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The system
The setting is a space-time manifold (M, g)
and a unit, time-like vector field ua

<latexit sha1_base64="YcZ9M7HPpdE1XikAwpciP7h1kp4="></latexit>

There is a dependent, auxiliary vector field qa, perpendicular to ua

<latexit sha1_base64="uFT4hsfRfSDoUuVQVWUYCRnn5iU="></latexit>

Assume: Fourier law is valid at a surface perpendicular 
to the fluid four velocity

<latexit sha1_base64="3la2heVpKPG53cbaMqeQOihsH8k=">AAACBXicdVDLTgJBEJz1ifha9ehlIph4IrsEFG5ELx4x4ZUAIb1Dr0ycfWRmloQQzvozejLqzR/wB/wbhxUTNVqn6q7qpKu8WHClHefdWlpeWV1bz2xkN7e2d3btvf2WihLJsMkiEcmOBwoFD7GpuRbYiSVC4AlsezcXc709Rql4FDb0JMZ+ANch9zkDbVYD+6gxQjoGycFcUK4oUMVAgKQ+RzGk+UZ+YOecQrFUPXUrNCWVai kl5YpbpG7BSZEjC9QH9ltvGLEkwFAzAUp1XSfW/SlIzZnAWbaXKIyB3cA1dg0NIUDVn6ZZZvTYjyTV5ql0/u6dQqDUJPCMJwA9Ur+1+fIvrZtov9Kf8jBONIbMWIzmJ4LqiM4roUMukWkxMQSY5OZLykYggWlTXNbE/8pI/yetYsEtF5yrYq52vigiQw7JETkhLjkjNXJJ6qRJGLkjD+SZvFi31r31aD19Wpesxc0B+QHr9QPMUpdo</latexit>

The variable is a scalar field T

<latexit sha1_base64="Fpxds5US4NNkNDMLpx0UDsDQNcI="></latexit>
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One dimensional case
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<latexit sha1_base64="QB6h1v9TnHln/7RrEHGStrOYE5o="></latexit>

T = T0e
i(!t+kx)

<latexit sha1_base64="Lv1GV7cytDurDZC7fpc2OMWUgt0="></latexit>

Stable and decaying (parabolic behavior)
Well posed Initial Value Problem for that surface.

Heat Equation

<latexit sha1_base64="UsEy8njXQTeQN6miJW5gQPxpdyE="></latexit>
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If we pretend to use another 
hypersurface: 

ua = �(ta + �a)

<latexit sha1_base64="5x/iDhD0qJJcMueOawcUs3WZ76E="></latexit>

i�(! + �k)T = ��(�2!2 + 2�!k + k2)T

<latexit sha1_base64="YYGZ++qrzX8QZT4AEAQxwkM1B+8="></latexit>
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<latexit sha1_base64="+YYd88yZHio4zK6ckQ9OTSb+SRA="></latexit>

k fixed, � ! 0

<latexit sha1_base64="+1Hv22c11pmKWnQa3hVeDJ62Obk=">AAAB/XicdVDLSsNAFJ34rPFVdaebwVZwISUpVdNd0Y3LCvYBTSmT6U07dPJgZiKWUvRndCXqzp/wB/wbJ7GCip7VufecC/ccL+ZMKst6N+bmFxaXlnMr5ura+sZmfmu7KaNEUGjQiEei7REJnIXQUExxaMcCSOBxaHmj81RvXYOQLAqv1DiGbkAGIfMZJUqvevnd4qiIfXYD/SNcdD1QBLsqwlbRNHv5glUqV6ontoMz4lQrGTl27DK2S1aGApqh3su/uf2IJgGEinIiZce2YtWdEKEY5TA13URCTOiIDKCjaUgCkN1JlmGKD/xIYDUEnM3fvRMSSDkOPO0JiBrK31q6/EvrJMp3uhMWxomCkGqL1vyEY50vrQL3mQCq+FgTQgXTX2I6JIJQpQtL439lxP+TZrlkV0rVy3KhdjYrIof20D46RDY6RTV0geqogSi6Qw/oGb0Yt8a98Wg8fVrnjNnNDvoB4/UD22uS2A==</latexit>
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<latexit sha1_base64="wVLg9KpSoeH8S5z2wLSn1Jzxi14="></latexit>
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<latexit sha1_base64="1Sj9DAalNLSla6Yhu4iNvOY/OFw="></latexit>



One dimensional case

ua = �(ta + �a)

<latexit sha1_base64="5x/iDhD0qJJcMueOawcUs3WZ76E="></latexit>

i�(! + �k)T = ��(�2!2 + 2�!k + k2)T

<latexit sha1_base64="YYGZ++qrzX8QZT4AEAQxwkM1B+8="></latexit>

��(@t + �@x)T = �2�2@2
t + 2�2�@t@x + �2@2

x

<latexit sha1_base64="+YYd88yZHio4zK6ckQ9OTSb+SRA="></latexit>

� fixed, k ! 1

<latexit sha1_base64="JtRQGbukQekmlrb8lEaK+s/JI+c=">AAACAnicdVDLSgNBEJz1bXxFPXpwMBE8SNgNUZNb0IvHCOYB2RBmJ73JkNkHM71iCN70Z/Qk6s1P8Af8GydrBBWtU3VXNXSVF0uh0bbfrZnZufmFxaXlzMrq2vpGdnOroaNEcajzSEaq5TENUoRQR4ESWrECFngSmt7wbKI3r0BpEYWXOIqhE7B+KHzBGZpVN7ubdz1Alqe+uIbeIc0PqYsRdUXo4yifyXSzObtQLFWOnTJNSblSSslR2SlSp2CnyJEpat3sm9uLeBJAiFwyrduOHWNnzBQKLuEm4yYaYsaHrA9tQ0MWgO6M0yA3dN+PFMUB0HT+7h2zQOtR4BlPwHCgf2uT5V9aO0G/3BmLME4QQm4sRvMTSU3ISR+0JxRwlCNDGFfCfEn5gCnG0bQ2if+Vkf5PGsWCUypULoq56um0iCWyQ/bIAXHICamSc1IjdcLJHXkgz+TFurXurUfr6dM6Y01vtskPWK8fRUqVYA==</latexit>
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<latexit sha1_base64="+FggLWoj4nEaejfEL8TUQUH9vI8="></latexit>

In more dimensions growth as k 



Characteristic surface: Simple case

Ill-posed here

Well-posed here



Characteristic Surface: WrapPed



Generic case: More Dimensions

<latexit sha1_base64="LtV45KG9+jw73fVFDqZAzMDdco8="></latexit>

In the case the vector ua is not surface forming we even have
a local problem, we can not, even locally, find a hypersurface
where the Cauchy problem is well posed.

<latexit sha1_base64="WlJlkmAAb3u/WPQOtQ4J95n6SAE=">AAACMnicdVBNTxsxEPVCKWlaSoBjL6NGlXqIVrsRH8ktKpfeSKUEImWjyOudZK147ZXtBUVR/hX9F/wB6AkBt/6IOttUaisY+fA8783ozYtzwY0NgltvY/PV1uvtypvq23c773dre/vnRhWaYZ8pofQgpgYFl9i33Aoc5BppFgu8iGenK/7iErXhSvbsPMdRRqeSTzij1rXGtbNIKi4TlBZ6KTfgnk0R3AqjJFylc7hCkIgJGG RKJqB0groBUQSpW6djJThrrGaU5mj8ca0e+M3D9nHYghK02oclOGqFTQj9oKw6WVd3XLuJEsWKzDlgghozDIPcjhZUW84ELqtRYTCnbEanOHRQ0gzNaFEevoRPE6VLv+X/b+2CZsbMs9hpMmpT8z+3aj7HDQs7aY0WXOaFRcmcxHGTQoBVsMoPEq6RWTF3gDLNnUtgKdWUWZdy1Z3/50Z4GZw3/fDID741650v6yAq5AP5SD6TkJyQDvlKuqRPGPlOfpBH8uRde3fevffwW7rhrWcOyD/l/fwFsauqYg==</latexit>

This is the reason why we need second order,
hyperbolic, theories.

<latexit sha1_base64="IVSBGhvtBFBfjT6CB+STdrlCqek=">AAACXnicdVDBbtQwFHQCtGWhNKUXJC4WKyROUbJqy/ZW0UuPReq2lTar1cvLy65Vx7ZsB2kV9Q/5AW7wJzhhQYDgnea9mbE8UxopnM+yL1H86PGTnd29p6Nnz/dfHCSHL2+cbi3SDLXU9q4ER1IomnnhJd0ZS9CUkm7L+4uev/1E1gmtrv3G0KKBlRK1QPDhtEy6QmmhKlKeX6+JC1ULJTxxY7WB1SDizhBVgeI+KAxYKLUU2G /aCnK8KEaASMY7rpXc8Atocb3hFXjoXcBxHUzoyYY8wehaWwNSukzGWTo5PjvNp3wA07PjAZxM8wnP02yYMdvO1TL5XFQa2yb8FiU4N88z4xcd2PCqpIdR0ToygPewonmAChpyi24o6YG/rbUdEgz779oOGuc2TRk0Dfi1+5vrj//i5q2vp4tOKNN6Uhgkgatbyb3mfde8EpbQh0YqAWhFn/1XFW4U4v/MyP8PbiZpfpJmHyfj8w/bIvbYa/aGvWM5e8/O2SW7YjOG7Fu0GyXRYfQ13on344Mf0jjaeo7YHxO/+g7rd7X0</latexit>

The infinite propagation speed in the parabolic theories
accepts only Cauchy data in a characteristic surface.



Making it Hyperbolic

<latexit sha1_base64="jsHsStfPav4r5/SvjycsMuOua40="></latexit>
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<latexit sha1_base64="hF5fJXSF6Bk96xVadbh4p48xIhA="></latexit>

Hyperbolic when:

�✏ = v�2
ss > �2

<latexit sha1_base64="Wa9qtTPDZRQOO1iJRdE85f+7vI4="></latexit>

Tension between ✏ small and Einstein Causality
<latexit sha1_base64="SCkm8RI1G0XS951dG5E447Nym/k="></latexit>

Question: How big does ✏ (or �2
) has to be

according to the lack of surface forming property of ua
?



Making it Hyperbolic

<latexit sha1_base64="dBdMlNiABk3WKYgQfDQO7lQI0qw="></latexit>

wabc := u[arbuc] ?

<latexit sha1_base64="SCkm8RI1G0XS951dG5E447Nym/k="></latexit>

Question: How big does ✏ (or �2
) has to be

according to the lack of surface forming property of ua
?

Seems to be a global property of the fluid congruence.



Conclusions

Parabolic equations do not work for lack of 
characteristic flats to form hyper surfaces. 

Local-global aspects.

Hyperbolizations need to have slow enough 
velocities (tension with fast decay?)

If propagations speeds are slow enough, then the 
problem is back to GR and the light cone structure.

Mostly a mathematical question.



Thank you 

for your attention


