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MOTIVATIONS

• Effective theory for modelling the response of continuous media at 
long wavelengths (e.g. Galilean invariant symmetries) 

• World is curved. Specifically interested in media “living” on curved 
surfaces (e.g. surfaces waves,fluid membranes, cell migration, etc) 

• Describe boundaries, branes, interfaces, defects in Galilean-
invariant theories. 



E. Pairam & A. Fernandez-Nieves, PRL, 2009 

MOTIVATIONS



Perry W. Ellis et al., Nature Physics, 2017 
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Kelvin-Yanai waves on the equator 

MOTIVATIONS



Lipid Bilayer 

MOTIVATIONS



The Helfrich action for a lipid membrane:

Helfrich, Canham 70’s
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Spherical topology:

Liposome

MOTIVATIONS



Torus:

Polymerized phospholipid membrane

MOTIVATIONS



Discoid:

Human erythrocyte

MOTIVATIONS



Develop the framework in which symmetry organising principles can be used to 
model equilibrium Galilean invariant systems (e.g. fluid membranes).

Understand how such systems evolve as they depart from equilibrium.

GOALS



I - Model the analogue system with relativistic symmetries and “null reduction”

II - Construct from scratch: submanifolds and deformations in NC geometry

III - Eamples: Membranes, generalisation of the Helfrich bending energy

PLAN



RELATIVISTIC COUNTERPART

PART I



increase J

zoom locally

arXiv:0708.2181 by R. Emparan, T. Harmark, V. Niarchos, N.A. Obers & M.Rodriguez 
arXiv:0910.1601 by R. Emparan, T. Harmark, V. Niarchos, N.A. Obers 
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arXiv:0712.2456 by S. Bhattacharyya, V.E.Hubeny, S. Minwalla and M. Rangamani 
arXiv:0708.1770 by S. Bhattacharyya, S. Lahiri, R. Loganayagam & S. Minwalla

boundary AdS

Kerr-AdS black hole

AdS

planar brane  
is corrected
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A simpler situation is to impose stationarity:

RELATIVISTIC COUNTERPART



When considering stationary fluids, one can build  
an equilibrium partition function (no boundaries): 

arXiv:1203.3544 by Bhattacharya et al.
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Partition function for equilibrium fluid droplets:

arXiv:1512.08514 by J.A., J. Bhattacharya & N. Kundu
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The effective action for embedded fluids:

arXiv:1304.7773 and arXiv:1312.0597 by JA  
arXiv:1406.7813 by JA & T.Harmark
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arXiv:1304.7773 and arXiv:1312.0597 by JA
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Equations of motion:

Bending moment and spin current:



The helicoid:

Topology:

arXiv:1503.08834 by JA & M. Blau 
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Black Scherk Surfaces/Catenoids in Plane Waves:

arXiv:1503.08834 by JA & M. Blau 
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Null reduction

Galilean-invariant theory



PART II

NEWTON-CARTAN SUBMANIFOLDS
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µ, hµ⌫

<latexit sha1_base64="MppvViXuOlwelWcfy2Xno4ujoJY=">AAACF3icbVDLSgMxFM34rPU16tJNsAguSpkRQZdFNy4r2Ad02iGTpm1okhnyKJShf+HGX3HjQhG3uvNvTDsjaOuByz2ccy/JPVHCqNKe9+WsrK6tb2wWtorbO7t7++7BYUPFRmJSxzGLZStCijAqSF1TzUgrkQTxiJFmNLqZ+c0xkYrG4l5PEtLhaCBon2KkrRS6lUAjEwbclOEwTG0PhJmWIc+kcTdzuj9O6Ja8ijcHXCZ+TkogRy10P4NejA0nQmOGlGr7XqI7KZKaYkamxcAokiA8QgPStlQgTlQnnd81hadW6cF+LG0JDefq740UcaUmPLKTHOmhWvRm4n9e2+j+VSelIjGaCJw91DcM6hjOQoI9KgnWbGIJwpLav0I8RBJhbaMs2hD8xZOXSeO84nsV/+6iVL3O4yiAY3ACzoAPLkEV3IIaqAMMHsATeAGvzqPz7Lw579noipPvHIE/cD6+AXsTn30=</latexit><latexit sha1_base64="MppvViXuOlwelWcfy2Xno4ujoJY=">AAACF3icbVDLSgMxFM34rPU16tJNsAguSpkRQZdFNy4r2Ad02iGTpm1okhnyKJShf+HGX3HjQhG3uvNvTDsjaOuByz2ccy/JPVHCqNKe9+WsrK6tb2wWtorbO7t7++7BYUPFRmJSxzGLZStCijAqSF1TzUgrkQTxiJFmNLqZ+c0xkYrG4l5PEtLhaCBon2KkrRS6lUAjEwbclOEwTG0PhJmWIc+kcTdzuj9O6Ja8ijcHXCZ+TkogRy10P4NejA0nQmOGlGr7XqI7KZKaYkamxcAokiA8QgPStlQgTlQnnd81hadW6cF+LG0JDefq740UcaUmPLKTHOmhWvRm4n9e2+j+VSelIjGaCJw91DcM6hjOQoI9KgnWbGIJwpLav0I8RBJhbaMs2hD8xZOXSeO84nsV/+6iVL3O4yiAY3ACzoAPLkEV3IIaqAMMHsATeAGvzqPz7Lw579noipPvHIE/cD6+AXsTn30=</latexit><latexit sha1_base64="MppvViXuOlwelWcfy2Xno4ujoJY=">AAACF3icbVDLSgMxFM34rPU16tJNsAguSpkRQZdFNy4r2Ad02iGTpm1okhnyKJShf+HGX3HjQhG3uvNvTDsjaOuByz2ccy/JPVHCqNKe9+WsrK6tb2wWtorbO7t7++7BYUPFRmJSxzGLZStCijAqSF1TzUgrkQTxiJFmNLqZ+c0xkYrG4l5PEtLhaCBon2KkrRS6lUAjEwbclOEwTG0PhJmWIc+kcTdzuj9O6Ja8ijcHXCZ+TkogRy10P4NejA0nQmOGlGr7XqI7KZKaYkamxcAokiA8QgPStlQgTlQnnd81hadW6cF+LG0JDefq740UcaUmPLKTHOmhWvRm4n9e2+j+VSelIjGaCJw91DcM6hjOQoI9KgnWbGIJwpLav0I8RBJhbaMs2hD8xZOXSeO84nsV/+6iVL3O4yiAY3ACzoAPLkEV3IIaqAMMHsATeAGvzqPz7Lw579noipPvHIE/cD6+AXsTn30=</latexit><latexit sha1_base64="MppvViXuOlwelWcfy2Xno4ujoJY=">AAACF3icbVDLSgMxFM34rPU16tJNsAguSpkRQZdFNy4r2Ad02iGTpm1okhnyKJShf+HGX3HjQhG3uvNvTDsjaOuByz2ccy/JPVHCqNKe9+WsrK6tb2wWtorbO7t7++7BYUPFRmJSxzGLZStCijAqSF1TzUgrkQTxiJFmNLqZ+c0xkYrG4l5PEtLhaCBon2KkrRS6lUAjEwbclOEwTG0PhJmWIc+kcTdzuj9O6Ja8ijcHXCZ+TkogRy10P4NejA0nQmOGlGr7XqI7KZKaYkamxcAokiA8QgPStlQgTlQnnd81hadW6cF+LG0JDefq740UcaUmPLKTHOmhWvRm4n9e2+j+VSelIjGaCJw91DcM6hjOQoI9KgnWbGIJwpLav0I8RBJhbaMs2hD8xZOXSeO84nsV/+6iVL3O4yiAY3ACzoAPLkEV3IIaqAMMHsATeAGvzqPz7Lw579noipPvHIE/cD6+AXsTn30=</latexit>

Completeness: 

Vielbeins:

Boost invariants:

Geometry:
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<latexit sha1_base64="r/LO82HbzjL4cCjeu7MdIWSqu8g=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBZBEEoigi6LbtwIFewD2hAmk0k7dPJgZqKUmE9x40IRt36JO//GSZuFth4YOJxzL/fM8RLOpLKsb6Oysrq2vlHdrG1t7+zumfX9roxTQWiHxDwWfQ9LyllEO4opTvuJoDj0OO15k+vC7z1QIVkc3atpQp0QjyIWMIKVllyzPgyxGhPMs9vczfxTO3fNhtW0ZkDLxC5JA0q0XfNr6MckDWmkCMdSDmwrUU6GhWKE07w2TCVNMJngER1oGuGQSiebRc/RsVZ8FMRCv0ihmfp7I8OhlNPQ05NFULnoFeJ/3iBVwaWTsShJFY3I/FCQcqRiVPSAfCYoUXyqCSaC6ayIjLHAROm2aroEe/HLy6R71rStpn133mhdlXVU4RCO4ARsuIAW3EAbOkDgEZ7hFd6MJ+PFeDc+5qMVo9w5gD8wPn8AI+6T5w==</latexit><latexit sha1_base64="r/LO82HbzjL4cCjeu7MdIWSqu8g=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBZBEEoigi6LbtwIFewD2hAmk0k7dPJgZqKUmE9x40IRt36JO//GSZuFth4YOJxzL/fM8RLOpLKsb6Oysrq2vlHdrG1t7+zumfX9roxTQWiHxDwWfQ9LyllEO4opTvuJoDj0OO15k+vC7z1QIVkc3atpQp0QjyIWMIKVllyzPgyxGhPMs9vczfxTO3fNhtW0ZkDLxC5JA0q0XfNr6MckDWmkCMdSDmwrUU6GhWKE07w2TCVNMJngER1oGuGQSiebRc/RsVZ8FMRCv0ihmfp7I8OhlNPQ05NFULnoFeJ/3iBVwaWTsShJFY3I/FCQcqRiVPSAfCYoUXyqCSaC6ayIjLHAROm2aroEe/HLy6R71rStpn133mhdlXVU4RCO4ARsuIAW3EAbOkDgEZ7hFd6MJ+PFeDc+5qMVo9w5gD8wPn8AI+6T5w==</latexit><latexit sha1_base64="r/LO82HbzjL4cCjeu7MdIWSqu8g=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBZBEEoigi6LbtwIFewD2hAmk0k7dPJgZqKUmE9x40IRt36JO//GSZuFth4YOJxzL/fM8RLOpLKsb6Oysrq2vlHdrG1t7+zumfX9roxTQWiHxDwWfQ9LyllEO4opTvuJoDj0OO15k+vC7z1QIVkc3atpQp0QjyIWMIKVllyzPgyxGhPMs9vczfxTO3fNhtW0ZkDLxC5JA0q0XfNr6MckDWmkCMdSDmwrUU6GhWKE07w2TCVNMJngER1oGuGQSiebRc/RsVZ8FMRCv0ihmfp7I8OhlNPQ05NFULnoFeJ/3iBVwaWTsShJFY3I/FCQcqRiVPSAfCYoUXyqCSaC6ayIjLHAROm2aroEe/HLy6R71rStpn133mhdlXVU4RCO4ARsuIAW3EAbOkDgEZ7hFd6MJ+PFeDc+5qMVo9w5gD8wPn8AI+6T5w==</latexit><latexit sha1_base64="r/LO82HbzjL4cCjeu7MdIWSqu8g=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBZBEEoigi6LbtwIFewD2hAmk0k7dPJgZqKUmE9x40IRt36JO//GSZuFth4YOJxzL/fM8RLOpLKsb6Oysrq2vlHdrG1t7+zumfX9roxTQWiHxDwWfQ9LyllEO4opTvuJoDj0OO15k+vC7z1QIVkc3atpQp0QjyIWMIKVllyzPgyxGhPMs9vczfxTO3fNhtW0ZkDLxC5JA0q0XfNr6MckDWmkCMdSDmwrUU6GhWKE07w2TCVNMJngER1oGuGQSiebRc/RsVZ8FMRCv0ihmfp7I8OhlNPQ05NFULnoFeJ/3iBVwaWTsShJFY3I/FCQcqRiVPSAfCYoUXyqCSaC6ayIjLHAROm2aroEe/HLy6R71rStpn133mhdlXVU4RCO4ARsuIAW3EAbOkDgEZ7hFd6MJ+PFeDc+5qMVo9w5gD8wPn8AI+6T5w==</latexit>

Transformations (diffeomorphisms, boost, rotations, gauge)

NEWTON-CARTAN SUBMANIFOLDS



Md+1
<latexit sha1_base64="r/LO82HbzjL4cCjeu7MdIWSqu8g=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBZBEEoigi6LbtwIFewD2hAmk0k7dPJgZqKUmE9x40IRt36JO//GSZuFth4YOJxzL/fM8RLOpLKsb6Oysrq2vlHdrG1t7+zumfX9roxTQWiHxDwWfQ9LyllEO4opTvuJoDj0OO15k+vC7z1QIVkc3atpQp0QjyIWMIKVllyzPgyxGhPMs9vczfxTO3fNhtW0ZkDLxC5JA0q0XfNr6MckDWmkCMdSDmwrUU6GhWKE07w2TCVNMJngER1oGuGQSiebRc/RsVZ8FMRCv0ihmfp7I8OhlNPQ05NFULnoFeJ/3iBVwaWTsShJFY3I/FCQcqRiVPSAfCYoUXyqCSaC6ayIjLHAROm2aroEe/HLy6R71rStpn133mhdlXVU4RCO4ARsuIAW3EAbOkDgEZ7hFd6MJ+PFeDc+5qMVo9w5gD8wPn8AI+6T5w==</latexit><latexit sha1_base64="r/LO82HbzjL4cCjeu7MdIWSqu8g=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBZBEEoigi6LbtwIFewD2hAmk0k7dPJgZqKUmE9x40IRt36JO//GSZuFth4YOJxzL/fM8RLOpLKsb6Oysrq2vlHdrG1t7+zumfX9roxTQWiHxDwWfQ9LyllEO4opTvuJoDj0OO15k+vC7z1QIVkc3atpQp0QjyIWMIKVllyzPgyxGhPMs9vczfxTO3fNhtW0ZkDLxC5JA0q0XfNr6MckDWmkCMdSDmwrUU6GhWKE07w2TCVNMJngER1oGuGQSiebRc/RsVZ8FMRCv0ihmfp7I8OhlNPQ05NFULnoFeJ/3iBVwaWTsShJFY3I/FCQcqRiVPSAfCYoUXyqCSaC6ayIjLHAROm2aroEe/HLy6R71rStpn133mhdlXVU4RCO4ARsuIAW3EAbOkDgEZ7hFd6MJ+PFeDc+5qMVo9w5gD8wPn8AI+6T5w==</latexit><latexit sha1_base64="r/LO82HbzjL4cCjeu7MdIWSqu8g=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBZBEEoigi6LbtwIFewD2hAmk0k7dPJgZqKUmE9x40IRt36JO//GSZuFth4YOJxzL/fM8RLOpLKsb6Oysrq2vlHdrG1t7+zumfX9roxTQWiHxDwWfQ9LyllEO4opTvuJoDj0OO15k+vC7z1QIVkc3atpQp0QjyIWMIKVllyzPgyxGhPMs9vczfxTO3fNhtW0ZkDLxC5JA0q0XfNr6MckDWmkCMdSDmwrUU6GhWKE07w2TCVNMJngER1oGuGQSiebRc/RsVZ8FMRCv0ihmfp7I8OhlNPQ05NFULnoFeJ/3iBVwaWTsShJFY3I/FCQcqRiVPSAfCYoUXyqCSaC6ayIjLHAROm2aroEe/HLy6R71rStpn133mhdlXVU4RCO4ARsuIAW3EAbOkDgEZ7hFd6MJ+PFeDc+5qMVo9w5gD8wPn8AI+6T5w==</latexit><latexit sha1_base64="r/LO82HbzjL4cCjeu7MdIWSqu8g=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBZBEEoigi6LbtwIFewD2hAmk0k7dPJgZqKUmE9x40IRt36JO//GSZuFth4YOJxzL/fM8RLOpLKsb6Oysrq2vlHdrG1t7+zumfX9roxTQWiHxDwWfQ9LyllEO4opTvuJoDj0OO15k+vC7z1QIVkc3atpQp0QjyIWMIKVllyzPgyxGhPMs9vczfxTO3fNhtW0ZkDLxC5JA0q0XfNr6MckDWmkCMdSDmwrUU6GhWKE07w2TCVNMJngER1oGuGQSiebRc/RsVZ8FMRCv0ihmfp7I8OhlNPQ05NFULnoFeJ/3iBVwaWTsShJFY3I/FCQcqRiVPSAfCYoUXyqCSaC6ayIjLHAROm2aroEe/HLy6R71rStpn133mhdlXVU4RCO4ARsuIAW3EAbOkDgEZ7hFd6MJ+PFeDc+5qMVo9w5gD8wPn8AI+6T5w==</latexit>

Wp+1
<latexit sha1_base64="y95kIfbjSDxiQkXXPsQ3ffD3Fkk=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSIIQklE0GXRjcsK9gFtCJPppB06mYSZiVJiPsWNC0Xc+iXu/BsnbRbaemDgcM693DMnSDhT2nG+rZXVtfWNzcpWdXtnd2/frh10VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbgq/+0ClYrG419OEehEeCRYygrWRfLs2iLAeE8yzbu5nyZmb+3bdaTgzoGXilqQOJVq+/TUYxiSNqNCEY6X6rpNoL8NSM8JpXh2kiiaYTPCI9g0VOKLKy2bRc3RilCEKY2me0Gim/t7IcKTUNArMZBFULXqF+J/XT3V45WVMJKmmgswPhSlHOkZFD2jIJCWaTw3BRDKTFZExlpho01bVlOAufnmZdM4brtNw7y7qzeuyjgocwTGcgguX0IRbaEEbCDzCM7zCm/VkvVjv1sd8dMUqdw7hD6zPH0Wwk/0=</latexit><latexit sha1_base64="y95kIfbjSDxiQkXXPsQ3ffD3Fkk=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSIIQklE0GXRjcsK9gFtCJPppB06mYSZiVJiPsWNC0Xc+iXu/BsnbRbaemDgcM693DMnSDhT2nG+rZXVtfWNzcpWdXtnd2/frh10VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbgq/+0ClYrG419OEehEeCRYygrWRfLs2iLAeE8yzbu5nyZmb+3bdaTgzoGXilqQOJVq+/TUYxiSNqNCEY6X6rpNoL8NSM8JpXh2kiiaYTPCI9g0VOKLKy2bRc3RilCEKY2me0Gim/t7IcKTUNArMZBFULXqF+J/XT3V45WVMJKmmgswPhSlHOkZFD2jIJCWaTw3BRDKTFZExlpho01bVlOAufnmZdM4brtNw7y7qzeuyjgocwTGcgguX0IRbaEEbCDzCM7zCm/VkvVjv1sd8dMUqdw7hD6zPH0Wwk/0=</latexit><latexit sha1_base64="y95kIfbjSDxiQkXXPsQ3ffD3Fkk=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSIIQklE0GXRjcsK9gFtCJPppB06mYSZiVJiPsWNC0Xc+iXu/BsnbRbaemDgcM693DMnSDhT2nG+rZXVtfWNzcpWdXtnd2/frh10VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbgq/+0ClYrG419OEehEeCRYygrWRfLs2iLAeE8yzbu5nyZmb+3bdaTgzoGXilqQOJVq+/TUYxiSNqNCEY6X6rpNoL8NSM8JpXh2kiiaYTPCI9g0VOKLKy2bRc3RilCEKY2me0Gim/t7IcKTUNArMZBFULXqF+J/XT3V45WVMJKmmgswPhSlHOkZFD2jIJCWaTw3BRDKTFZExlpho01bVlOAufnmZdM4brtNw7y7qzeuyjgocwTGcgguX0IRbaEEbCDzCM7zCm/VkvVjv1sd8dMUqdw7hD6zPH0Wwk/0=</latexit><latexit sha1_base64="y95kIfbjSDxiQkXXPsQ3ffD3Fkk=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSIIQklE0GXRjcsK9gFtCJPppB06mYSZiVJiPsWNC0Xc+iXu/BsnbRbaemDgcM693DMnSDhT2nG+rZXVtfWNzcpWdXtnd2/frh10VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbgq/+0ClYrG419OEehEeCRYygrWRfLs2iLAeE8yzbu5nyZmb+3bdaTgzoGXilqQOJVq+/TUYxiSNqNCEY6X6rpNoL8NSM8JpXh2kiiaYTPCI9g0VOKLKy2bRc3RilCEKY2me0Gim/t7IcKTUNArMZBFULXqF+J/XT3V45WVMJKmmgswPhSlHOkZFD2jIJCWaTw3BRDKTFZExlpho01bVlOAufnmZdM4brtNw7y7qzeuyjgocwTGcgguX0IRbaEEbCDzCM7zCm/VkvVjv1sd8dMUqdw7hD6zPH0Wwk/0=</latexit>

d� p
<latexit sha1_base64="6qmsNkRD/QZfinHTwP6LWU9BMQc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4rWltoQ9lsJu3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dkorq2vrG+XNytb2zu5edf/gUSeZYthiiUhUJ6AaBZfYMtwI7KQKaRwIbAejm6nffkKleSIfzDhFP6YDySPOqLHSfXiW9qs1t+7OQJaJV5AaFGj2q1+9MGFZjNIwQbXuem5q/Jwqw5nASaWXaUwpG9EBdi2VNEbt57NTJ+TEKiGJEmVLGjJTf0/kNNZ6HAe2M6ZmqBe9qfif181MdOXnXKaZQcnmi6JMEJOQ6d8k5AqZEWNLKFPc3krYkCrKjE2nYkPwFl9eJo/ndc+te3cXtcZ1EUcZjuAYTsGDS2jALTShBQwG8Ayv8OYI58V5dz7mrSWnmDmEP3A+fwAAuo2Z</latexit><latexit sha1_base64="6qmsNkRD/QZfinHTwP6LWU9BMQc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4rWltoQ9lsJu3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dkorq2vrG+XNytb2zu5edf/gUSeZYthiiUhUJ6AaBZfYMtwI7KQKaRwIbAejm6nffkKleSIfzDhFP6YDySPOqLHSfXiW9qs1t+7OQJaJV5AaFGj2q1+9MGFZjNIwQbXuem5q/Jwqw5nASaWXaUwpG9EBdi2VNEbt57NTJ+TEKiGJEmVLGjJTf0/kNNZ6HAe2M6ZmqBe9qfif181MdOXnXKaZQcnmi6JMEJOQ6d8k5AqZEWNLKFPc3krYkCrKjE2nYkPwFl9eJo/ndc+te3cXtcZ1EUcZjuAYTsGDS2jALTShBQwG8Ayv8OYI58V5dz7mrSWnmDmEP3A+fwAAuo2Z</latexit><latexit sha1_base64="6qmsNkRD/QZfinHTwP6LWU9BMQc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4rWltoQ9lsJu3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dkorq2vrG+XNytb2zu5edf/gUSeZYthiiUhUJ6AaBZfYMtwI7KQKaRwIbAejm6nffkKleSIfzDhFP6YDySPOqLHSfXiW9qs1t+7OQJaJV5AaFGj2q1+9MGFZjNIwQbXuem5q/Jwqw5nASaWXaUwpG9EBdi2VNEbt57NTJ+TEKiGJEmVLGjJTf0/kNNZ6HAe2M6ZmqBe9qfif181MdOXnXKaZQcnmi6JMEJOQ6d8k5AqZEWNLKFPc3krYkCrKjE2nYkPwFl9eJo/ndc+te3cXtcZ1EUcZjuAYTsGDS2jALTShBQwG8Ayv8OYI58V5dz7mrSWnmDmEP3A+fwAAuo2Z</latexit><latexit sha1_base64="6qmsNkRD/QZfinHTwP6LWU9BMQc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4rWltoQ9lsJu3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dkorq2vrG+XNytb2zu5edf/gUSeZYthiiUhUJ6AaBZfYMtwI7KQKaRwIbAejm6nffkKleSIfzDhFP6YDySPOqLHSfXiW9qs1t+7OQJaJV5AaFGj2q1+9MGFZjNIwQbXuem5q/Jwqw5nASaWXaUwpG9EBdi2VNEbt57NTJ+TEKiGJEmVLGjJTf0/kNNZ6HAe2M6ZmqBe9qfif181MdOXnXKaZQcnmi6JMEJOQ6d8k5AqZEWNLKFPc3krYkCrKjE2nYkPwFl9eJo/ndc+te3cXtcZ1EUcZjuAYTsGDS2jALTShBQwG8Ayv8OYI58V5dz7mrSWnmDmEP3A+fwAAuo2Z</latexit>

Co-dimension:



Md+1
<latexit sha1_base64="r/LO82HbzjL4cCjeu7MdIWSqu8g=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBZBEEoigi6LbtwIFewD2hAmk0k7dPJgZqKUmE9x40IRt36JO//GSZuFth4YOJxzL/fM8RLOpLKsb6Oysrq2vlHdrG1t7+zumfX9roxTQWiHxDwWfQ9LyllEO4opTvuJoDj0OO15k+vC7z1QIVkc3atpQp0QjyIWMIKVllyzPgyxGhPMs9vczfxTO3fNhtW0ZkDLxC5JA0q0XfNr6MckDWmkCMdSDmwrUU6GhWKE07w2TCVNMJngER1oGuGQSiebRc/RsVZ8FMRCv0ihmfp7I8OhlNPQ05NFULnoFeJ/3iBVwaWTsShJFY3I/FCQcqRiVPSAfCYoUXyqCSaC6ayIjLHAROm2aroEe/HLy6R71rStpn133mhdlXVU4RCO4ARsuIAW3EAbOkDgEZ7hFd6MJ+PFeDc+5qMVo9w5gD8wPn8AI+6T5w==</latexit><latexit sha1_base64="r/LO82HbzjL4cCjeu7MdIWSqu8g=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBZBEEoigi6LbtwIFewD2hAmk0k7dPJgZqKUmE9x40IRt36JO//GSZuFth4YOJxzL/fM8RLOpLKsb6Oysrq2vlHdrG1t7+zumfX9roxTQWiHxDwWfQ9LyllEO4opTvuJoDj0OO15k+vC7z1QIVkc3atpQp0QjyIWMIKVllyzPgyxGhPMs9vczfxTO3fNhtW0ZkDLxC5JA0q0XfNr6MckDWmkCMdSDmwrUU6GhWKE07w2TCVNMJngER1oGuGQSiebRc/RsVZ8FMRCv0ihmfp7I8OhlNPQ05NFULnoFeJ/3iBVwaWTsShJFY3I/FCQcqRiVPSAfCYoUXyqCSaC6ayIjLHAROm2aroEe/HLy6R71rStpn133mhdlXVU4RCO4ARsuIAW3EAbOkDgEZ7hFd6MJ+PFeDc+5qMVo9w5gD8wPn8AI+6T5w==</latexit><latexit sha1_base64="r/LO82HbzjL4cCjeu7MdIWSqu8g=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBZBEEoigi6LbtwIFewD2hAmk0k7dPJgZqKUmE9x40IRt36JO//GSZuFth4YOJxzL/fM8RLOpLKsb6Oysrq2vlHdrG1t7+zumfX9roxTQWiHxDwWfQ9LyllEO4opTvuJoDj0OO15k+vC7z1QIVkc3atpQp0QjyIWMIKVllyzPgyxGhPMs9vczfxTO3fNhtW0ZkDLxC5JA0q0XfNr6MckDWmkCMdSDmwrUU6GhWKE07w2TCVNMJngER1oGuGQSiebRc/RsVZ8FMRCv0ihmfp7I8OhlNPQ05NFULnoFeJ/3iBVwaWTsShJFY3I/FCQcqRiVPSAfCYoUXyqCSaC6ayIjLHAROm2aroEe/HLy6R71rStpn133mhdlXVU4RCO4ARsuIAW3EAbOkDgEZ7hFd6MJ+PFeDc+5qMVo9w5gD8wPn8AI+6T5w==</latexit><latexit sha1_base64="r/LO82HbzjL4cCjeu7MdIWSqu8g=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBZBEEoigi6LbtwIFewD2hAmk0k7dPJgZqKUmE9x40IRt36JO//GSZuFth4YOJxzL/fM8RLOpLKsb6Oysrq2vlHdrG1t7+zumfX9roxTQWiHxDwWfQ9LyllEO4opTvuJoDj0OO15k+vC7z1QIVkc3atpQp0QjyIWMIKVllyzPgyxGhPMs9vczfxTO3fNhtW0ZkDLxC5JA0q0XfNr6MckDWmkCMdSDmwrUU6GhWKE07w2TCVNMJngER1oGuGQSiebRc/RsVZ8FMRCv0ihmfp7I8OhlNPQ05NFULnoFeJ/3iBVwaWTsShJFY3I/FCQcqRiVPSAfCYoUXyqCSaC6ayIjLHAROm2aroEe/HLy6R71rStpn133mhdlXVU4RCO4ARsuIAW3EAbOkDgEZ7hFd6MJ+PFeDc+5qMVo9w5gD8wPn8AI+6T5w==</latexit>

Wp+1
<latexit sha1_base64="y95kIfbjSDxiQkXXPsQ3ffD3Fkk=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSIIQklE0GXRjcsK9gFtCJPppB06mYSZiVJiPsWNC0Xc+iXu/BsnbRbaemDgcM693DMnSDhT2nG+rZXVtfWNzcpWdXtnd2/frh10VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbgq/+0ClYrG419OEehEeCRYygrWRfLs2iLAeE8yzbu5nyZmb+3bdaTgzoGXilqQOJVq+/TUYxiSNqNCEY6X6rpNoL8NSM8JpXh2kiiaYTPCI9g0VOKLKy2bRc3RilCEKY2me0Gim/t7IcKTUNArMZBFULXqF+J/XT3V45WVMJKmmgswPhSlHOkZFD2jIJCWaTw3BRDKTFZExlpho01bVlOAufnmZdM4brtNw7y7qzeuyjgocwTGcgguX0IRbaEEbCDzCM7zCm/VkvVjv1sd8dMUqdw7hD6zPH0Wwk/0=</latexit><latexit sha1_base64="y95kIfbjSDxiQkXXPsQ3ffD3Fkk=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSIIQklE0GXRjcsK9gFtCJPppB06mYSZiVJiPsWNC0Xc+iXu/BsnbRbaemDgcM693DMnSDhT2nG+rZXVtfWNzcpWdXtnd2/frh10VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbgq/+0ClYrG419OEehEeCRYygrWRfLs2iLAeE8yzbu5nyZmb+3bdaTgzoGXilqQOJVq+/TUYxiSNqNCEY6X6rpNoL8NSM8JpXh2kiiaYTPCI9g0VOKLKy2bRc3RilCEKY2me0Gim/t7IcKTUNArMZBFULXqF+J/XT3V45WVMJKmmgswPhSlHOkZFD2jIJCWaTw3BRDKTFZExlpho01bVlOAufnmZdM4brtNw7y7qzeuyjgocwTGcgguX0IRbaEEbCDzCM7zCm/VkvVjv1sd8dMUqdw7hD6zPH0Wwk/0=</latexit><latexit sha1_base64="y95kIfbjSDxiQkXXPsQ3ffD3Fkk=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSIIQklE0GXRjcsK9gFtCJPppB06mYSZiVJiPsWNC0Xc+iXu/BsnbRbaemDgcM693DMnSDhT2nG+rZXVtfWNzcpWdXtnd2/frh10VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbgq/+0ClYrG419OEehEeCRYygrWRfLs2iLAeE8yzbu5nyZmb+3bdaTgzoGXilqQOJVq+/TUYxiSNqNCEY6X6rpNoL8NSM8JpXh2kiiaYTPCI9g0VOKLKy2bRc3RilCEKY2me0Gim/t7IcKTUNArMZBFULXqF+J/XT3V45WVMJKmmgswPhSlHOkZFD2jIJCWaTw3BRDKTFZExlpho01bVlOAufnmZdM4brtNw7y7qzeuyjgocwTGcgguX0IRbaEEbCDzCM7zCm/VkvVjv1sd8dMUqdw7hD6zPH0Wwk/0=</latexit><latexit sha1_base64="y95kIfbjSDxiQkXXPsQ3ffD3Fkk=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSIIQklE0GXRjcsK9gFtCJPppB06mYSZiVJiPsWNC0Xc+iXu/BsnbRbaemDgcM693DMnSDhT2nG+rZXVtfWNzcpWdXtnd2/frh10VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbgq/+0ClYrG419OEehEeCRYygrWRfLs2iLAeE8yzbu5nyZmb+3bdaTgzoGXilqQOJVq+/TUYxiSNqNCEY6X6rpNoL8NSM8JpXh2kiiaYTPCI9g0VOKLKy2bRc3RilCEKY2me0Gim/t7IcKTUNArMZBFULXqF+J/XT3V45WVMJKmmgswPhSlHOkZFD2jIJCWaTw3BRDKTFZExlpho01bVlOAufnmZdM4brtNw7y7qzeuyjgocwTGcgguX0IRbaEEbCDzCM7zCm/VkvVjv1sd8dMUqdw7hD6zPH0Wwk/0=</latexit>

Xµ(�a)
<latexit sha1_base64="mqR9FOkal9OiYYHcSTHhisbotWc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZREBD0WvXisYD+gSctku2mX7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYW9/Y3Cpul3Z29/YP7PJhS8WpJLRJYh7LTgCKchbRpmaa004iKYiA03Ywvpn57QcqFYujez1JqC9gGLGQEdBG6tvlTi/zRDqteooNBfTgrG9XnJozB14lbk4qKEejb395g5ikgkaacFCq6zqJ9jOQmhFOpyUvVTQBMoYh7RoagaDKz+anT/GpUQY4jKWpSOO5+nsiA6HURASmU4AeqWVvJv7ndVMdXvkZi5JU04gsFoUpxzrGsxzwgElKNJ8YAkQycysmI5BAtEmrZEJwl19eJa3zmuvU3LuLSv06j6OIjtEJqiIXXaI6ukUN1EQEPaJn9IrerCfrxXq3PhatBSufOUJ/YH3+AOSbk74=</latexit><latexit sha1_base64="mqR9FOkal9OiYYHcSTHhisbotWc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZREBD0WvXisYD+gSctku2mX7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYW9/Y3Cpul3Z29/YP7PJhS8WpJLRJYh7LTgCKchbRpmaa004iKYiA03Ywvpn57QcqFYujez1JqC9gGLGQEdBG6tvlTi/zRDqteooNBfTgrG9XnJozB14lbk4qKEejb395g5ikgkaacFCq6zqJ9jOQmhFOpyUvVTQBMoYh7RoagaDKz+anT/GpUQY4jKWpSOO5+nsiA6HURASmU4AeqWVvJv7ndVMdXvkZi5JU04gsFoUpxzrGsxzwgElKNJ8YAkQycysmI5BAtEmrZEJwl19eJa3zmuvU3LuLSv06j6OIjtEJqiIXXaI6ukUN1EQEPaJn9IrerCfrxXq3PhatBSufOUJ/YH3+AOSbk74=</latexit><latexit sha1_base64="mqR9FOkal9OiYYHcSTHhisbotWc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZREBD0WvXisYD+gSctku2mX7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYW9/Y3Cpul3Z29/YP7PJhS8WpJLRJYh7LTgCKchbRpmaa004iKYiA03Ywvpn57QcqFYujez1JqC9gGLGQEdBG6tvlTi/zRDqteooNBfTgrG9XnJozB14lbk4qKEejb395g5ikgkaacFCq6zqJ9jOQmhFOpyUvVTQBMoYh7RoagaDKz+anT/GpUQY4jKWpSOO5+nsiA6HURASmU4AeqWVvJv7ndVMdXvkZi5JU04gsFoUpxzrGsxzwgElKNJ8YAkQycysmI5BAtEmrZEJwl19eJa3zmuvU3LuLSv06j6OIjtEJqiIXXaI6ukUN1EQEPaJn9IrerCfrxXq3PhatBSufOUJ/YH3+AOSbk74=</latexit><latexit sha1_base64="mqR9FOkal9OiYYHcSTHhisbotWc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZREBD0WvXisYD+gSctku2mX7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYW9/Y3Cpul3Z29/YP7PJhS8WpJLRJYh7LTgCKchbRpmaa004iKYiA03Ywvpn57QcqFYujez1JqC9gGLGQEdBG6tvlTi/zRDqteooNBfTgrG9XnJozB14lbk4qKEejb395g5ikgkaacFCq6zqJ9jOQmhFOpyUvVTQBMoYh7RoagaDKz+anT/GpUQY4jKWpSOO5+nsiA6HURASmU4AeqWVvJv7ndVMdXvkZi5JU04gsFoUpxzrGsxzwgElKNJ8YAkQycysmI5BAtEmrZEJwl19eJa3zmuvU3LuLSv06j6OIjtEJqiIXXaI6ukUN1EQEPaJn9IrerCfrxXq3PhatBSufOUJ/YH3+AOSbk74=</latexit>

�a
<latexit sha1_base64="b22DszuQXZsJBrulm3lHdkmYpLg=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyht7JbDJkZnadmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwZuo3n5g2PFH3dpSyUGJf8ZhTtE5qdQzvS3zAbqnsV/wZyDIJclKGHLVu6avTS2gmmbJUoDHtwE9tOEZtORVsUuxkhqVIh9hnbUcVSmbC8ezeCTl1So/EiXalLJmpvyfGKI0Zych1SrQDs+hNxf+8dmbjq3DMVZpZpuh8UZwJYhMyfZ70uGbUipEjSDV3txI6QI3UuoiKLoRg8eVl0jivBH4luLsoV6/zOApwDCdwBgFcQhVuoQZ1oCDgGV7hzXv0Xrx372PeuuLlM0fwB97nDw0Pj/Y=</latexit><latexit sha1_base64="b22DszuQXZsJBrulm3lHdkmYpLg=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyht7JbDJkZnadmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwZuo3n5g2PFH3dpSyUGJf8ZhTtE5qdQzvS3zAbqnsV/wZyDIJclKGHLVu6avTS2gmmbJUoDHtwE9tOEZtORVsUuxkhqVIh9hnbUcVSmbC8ezeCTl1So/EiXalLJmpvyfGKI0Zych1SrQDs+hNxf+8dmbjq3DMVZpZpuh8UZwJYhMyfZ70uGbUipEjSDV3txI6QI3UuoiKLoRg8eVl0jivBH4luLsoV6/zOApwDCdwBgFcQhVuoQZ1oCDgGV7hzXv0Xrx372PeuuLlM0fwB97nDw0Pj/Y=</latexit><latexit sha1_base64="b22DszuQXZsJBrulm3lHdkmYpLg=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyht7JbDJkZnadmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwZuo3n5g2PFH3dpSyUGJf8ZhTtE5qdQzvS3zAbqnsV/wZyDIJclKGHLVu6avTS2gmmbJUoDHtwE9tOEZtORVsUuxkhqVIh9hnbUcVSmbC8ezeCTl1So/EiXalLJmpvyfGKI0Zych1SrQDs+hNxf+8dmbjq3DMVZpZpuh8UZwJYhMyfZ70uGbUipEjSDV3txI6QI3UuoiKLoRg8eVl0jivBH4luLsoV6/zOApwDCdwBgFcQhVuoQZ1oCDgGV7hzXv0Xrx372PeuuLlM0fwB97nDw0Pj/Y=</latexit><latexit sha1_base64="b22DszuQXZsJBrulm3lHdkmYpLg=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyht7JbDJkZnadmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwZuo3n5g2PFH3dpSyUGJf8ZhTtE5qdQzvS3zAbqnsV/wZyDIJclKGHLVu6avTS2gmmbJUoDHtwE9tOEZtORVsUuxkhqVIh9hnbUcVSmbC8ezeCTl1So/EiXalLJmpvyfGKI0Zych1SrQDs+hNxf+8dmbjq3DMVZpZpuh8UZwJYhMyfZ70uGbUipEjSDV3txI6QI3UuoiKLoRg8eVl0jivBH4luLsoV6/zOApwDCdwBgFcQhVuoQZ1oCDgGV7hzXv0Xrx372PeuuLlM0fwB97nDw0Pj/Y=</latexit>

Explicit tangent vector: uµ
a = @aX

µ
<latexit sha1_base64="EUTgDxu6Tbr4aMO4u6GhVBxo7pY=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0I1QdOOygn1AE8PNdNIOnUzCzEQooeDGX3HjQhG3/oQ7/8ZJ24W2HrhwOOfemXtPmHKmtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqSSThDZJwhPZCUFRzgRtaqY57aSSQhxy2g6H14XffqBSsUTc6VFK/Rj6gkWMgDZSYB/k2b0XZ+MALr0UpGbAA8CdQgvsqlNzJsCLxJ2RKpqhEdhfXi8hWUyFJhyU6rpOqv28eJVwOq54maIpkCH0addQATFVfj65YYyPjdLDUSJNCY0n6u+JHGKlRnFoOmPQAzXvFeJ/XjfT0YWfM5Fmmgoy/SjKONYJLgLBPSYp0XxkCBDJzK6YDEAC0Sa2ignBnT95kbROa65Tc2/PqvWrWRxldIiO0Aly0TmqoxvUQE1E0CN6Rq/ozXqyXqx362PaWrJmM/voD6zPHyadl9I=</latexit><latexit sha1_base64="EUTgDxu6Tbr4aMO4u6GhVBxo7pY=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0I1QdOOygn1AE8PNdNIOnUzCzEQooeDGX3HjQhG3/oQ7/8ZJ24W2HrhwOOfemXtPmHKmtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqSSThDZJwhPZCUFRzgRtaqY57aSSQhxy2g6H14XffqBSsUTc6VFK/Rj6gkWMgDZSYB/k2b0XZ+MALr0UpGbAA8CdQgvsqlNzJsCLxJ2RKpqhEdhfXi8hWUyFJhyU6rpOqv28eJVwOq54maIpkCH0addQATFVfj65YYyPjdLDUSJNCY0n6u+JHGKlRnFoOmPQAzXvFeJ/XjfT0YWfM5Fmmgoy/SjKONYJLgLBPSYp0XxkCBDJzK6YDEAC0Sa2ignBnT95kbROa65Tc2/PqvWrWRxldIiO0Aly0TmqoxvUQE1E0CN6Rq/ozXqyXqx362PaWrJmM/voD6zPHyadl9I=</latexit><latexit sha1_base64="EUTgDxu6Tbr4aMO4u6GhVBxo7pY=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0I1QdOOygn1AE8PNdNIOnUzCzEQooeDGX3HjQhG3/oQ7/8ZJ24W2HrhwOOfemXtPmHKmtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqSSThDZJwhPZCUFRzgRtaqY57aSSQhxy2g6H14XffqBSsUTc6VFK/Rj6gkWMgDZSYB/k2b0XZ+MALr0UpGbAA8CdQgvsqlNzJsCLxJ2RKpqhEdhfXi8hWUyFJhyU6rpOqv28eJVwOq54maIpkCH0addQATFVfj65YYyPjdLDUSJNCY0n6u+JHGKlRnFoOmPQAzXvFeJ/XjfT0YWfM5Fmmgoy/SjKONYJLgLBPSYp0XxkCBDJzK6YDEAC0Sa2ignBnT95kbROa65Tc2/PqvWrWRxldIiO0Aly0TmqoxvUQE1E0CN6Rq/ozXqyXqx362PaWrJmM/voD6zPHyadl9I=</latexit><latexit sha1_base64="EUTgDxu6Tbr4aMO4u6GhVBxo7pY=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0I1QdOOygn1AE8PNdNIOnUzCzEQooeDGX3HjQhG3/oQ7/8ZJ24W2HrhwOOfemXtPmHKmtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqSSThDZJwhPZCUFRzgRtaqY57aSSQhxy2g6H14XffqBSsUTc6VFK/Rj6gkWMgDZSYB/k2b0XZ+MALr0UpGbAA8CdQgvsqlNzJsCLxJ2RKpqhEdhfXi8hWUyFJhyU6rpOqv28eJVwOq54maIpkCH0addQATFVfj65YYyPjdLDUSJNCY0n6u+JHGKlRnFoOmPQAzXvFeJ/XjfT0YWfM5Fmmgoy/SjKONYJLgLBPSYp0XxkCBDJzK6YDEAC0Sa2ignBnT95kbROa65Tc2/PqvWrWRxldIiO0Aly0TmqoxvUQE1E0CN6Rq/ozXqyXqx362PaWrJmM/voD6zPHyadl9I=</latexit>

Implicit normal vectors:

SO(d� p)
<latexit sha1_base64="1zqyrZj7O+u7aWeK8Ie5xYVugUE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahHiy7Iuix6MWbFe0HtEvJZrNtaDYbkqxQlv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL5CcaeO6305hZXVtfaO4Wdra3tndK+8ftHSSKkKbJOGJ6gRYU84EbRpmOO1IRXEccNoORjdTv/1ElWaJeDRjSf0YDwSLGMHGSu2Hu2p4Jk/75Ypbc2dAy8TLSQVyNPrlr16YkDSmwhCOte56rjR+hpVhhNNJqZdqKjEZ4QHtWipwTLWfzc6doBOrhChKlC1h0Ez9PZHhWOtxHNjOGJuhXvSm4n9eNzXRlZ8xIVNDBZkvilKOTIKmv6OQKUoMH1uCiWL2VkSGWGFibEIlG4K3+PIyaZ3XPLfm3V9U6td5HEU4gmOoggeXUIdbaEATCIzgGV7hzZHOi/PufMxbC04+cwh/4Hz+AAnujrQ=</latexit><latexit sha1_base64="1zqyrZj7O+u7aWeK8Ie5xYVugUE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahHiy7Iuix6MWbFe0HtEvJZrNtaDYbkqxQlv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL5CcaeO6305hZXVtfaO4Wdra3tndK+8ftHSSKkKbJOGJ6gRYU84EbRpmOO1IRXEccNoORjdTv/1ElWaJeDRjSf0YDwSLGMHGSu2Hu2p4Jk/75Ypbc2dAy8TLSQVyNPrlr16YkDSmwhCOte56rjR+hpVhhNNJqZdqKjEZ4QHtWipwTLWfzc6doBOrhChKlC1h0Ez9PZHhWOtxHNjOGJuhXvSm4n9eNzXRlZ8xIVNDBZkvilKOTIKmv6OQKUoMH1uCiWL2VkSGWGFibEIlG4K3+PIyaZ3XPLfm3V9U6td5HEU4gmOoggeXUIdbaEATCIzgGV7hzZHOi/PufMxbC04+cwh/4Hz+AAnujrQ=</latexit><latexit sha1_base64="1zqyrZj7O+u7aWeK8Ie5xYVugUE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahHiy7Iuix6MWbFe0HtEvJZrNtaDYbkqxQlv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL5CcaeO6305hZXVtfaO4Wdra3tndK+8ftHSSKkKbJOGJ6gRYU84EbRpmOO1IRXEccNoORjdTv/1ElWaJeDRjSf0YDwSLGMHGSu2Hu2p4Jk/75Ypbc2dAy8TLSQVyNPrlr16YkDSmwhCOte56rjR+hpVhhNNJqZdqKjEZ4QHtWipwTLWfzc6doBOrhChKlC1h0Ez9PZHhWOtxHNjOGJuhXvSm4n9eNzXRlZ8xIVNDBZkvilKOTIKmv6OQKUoMH1uCiWL2VkSGWGFibEIlG4K3+PIyaZ3XPLfm3V9U6td5HEU4gmOoggeXUIdbaEATCIzgGV7hzZHOi/PufMxbC04+cwh/4Hz+AAnujrQ=</latexit><latexit sha1_base64="1zqyrZj7O+u7aWeK8Ie5xYVugUE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahHiy7Iuix6MWbFe0HtEvJZrNtaDYbkqxQlv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL5CcaeO6305hZXVtfaO4Wdra3tndK+8ftHSSKkKbJOGJ6gRYU84EbRpmOO1IRXEccNoORjdTv/1ElWaJeDRjSf0YDwSLGMHGSu2Hu2p4Jk/75Ypbc2dAy8TLSQVyNPrlr16YkDSmwhCOte56rjR+hpVhhNNJqZdqKjEZ4QHtWipwTLWfzc6doBOrhChKlC1h0Ez9PZHhWOtxHNjOGJuhXvSm4n9eNzXRlZ8xIVNDBZkvilKOTIKmv6OQKUoMH1uCiWL2VkSGWGFibEIlG4K3+PIyaZ3XPLfm3V9U6td5HEU4gmOoggeXUIdbaEATCIzgGV7hzZHOi/PufMxbC04+cwh/4Hz+AAnujrQ=</latexit>

Completeness:

NEWTON-CARTAN SUBMANIFOLDS



Can one just pullback using  
background structures                                   to get an induced NC geometry?

uµ
a = @aX

µ
<latexit sha1_base64="EUTgDxu6Tbr4aMO4u6GhVBxo7pY=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0I1QdOOygn1AE8PNdNIOnUzCzEQooeDGX3HjQhG3/oQ7/8ZJ24W2HrhwOOfemXtPmHKmtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqSSThDZJwhPZCUFRzgRtaqY57aSSQhxy2g6H14XffqBSsUTc6VFK/Rj6gkWMgDZSYB/k2b0XZ+MALr0UpGbAA8CdQgvsqlNzJsCLxJ2RKpqhEdhfXi8hWUyFJhyU6rpOqv28eJVwOq54maIpkCH0addQATFVfj65YYyPjdLDUSJNCY0n6u+JHGKlRnFoOmPQAzXvFeJ/XjfT0YWfM5Fmmgoy/SjKONYJLgLBPSYp0XxkCBDJzK6YDEAC0Sa2ignBnT95kbROa65Tc2/PqvWrWRxldIiO0Aly0TmqoxvUQE1E0CN6Rq/ozXqyXqx362PaWrJmM/voD6zPHyadl9I=</latexit><latexit sha1_base64="EUTgDxu6Tbr4aMO4u6GhVBxo7pY=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0I1QdOOygn1AE8PNdNIOnUzCzEQooeDGX3HjQhG3/oQ7/8ZJ24W2HrhwOOfemXtPmHKmtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqSSThDZJwhPZCUFRzgRtaqY57aSSQhxy2g6H14XffqBSsUTc6VFK/Rj6gkWMgDZSYB/k2b0XZ+MALr0UpGbAA8CdQgvsqlNzJsCLxJ2RKpqhEdhfXi8hWUyFJhyU6rpOqv28eJVwOq54maIpkCH0addQATFVfj65YYyPjdLDUSJNCY0n6u+JHGKlRnFoOmPQAzXvFeJ/XjfT0YWfM5Fmmgoy/SjKONYJLgLBPSYp0XxkCBDJzK6YDEAC0Sa2ignBnT95kbROa65Tc2/PqvWrWRxldIiO0Aly0TmqoxvUQE1E0CN6Rq/ozXqyXqx362PaWrJmM/voD6zPHyadl9I=</latexit><latexit sha1_base64="EUTgDxu6Tbr4aMO4u6GhVBxo7pY=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0I1QdOOygn1AE8PNdNIOnUzCzEQooeDGX3HjQhG3/oQ7/8ZJ24W2HrhwOOfemXtPmHKmtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqSSThDZJwhPZCUFRzgRtaqY57aSSQhxy2g6H14XffqBSsUTc6VFK/Rj6gkWMgDZSYB/k2b0XZ+MALr0UpGbAA8CdQgvsqlNzJsCLxJ2RKpqhEdhfXi8hWUyFJhyU6rpOqv28eJVwOq54maIpkCH0addQATFVfj65YYyPjdLDUSJNCY0n6u+JHGKlRnFoOmPQAzXvFeJ/XjfT0YWfM5Fmmgoy/SjKONYJLgLBPSYp0XxkCBDJzK6YDEAC0Sa2ignBnT95kbROa65Tc2/PqvWrWRxldIiO0Aly0TmqoxvUQE1E0CN6Rq/ozXqyXqx362PaWrJmM/voD6zPHyadl9I=</latexit><latexit sha1_base64="EUTgDxu6Tbr4aMO4u6GhVBxo7pY=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0I1QdOOygn1AE8PNdNIOnUzCzEQooeDGX3HjQhG3/oQ7/8ZJ24W2HrhwOOfemXtPmHKmtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqSSThDZJwhPZCUFRzgRtaqY57aSSQhxy2g6H14XffqBSsUTc6VFK/Rj6gkWMgDZSYB/k2b0XZ+MALr0UpGbAA8CdQgvsqlNzJsCLxJ2RKpqhEdhfXi8hWUyFJhyU6rpOqv28eJVwOq54maIpkCH0addQATFVfj65YYyPjdLDUSJNCY0n6u+JHGKlRnFoOmPQAzXvFeJ/XjfT0YWfM5Fmmgoy/SjKONYJLgLBPSYp0XxkCBDJzK6YDEAC0Sa2ignBnT95kbROa65Tc2/PqvWrWRxldIiO0Aly0TmqoxvUQE1E0CN6Rq/ozXqyXqx362PaWrJmM/voD6zPHyadl9I=</latexit>

⌧µ, hµ⌫ ,mµ, v
µ, hµ⌫

<latexit sha1_base64="MppvViXuOlwelWcfy2Xno4ujoJY=">AAACF3icbVDLSgMxFM34rPU16tJNsAguSpkRQZdFNy4r2Ad02iGTpm1okhnyKJShf+HGX3HjQhG3uvNvTDsjaOuByz2ccy/JPVHCqNKe9+WsrK6tb2wWtorbO7t7++7BYUPFRmJSxzGLZStCijAqSF1TzUgrkQTxiJFmNLqZ+c0xkYrG4l5PEtLhaCBon2KkrRS6lUAjEwbclOEwTG0PhJmWIc+kcTdzuj9O6Ja8ijcHXCZ+TkogRy10P4NejA0nQmOGlGr7XqI7KZKaYkamxcAokiA8QgPStlQgTlQnnd81hadW6cF+LG0JDefq740UcaUmPLKTHOmhWvRm4n9e2+j+VSelIjGaCJw91DcM6hjOQoI9KgnWbGIJwpLav0I8RBJhbaMs2hD8xZOXSeO84nsV/+6iVL3O4yiAY3ACzoAPLkEV3IIaqAMMHsATeAGvzqPz7Lw579noipPvHIE/cD6+AXsTn30=</latexit><latexit sha1_base64="MppvViXuOlwelWcfy2Xno4ujoJY=">AAACF3icbVDLSgMxFM34rPU16tJNsAguSpkRQZdFNy4r2Ad02iGTpm1okhnyKJShf+HGX3HjQhG3uvNvTDsjaOuByz2ccy/JPVHCqNKe9+WsrK6tb2wWtorbO7t7++7BYUPFRmJSxzGLZStCijAqSF1TzUgrkQTxiJFmNLqZ+c0xkYrG4l5PEtLhaCBon2KkrRS6lUAjEwbclOEwTG0PhJmWIc+kcTdzuj9O6Ja8ijcHXCZ+TkogRy10P4NejA0nQmOGlGr7XqI7KZKaYkamxcAokiA8QgPStlQgTlQnnd81hadW6cF+LG0JDefq740UcaUmPLKTHOmhWvRm4n9e2+j+VSelIjGaCJw91DcM6hjOQoI9KgnWbGIJwpLav0I8RBJhbaMs2hD8xZOXSeO84nsV/+6iVL3O4yiAY3ACzoAPLkEV3IIaqAMMHsATeAGvzqPz7Lw579noipPvHIE/cD6+AXsTn30=</latexit><latexit sha1_base64="MppvViXuOlwelWcfy2Xno4ujoJY=">AAACF3icbVDLSgMxFM34rPU16tJNsAguSpkRQZdFNy4r2Ad02iGTpm1okhnyKJShf+HGX3HjQhG3uvNvTDsjaOuByz2ccy/JPVHCqNKe9+WsrK6tb2wWtorbO7t7++7BYUPFRmJSxzGLZStCijAqSF1TzUgrkQTxiJFmNLqZ+c0xkYrG4l5PEtLhaCBon2KkrRS6lUAjEwbclOEwTG0PhJmWIc+kcTdzuj9O6Ja8ijcHXCZ+TkogRy10P4NejA0nQmOGlGr7XqI7KZKaYkamxcAokiA8QgPStlQgTlQnnd81hadW6cF+LG0JDefq740UcaUmPLKTHOmhWvRm4n9e2+j+VSelIjGaCJw91DcM6hjOQoI9KgnWbGIJwpLav0I8RBJhbaMs2hD8xZOXSeO84nsV/+6iVL3O4yiAY3ACzoAPLkEV3IIaqAMMHsATeAGvzqPz7Lw579noipPvHIE/cD6+AXsTn30=</latexit><latexit sha1_base64="MppvViXuOlwelWcfy2Xno4ujoJY=">AAACF3icbVDLSgMxFM34rPU16tJNsAguSpkRQZdFNy4r2Ad02iGTpm1okhnyKJShf+HGX3HjQhG3uvNvTDsjaOuByz2ccy/JPVHCqNKe9+WsrK6tb2wWtorbO7t7++7BYUPFRmJSxzGLZStCijAqSF1TzUgrkQTxiJFmNLqZ+c0xkYrG4l5PEtLhaCBon2KkrRS6lUAjEwbclOEwTG0PhJmWIc+kcTdzuj9O6Ja8ijcHXCZ+TkogRy10P4NejA0nQmOGlGr7XqI7KZKaYkamxcAokiA8QgPStlQgTlQnnd81hadW6cF+LG0JDefq740UcaUmPLKTHOmhWvRm4n9e2+j+VSelIjGaCJw91DcM6hjOQoI9KgnWbGIJwpLav0I8RBJhbaMs2hD8xZOXSeO84nsV/+6iVL3O4yiAY3ACzoAPLkEV3IIaqAMMHsATeAGvzqPz7Lw579noipPvHIE/cD6+AXsTn30=</latexit>

Focus on timelike submanifolds

This implies that:
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Basic building blocks for the induced geometry:

, vI
<latexit sha1_base64="PpApQRSP3F1wSa7lyF/d293YYOc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBg5RdEfRY9KK3CvYD2rVk02wbm02WJFsoS/sbvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oK5logitEcmlagZYU84ErRlmOG3GiuIo4LQRDG6mfmNIlWZSPJhRTP0I9wQLGcHGSvWzyWT4eNcpltyyOwNaJl5GSpCh2il+tbuSJBEVhnCsdctzY+OnWBlGOB0X2ommMSYD3KMtSwWOqPbT2bVjdGKVLgqlsiUMmqm/J1IcaT2KAtsZYdPXi95U/M9rJSa88lMm4sRQQeaLwoQjI9H0ddRlihLDR5Zgopi9FZE+VpgYG1DBhuAtvrxM6udlzy179xelynUWRx6O4BhOwYNLqMAtVKEGBJ7gGV7hzZHOi/PufMxbc042cwh/4Hz+AF9Jjvs=</latexit><latexit sha1_base64="PpApQRSP3F1wSa7lyF/d293YYOc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBg5RdEfRY9KK3CvYD2rVk02wbm02WJFsoS/sbvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oK5logitEcmlagZYU84ErRlmOG3GiuIo4LQRDG6mfmNIlWZSPJhRTP0I9wQLGcHGSvWzyWT4eNcpltyyOwNaJl5GSpCh2il+tbuSJBEVhnCsdctzY+OnWBlGOB0X2ommMSYD3KMtSwWOqPbT2bVjdGKVLgqlsiUMmqm/J1IcaT2KAtsZYdPXi95U/M9rJSa88lMm4sRQQeaLwoQjI9H0ddRlihLDR5Zgopi9FZE+VpgYG1DBhuAtvrxM6udlzy179xelynUWRx6O4BhOwYNLqMAtVKEGBJ7gGV7hzZHOi/PufMxbc042cwh/4Hz+AF9Jjvs=</latexit><latexit sha1_base64="PpApQRSP3F1wSa7lyF/d293YYOc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBg5RdEfRY9KK3CvYD2rVk02wbm02WJFsoS/sbvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oK5logitEcmlagZYU84ErRlmOG3GiuIo4LQRDG6mfmNIlWZSPJhRTP0I9wQLGcHGSvWzyWT4eNcpltyyOwNaJl5GSpCh2il+tbuSJBEVhnCsdctzY+OnWBlGOB0X2ommMSYD3KMtSwWOqPbT2bVjdGKVLgqlsiUMmqm/J1IcaT2KAtsZYdPXi95U/M9rJSa88lMm4sRQQeaLwoQjI9H0ddRlihLDR5Zgopi9FZE+VpgYG1DBhuAtvrxM6udlzy179xelynUWRx6O4BhOwYNLqMAtVKEGBJ7gGV7hzZHOi/PufMxbc042cwh/4Hz+AF9Jjvs=</latexit><latexit sha1_base64="PpApQRSP3F1wSa7lyF/d293YYOc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBg5RdEfRY9KK3CvYD2rVk02wbm02WJFsoS/sbvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oK5logitEcmlagZYU84ErRlmOG3GiuIo4LQRDG6mfmNIlWZSPJhRTP0I9wQLGcHGSvWzyWT4eNcpltyyOwNaJl5GSpCh2il+tbuSJBEVhnCsdctzY+OnWBlGOB0X2ommMSYD3KMtSwWOqPbT2bVjdGKVLgqlsiUMmqm/J1IcaT2KAtsZYdPXi95U/M9rJSa88lMm4sRQQeaLwoQjI9H0ddRlihLDR5Zgopi9FZE+VpgYG1DBhuAtvrxM6udlzy179xelynUWRx6O4BhOwYNLqMAtVKEGBJ7gGV7hzZHOi/PufMxbc042cwh/4Hz+AF9Jjvs=</latexit>

The background satisfies: vµhµ⌫ = 0
<latexit sha1_base64="tLF/6aj1SIq2RQFz5X1znKvODc8=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqsyIoBuh6MZlBfuAdhwyaaYNTTJDHsUyzK+4caGIW3/EnX9j2s5CWw9c7uGce8nNiVJGlfa8b6e0tr6xuVXeruzs7u0fuIfVtkqMxKSFE5bIboQUYVSQlqaakW4qCeIRI51ofDvzOxMiFU3Eg56mJOBoKGhMMdJWCt3q5LHPDRyFmW19YfJrL3RrXt2bA64SvyA1UKAZul/9QYINJ0JjhpTq+V6qgwxJTTEjeaVvFEkRHqMh6VkqECcqyOa35/DUKgMYJ9KW0HCu/t7IEFdqyiM7yZEeqWVvJv7n9YyOr4KMitRoIvDiodgwqBM4CwIOqCRYs6klCEtqb4V4hCTC2sZVsSH4y19eJe3zuu/V/fuLWuOmiKMMjsEJOAM+uAQNcAeaoAUweALP4BW8Obnz4rw7H4vRklPsHIE/cD5/AL0DlDo=</latexit><latexit sha1_base64="tLF/6aj1SIq2RQFz5X1znKvODc8=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqsyIoBuh6MZlBfuAdhwyaaYNTTJDHsUyzK+4caGIW3/EnX9j2s5CWw9c7uGce8nNiVJGlfa8b6e0tr6xuVXeruzs7u0fuIfVtkqMxKSFE5bIboQUYVSQlqaakW4qCeIRI51ofDvzOxMiFU3Eg56mJOBoKGhMMdJWCt3q5LHPDRyFmW19YfJrL3RrXt2bA64SvyA1UKAZul/9QYINJ0JjhpTq+V6qgwxJTTEjeaVvFEkRHqMh6VkqECcqyOa35/DUKgMYJ9KW0HCu/t7IEFdqyiM7yZEeqWVvJv7n9YyOr4KMitRoIvDiodgwqBM4CwIOqCRYs6klCEtqb4V4hCTC2sZVsSH4y19eJe3zuu/V/fuLWuOmiKMMjsEJOAM+uAQNcAeaoAUweALP4BW8Obnz4rw7H4vRklPsHIE/cD5/AL0DlDo=</latexit><latexit sha1_base64="tLF/6aj1SIq2RQFz5X1znKvODc8=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqsyIoBuh6MZlBfuAdhwyaaYNTTJDHsUyzK+4caGIW3/EnX9j2s5CWw9c7uGce8nNiVJGlfa8b6e0tr6xuVXeruzs7u0fuIfVtkqMxKSFE5bIboQUYVSQlqaakW4qCeIRI51ofDvzOxMiFU3Eg56mJOBoKGhMMdJWCt3q5LHPDRyFmW19YfJrL3RrXt2bA64SvyA1UKAZul/9QYINJ0JjhpTq+V6qgwxJTTEjeaVvFEkRHqMh6VkqECcqyOa35/DUKgMYJ9KW0HCu/t7IEFdqyiM7yZEeqWVvJv7n9YyOr4KMitRoIvDiodgwqBM4CwIOqCRYs6klCEtqb4V4hCTC2sZVsSH4y19eJe3zuu/V/fuLWuOmiKMMjsEJOAM+uAQNcAeaoAUweALP4BW8Obnz4rw7H4vRklPsHIE/cD5/AL0DlDo=</latexit><latexit sha1_base64="tLF/6aj1SIq2RQFz5X1znKvODc8=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqsyIoBuh6MZlBfuAdhwyaaYNTTJDHsUyzK+4caGIW3/EnX9j2s5CWw9c7uGce8nNiVJGlfa8b6e0tr6xuVXeruzs7u0fuIfVtkqMxKSFE5bIboQUYVSQlqaakW4qCeIRI51ofDvzOxMiFU3Eg56mJOBoKGhMMdJWCt3q5LHPDRyFmW19YfJrL3RrXt2bA64SvyA1UKAZul/9QYINJ0JjhpTq+V6qgwxJTTEjeaVvFEkRHqMh6VkqECcqyOa35/DUKgMYJ9KW0HCu/t7IEFdqyiM7yZEeqWVvJv7n9YyOr4KMitRoIvDiodgwqBM4CwIOqCRYs6klCEtqb4V4hCTC2sZVsSH4y19eJe3zuu/V/fuLWuOmiKMMjsEJOAM+uAQNcAeaoAUweALP4BW8Obnz4rw7H4vRklPsHIE/cD5/AL0DlDo=</latexit>

But the induced structure does not:

Need to define:
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Can introduce boost invariants in which case the building blocks are:

Defined as:

Transformations:
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Induced geometry:

Weingarten identities:

Extrinsic curvature:

Spin connection:
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Codazzi-Mainardi:

Gauss-Codazzi:

Ricci-Voss:

Integrability conditions.
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Embedding map variations:

NEWTON-CARTAN SUBMANIFOLDS

Details:



Effective action:

Gauge invariance:

Momentum conservation:

Dynamics:

NEWTON-CARTAN SUBMANIFOLDS



NEWTON-CARTAN GEOMETRY

Consider the flat geometry: ⌧µ = �0µ , hµ⌫ = �ij , mµ = @µM
<latexit sha1_base64="ZcuXhK0+ibDs8of9B/SoVMicBxc="></latexit><latexit sha1_base64="ZcuXhK0+ibDs8of9B/SoVMicBxc="></latexit><latexit sha1_base64="ZcuXhK0+ibDs8of9B/SoVMicBxc="></latexit><latexit sha1_base64="ZcuXhK0+ibDs8of9B/SoVMicBxc="></latexit>

u0 = 1 , ui = vi
<latexit sha1_base64="LvXs2iCPIzyWIQcqKBhbV1tuQTw=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN8EiuJCSiKCbQtGNywr2Am1aJtNJO3QyCTOTQgkJvoobF4q49Tnc+TZO2yy09YeBj/+cwznzexGjUtn2t7Gyura+sVnYKm7v7O7tmweHDRnGApM6DlkoWh6ShFFO6ooqRlqRICjwGGl6o7tpvTkmQtKQP6pJRNwADTj1KUZKWz3zOO4mdlpxsuwiyzTTtDLu0p5Zssv2TNYyODmUIFetZ351+iGOA8IVZkjKtmNHyk2QUBQzkhY7sSQRwiM0IG2NHAVEusns/NQ6007f8kOhH1fWzP09kaBAykng6c4AqaFcrE3N/2rtWPk3bkJ5FCvC8XyRHzNLhdY0C6tPBcGKTTQgLKi+1cJDJBBWOrGiDsFZ/PIyNC7Ljl12Hq5K1ds8jgKcwCmcgwPXUIV7qEEdMCTwDK/wZjwZL8a78TFvXTHymSP4I+PzB1cflbg=</latexit><latexit sha1_base64="LvXs2iCPIzyWIQcqKBhbV1tuQTw=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN8EiuJCSiKCbQtGNywr2Am1aJtNJO3QyCTOTQgkJvoobF4q49Tnc+TZO2yy09YeBj/+cwznzexGjUtn2t7Gyura+sVnYKm7v7O7tmweHDRnGApM6DlkoWh6ShFFO6ooqRlqRICjwGGl6o7tpvTkmQtKQP6pJRNwADTj1KUZKWz3zOO4mdlpxsuwiyzTTtDLu0p5Zssv2TNYyODmUIFetZ351+iGOA8IVZkjKtmNHyk2QUBQzkhY7sSQRwiM0IG2NHAVEusns/NQ6007f8kOhH1fWzP09kaBAykng6c4AqaFcrE3N/2rtWPk3bkJ5FCvC8XyRHzNLhdY0C6tPBcGKTTQgLKi+1cJDJBBWOrGiDsFZ/PIyNC7Ljl12Hq5K1ds8jgKcwCmcgwPXUIV7qEEdMCTwDK/wZjwZL8a78TFvXTHymSP4I+PzB1cflbg=</latexit><latexit sha1_base64="LvXs2iCPIzyWIQcqKBhbV1tuQTw=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN8EiuJCSiKCbQtGNywr2Am1aJtNJO3QyCTOTQgkJvoobF4q49Tnc+TZO2yy09YeBj/+cwznzexGjUtn2t7Gyura+sVnYKm7v7O7tmweHDRnGApM6DlkoWh6ShFFO6ooqRlqRICjwGGl6o7tpvTkmQtKQP6pJRNwADTj1KUZKWz3zOO4mdlpxsuwiyzTTtDLu0p5Zssv2TNYyODmUIFetZ351+iGOA8IVZkjKtmNHyk2QUBQzkhY7sSQRwiM0IG2NHAVEusns/NQ6007f8kOhH1fWzP09kaBAykng6c4AqaFcrE3N/2rtWPk3bkJ5FCvC8XyRHzNLhdY0C6tPBcGKTTQgLKi+1cJDJBBWOrGiDsFZ/PIyNC7Ljl12Hq5K1ds8jgKcwCmcgwPXUIV7qEEdMCTwDK/wZjwZL8a78TFvXTHymSP4I+PzB1cflbg=</latexit><latexit sha1_base64="LvXs2iCPIzyWIQcqKBhbV1tuQTw=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN8EiuJCSiKCbQtGNywr2Am1aJtNJO3QyCTOTQgkJvoobF4q49Tnc+TZO2yy09YeBj/+cwznzexGjUtn2t7Gyura+sVnYKm7v7O7tmweHDRnGApM6DlkoWh6ShFFO6ooqRlqRICjwGGl6o7tpvTkmQtKQP6pJRNwADTj1KUZKWz3zOO4mdlpxsuwiyzTTtDLu0p5Zssv2TNYyODmUIFetZ351+iGOA8IVZkjKtmNHyk2QUBQzkhY7sSQRwiM0IG2NHAVEusns/NQ6007f8kOhH1fWzP09kaBAykng6c4AqaFcrE3N/2rtWPk3bkJ5FCvC8XyRHzNLhdY0C6tPBcGKTTQgLKi+1cJDJBBWOrGiDsFZ/PIyNC7Ljl12Hq5K1ds8jgKcwCmcgwPXUIV7qEEdMCTwDK/wZjwZL8a78TFvXTHymSP4I+PzB1cflbg=</latexit>

Then you have the equations: @µT
µ
⌫ = 0 , @µT

µ = 0
<latexit sha1_base64="x/j+r2kWNtR22eSVWMQ1C1XflC0=">AAACIHicbVDLSgMxFM3UV62vUZdugkVwIWVGhLoRim5cVugLOu2QSdM2NJMZ8hDK0PkTN/6KGxeK6E6/xkzbhW29kORwzrlJ7gliRqVynG8rt7a+sbmV3y7s7O7tH9iHRw0ZaYFJHUcsEq0AScIoJ3VFFSOtWBAUBow0g9FdpjcfiZA04jU1jkknRANO+xQjZSjfLnsxEooi5nuhhkmtm5hzMvE9rm+cNL1I0wVDrWv2TPDtolNypgVXgTsHRTCvqm9/eb0I65BwhRmSsu06seok2d2YkUnB05LECI/QgLQN5CgkspNMB5zAM8P0YD8SZnEFp+zfjgSFUo7DwDhDpIZyWcvI/7S2Vv3rTkJ5rBXhePZQXzOoIpilBXtUEKzY2ACEBTV/hXiIBMLKZFowIbjLI6+CxmXJdUruw1WxcjuPIw9OwCk4By4ogwq4B1VQBxg8gRfwBt6tZ+vV+rA+Z9acNe85Bgtl/fwCUfGkRQ==</latexit><latexit sha1_base64="x/j+r2kWNtR22eSVWMQ1C1XflC0=">AAACIHicbVDLSgMxFM3UV62vUZdugkVwIWVGhLoRim5cVugLOu2QSdM2NJMZ8hDK0PkTN/6KGxeK6E6/xkzbhW29kORwzrlJ7gliRqVynG8rt7a+sbmV3y7s7O7tH9iHRw0ZaYFJHUcsEq0AScIoJ3VFFSOtWBAUBow0g9FdpjcfiZA04jU1jkknRANO+xQjZSjfLnsxEooi5nuhhkmtm5hzMvE9rm+cNL1I0wVDrWv2TPDtolNypgVXgTsHRTCvqm9/eb0I65BwhRmSsu06seok2d2YkUnB05LECI/QgLQN5CgkspNMB5zAM8P0YD8SZnEFp+zfjgSFUo7DwDhDpIZyWcvI/7S2Vv3rTkJ5rBXhePZQXzOoIpilBXtUEKzY2ACEBTV/hXiIBMLKZFowIbjLI6+CxmXJdUruw1WxcjuPIw9OwCk4By4ogwq4B1VQBxg8gRfwBt6tZ+vV+rA+Z9acNe85Bgtl/fwCUfGkRQ==</latexit><latexit sha1_base64="x/j+r2kWNtR22eSVWMQ1C1XflC0=">AAACIHicbVDLSgMxFM3UV62vUZdugkVwIWVGhLoRim5cVugLOu2QSdM2NJMZ8hDK0PkTN/6KGxeK6E6/xkzbhW29kORwzrlJ7gliRqVynG8rt7a+sbmV3y7s7O7tH9iHRw0ZaYFJHUcsEq0AScIoJ3VFFSOtWBAUBow0g9FdpjcfiZA04jU1jkknRANO+xQjZSjfLnsxEooi5nuhhkmtm5hzMvE9rm+cNL1I0wVDrWv2TPDtolNypgVXgTsHRTCvqm9/eb0I65BwhRmSsu06seok2d2YkUnB05LECI/QgLQN5CgkspNMB5zAM8P0YD8SZnEFp+zfjgSFUo7DwDhDpIZyWcvI/7S2Vv3rTkJ5rBXhePZQXzOoIpilBXtUEKzY2ACEBTV/hXiIBMLKZFowIbjLI6+CxmXJdUruw1WxcjuPIw9OwCk4By4ogwq4B1VQBxg8gRfwBt6tZ+vV+rA+Z9acNe85Bgtl/fwCUfGkRQ==</latexit><latexit sha1_base64="x/j+r2kWNtR22eSVWMQ1C1XflC0=">AAACIHicbVDLSgMxFM3UV62vUZdugkVwIWVGhLoRim5cVugLOu2QSdM2NJMZ8hDK0PkTN/6KGxeK6E6/xkzbhW29kORwzrlJ7gliRqVynG8rt7a+sbmV3y7s7O7tH9iHRw0ZaYFJHUcsEq0AScIoJ3VFFSOtWBAUBow0g9FdpjcfiZA04jU1jkknRANO+xQjZSjfLnsxEooi5nuhhkmtm5hzMvE9rm+cNL1I0wVDrWv2TPDtolNypgVXgTsHRTCvqm9/eb0I65BwhRmSsu06seok2d2YkUnB05LECI/QgLQN5CgkspNMB5zAM8P0YD8SZnEFp+zfjgSFUo7DwDhDpIZyWcvI/7S2Vv3rTkJ5rBXhePZQXzOoIpilBXtUEKzY2ACEBTV/hXiIBMLKZFowIbjLI6+CxmXJdUruw1WxcjuPIw9OwCk4By4ogwq4B1VQBxg8gRfwBt6tZ+vV+rA+Z9acNe85Bgtl/fwCUfGkRQ==</latexit>

Reducing to:

0 = @µT
µ
j =

<latexit sha1_base64="0GbUjtpB+GFUlXKDB8yI02v18uM=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJUZEXRTKLpxWaEv6IxDJs20sUlmSDJCGerGX3HjQhG3/oU7/8ZMOwutHkg4nHPvTe4JE0aVdpwvq7S0vLK6Vl6vbGxube/Yu3sdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxVe5374lUNBYtPUmIz9FQ0IhipI0U2AdO3UuQ1BSxwONp1ro19zS4qwd21ak5M8C/xC1IFRRoBvanN4hxyonQmCGl+q6TaD/LZ2NGphUvVSRBeIyGpG+oQJwoP5ttMIXHRhnAKJbmCA1n6s+ODHGlJjw0lRzpkVr0cvE/r5/q6MLPqEhSTQSePxSlDOoY5nHAAZUEazYxBGFJzV8hHiGJsDahVUwI7uLKf0nntOY6NffmrNq4LOIog0NwBE6AC85BA1yDJmgDDB7AE3gBr9aj9Wy9We/z0pJV9OyDX7A+vgFqvpbc</latexit><latexit sha1_base64="0GbUjtpB+GFUlXKDB8yI02v18uM=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJUZEXRTKLpxWaEv6IxDJs20sUlmSDJCGerGX3HjQhG3/oU7/8ZMOwutHkg4nHPvTe4JE0aVdpwvq7S0vLK6Vl6vbGxube/Yu3sdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxVe5374lUNBYtPUmIz9FQ0IhipI0U2AdO3UuQ1BSxwONp1ro19zS4qwd21ak5M8C/xC1IFRRoBvanN4hxyonQmCGl+q6TaD/LZ2NGphUvVSRBeIyGpG+oQJwoP5ttMIXHRhnAKJbmCA1n6s+ODHGlJjw0lRzpkVr0cvE/r5/q6MLPqEhSTQSePxSlDOoY5nHAAZUEazYxBGFJzV8hHiGJsDahVUwI7uLKf0nntOY6NffmrNq4LOIog0NwBE6AC85BA1yDJmgDDB7AE3gBr9aj9Wy9We/z0pJV9OyDX7A+vgFqvpbc</latexit><latexit sha1_base64="0GbUjtpB+GFUlXKDB8yI02v18uM=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJUZEXRTKLpxWaEv6IxDJs20sUlmSDJCGerGX3HjQhG3/oU7/8ZMOwutHkg4nHPvTe4JE0aVdpwvq7S0vLK6Vl6vbGxube/Yu3sdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxVe5374lUNBYtPUmIz9FQ0IhipI0U2AdO3UuQ1BSxwONp1ro19zS4qwd21ak5M8C/xC1IFRRoBvanN4hxyonQmCGl+q6TaD/LZ2NGphUvVSRBeIyGpG+oQJwoP5ttMIXHRhnAKJbmCA1n6s+ODHGlJjw0lRzpkVr0cvE/r5/q6MLPqEhSTQSePxSlDOoY5nHAAZUEazYxBGFJzV8hHiGJsDahVUwI7uLKf0nntOY6NffmrNq4LOIog0NwBE6AC85BA1yDJmgDDB7AE3gBr9aj9Wy9We/z0pJV9OyDX7A+vgFqvpbc</latexit><latexit sha1_base64="0GbUjtpB+GFUlXKDB8yI02v18uM=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJUZEXRTKLpxWaEv6IxDJs20sUlmSDJCGerGX3HjQhG3/oU7/8ZMOwutHkg4nHPvTe4JE0aVdpwvq7S0vLK6Vl6vbGxube/Yu3sdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxVe5374lUNBYtPUmIz9FQ0IhipI0U2AdO3UuQ1BSxwONp1ro19zS4qwd21ak5M8C/xC1IFRRoBvanN4hxyonQmCGl+q6TaD/LZ2NGphUvVSRBeIyGpG+oQJwoP5ttMIXHRhnAKJbmCA1n6s+ODHGlJjw0lRzpkVr0cvE/r5/q6MLPqEhSTQSePxSlDOoY5nHAAZUEazYxBGFJzV8hHiGJsDahVUwI7uLKf0nntOY6NffmrNq4LOIog0NwBE6AC85BA1yDJmgDDB7AE3gBr9aj9Wy9We/z0pJV9OyDX7A+vgFqvpbc</latexit>

0 = @µT
µ = (@t + vi@i)⇢+ ⇢@iv

i
<latexit sha1_base64="vtXrtnov68BxnfsFSX48YvCN4LM=">AAACMHicbVDLSgMxFM34rPU16tJNsAiVQpkRQTeFogtdVugLOtMhk2ba0MyDJFMoQz/JjZ+iGwVF3PoVZtqhauuFXE7OPfcm97gRo0Iaxqu2srq2vrGZ28pv7+zu7esHh00RxhyTBg5ZyNsuEoTRgDQklYy0I06Q7zLScoc3ab01IlzQMKjLcURsH/UD6lGMpKIc/daoWBHikiLmWH4M612VK8U5J0ujLp3f6JnFB2EpTfCHhEri6AWjbEwDLgMzAwWQRc3Rn6xeiGOfBBIzJETHNCJpJ+lMzMgkb8WCRAgPUZ90FAyQT4SdTBeewFPF9KAXcnUCCafs744E+UKMfVcpfSQHYrGWkv/VOrH0ruyEBlEsSYBnD3kxgzKEqXuwRznBko0VQJhT9VeIB4gjLJXHeWWCubjyMmiel02jbN5fFKrXmR05cAxOQBGY4BJUwR2ogQbA4AE8gzfwrj1qL9qH9jmTrmhZzxH4E9rXN6xBqfo=</latexit><latexit sha1_base64="vtXrtnov68BxnfsFSX48YvCN4LM=">AAACMHicbVDLSgMxFM34rPU16tJNsAiVQpkRQTeFogtdVugLOtMhk2ba0MyDJFMoQz/JjZ+iGwVF3PoVZtqhauuFXE7OPfcm97gRo0Iaxqu2srq2vrGZ28pv7+zu7esHh00RxhyTBg5ZyNsuEoTRgDQklYy0I06Q7zLScoc3ab01IlzQMKjLcURsH/UD6lGMpKIc/daoWBHikiLmWH4M612VK8U5J0ujLp3f6JnFB2EpTfCHhEri6AWjbEwDLgMzAwWQRc3Rn6xeiGOfBBIzJETHNCJpJ+lMzMgkb8WCRAgPUZ90FAyQT4SdTBeewFPF9KAXcnUCCafs744E+UKMfVcpfSQHYrGWkv/VOrH0ruyEBlEsSYBnD3kxgzKEqXuwRznBko0VQJhT9VeIB4gjLJXHeWWCubjyMmiel02jbN5fFKrXmR05cAxOQBGY4BJUwR2ogQbA4AE8gzfwrj1qL9qH9jmTrmhZzxH4E9rXN6xBqfo=</latexit><latexit sha1_base64="vtXrtnov68BxnfsFSX48YvCN4LM=">AAACMHicbVDLSgMxFM34rPU16tJNsAiVQpkRQTeFogtdVugLOtMhk2ba0MyDJFMoQz/JjZ+iGwVF3PoVZtqhauuFXE7OPfcm97gRo0Iaxqu2srq2vrGZ28pv7+zu7esHh00RxhyTBg5ZyNsuEoTRgDQklYy0I06Q7zLScoc3ab01IlzQMKjLcURsH/UD6lGMpKIc/daoWBHikiLmWH4M612VK8U5J0ujLp3f6JnFB2EpTfCHhEri6AWjbEwDLgMzAwWQRc3Rn6xeiGOfBBIzJETHNCJpJ+lMzMgkb8WCRAgPUZ90FAyQT4SdTBeewFPF9KAXcnUCCafs744E+UKMfVcpfSQHYrGWkv/VOrH0ruyEBlEsSYBnD3kxgzKEqXuwRznBko0VQJhT9VeIB4gjLJXHeWWCubjyMmiel02jbN5fFKrXmR05cAxOQBGY4BJUwR2ogQbA4AE8gzfwrj1qL9qH9jmTrmhZzxH4E9rXN6xBqfo=</latexit><latexit sha1_base64="vtXrtnov68BxnfsFSX48YvCN4LM=">AAACMHicbVDLSgMxFM34rPU16tJNsAiVQpkRQTeFogtdVugLOtMhk2ba0MyDJFMoQz/JjZ+iGwVF3PoVZtqhauuFXE7OPfcm97gRo0Iaxqu2srq2vrGZ28pv7+zu7esHh00RxhyTBg5ZyNsuEoTRgDQklYy0I06Q7zLScoc3ab01IlzQMKjLcURsH/UD6lGMpKIc/daoWBHikiLmWH4M612VK8U5J0ujLp3f6JnFB2EpTfCHhEri6AWjbEwDLgMzAwWQRc3Rn6xeiGOfBBIzJETHNCJpJ+lMzMgkb8WCRAgPUZ90FAyQT4SdTBeewFPF9KAXcnUCCafs744E+UKMfVcpfSQHYrGWkv/VOrH0ruyEBlEsSYBnD3kxgzKEqXuwRznBko0VQJhT9VeIB4gjLJXHeWWCubjyMmiel02jbN5fFKrXmR05cAxOQBGY4BJUwR2ogQbA4AE8gzfwrj1qL9qH9jmTrmhZzxH4E9rXN6xBqfo=</latexit>

PART III

EXAMPLES



Describing a thermal state in equilibrium:

Action on induced structure vanishes, implying:

Can define scalar boost invariants:

EXAMPLES



Simplest fluid membrane:

Thermodynamics:

Currents:

Dynamics:

EXAMPLES



Deformations:

Flat 2+1 surface:

Waves:

EXAMPLES



Droplets:

Young-Laplace law:

EXAMPLES



Generalised Helfrich energy:

Bending moment:

Original Helfrich-energy:

EXAMPLES



NEWTON-CARTAN GEOMETRY

Consider the flat geometry: ⌧µ = �0µ , hµ⌫ = �ij , mµ = @µM
<latexit sha1_base64="ZcuXhK0+ibDs8of9B/SoVMicBxc="></latexit><latexit sha1_base64="ZcuXhK0+ibDs8of9B/SoVMicBxc="></latexit><latexit sha1_base64="ZcuXhK0+ibDs8of9B/SoVMicBxc="></latexit><latexit sha1_base64="ZcuXhK0+ibDs8of9B/SoVMicBxc="></latexit>

u0 = 1 , ui = vi
<latexit sha1_base64="LvXs2iCPIzyWIQcqKBhbV1tuQTw=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN8EiuJCSiKCbQtGNywr2Am1aJtNJO3QyCTOTQgkJvoobF4q49Tnc+TZO2yy09YeBj/+cwznzexGjUtn2t7Gyura+sVnYKm7v7O7tmweHDRnGApM6DlkoWh6ShFFO6ooqRlqRICjwGGl6o7tpvTkmQtKQP6pJRNwADTj1KUZKWz3zOO4mdlpxsuwiyzTTtDLu0p5Zssv2TNYyODmUIFetZ351+iGOA8IVZkjKtmNHyk2QUBQzkhY7sSQRwiM0IG2NHAVEusns/NQ6007f8kOhH1fWzP09kaBAykng6c4AqaFcrE3N/2rtWPk3bkJ5FCvC8XyRHzNLhdY0C6tPBcGKTTQgLKi+1cJDJBBWOrGiDsFZ/PIyNC7Ljl12Hq5K1ds8jgKcwCmcgwPXUIV7qEEdMCTwDK/wZjwZL8a78TFvXTHymSP4I+PzB1cflbg=</latexit><latexit sha1_base64="LvXs2iCPIzyWIQcqKBhbV1tuQTw=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN8EiuJCSiKCbQtGNywr2Am1aJtNJO3QyCTOTQgkJvoobF4q49Tnc+TZO2yy09YeBj/+cwznzexGjUtn2t7Gyura+sVnYKm7v7O7tmweHDRnGApM6DlkoWh6ShFFO6ooqRlqRICjwGGl6o7tpvTkmQtKQP6pJRNwADTj1KUZKWz3zOO4mdlpxsuwiyzTTtDLu0p5Zssv2TNYyODmUIFetZ351+iGOA8IVZkjKtmNHyk2QUBQzkhY7sSQRwiM0IG2NHAVEusns/NQ6007f8kOhH1fWzP09kaBAykng6c4AqaFcrE3N/2rtWPk3bkJ5FCvC8XyRHzNLhdY0C6tPBcGKTTQgLKi+1cJDJBBWOrGiDsFZ/PIyNC7Ljl12Hq5K1ds8jgKcwCmcgwPXUIV7qEEdMCTwDK/wZjwZL8a78TFvXTHymSP4I+PzB1cflbg=</latexit><latexit sha1_base64="LvXs2iCPIzyWIQcqKBhbV1tuQTw=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN8EiuJCSiKCbQtGNywr2Am1aJtNJO3QyCTOTQgkJvoobF4q49Tnc+TZO2yy09YeBj/+cwznzexGjUtn2t7Gyura+sVnYKm7v7O7tmweHDRnGApM6DlkoWh6ShFFO6ooqRlqRICjwGGl6o7tpvTkmQtKQP6pJRNwADTj1KUZKWz3zOO4mdlpxsuwiyzTTtDLu0p5Zssv2TNYyODmUIFetZ351+iGOA8IVZkjKtmNHyk2QUBQzkhY7sSQRwiM0IG2NHAVEusns/NQ6007f8kOhH1fWzP09kaBAykng6c4AqaFcrE3N/2rtWPk3bkJ5FCvC8XyRHzNLhdY0C6tPBcGKTTQgLKi+1cJDJBBWOrGiDsFZ/PIyNC7Ljl12Hq5K1ds8jgKcwCmcgwPXUIV7qEEdMCTwDK/wZjwZL8a78TFvXTHymSP4I+PzB1cflbg=</latexit><latexit sha1_base64="LvXs2iCPIzyWIQcqKBhbV1tuQTw=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN8EiuJCSiKCbQtGNywr2Am1aJtNJO3QyCTOTQgkJvoobF4q49Tnc+TZO2yy09YeBj/+cwznzexGjUtn2t7Gyura+sVnYKm7v7O7tmweHDRnGApM6DlkoWh6ShFFO6ooqRlqRICjwGGl6o7tpvTkmQtKQP6pJRNwADTj1KUZKWz3zOO4mdlpxsuwiyzTTtDLu0p5Zssv2TNYyODmUIFetZ351+iGOA8IVZkjKtmNHyk2QUBQzkhY7sSQRwiM0IG2NHAVEusns/NQ6007f8kOhH1fWzP09kaBAykng6c4AqaFcrE3N/2rtWPk3bkJ5FCvC8XyRHzNLhdY0C6tPBcGKTTQgLKi+1cJDJBBWOrGiDsFZ/PIyNC7Ljl12Hq5K1ds8jgKcwCmcgwPXUIV7qEEdMCTwDK/wZjwZL8a78TFvXTHymSP4I+PzB1cflbg=</latexit>

Then you have the equations: @µT
µ
⌫ = 0 , @µT

µ = 0
<latexit sha1_base64="x/j+r2kWNtR22eSVWMQ1C1XflC0=">AAACIHicbVDLSgMxFM3UV62vUZdugkVwIWVGhLoRim5cVugLOu2QSdM2NJMZ8hDK0PkTN/6KGxeK6E6/xkzbhW29kORwzrlJ7gliRqVynG8rt7a+sbmV3y7s7O7tH9iHRw0ZaYFJHUcsEq0AScIoJ3VFFSOtWBAUBow0g9FdpjcfiZA04jU1jkknRANO+xQjZSjfLnsxEooi5nuhhkmtm5hzMvE9rm+cNL1I0wVDrWv2TPDtolNypgVXgTsHRTCvqm9/eb0I65BwhRmSsu06seok2d2YkUnB05LECI/QgLQN5CgkspNMB5zAM8P0YD8SZnEFp+zfjgSFUo7DwDhDpIZyWcvI/7S2Vv3rTkJ5rBXhePZQXzOoIpilBXtUEKzY2ACEBTV/hXiIBMLKZFowIbjLI6+CxmXJdUruw1WxcjuPIw9OwCk4By4ogwq4B1VQBxg8gRfwBt6tZ+vV+rA+Z9acNe85Bgtl/fwCUfGkRQ==</latexit><latexit sha1_base64="x/j+r2kWNtR22eSVWMQ1C1XflC0=">AAACIHicbVDLSgMxFM3UV62vUZdugkVwIWVGhLoRim5cVugLOu2QSdM2NJMZ8hDK0PkTN/6KGxeK6E6/xkzbhW29kORwzrlJ7gliRqVynG8rt7a+sbmV3y7s7O7tH9iHRw0ZaYFJHUcsEq0AScIoJ3VFFSOtWBAUBow0g9FdpjcfiZA04jU1jkknRANO+xQjZSjfLnsxEooi5nuhhkmtm5hzMvE9rm+cNL1I0wVDrWv2TPDtolNypgVXgTsHRTCvqm9/eb0I65BwhRmSsu06seok2d2YkUnB05LECI/QgLQN5CgkspNMB5zAM8P0YD8SZnEFp+zfjgSFUo7DwDhDpIZyWcvI/7S2Vv3rTkJ5rBXhePZQXzOoIpilBXtUEKzY2ACEBTV/hXiIBMLKZFowIbjLI6+CxmXJdUruw1WxcjuPIw9OwCk4By4ogwq4B1VQBxg8gRfwBt6tZ+vV+rA+Z9acNe85Bgtl/fwCUfGkRQ==</latexit><latexit sha1_base64="x/j+r2kWNtR22eSVWMQ1C1XflC0=">AAACIHicbVDLSgMxFM3UV62vUZdugkVwIWVGhLoRim5cVugLOu2QSdM2NJMZ8hDK0PkTN/6KGxeK6E6/xkzbhW29kORwzrlJ7gliRqVynG8rt7a+sbmV3y7s7O7tH9iHRw0ZaYFJHUcsEq0AScIoJ3VFFSOtWBAUBow0g9FdpjcfiZA04jU1jkknRANO+xQjZSjfLnsxEooi5nuhhkmtm5hzMvE9rm+cNL1I0wVDrWv2TPDtolNypgVXgTsHRTCvqm9/eb0I65BwhRmSsu06seok2d2YkUnB05LECI/QgLQN5CgkspNMB5zAM8P0YD8SZnEFp+zfjgSFUo7DwDhDpIZyWcvI/7S2Vv3rTkJ5rBXhePZQXzOoIpilBXtUEKzY2ACEBTV/hXiIBMLKZFowIbjLI6+CxmXJdUruw1WxcjuPIw9OwCk4By4ogwq4B1VQBxg8gRfwBt6tZ+vV+rA+Z9acNe85Bgtl/fwCUfGkRQ==</latexit><latexit sha1_base64="x/j+r2kWNtR22eSVWMQ1C1XflC0=">AAACIHicbVDLSgMxFM3UV62vUZdugkVwIWVGhLoRim5cVugLOu2QSdM2NJMZ8hDK0PkTN/6KGxeK6E6/xkzbhW29kORwzrlJ7gliRqVynG8rt7a+sbmV3y7s7O7tH9iHRw0ZaYFJHUcsEq0AScIoJ3VFFSOtWBAUBow0g9FdpjcfiZA04jU1jkknRANO+xQjZSjfLnsxEooi5nuhhkmtm5hzMvE9rm+cNL1I0wVDrWv2TPDtolNypgVXgTsHRTCvqm9/eb0I65BwhRmSsu06seok2d2YkUnB05LECI/QgLQN5CgkspNMB5zAM8P0YD8SZnEFp+zfjgSFUo7DwDhDpIZyWcvI/7S2Vv3rTkJ5rBXhePZQXzOoIpilBXtUEKzY2ACEBTV/hXiIBMLKZFowIbjLI6+CxmXJdUruw1WxcjuPIw9OwCk4By4ogwq4B1VQBxg8gRfwBt6tZ+vV+rA+Z9acNe85Bgtl/fwCUfGkRQ==</latexit>

Reducing to:

0 = @µT
µ
j =

<latexit sha1_base64="0GbUjtpB+GFUlXKDB8yI02v18uM=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJUZEXRTKLpxWaEv6IxDJs20sUlmSDJCGerGX3HjQhG3/oU7/8ZMOwutHkg4nHPvTe4JE0aVdpwvq7S0vLK6Vl6vbGxube/Yu3sdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxVe5374lUNBYtPUmIz9FQ0IhipI0U2AdO3UuQ1BSxwONp1ro19zS4qwd21ak5M8C/xC1IFRRoBvanN4hxyonQmCGl+q6TaD/LZ2NGphUvVSRBeIyGpG+oQJwoP5ttMIXHRhnAKJbmCA1n6s+ODHGlJjw0lRzpkVr0cvE/r5/q6MLPqEhSTQSePxSlDOoY5nHAAZUEazYxBGFJzV8hHiGJsDahVUwI7uLKf0nntOY6NffmrNq4LOIog0NwBE6AC85BA1yDJmgDDB7AE3gBr9aj9Wy9We/z0pJV9OyDX7A+vgFqvpbc</latexit><latexit sha1_base64="0GbUjtpB+GFUlXKDB8yI02v18uM=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJUZEXRTKLpxWaEv6IxDJs20sUlmSDJCGerGX3HjQhG3/oU7/8ZMOwutHkg4nHPvTe4JE0aVdpwvq7S0vLK6Vl6vbGxube/Yu3sdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxVe5374lUNBYtPUmIz9FQ0IhipI0U2AdO3UuQ1BSxwONp1ro19zS4qwd21ak5M8C/xC1IFRRoBvanN4hxyonQmCGl+q6TaD/LZ2NGphUvVSRBeIyGpG+oQJwoP5ttMIXHRhnAKJbmCA1n6s+ODHGlJjw0lRzpkVr0cvE/r5/q6MLPqEhSTQSePxSlDOoY5nHAAZUEazYxBGFJzV8hHiGJsDahVUwI7uLKf0nntOY6NffmrNq4LOIog0NwBE6AC85BA1yDJmgDDB7AE3gBr9aj9Wy9We/z0pJV9OyDX7A+vgFqvpbc</latexit><latexit sha1_base64="0GbUjtpB+GFUlXKDB8yI02v18uM=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJUZEXRTKLpxWaEv6IxDJs20sUlmSDJCGerGX3HjQhG3/oU7/8ZMOwutHkg4nHPvTe4JE0aVdpwvq7S0vLK6Vl6vbGxube/Yu3sdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxVe5374lUNBYtPUmIz9FQ0IhipI0U2AdO3UuQ1BSxwONp1ro19zS4qwd21ak5M8C/xC1IFRRoBvanN4hxyonQmCGl+q6TaD/LZ2NGphUvVSRBeIyGpG+oQJwoP5ttMIXHRhnAKJbmCA1n6s+ODHGlJjw0lRzpkVr0cvE/r5/q6MLPqEhSTQSePxSlDOoY5nHAAZUEazYxBGFJzV8hHiGJsDahVUwI7uLKf0nntOY6NffmrNq4LOIog0NwBE6AC85BA1yDJmgDDB7AE3gBr9aj9Wy9We/z0pJV9OyDX7A+vgFqvpbc</latexit><latexit sha1_base64="0GbUjtpB+GFUlXKDB8yI02v18uM=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJUZEXRTKLpxWaEv6IxDJs20sUlmSDJCGerGX3HjQhG3/oU7/8ZMOwutHkg4nHPvTe4JE0aVdpwvq7S0vLK6Vl6vbGxube/Yu3sdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxVe5374lUNBYtPUmIz9FQ0IhipI0U2AdO3UuQ1BSxwONp1ro19zS4qwd21ak5M8C/xC1IFRRoBvanN4hxyonQmCGl+q6TaD/LZ2NGphUvVSRBeIyGpG+oQJwoP5ttMIXHRhnAKJbmCA1n6s+ODHGlJjw0lRzpkVr0cvE/r5/q6MLPqEhSTQSePxSlDOoY5nHAAZUEazYxBGFJzV8hHiGJsDahVUwI7uLKf0nntOY6NffmrNq4LOIog0NwBE6AC85BA1yDJmgDDB7AE3gBr9aj9Wy9We/z0pJV9OyDX7A+vgFqvpbc</latexit>

0 = @µT
µ = (@t + vi@i)⇢+ ⇢@iv

i
<latexit sha1_base64="vtXrtnov68BxnfsFSX48YvCN4LM=">AAACMHicbVDLSgMxFM34rPU16tJNsAiVQpkRQTeFogtdVugLOtMhk2ba0MyDJFMoQz/JjZ+iGwVF3PoVZtqhauuFXE7OPfcm97gRo0Iaxqu2srq2vrGZ28pv7+zu7esHh00RxhyTBg5ZyNsuEoTRgDQklYy0I06Q7zLScoc3ab01IlzQMKjLcURsH/UD6lGMpKIc/daoWBHikiLmWH4M612VK8U5J0ujLp3f6JnFB2EpTfCHhEri6AWjbEwDLgMzAwWQRc3Rn6xeiGOfBBIzJETHNCJpJ+lMzMgkb8WCRAgPUZ90FAyQT4SdTBeewFPF9KAXcnUCCafs744E+UKMfVcpfSQHYrGWkv/VOrH0ruyEBlEsSYBnD3kxgzKEqXuwRznBko0VQJhT9VeIB4gjLJXHeWWCubjyMmiel02jbN5fFKrXmR05cAxOQBGY4BJUwR2ogQbA4AE8gzfwrj1qL9qH9jmTrmhZzxH4E9rXN6xBqfo=</latexit><latexit sha1_base64="vtXrtnov68BxnfsFSX48YvCN4LM=">AAACMHicbVDLSgMxFM34rPU16tJNsAiVQpkRQTeFogtdVugLOtMhk2ba0MyDJFMoQz/JjZ+iGwVF3PoVZtqhauuFXE7OPfcm97gRo0Iaxqu2srq2vrGZ28pv7+zu7esHh00RxhyTBg5ZyNsuEoTRgDQklYy0I06Q7zLScoc3ab01IlzQMKjLcURsH/UD6lGMpKIc/daoWBHikiLmWH4M612VK8U5J0ujLp3f6JnFB2EpTfCHhEri6AWjbEwDLgMzAwWQRc3Rn6xeiGOfBBIzJETHNCJpJ+lMzMgkb8WCRAgPUZ90FAyQT4SdTBeewFPF9KAXcnUCCafs744E+UKMfVcpfSQHYrGWkv/VOrH0ruyEBlEsSYBnD3kxgzKEqXuwRznBko0VQJhT9VeIB4gjLJXHeWWCubjyMmiel02jbN5fFKrXmR05cAxOQBGY4BJUwR2ogQbA4AE8gzfwrj1qL9qH9jmTrmhZzxH4E9rXN6xBqfo=</latexit><latexit sha1_base64="vtXrtnov68BxnfsFSX48YvCN4LM=">AAACMHicbVDLSgMxFM34rPU16tJNsAiVQpkRQTeFogtdVugLOtMhk2ba0MyDJFMoQz/JjZ+iGwVF3PoVZtqhauuFXE7OPfcm97gRo0Iaxqu2srq2vrGZ28pv7+zu7esHh00RxhyTBg5ZyNsuEoTRgDQklYy0I06Q7zLScoc3ab01IlzQMKjLcURsH/UD6lGMpKIc/daoWBHikiLmWH4M612VK8U5J0ujLp3f6JnFB2EpTfCHhEri6AWjbEwDLgMzAwWQRc3Rn6xeiGOfBBIzJETHNCJpJ+lMzMgkb8WCRAgPUZ90FAyQT4SdTBeewFPF9KAXcnUCCafs744E+UKMfVcpfSQHYrGWkv/VOrH0ruyEBlEsSYBnD3kxgzKEqXuwRznBko0VQJhT9VeIB4gjLJXHeWWCubjyMmiel02jbN5fFKrXmR05cAxOQBGY4BJUwR2ogQbA4AE8gzfwrj1qL9qH9jmTrmhZzxH4E9rXN6xBqfo=</latexit><latexit sha1_base64="vtXrtnov68BxnfsFSX48YvCN4LM=">AAACMHicbVDLSgMxFM34rPU16tJNsAiVQpkRQTeFogtdVugLOtMhk2ba0MyDJFMoQz/JjZ+iGwVF3PoVZtqhauuFXE7OPfcm97gRo0Iaxqu2srq2vrGZ28pv7+zu7esHh00RxhyTBg5ZyNsuEoTRgDQklYy0I06Q7zLScoc3ab01IlzQMKjLcURsH/UD6lGMpKIc/daoWBHikiLmWH4M612VK8U5J0ujLp3f6JnFB2EpTfCHhEri6AWjbEwDLgMzAwWQRc3Rn6xeiGOfBBIzJETHNCJpJ+lMzMgkb8WCRAgPUZ90FAyQT4SdTBeewFPF9KAXcnUCCafs744E+UKMfVcpfSQHYrGWkv/VOrH0ruyEBlEsSYBnD3kxgzKEqXuwRznBko0VQJhT9VeIB4gjLJXHeWWCubjyMmiel02jbN5fFKrXmR05cAxOQBGY4BJUwR2ogQbA4AE8gzfwrj1qL9qH9jmTrmhZzxH4E9rXN6xBqfo=</latexit>

PART IV

OUTLOOK



OUTLOOK

• Find solutions to the generalised Helfrich energy (rotating fluids) 
• Include fluid corrections in equilibrium 
• Stability of fluid membranes 
• Full dissipative effective action/dynamics (EFT) 
• Boost-breaking membranes, other phases of matter (liquid crystals, 

viscoelasticity, etc). 
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