDrljGc20C84H9/wIZ9B</latexit>

�x 2 Wm,p
Am

<latexit sha1_base64="djZW9cr1diQsdy8xmkL9KJNZGo4="></latexit>

Riem(�x) 2 Wm�1,p
Am

<latexit sha1_base64="AYkZnGOtOB2b9+2lMlRaA8LDF3U=">AAACA3icbVC7SgNBFJ2Nrxhfq4KFNoNBEJSwmyJaxthYJmAekKzL7GSSDJmZXWZmhbAEbPwVGxFFbO38Ajsbv8XJo9DEAxcO59zLvfcEEaNKO86XlVpYXFpeSa9m1tY3Nrfs7Z2aCmOJSRWHLJSNACnCqCBVTTUjjUgSxANG6kH/cuTXb4lUNBTXehARj6OuoB2KkTaSb++3ONI9jFhyMfR5iwpYv0n4Sf40Gvp21sk5Y8B54k5JtrhX+aZPpY+yb3+22iGOOREaM6RU03Ui7SVIaooZGWZasSIRwn3UJU1DBeJEecn4hyE8MkobdkJpSmg4Vn9PJIgrNeCB6RxdrGa9kfif14x159xLqIhiTQSeLOrEDOoQjgKBbSoJ1mxgCMKSmlsh7iGJsDaxZUwI7uzL86SWz7mFXKFi0iiBCdLgAByCY+CCM1AEV6AMqgCDO/AAnsGLdW89Wq/W26Q1ZU1ndsEfWO8/Pyua+A==</latexit>

Am 2 Wm+2,p

<latexit sha1_base64="K0m/cRNF3JxneaIWNu9nDg6p9Xc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBZBUErioXqz6EU8VbAf0KZls920SzebsLtRSsj/8OJBEa/+F2/+FG9u0x609cHA470ZZuZ5EWdK2/aXlVtaXlldy68XNja3tneKu3sNFcaS0DoJeShbHlaUM0HrmmlOW5GkOPA4bXqj64nffKBSsVDc63FE3QAPBPMZwdpI3dsOE6jZTdSJcxqlvWLJLtsZ0CJxZqR0+e1nqPWKn51+SOKACk04Vqrt2JF2Eyw1I5ymhU6saITJCA9o21CBA6rcJLs6RUdG6SM/lKaERpn6eyLBgVLjwDOdAdZDNe9NxP+8dqz9CzdhIoo1FWS6yI850iGaRID6TFKi+dgQTCQztyIyxBITbYIqmBCc+ZcXSeOs7FTKlTu7VL2CKfJwAIdwDA6cQxVuoAZ1ICDhCV7g1Xq0nq03633amrNmM/vwB9bHDzDJlV4=</latexit>

J 2 W s+1,p
<latexit sha1_base64="ycXHWISwN6jrsgeloZjD94mlLvY=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCozLqoLwaIblxXtBdqhZNJMG5pkhiQjlKGP4MaFIm59Inc+ijvTmS609YfAx/+fQ845QcyZNq775RRWVtfWN4qbpa3tnd298v5BS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDPL249UaRbJBzOJqS/wULKQEWysda8vRb9ccatuJrQM3hwqV99hpka//NkbRCQRVBrCsdZdz42Nn2JlGOF0WuolmsaYjPGQdi1KLKj202zUKTqxzgCFkbJPGpS5vztSLLSeiMBWCmxGejGbmf9l3cSEF37KZJwYKkn+UZhwZCI02xsNmKLE8IkFTBSzsyIywgoTY69TskfwFldehtZZ1atVa3dupX4NuYpwBMdwCh6cQx1uoQFNIDCEJ3iBV4c7z86b856XFpx5zyH8kfPxAwjFkVc=</latexit>

s < m

Assume              lowers regularity:<latexit sha1_base64="9bdTgLoOqsq2UsdhAEcxdUSzGF0=">AAAB7XicbVDLSgMxFL3js9ZX1aUiwSK4KjMuqsuiG5ct2Ae0Q8mkaRubSYYkIw5Dl+7duFDErb/Q73DnN/gTpo+Fth4IHM65l9xzgogzbVz3y1laXlldW89sZDe3tnd2c3v7NS1jRWiVSC5VI8CaciZo1TDDaSNSFIcBp/VgcD326/dUaSbFrUki6oe4J1iXEWysVHtoGYmSdi7vFtwJ0CLxZiRfOhpVvh+PR+V27rPVkSQOqTCEY62bnhsZP8XKMMLpMNuKNY0wGeAebVoqcEi1n06uHaJTq3RQVyr7hEET9fdGikOtkzCwkyE2fT3vjcX/vGZsupd+ykQUGyrI9KNuzJGNOI6OOkxRYnhiCSaK2VsR6WOFibEFZW0J3nzkRVI7L3jFQrFi27iCKTJwCCdwBh5cQAluoAxVIHAHT/ACr450np035306uuTMdg7gD5yPH2EQkrg=</latexit>

x ! y

<latexit sha1_base64="05sOX4mNRHgrdQu8d7gyCMCaK58=">AAACCnicbVA9SwNBEN0zfsT4FbW0WRXBQsKdRbSMWmgZwSRCLh5zm01c3N07dveEcFwpNv4PKxsLRWz9BXZi6R9x81Fo9MHA470ZZuaFMWfauO6HM5GbnJqeyc8W5uYXFpeKyyt1HSWK0BqJeKTOQ9CUM0lrhhlOz2NFQYScNsKro77fuKZKs0iemV5MWwK6knUYAWOloLjuH4MQEPR8JnHjItU7cRakvgBzSYCnB1kWFDfdkjsA/ku8EdmsbN3kvK/7z2pQfPfbEUkElYZw0LrpubFppaAMI5xmBT/RNAZyBV3atFSCoLqVDl7J8JZV2rgTKVvS4IH6cyIFoXVPhLazf6Me9/rif14zMZ39VspknBgqyXBRJ+HYRLifC24zRYnhPUuAKGZvxeQSFBBj0yvYELzxl/+S+m7JK5fKpzaNQzREHq2hDbSNPLSHKugEVVENEXSLHtATenbunEfnxXkdtk44o5lV9AvO2zdi7Z5r</latexit>

�y 2 W s,p
A

<latexit sha1_base64="4MlA9hm59102H1SVUMlRD/l7hxo=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARBKUkXVR3Vt24rGAf0MQymU7aoZNJmJkIJcSNv+LGhSJu/Qt3foo7J2kX2nrgwuGce7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905JhLDBp4pCFouMhSRjlpKmoYqQTCYICj5G2N7rK/PY9EZKG/FaNI+IGaMCpTzFSWuqZe06A1BAjllykDuWwfZfI4+pJlPbMslWxcsB5Yk9J+fzbz9HomZ9OP8RxQLjCDEnZta1IuQkSimJG0pITSxIhPEID0tWUo4BIN8k/SOGhVvrQD4UurmCu/p5IUCDlOPB0Z3avnPUy8T+vGyv/zE0oj2JFOJ4s8mMGVQizOGCfCoIVG2uCsKD6VoiHSCCsdGglHYI9+/I8aVUrdq1Su7HK9UswQRHsgwNwBGxwCurgGjRAE2DwAJ7AC3g1Ho1n4814n7QWjOnMLvgD4+MHsc6aGQ==</latexit>

A 2 W s+2,p



Assume essential regularity:
<latexit sha1_base64="891pkw02PuzIigaqj8EEEGyoC34=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmYU1GXVhS4VrC106nAnTdtgkhmSjFiG+QA3foErf8BNFxVx6we4829MHwu1HggczjmX3HvCmDNtXPfLmZqemZ2bzy3kF5eWV1YLa+vXOkoUoRUS8UjVQtCUM0krhhlOa7GiIEJOq+Ht6cCv3lGlWSSvTDemDQFtyVqMgLFSUCj6ZyAEBPc+k7h6k4rdOAtSX4DpEODpcRaIzKbckjsEniTemBTLu/3D3vP+00VQ+PSbEUkElYZw0LruubFppKAMI5xmeT/RNAZyC21at1SCoLqRDo/J8LZVmrgVKfukwUP150QKQuuuCG1ysKX+6w3E/7x6YlpHjZTJODFUktFHrYRjE+FBM7jJFCWGdy0BopjdFZMOKCDG9pe3JXh/T54k13sl76B0cGnbOEEj5NAm2kI7yEOHqIzO0QWqIIIe0Avqo1fn0ek5b877KDrljGc20C84H9/wIZ9B</latexit>

�x 2 Wm,p
Am

<latexit sha1_base64="djZW9cr1diQsdy8xmkL9KJNZGo4="></latexit>

Riem(�x) 2 Wm�1,p
Am

<latexit sha1_base64="AYkZnGOtOB2b9+2lMlRaA8LDF3U=">AAACA3icbVC7SgNBFJ2Nrxhfq4KFNoNBEJSwmyJaxthYJmAekKzL7GSSDJmZXWZmhbAEbPwVGxFFbO38Ajsbv8XJo9DEAxcO59zLvfcEEaNKO86XlVpYXFpeSa9m1tY3Nrfs7Z2aCmOJSRWHLJSNACnCqCBVTTUjjUgSxANG6kH/cuTXb4lUNBTXehARj6OuoB2KkTaSb++3ONI9jFhyMfR5iwpYv0n4Sf40Gvp21sk5Y8B54k5JtrhX+aZPpY+yb3+22iGOOREaM6RU03Ui7SVIaooZGWZasSIRwn3UJU1DBeJEecn4hyE8MkobdkJpSmg4Vn9PJIgrNeCB6RxdrGa9kfif14x159xLqIhiTQSeLOrEDOoQjgKBbSoJ1mxgCMKSmlsh7iGJsDaxZUwI7uzL86SWz7mFXKFi0iiBCdLgAByCY+CCM1AEV6AMqgCDO/AAnsGLdW89Wq/W26Q1ZU1ndsEfWO8/Pyua+A==</latexit>

Am 2 Wm+2,p

<latexit sha1_base64="K0m/cRNF3JxneaIWNu9nDg6p9Xc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBZBUErioXqz6EU8VbAf0KZls920SzebsLtRSsj/8OJBEa/+F2/+FG9u0x609cHA470ZZuZ5EWdK2/aXlVtaXlldy68XNja3tneKu3sNFcaS0DoJeShbHlaUM0HrmmlOW5GkOPA4bXqj64nffKBSsVDc63FE3QAPBPMZwdpI3dsOE6jZTdSJcxqlvWLJLtsZ0CJxZqR0+e1nqPWKn51+SOKACk04Vqrt2JF2Eyw1I5ymhU6saITJCA9o21CBA6rcJLs6RUdG6SM/lKaERpn6eyLBgVLjwDOdAdZDNe9NxP+8dqz9CzdhIoo1FWS6yI850iGaRID6TFKi+dgQTCQztyIyxBITbYIqmBCc+ZcXSeOs7FTKlTu7VL2CKfJwAIdwDA6cQxVuoAZ1ICDhCV7g1Xq0nq03633amrNmM/vwB9bHDzDJlV4=</latexit>

J 2 W s+1,p
<latexit sha1_base64="ycXHWISwN6jrsgeloZjD94mlLvY=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCozLqoLwaIblxXtBdqhZNJMG5pkhiQjlKGP4MaFIm59Inc+ijvTmS609YfAx/+fQ845QcyZNq775RRWVtfWN4qbpa3tnd298v5BS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDPL249UaRbJBzOJqS/wULKQEWysda8vRb9ccatuJrQM3hwqV99hpka//NkbRCQRVBrCsdZdz42Nn2JlGOF0WuolmsaYjPGQdi1KLKj202zUKTqxzgCFkbJPGpS5vztSLLSeiMBWCmxGejGbmf9l3cSEF37KZJwYKkn+UZhwZCI02xsNmKLE8IkFTBSzsyIywgoTY69TskfwFldehtZZ1atVa3dupX4NuYpwBMdwCh6cQx1uoQFNIDCEJ3iBV4c7z86b856XFpx5zyH8kfPxAwjFkVc=</latexit>

s < m

<latexit sha1_base64="4MlA9hm59102H1SVUMlRD/l7hxo=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARBKUkXVR3Vt24rGAf0MQymU7aoZNJmJkIJcSNv+LGhSJu/Qt3foo7J2kX2nrgwuGce7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905JhLDBp4pCFouMhSRjlpKmoYqQTCYICj5G2N7rK/PY9EZKG/FaNI+IGaMCpTzFSWuqZe06A1BAjllykDuWwfZfI4+pJlPbMslWxcsB5Yk9J+fzbz9HomZ9OP8RxQLjCDEnZta1IuQkSimJG0pITSxIhPEID0tWUo4BIN8k/SOGhVvrQD4UurmCu/p5IUCDlOPB0Z3avnPUy8T+vGyv/zE0oj2JFOJ4s8mMGVQizOGCfCoIVG2uCsKD6VoiHSCCsdGglHYI9+/I8aVUrdq1Su7HK9UswQRHsgwNwBGxwCurgGjRAE2DwAJ7AC3g1Ho1n4814n7QWjOnMLvgD4+MHsc6aGQ==</latexit>

A 2 W s+2,p

Assume              lowers regularity:<latexit sha1_base64="9bdTgLoOqsq2UsdhAEcxdUSzGF0=">AAAB7XicbVDLSgMxFL3js9ZX1aUiwSK4KjMuqsuiG5ct2Ae0Q8mkaRubSYYkIw5Dl+7duFDErb/Q73DnN/gTpo+Fth4IHM65l9xzgogzbVz3y1laXlldW89sZDe3tnd2c3v7NS1jRWiVSC5VI8CaciZo1TDDaSNSFIcBp/VgcD326/dUaSbFrUki6oe4J1iXEWysVHtoGYmSdi7vFtwJ0CLxZiRfOhpVvh+PR+V27rPVkSQOqTCEY62bnhsZP8XKMMLpMNuKNY0wGeAebVoqcEi1n06uHaJTq3RQVyr7hEET9fdGikOtkzCwkyE2fT3vjcX/vGZsupd+ykQUGyrI9KNuzJGNOI6OOkxRYnhiCSaK2VsR6WOFibEFZW0J3nzkRVI7L3jFQrFi27iCKTJwCCdwBh5cQAluoAxVIHAHT/ACr450np035306uuTMdg7gD5yPH2EQkrg=</latexit>

x ! y

<latexit sha1_base64="05sOX4mNRHgrdQu8d7gyCMCaK58=">AAACCnicbVA9SwNBEN0zfsT4FbW0WRXBQsKdRbSMWmgZwSRCLh5zm01c3N07dveEcFwpNv4PKxsLRWz9BXZi6R9x81Fo9MHA470ZZuaFMWfauO6HM5GbnJqeyc8W5uYXFpeKyyt1HSWK0BqJeKTOQ9CUM0lrhhlOz2NFQYScNsKro77fuKZKs0iemV5MWwK6knUYAWOloLjuH4MQEPR8JnHjItU7cRakvgBzSYCnB1kWFDfdkjsA/ku8EdmsbN3kvK/7z2pQfPfbEUkElYZw0LrpubFppaAMI5xmBT/RNAZyBV3atFSCoLqVDl7J8JZV2rgTKVvS4IH6cyIFoXVPhLazf6Me9/rif14zMZ39VspknBgqyXBRJ+HYRLifC24zRYnhPUuAKGZvxeQSFBBj0yvYELzxl/+S+m7JK5fKpzaNQzREHq2hDbSNPLSHKugEVVENEXSLHtATenbunEfnxXkdtk44o5lV9AvO2zdi7Z5r</latexit>

�y 2 W s,p
A

<latexit sha1_base64="QlG4fXTur4dydN2naQyg7QcDeZ4="></latexit>

R↵
��� = Ri

jkl
@y↵

@xi

@xj

@y�
@xk

@y�
@xl

@y�
<latexit sha1_base64="jewCJQev6KVFKMKE5F8JZn4/hLw=">AAAB/nicbVDLSsNAFJ3UV62vqLhSZLAIgrUkLqrLohvpqgX7gDYtk+mkHTqZhJmJUELAjR/ixoUibvsd7vwGf8LpY6GtBy4czrmXe+9xQ0alsqwvI7W0vLK6ll7PbGxube+Yu3s1GUQCkyoOWCAaLpKEUU6qiipGGqEgyHcZqbuD27FffyBC0oDfq2FIHB/1OPUoRkpLHfOglCu14ws7aVEO6+1Yntu5MOmYWStvTQAXiT0j2eLRqPL9dDwqd8zPVjfAkU+4wgxJ2bStUDkxEopiRpJMK5IkRHiAeqSpKUc+kU48OT+Bp1rpQi8QuriCE/X3RIx8KYe+qzt9pPpy3huL/3nNSHnXTkx5GCnC8XSRFzGoAjjOAnapIFixoSYIC6pvhbiPBMJKJ5bRIdjzLy+S2mXeLuQLFZ3GDZgiDQ7BCTgDNrgCRXAHyqAKMIjBM3gFb8aj8WK8Gx/T1pQxm9kHf2CMfgAp/JgO</latexit>

J, J�1 2 W s+1,p

<latexit sha1_base64="v/zUgl0262HBCmis4zWLLoxuQg8=">AAACBHicbVC7TgMxEPSFVwivAGUaKxFSEBDdUQTKCAooAyIPKXecfI4TrNi+k+1DRKcUNHwB/0BDAUK0fARd/gbnUUDCSCuNZna1uxNEjCpt20MrtbC4tLySXs2srW9sbmW3d+oqjCUmNRyyUDYDpAijgtQ01Yw0I0kQDxhpBL3zkd+4J1LRUNzofkQ8jrqCdihG2kh+NndNCS+6F4hz5D/su1TAxm3Cj5zDaOBnC3bJHgPOE2dKCpW8e/A8rPSrfvbbbYc45kRozJBSLceOtJcgqSlmZJBxY0UihHuoS1qGCsSJ8pLxEwO4Z5Q27ITSlNBwrP6eSBBXqs8D08mRvlOz3kj8z2vFunPqJVREsSYCTxZ1YgZ1CEeJwDaVBGvWNwRhSc2tEN8hibA2uWVMCM7sy/OkflxyyqXylUnjDEyQBjmQB0XggBNQAZegCmoAg0fwAt7Au/VkvVof1uekNWVNZ3bBH1hfPzPTmio=</latexit>

Riem(�x) 2 Wm�1,p



Assume essential regularity:
<latexit sha1_base64="891pkw02PuzIigaqj8EEEGyoC34=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmYU1GXVhS4VrC106nAnTdtgkhmSjFiG+QA3foErf8BNFxVx6we4829MHwu1HggczjmX3HvCmDNtXPfLmZqemZ2bzy3kF5eWV1YLa+vXOkoUoRUS8UjVQtCUM0krhhlOa7GiIEJOq+Ht6cCv3lGlWSSvTDemDQFtyVqMgLFSUCj6ZyAEBPc+k7h6k4rdOAtSX4DpEODpcRaIzKbckjsEniTemBTLu/3D3vP+00VQ+PSbEUkElYZw0LruubFppKAMI5xmeT/RNAZyC21at1SCoLqRDo/J8LZVmrgVKfukwUP150QKQuuuCG1ysKX+6w3E/7x6YlpHjZTJODFUktFHrYRjE+FBM7jJFCWGdy0BopjdFZMOKCDG9pe3JXh/T54k13sl76B0cGnbOEEj5NAm2kI7yEOHqIzO0QWqIIIe0Avqo1fn0ek5b877KDrljGc20C84H9/wIZ9B</latexit>

�x 2 Wm,p
Am

<latexit sha1_base64="djZW9cr1diQsdy8xmkL9KJNZGo4="></latexit>

Riem(�x) 2 Wm�1,p
Am

<latexit sha1_base64="AYkZnGOtOB2b9+2lMlRaA8LDF3U=">AAACA3icbVC7SgNBFJ2Nrxhfq4KFNoNBEJSwmyJaxthYJmAekKzL7GSSDJmZXWZmhbAEbPwVGxFFbO38Ajsbv8XJo9DEAxcO59zLvfcEEaNKO86XlVpYXFpeSa9m1tY3Nrfs7Z2aCmOJSRWHLJSNACnCqCBVTTUjjUgSxANG6kH/cuTXb4lUNBTXehARj6OuoB2KkTaSb++3ONI9jFhyMfR5iwpYv0n4Sf40Gvp21sk5Y8B54k5JtrhX+aZPpY+yb3+22iGOOREaM6RU03Ui7SVIaooZGWZasSIRwn3UJU1DBeJEecn4hyE8MkobdkJpSmg4Vn9PJIgrNeCB6RxdrGa9kfif14x159xLqIhiTQSeLOrEDOoQjgKBbSoJ1mxgCMKSmlsh7iGJsDaxZUwI7uzL86SWz7mFXKFi0iiBCdLgAByCY+CCM1AEV6AMqgCDO/AAnsGLdW89Wq/W26Q1ZU1ndsEfWO8/Pyua+A==</latexit>

Am 2 Wm+2,p

<latexit sha1_base64="K0m/cRNF3JxneaIWNu9nDg6p9Xc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBZBUErioXqz6EU8VbAf0KZls920SzebsLtRSsj/8OJBEa/+F2/+FG9u0x609cHA470ZZuZ5EWdK2/aXlVtaXlldy68XNja3tneKu3sNFcaS0DoJeShbHlaUM0HrmmlOW5GkOPA4bXqj64nffKBSsVDc63FE3QAPBPMZwdpI3dsOE6jZTdSJcxqlvWLJLtsZ0CJxZqR0+e1nqPWKn51+SOKACk04Vqrt2JF2Eyw1I5ymhU6saITJCA9o21CBA6rcJLs6RUdG6SM/lKaERpn6eyLBgVLjwDOdAdZDNe9NxP+8dqz9CzdhIoo1FWS6yI850iGaRID6TFKi+dgQTCQztyIyxBITbYIqmBCc+ZcXSeOs7FTKlTu7VL2CKfJwAIdwDA6cQxVuoAZ1ICDhCV7g1Xq0nq03633amrNmM/vwB9bHDzDJlV4=</latexit>

J 2 W s+1,p
<latexit sha1_base64="ycXHWISwN6jrsgeloZjD94mlLvY=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCozLqoLwaIblxXtBdqhZNJMG5pkhiQjlKGP4MaFIm59Inc+ijvTmS609YfAx/+fQ845QcyZNq775RRWVtfWN4qbpa3tnd298v5BS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDPL249UaRbJBzOJqS/wULKQEWysda8vRb9ccatuJrQM3hwqV99hpka//NkbRCQRVBrCsdZdz42Nn2JlGOF0WuolmsaYjPGQdi1KLKj202zUKTqxzgCFkbJPGpS5vztSLLSeiMBWCmxGejGbmf9l3cSEF37KZJwYKkn+UZhwZCI02xsNmKLE8IkFTBSzsyIywgoTY69TskfwFldehtZZ1atVa3dupX4NuYpwBMdwCh6cQx1uoQFNIDCEJ3iBV4c7z86b856XFpx5zyH8kfPxAwjFkVc=</latexit>

s < m

Assume              lowers regularity:<latexit sha1_base64="9bdTgLoOqsq2UsdhAEcxdUSzGF0=">AAAB7XicbVDLSgMxFL3js9ZX1aUiwSK4KjMuqsuiG5ct2Ae0Q8mkaRubSYYkIw5Dl+7duFDErb/Q73DnN/gTpo+Fth4IHM65l9xzgogzbVz3y1laXlldW89sZDe3tnd2c3v7NS1jRWiVSC5VI8CaciZo1TDDaSNSFIcBp/VgcD326/dUaSbFrUki6oe4J1iXEWysVHtoGYmSdi7vFtwJ0CLxZiRfOhpVvh+PR+V27rPVkSQOqTCEY62bnhsZP8XKMMLpMNuKNY0wGeAebVoqcEi1n06uHaJTq3RQVyr7hEET9fdGikOtkzCwkyE2fT3vjcX/vGZsupd+ykQUGyrI9KNuzJGNOI6OOkxRYnhiCSaK2VsR6WOFibEFZW0J3nzkRVI7L3jFQrFi27iCKTJwCCdwBh5cQAluoAxVIHAHT/ACr450np035306uuTMdg7gD5yPH2EQkrg=</latexit>

x ! y

<latexit sha1_base64="05sOX4mNRHgrdQu8d7gyCMCaK58=">AAACCnicbVA9SwNBEN0zfsT4FbW0WRXBQsKdRbSMWmgZwSRCLh5zm01c3N07dveEcFwpNv4PKxsLRWz9BXZi6R9x81Fo9MHA470ZZuaFMWfauO6HM5GbnJqeyc8W5uYXFpeKyyt1HSWK0BqJeKTOQ9CUM0lrhhlOz2NFQYScNsKro77fuKZKs0iemV5MWwK6knUYAWOloLjuH4MQEPR8JnHjItU7cRakvgBzSYCnB1kWFDfdkjsA/ku8EdmsbN3kvK/7z2pQfPfbEUkElYZw0LrpubFppaAMI5xmBT/RNAZyBV3atFSCoLqVDl7J8JZV2rgTKVvS4IH6cyIFoXVPhLazf6Me9/rif14zMZ39VspknBgqyXBRJ+HYRLifC24zRYnhPUuAKGZvxeQSFBBj0yvYELzxl/+S+m7JK5fKpzaNQzREHq2hDbSNPLSHKugEVVENEXSLHtATenbunEfnxXkdtk44o5lV9AvO2zdi7Z5r</latexit>

�y 2 W s,p
A

<latexit sha1_base64="/TUecKXUeMOlANPHgG3rwXyA0MY=">AAACAnicbVC7SgNBFJ2Nr5j4iFqJzWAUIkjYtYiWQQsto5gHZGOYncwmQ2Zml5nZQFiCjb9iY6GIYGXnH9j5IVo7eRSaeODC4Zx7ufceL2RUadv+tBJz8wuLS8nlVHpldW09s7FZUUEkMSnjgAWy5iFFGBWkrKlmpBZKgrjHSNXrng39ao9IRQNxrfshaXDUFtSnGGkjNTPbV5TwnHuOOEfN/oFLBazexOowHDQzWTtvjwBniTMh2eLe1+t7L/1damY+3FaAI06ExgwpVXfsUDdiJDXFjAxSbqRIiHAXtUndUIE4UY149MIA7hulBf1AmhIajtTfEzHiSvW5Zzo50h017Q3F/7x6pP2TRkxFGGki8HiRHzGoAzjMA7aoJFizviEIS2puhbiDJMLapJYyITjTL8+SylHeKeQLlyaNUzBGEuyAXZADDjgGRXABSqAMMLgF9+ARPFl31oP1bL2MWxPWZGYL/IH19gP7p5r5</latexit>

Riem(�y) 2 W s,p
<latexit sha1_base64="E8zrWb7bNFThdurcnRfCA79SMoc=">AAAB7HicbVA9TwJBEJ3DL8Av1NJmIzGxkdxZoI0J0cYSEw+IcCF7ywIbdvcuu3tGcuE32FhIjK2t/8XOX6PLR6HgSyZ5eW8mM/PCmDNtXPfLyaysrq1vZHP5za3tnd3C3n5NR4ki1CcRj1QjxJpyJqlvmOG0ESuKRchpPRxcT/z6A1WaRfLODGMaCNyTrMsINlby9aU49dqFoltyp0DLxJuTYiUXj+8/Hr+r7cJnqxORRFBpCMdaNz03NkGKlWGE01G+lWgaYzLAPdq0VGJBdZBOjx2hY6t0UDdStqRBU/X3RIqF1kMR2k6BTV8vehPxP6+ZmO5FkDIZJ4ZKMlvUTTgyEZp8jjpMUWL40BJMFLO3ItLHChNj88nbELzFl5dJ7azklUvlW5vGFcyQhUM4ghPw4BwqcANV8IEAgyd4gbEjnWfn1XmbtWac+cwB/IHz/gMo3ZIA</latexit>

s = m� 1
<latexit sha1_base64="DaAc2d5mIh2d7U9u1Z59/5RsGs8=">AAACBHicbVC7TgJBFJ3FF4KPVUuaiWiC0ZBdC7QkWmiJRh4JIJkdBpwwM7uZmSXZbChs/BUbC43R0sY/sPNDtHZ4FAqe5CYn59ybe+/xAkaVdpxPKzE3v7C4lFxOpVdW19btjc2K8kOJSRn7zJc1DynCqCBlTTUjtUASxD1Gql7vdOhX+0Qq6osrHQWkyVFX0A7FSBupZWcuKeG5xhniHLWivQYVsHodq333IBi07KyTd0aAs8SdkGxx5+v1vZ/+LrXsj0bbxyEnQmOGlKq7TqCbMZKaYkYGqUaoSIBwD3VJ3VCBOFHNePTEAO4apQ07vjQlNBypvydixJWKuGc6OdI3atobiv959VB3jpsxFUGoicDjRZ2QQe3DYSKwTSXBmkWGICypuRXiGyQR1ia3lAnBnX55llQO824hX7gwaZyAMZIgA7ZBDrjgCBTBOSiBMsDgFtyDR/Bk3VkP1rP1Mm5NWJOZLfAH1tsP4qObaQ==</latexit>

Riem(�y) 2 W s+1,p<latexit sha1_base64="lAt9bIINY5bf3vYU4vO+sq2YjcA=">AAAB7HicbVA9TwJBEJ3DL8Av1NJmIzGxkdxZoIUF0cYSEw+IcCF7ywIbdvcuu3tGcuE32FhIjK2t/8XOX6PLR6HgSyZ5eW8mM/PCmDNtXPfLyaysrq1vZHP5za3tnd3C3n5NR4ki1CcRj1QjxJpyJqlvmOG0ESuKRchpPRxcT/z6A1WaRfLODGMaCNyTrMsINlby9aU49dqFoltyp0DLxJuTYiUXj+8/Hr+r7cJnqxORRFBpCMdaNz03NkGKlWGE01G+lWgaYzLAPdq0VGJBdZBOjx2hY6t0UDdStqRBU/X3RIqF1kMR2k6BTV8vehPxP6+ZmO5FkDIZJ4ZKMlvUTTgyEZp8jjpMUWL40BJMFLO3ItLHChNj88nbELzFl5dJ7azklUvlW5vGFcyQhUM4ghPw4BwqcANV8IEAgyd4gbEjnWfn1XmbtWac+cwB/IHz/gMnVpH/</latexit>

s < m� 1

<latexit sha1_base64="4MlA9hm59102H1SVUMlRD/l7hxo=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARBKUkXVR3Vt24rGAf0MQymU7aoZNJmJkIJcSNv+LGhSJu/Qt3foo7J2kX2nrgwuGce7n3Hi9iVCrL+jIKC4tLyyvF1dLa+sbmlrm905JhLDBp4pCFouMhSRjlpKmoYqQTCYICj5G2N7rK/PY9EZKG/FaNI+IGaMCpTzFSWuqZe06A1BAjllykDuWwfZfI4+pJlPbMslWxcsB5Yk9J+fzbz9HomZ9OP8RxQLjCDEnZta1IuQkSimJG0pITSxIhPEID0tWUo4BIN8k/SOGhVvrQD4UurmCu/p5IUCDlOPB0Z3avnPUy8T+vGyv/zE0oj2JFOJ4s8mMGVQizOGCfCoIVG2uCsKD6VoiHSCCsdGglHYI9+/I8aVUrdq1Su7HK9UswQRHsgwNwBGxwCurgGjRAE2DwAJ7AC3g1Ho1n4814n7QWjOnMLvgD4+MHsc6aGQ==</latexit>

A 2 W s+2,p

<latexit sha1_base64="QlG4fXTur4dydN2naQyg7QcDeZ4="></latexit>

R↵
��� = Ri

jkl
@y↵

@xi

@xj

@y�
@xk

@y�
@xl

@y�
<latexit sha1_base64="jewCJQev6KVFKMKE5F8JZn4/hLw=">AAAB/nicbVDLSsNAFJ3UV62vqLhSZLAIgrUkLqrLohvpqgX7gDYtk+mkHTqZhJmJUELAjR/ixoUibvsd7vwGf8LpY6GtBy4czrmXe+9xQ0alsqwvI7W0vLK6ll7PbGxube+Yu3s1GUQCkyoOWCAaLpKEUU6qiipGGqEgyHcZqbuD27FffyBC0oDfq2FIHB/1OPUoRkpLHfOglCu14ws7aVEO6+1Yntu5MOmYWStvTQAXiT0j2eLRqPL9dDwqd8zPVjfAkU+4wgxJ2bStUDkxEopiRpJMK5IkRHiAeqSpKUc+kU48OT+Bp1rpQi8QuriCE/X3RIx8KYe+qzt9pPpy3huL/3nNSHnXTkx5GCnC8XSRFzGoAjjOAnapIFixoSYIC6pvhbiPBMJKJ5bRIdjzLy+S2mXeLuQLFZ3GDZgiDQ7BCTgDNrgCRXAHyqAKMIjBM3gFb8aj8WK8Gx/T1pQxm9kHf2CMfgAp/JgO</latexit>

J, J�1 2 W s+1,p

<latexit sha1_base64="v/zUgl0262HBCmis4zWLLoxuQg8=">AAACBHicbVC7TgMxEPSFVwivAGUaKxFSEBDdUQTKCAooAyIPKXecfI4TrNi+k+1DRKcUNHwB/0BDAUK0fARd/gbnUUDCSCuNZna1uxNEjCpt20MrtbC4tLySXs2srW9sbmW3d+oqjCUmNRyyUDYDpAijgtQ01Yw0I0kQDxhpBL3zkd+4J1LRUNzofkQ8jrqCdihG2kh+NndNCS+6F4hz5D/su1TAxm3Cj5zDaOBnC3bJHgPOE2dKCpW8e/A8rPSrfvbbbYc45kRozJBSLceOtJcgqSlmZJBxY0UihHuoS1qGCsSJ8pLxEwO4Z5Q27ITSlNBwrP6eSBBXqs8D08mRvlOz3kj8z2vFunPqJVREsSYCTxZ1YgZ1CEeJwDaVBGvWNwRhSc2tEN8hibA2uWVMCM7sy/OkflxyyqXylUnjDEyQBjmQB0XggBNQAZegCmoAg0fwAt7Au/VkvVof1uekNWVNZ3bBH1hfPzPTmio=</latexit>

Riem(�x) 2 Wm�1,p



“Proof”:   You can solve for the Jacobian in the 
connection transformation law…

<latexit sha1_base64="UJnfSkN6aQEeq0QVpDy9Tat4OY0="></latexit>

Lemma: The Jacobian J transforms �y 2 Ws,p to
�x 2 Wr,p, 0  r  s if and only if the compo-
nents of J satisfy J 2 Wr+1,p.

To make this a proof, we need to know there 
do not exist Jacobians of regularity below 
which transform <latexit sha1_base64="7N63aOM/t2SYzbkKkMfjfUhsfvg=">AAACCXicbZC7TsMwFIYdriXlUmBksShIDKhKGApjBQOMRaIXqQmR47qtVduJbKeiirqy8CosDFSItW/AxoPAjHsZoOWXLH36zzk6Pn8YM6q043xaS8srq2vrmQ07u7m1vZPb3auqKJGYVHDEIlkPkSKMClLRVDNSjyVBPGSkFnavxvVaj0hFI3Gn+zHxOWoL2qIYaWMFOWjb3jXiHAV9T0czfPCogLX7VJ3GgyCXdwrORHAR3BnkS0dfw1Ev+10Och9eM8IJJ0JjhpRquE6s/RRJTTEjA9tLFIkR7qI2aRgUiBPlp5NLBvDYOE3YiqR5QsOJ+3siRVypPg9NJ0e6o+ZrY/O/WiPRrQs/pSJONBF4uqiVMKgjOI4FNqkkWLO+AYQlNX+FuIMkwtqEZ5sQ3PmTF6F6VnCLheKtSeMSTJUBB+AQnAAXnIMSuAFlUAEYPIJn8AqG1pP1Yr1Z79PWJWs2sw/+yBr9ABndnco=</latexit>

�y ! �x 2 W s,p

<latexit sha1_base64="lCTc9dBX9E28jAMTNVSRjfDpRgM=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARBKXMuKhuxKIblxXsBaZjyaSZNjSThCQjlKGP4caFIt36Hu7diG9jello6w+Bj/8/h5xzIsmoNp737eSWlldW1/Lr7sbm1vZOYXevrkWqMKlhwYRqRkgTRjmpGWoYaUpFUBIx0oj6N+O88UiUpoLfm4EkYYK6nMYUI2OtwHUbD5k+8U/lsF0oeiVvIrgI/gyKVx/upRx9udV24bPVEThNCDeYIa0D35MmzJAyFDMydFupJhLhPuqSwCJHCdFhNhl5CI+s04GxUPZxAyfu744MJVoPkshWJsj09Hw2Nv/LgtTEF2FGuUwN4Xj6UZwyaAQc7w87VBFs2MACworaWSHuIYWwsVdy7RH8+ZUXoX5W8sul8p1XrFyDqfLgAByCY+CDc1ABt6AKagADAZ7AC3h1jPPsvDmjaWnOmfXsgz9y3n8A4O6TXA==</latexit>

W s+1,p

…i.e., by some weird cancellation of terms… 

<latexit sha1_base64="M74vT2E56icv+xIomTTWyumW9UY="></latexit>
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“Proof”:   You can solve for the Jacobian in the 
connection transformation law…

<latexit sha1_base64="UJnfSkN6aQEeq0QVpDy9Tat4OY0="></latexit>

Lemma: The Jacobian J transforms �y 2 Ws,p to
�x 2 Wr,p, 0  r  s if and only if the compo-
nents of J satisfy J 2 Wr+1,p.

To make this a proof, we need to know there 
do not exist Jacobians of regularity below 
which transform <latexit sha1_base64="7N63aOM/t2SYzbkKkMfjfUhsfvg=">AAACCXicbZC7TsMwFIYdriXlUmBksShIDKhKGApjBQOMRaIXqQmR47qtVduJbKeiirqy8CosDFSItW/AxoPAjHsZoOWXLH36zzk6Pn8YM6q043xaS8srq2vrmQ07u7m1vZPb3auqKJGYVHDEIlkPkSKMClLRVDNSjyVBPGSkFnavxvVaj0hFI3Gn+zHxOWoL2qIYaWMFOWjb3jXiHAV9T0czfPCogLX7VJ3GgyCXdwrORHAR3BnkS0dfw1Ev+10Och9eM8IJJ0JjhpRquE6s/RRJTTEjA9tLFIkR7qI2aRgUiBPlp5NLBvDYOE3YiqR5QsOJ+3siRVypPg9NJ0e6o+ZrY/O/WiPRrQs/pSJONBF4uqiVMKgjOI4FNqkkWLO+AYQlNX+FuIMkwtqEZ5sQ3PmTF6F6VnCLheKtSeMSTJUBB+AQnAAXnIMSuAFlUAEYPIJn8AqG1pP1Yr1Z79PWJWs2sw/+yBr9ABndnco=</latexit>

�y ! �x 2 W s,p

<latexit sha1_base64="lCTc9dBX9E28jAMTNVSRjfDpRgM=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARBKXMuKhuxKIblxXsBaZjyaSZNjSThCQjlKGP4caFIt36Hu7diG9jello6w+Bj/8/h5xzIsmoNp737eSWlldW1/Lr7sbm1vZOYXevrkWqMKlhwYRqRkgTRjmpGWoYaUpFUBIx0oj6N+O88UiUpoLfm4EkYYK6nMYUI2OtwHUbD5k+8U/lsF0oeiVvIrgI/gyKVx/upRx9udV24bPVEThNCDeYIa0D35MmzJAyFDMydFupJhLhPuqSwCJHCdFhNhl5CI+s04GxUPZxAyfu744MJVoPkshWJsj09Hw2Nv/LgtTEF2FGuUwN4Xj6UZwyaAQc7w87VBFs2MACworaWSHuIYWwsVdy7RH8+ZUXoX5W8sul8p1XrFyDqfLgAByCY+CDc1ABt6AKagADAZ7AC3h1jPPsvDmjaWnOmfXsgz9y3n8A4O6TXA==</latexit>

W s+1,p

…i.e., by some weird cancellation of terms… 

<latexit sha1_base64="M74vT2E56icv+xIomTTWyumW9UY="></latexit>
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<latexit sha1_base64="CVm7QcPUQGM74/LSGyCThm0/Kds="></latexit>
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<latexit sha1_base64="CVm7QcPUQGM74/LSGyCThm0/Kds="></latexit>
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��



determines regularity of
The regularity of

<latexit sha1_base64="c10hpV+jC2dSguAMGaZ4txV8flY=">AAAB73icbVC7SgNBFL3rM8ZXVLCxGQyCVdi1iJYhFlomYB6QLGF2MpsMmZldZ2bFsOQnbCwUsbXwL/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peztLyyurae2chubm3v7Ob29us6ShShNRLxSDUDrClnktYMM5w2Y0WxCDhtBIPLsd+4o0qzSN6YYUx9gXuShYxgY6Vm+woLgTv3nVzeLbgToEXizUi+dFj9Zu/lj0on99nuRiQRVBrCsdYtz42Nn2JlGOF0lG0nmsaYDHCPtiyVWFDtp5N7R+jEKl0URsqWNGii/p5IsdB6KALbKbDp63lvLP7ntRITXvgpk3FiqCTTRWHCkYnQ+HnUZYoSw4eWYKKYvRWRPlaYGBtR1obgzb+8SOpnBa9YKFZtGmWYIgNHcAyn4ME5lOAaKlADAhwe4AmenVvn0XlxXqetS85s5gD+wHn7AczLk4g=</latexit>

�x
<latexit sha1_base64="eIIes4W7Ku4/2yOLginaI0NEMxM="></latexit>

@

@x⇢
J↵
⌫

<latexit sha1_base64="CVm7QcPUQGM74/LSGyCThm0/Kds="></latexit>

@
@x⇢ J

↵
⌫ = J↵

µ (�x)
µ
⇢⌫ � J�

⇢ J
�
⌫ (�y)

↵
��

<latexit sha1_base64="+xW5oOp4iXVA4nb+XAmlNL5oOQo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJKIVI9FLx4r2A9oY9lsN+3SzSbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqAccJ9yM6UCIUjKKVOl2hSOsxM+fJpFcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns5Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8nfaE5Qzm2hDIt7K2EDammDG1KRRuCt/jyMmleVLxqpXp/Wa7d5HEU4BhO4Aw8uIIa3EEdGsAghmd4hTcHnRfn3fmYt644+cwR/IHz+QPf2JEC</latexit>

2 W s,p



determines regularity of
The regularity of

<latexit sha1_base64="c10hpV+jC2dSguAMGaZ4txV8flY=">AAAB73icbVC7SgNBFL3rM8ZXVLCxGQyCVdi1iJYhFlomYB6QLGF2MpsMmZldZ2bFsOQnbCwUsbXwL/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peztLyyurae2chubm3v7Ob29us6ShShNRLxSDUDrClnktYMM5w2Y0WxCDhtBIPLsd+4o0qzSN6YYUx9gXuShYxgY6Vm+woLgTv3nVzeLbgToEXizUi+dFj9Zu/lj0on99nuRiQRVBrCsdYtz42Nn2JlGOF0lG0nmsaYDHCPtiyVWFDtp5N7R+jEKl0URsqWNGii/p5IsdB6KALbKbDp63lvLP7ntRITXvgpk3FiqCTTRWHCkYnQ+HnUZYoSw4eWYKKYvRWRPlaYGBtR1obgzb+8SOpnBa9YKFZtGmWYIgNHcAyn4ME5lOAaKlADAhwe4AmenVvn0XlxXqetS85s5gD+wHn7AczLk4g=</latexit>

�x
<latexit sha1_base64="eIIes4W7Ku4/2yOLginaI0NEMxM="></latexit>

@

@x⇢
J↵
⌫

Summary:   Everything works because the
 regularity of a connection controls the regularity 
of both the atlas… and the Jacobians which

<latexit sha1_base64="CVm7QcPUQGM74/LSGyCThm0/Kds="></latexit>
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<latexit sha1_base64="+xW5oOp4iXVA4nb+XAmlNL5oOQo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJKIVI9FLx4r2A9oY9lsN+3SzSbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqAccJ9yM6UCIUjKKVOl2hSOsxM+fJpFcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns5Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8nfaE5Qzm2hDIt7K2EDammDG1KRRuCt/jyMmleVLxqpXp/Wa7d5HEU4BhO4Aw8uIIa3EEdGsAghmd4hTcHnRfn3fmYt644+cwR/IHz+QPf2JEC</latexit>

2 W s,p

transform it…



Conclude:
Essential regularity is characterized by the 
condition that the curvature is precisely one 
derivative below the regularity of its connection.

Connection one derivative below essential 
regularity iff curvature is at precisely the same 
regularity as the connection.

Connection two or more derivatives below 
essential regularity iff the curvature is precisely 
one derivative more regular than the connection.

Theorem (RT-2024): Every connection can be 
lifted to essential regularity              by a sequence 
of solutions of the RT-equations.

<latexit sha1_base64="h5P3hLmKh3wjdyn77qRUg/jYPh0=">AAAB73icbZDLSgMxFIbP1Futt6pLN8EiuCozLqoLwaIblxXsBdqhZNJMG5pkxiQjDENfwo0LRdz6Ou58FHem0y609YfAx/+fQ845QcyZNq775RRWVtfWN4qbpa3tnd298v5BS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDPN249UaRbJe5PG1Bd4KFnICDbW6ojLHpOhSfvlilt1c6Fl8OZQufoOczX65c/eICKJoNIQjrXuem5s/Awrwwink1Iv0TTGZIyHtGtRYkG1n+XzTtCJdQYojJR90qDc/d2RYaF1KgJbKbAZ6cVsav6XdRMTXvgZk3FiqCSzj8KEIxOh6fJowBQlhqcWMFHMzorICCtMjD1RyR7BW1x5GVpnVa9Wrd25lfo1zFSEIziGU/DgHOpwCw1oAgEOT/ACr86D8+y8Oe+z0oIz7zmEP3I+fgDvlZOc</latexit>

m < 1



Final Comments:



This appears to be the first characterization 
of essential regularity as a geometric 
property of connections. 

Final Comments:



This appears to be the first characterization 
of essential regularity as a geometric 
property of connections. 

Final Comments:

Hirsch, Theorem 2.9:  A        -manifold alone 
does not have enough structure to determine a 
geometric level of regularity.  

<latexit sha1_base64="J/U6GOUgDYWwb3U8b0D9CywJp9g=">AAAB6nicbZC7TsMwFIZPyq2EW4GRxaJCYqoShsKCqOjCWAS9SG2oHNdprTpOZDtIVdRHYGEAIUZ4F3YWxNvgtB2g5Zcsffr/c+Rzjh9zprTjfFu5peWV1bX8ur2xubW9U9jda6gokYTWScQj2fKxopwJWtdMc9qKJcWhz2nTH1azvHlPpWKRuNWjmHoh7gsWMIK1sW6qd263UHRKzkRoEdwZFC8+7PP47cuudQufnV5EkpAKTThWqu06sfZSLDUjnI7tTqJojMkQ92nboMAhVV46GXWMjozTQ0EkzRMaTdzfHSkOlRqFvqkMsR6o+Swz/8vaiQ7OvJSJONFUkOlHQcKRjlC2N+oxSYnmIwOYSGZmRWSAJSbaXMc2R3DnV16ExknJLZfK106xcglT5eEADuEYXDiFClxBDepAoA8P8ATPFrcerRfrdVqas2Y9+/BH1vsPHIaQsg==</latexit>

C1



This appears to be the first characterization 
of essential regularity as a geometric 
property of connections. 

Final Comments:

Now we know a manifold together with any 
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Hirsch, Theorem 2.9:  A        -manifold alone 
does not have enough structure to determine a 
geometric level of regularity.  
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This would apply to Black Hole singularities 
if we extend our existence theory for the RT-
equations to           . 

Hirsch, Theorem 2.9:  A        -manifold alone 
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geometric level of regularity.  
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The Essential Regularity of a Connection

(1) Given a metric or connection, is there a 
necessary and sufficient condition for determining,  
apriori, whether a singularity is essential or 
removable? YES
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The Essential Regularity of a Connection

(1) Given a metric or connection, is there a 
necessary and sufficient condition for determining,  
apriori, whether a singularity is essential or 
removable? YES

(2) If so:  Is there a canonical procedure for 
constructing coordinate transformations which 
remove it?  YES

(3) Does every metric/connection have an 
essential (highest possible) regularity to which it 
can be lifted?  YES



End
Thank you!!



Derivation of the

RT-equations
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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:
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<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…



The Riemann-flat

Condition

<latexit sha1_base64="QZTRdxt23JsNKCI032KQ+MWe56o="></latexit>

M. Reintjes and B. Temple, Shock Wave Interactions
and the Riemann-flat Condition: The Geometry behind
Metric Smoothing and the Existence of Locally Inertial
Frames in General Relativity, Arch. Rat. Mech. Anal.
235 (2020), 1873-1904.



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>
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@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>

<latexit sha1_base64="rJZkjRDPwNwu0N0FJMeZoSrAMo0=">AAACFXicbZBNSwJBGMdnezV7szp2GZLAwJbdtdRuWpcugUW+gIrMjqMOzs4uM7OBLH6JLn2VLh2K6Bp069s0qx5K+8PAj//zPDzz/N2AUaks69tYWl5ZXVtPbCQ3t7Z3dlN7+zXphwKTKvaZLxoukoRRTqqKKkYagSDIcxmpu8OruF5/IEJSn9+rUUDaHupz2qMYKW11UtmywAMT3iFlwhsSY5kjZkIndw4zjuVYJ1loFwu5U/vCOuuk0pZpTQQXwZ5BGsxU6aS+Wl0fhx7hCjMkZdO2AtWOkFAUMzJOtkJJAoSHqE+aGjnyiGxHk6vG8Fg7XdjzhX5cwYn7eyJCnpQjz9WdHlIDOV+Lzf9qzVD1iu2I8iBUhOPpol7IoPJhHBHsUkGwYiMNCAuq/wrxAAmElQ4yqUOw509ehJpj2nkzf+ukS5ezOBLgEByBDLBBAZTANaiAKsDgETyDV/BmPBkvxrvxMW1dMmYzB+CPjM8fNnCZKw==</latexit>
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 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>
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<latexit sha1_base64="KWFEnaRWf0yAhQ/bLEkydbA9u5c=">AAAB+nicbVDLSsNAFJ3UV42vVJduBovgqiSC6EYsutBlBfuANpTJZNIOnZmEmYlSYj/FjYIibv0H927Ev3HSdqGtBy4czrmXe+8JEkaVdt1vq7CwuLS8Uly119Y3Nrec0nZDxanEpI5jFstWgBRhVJC6ppqRViIJ4gEjzWBwkfvNWyIVjcWNHibE56gnaEQx0kbqOqWOpiwkWecScY5GENpdp+xW3DHgPPGmpHz2YZ8mT192ret8dsIYp5wIjRlSqu25ifYzJDXFjIzsTqpIgvAA9UjbUIE4UX42Pn0E940SwiiWpoSGY/X3RIa4UkMemE6OdF/Nern4n9dOdXTiZ1QkqSYCTxZFKYM6hnkOMKSSYM2GhiAsqbkV4j6SCGuTVh6CN/vyPGkcVryjinvtlqvnYIIi2AV74AB44BhUwRWogTrA4A48gGfwYt1bj9ar9TZpLVjTmR3wB9b7D40FloU=</latexit>

�̃

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

�̃

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

�̃

Then: Connection Transformation Law gives:



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>

�̃

Connection Trans Law
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

�
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↵
�� + (J�1)k↵@jJ

↵
i

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

�̃

Connection Trans Law
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>

�̃

Theorem (Riemann-flat):
These are equivalent!

Flat



: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>

�̃

Theorem (Riemann-flat):
These are equivalent!



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

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 look to use the connection transformation 
law to couple this to an equation for     …   

<latexit sha1_base64="ikHk8vSnu/V2d0xgVsHZI7uLzjQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irlSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6QTjNk=</latexit>

J



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 look to use the connection transformation 
law to couple this to an equation for     … 

<latexit sha1_base64="ikHk8vSnu/V2d0xgVsHZI7uLzjQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irlSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6QTjNk=</latexit>

J



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



We still need a condition which guarantees
is the Jacobian of a coordinate transformation… 

<latexit sha1_base64="ikHk8vSnu/V2d0xgVsHZI7uLzjQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irlSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6QTjNk=</latexit>

J

This is the condition:
<latexit sha1_base64="exg62G/nYhck6LwqLBfJI8kgmXA=">AAACAXicbVDJSgNBEO2JW4xb1IvgpTEI8RJmRKIXIZiL5BTBLJAZQk9PTdKkZ7G7JxCGePFXvHhQxKt/4c2/sbMcNPFBweO9KqrquTFnUpnmt5FZWV1b38hu5ra2d3b38vsHTRklgkKDRjwSbZdI4CyEhmKKQzsWQAKXQ8sdVCd+awhCsii8V6MYnID0QuYzSpSWuvkjzx4CTWtjGx4SNsTVRPBi7eza7OYLZsmcAi8Ta04KaI56N/9lexFNAggV5UTKjmXGykmJUIxyGOfsREJM6ID0oKNpSAKQTjr9YIxPteJhPxK6QoWn6u+JlARSjgJXdwZE9eWiNxH/8zqJ8q+clIVxoiCks0V+wrGK8CQO7DEBVPGRJoQKpm/FtE8EoUqHltMhWIsvL5Pmeckql8p3F4XKzTyOLDpGJ6iILHSJKugW1VEDUfSIntErejOejBfj3fiYtWaM+cwh+gPj8wdT7ZYq</latexit>

d ~J ⌘ Curl(J) = 0

Since     is a 0-form, we need to “vectorize” it
To turn “Curl’’ into exterior derivative…

<latexit sha1_base64="ikHk8vSnu/V2d0xgVsHZI7uLzjQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irlSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6QTjNk=</latexit>

J



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)



Theorem:               is a solution of the
RT-equations

(�̃, J, A)
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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…   
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