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Or 
How I stopped being frustrated by odd and started loving it!!! 

https://arxiv.org/abs/1703.04522
https://arxiv.org/abs/1801.10150


Classical fluids with broken parity in two dimensions
Remark: Parity is violated by microscopic constituents (eg fluid of chiral/spinning objects)

Chiral vortex fluids

Active matter (motors, collection of spinning tops, spinning magnetic colloids)

Wiegmann, Abanov 2014 

Banerjee et al 2017, William Irvine (unpublished)

In 3D-Plasma in magnetic field (Landau, Lifshitz, v10 ), Superfluid Helium 

Irvine LabVitelli lab Irvine Lab

Jupiter atomshere (NASA)



Hydrodynamic flows in electronic systems

Experiment (Geim et al)

Viscous back flows in graphene due to electron fluid vortices

Theory (Levitov, Falkovich)

lee ⌧ (Wsample, lmf )
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Hydrodynamic electronic flows with broken parity 



This talk

Question : What are the observable effects of a particular parity breaking term (odd/Hall 
viscosity) in two dimensional classical (chiral active) fluids?  

Goal : Build library of broken parity classical hydro phenomena in 2D

Application : Quantum Hall hydrodynamics 



Hydrodynamics with broken parity

Parity breaking is compatible with isotropy only in 2D 

Avron 1998

(x, y) ! (�x, y)
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Remark: Not the most general parity violating stress tensor in 2D (there are other 
symmetry allowed terms), Ignore temperature effects.

Tij = �p�ij + ⌫e(@ivj + @jvi) + ⌫o(@
⇤
i vj + @iv

⇤
j )
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Viscous Shear Tensor “Lorentz” Shear Tensor

@tvi + vj@jvi = @jTij
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Navier Stokes in terms of stress tensor

Incompressible Navier-Stokes Equation with odd viscosity

⌫o               Kinematic odd viscosity (can be any sign in contrast to       )     ⌫e
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@tvi + vj@jvi = �@ip+ ⌫e�vi + ⌫o�v⇤i
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⇤
x = vy, v

⇤
y = �vx
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Shear (even) v Odd stresses

non-dissipative (dispersive)
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Dissipative
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Boundary conditions

Flow dependent BC for 

solid-liquid interface


(eg. no-slip, partial slip etc)

vx,y|� = constant
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Viscosity independent BC

(Electronic hydro flows studied 


were of this type)

Force matching conditions for 

fluid-fluid interface


no-stress conditions

⌧ is the surface tension

ni(T
1
ij � T 2

ij)|interface = �⌧nj

BC depends on viscosities via Tij
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Odd viscosity with “no-slip” BC: Three exact statements

If boundary conditions of an incompressible flow depend only on the flow itself, then

II.  The net force (lift force) F acting on a closed contour does not depend on the value 
of odd viscosity        .⌫o

I.  The flow v(x, t)  does not depend on the value of odd viscosity       .⌫o

III.  The net torque       acting on a closed contour which depends on the value of odd 
viscosity         is given by:

⌧o
⌫o

A is the area enclosed by the contour 

T o = 2⌫o

I

�
ds vn = 2⌫o

dA
dt
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All three statements appeared before: Avron '98; Lapa, Hughes ’14 under less 
general conditions.

SG, A. Abanov Phys. Rev. Fluids 2, 094101 (2017)


https://arxiv.org/abs/1703.04522


No stress boundary conditions: Odd surface waves



Surface dynamics of a two dimensional ocean with broken parity

Solve the above system for (vx, vy, h(x, t), p̃)
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Boundary conditions (two-fluid interface)

Dynamical boundary conditions Kinematic boundary conditions

njTij

���
y=h(x,t)

= 0
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vy|y=�1 = 0
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<latexit sha1_base64="hKuWCGqO/ZkFR+w3KQL5QGU6Sos=">AAAB+HicbVBNS8NAEJ34WetHox69LJaCp5KIoB6EohePFYwttCFstpt26WYTdjeFEvpLPAmKePWvePLfuGlz0NYHA4/3ZnZnXphyprTjfFtr6xubW9uVneru3v5BzT48elJJJgn1SMIT2Q2xopwJ6mmmOe2mkuI45LQTju8KvzOhUrFEPOppSv0YDwWLGMHaSIFd66dYaoZ5wCYBu3ECu+40nTnQKnFLUocS7cD+6g8SksVUaMKxUj3XSbWfF48STmfVRj9TNMVkjIe0Z6jAMVV+Pt98hhpGGaAokaaERnO1+msix7FS0zg0nTHWI7XsFeJ/Xi/T0ZWfM5Fmmgqy+CjKONIJKmJAAyYp0XxqCCaSmWURGWGJiTZhVU0K7vLNq8Q7b1433YeLeuu2jKMCJ3AKZ+DCJbTgHtrgAYEMnuEV3qzcerHerY9F65pVzhzDH1ifP1zlkvw=</latexit><latexit sha1_base64="hKuWCGqO/ZkFR+w3KQL5QGU6Sos=">AAAB+HicbVBNS8NAEJ34WetHox69LJaCp5KIoB6EohePFYwttCFstpt26WYTdjeFEvpLPAmKePWvePLfuGlz0NYHA4/3ZnZnXphyprTjfFtr6xubW9uVneru3v5BzT48elJJJgn1SMIT2Q2xopwJ6mmmOe2mkuI45LQTju8KvzOhUrFEPOppSv0YDwWLGMHaSIFd66dYaoZ5wCYBu3ECu+40nTnQKnFLUocS7cD+6g8SksVUaMKxUj3XSbWfF48STmfVRj9TNMVkjIe0Z6jAMVV+Pt98hhpGGaAokaaERnO1+msix7FS0zg0nTHWI7XsFeJ/Xi/T0ZWfM5Fmmgqy+CjKONIJKmJAAyYp0XxqCCaSmWURGWGJiTZhVU0K7vLNq8Q7b1433YeLeuu2jKMCJ3AKZ+DCJbTgHtrgAYEMnuEV3qzcerHerY9F65pVzhzDH1ifP1zlkvw=</latexit><latexit sha1_base64="hKuWCGqO/ZkFR+w3KQL5QGU6Sos=">AAAB+HicbVBNS8NAEJ34WetHox69LJaCp5KIoB6EohePFYwttCFstpt26WYTdjeFEvpLPAmKePWvePLfuGlz0NYHA4/3ZnZnXphyprTjfFtr6xubW9uVneru3v5BzT48elJJJgn1SMIT2Q2xopwJ6mmmOe2mkuI45LQTju8KvzOhUrFEPOppSv0YDwWLGMHaSIFd66dYaoZ5wCYBu3ECu+40nTnQKnFLUocS7cD+6g8SksVUaMKxUj3XSbWfF48STmfVRj9TNMVkjIe0Z6jAMVV+Pt98hhpGGaAokaaERnO1+msix7FS0zg0nTHWI7XsFeJ/Xi/T0ZWfM5Fmmgqy+CjKONIJKmJAAyYp0XxqCCaSmWURGWGJiTZhVU0K7vLNq8Q7b1433YeLeuu2jKMCJ3AKZ+DCJbTgHtrgAYEMnuEV3qzcerHerY9F65pVzhzDH1ifP1zlkvw=</latexit><latexit sha1_base64="YpVV8ThXXOg9SBkdWHWdFakuwc0=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8FScFVm3Kg7wY3LCo4ttEPJZO60oZlkSDJCGfoCblyI+GCufBvTn4W2Hgh8nJOQe09SCG5sEHx7tZ3dvf2D+qF/1PCPT06bjWejSs0wYkoo3U+oQcElRpZbgf1CI80Tgb1ker/Iey+oDVfyyc4KjHM6ljzjjFpndUfNVtAJliLbEK6hBWuNml/DVLEyR2mZoMYMwqCwcUW15Uzg3G8PS4MFZVM6xoFDSXM0cbWcc07azklJprQ70pKl6/96UdHcmFmeuJs5tROzmS3M/7JBabObuOKyKC1KtvooKwWxiiyWJinXyKyYOaBMczcsYROqKbOuGt+VEG6uvA3RVee2Ez4GUIdzuIBLCOEa7uABuhABgxRe4d3j3pv3seqq5q1LO4M/8j5/AAxRijc=</latexit><latexit sha1_base64="3SWIqfdoQ9ibHQBGxjwW9sxkaM4=">AAAB7XicbZBNS8MwHMb/9XXW6apXL8Ex8DRSL+pBELx4nGDdYCslzdItLE1Lkg5G2SfxJCji5/HktzHddtDNBwI/nicv/zxxLrg2GH87W9s7u3v7tQP3sH503PBO6s86KxRlAc1Epnox0UxwyQLDjWC9XDGSxoJ148l9lXenTGmeySczy1mYkpHkCafEWCvyGoOcKMOJiPg04rc48pq4jRdCm+CvoAkrdSLvazDMaJEyaaggWvd9nJuwrC6lgs3d1qDQLCd0Qkasb1GSlOmwXEw+Ry3rDFGSKbukQQvX/XWiJKnWszS2O1Nixno9q8z/sn5hkuuw5DIvDJN0+VBSCGQyVNWAhlwxasTMAqGK22ERHRNFqLFlubYFf/3PmxBctm/a/iOGGpzBOVyAD1dwBw/QgQAoFPACb/DulM6r87Gsa8tZ9XYKf+R8/gAJMZGZ</latexit><latexit sha1_base64="3SWIqfdoQ9ibHQBGxjwW9sxkaM4=">AAAB7XicbZBNS8MwHMb/9XXW6apXL8Ex8DRSL+pBELx4nGDdYCslzdItLE1Lkg5G2SfxJCji5/HktzHddtDNBwI/nicv/zxxLrg2GH87W9s7u3v7tQP3sH503PBO6s86KxRlAc1Epnox0UxwyQLDjWC9XDGSxoJ148l9lXenTGmeySczy1mYkpHkCafEWCvyGoOcKMOJiPg04rc48pq4jRdCm+CvoAkrdSLvazDMaJEyaaggWvd9nJuwrC6lgs3d1qDQLCd0Qkasb1GSlOmwXEw+Ry3rDFGSKbukQQvX/XWiJKnWszS2O1Nixno9q8z/sn5hkuuw5DIvDJN0+VBSCGQyVNWAhlwxasTMAqGK22ERHRNFqLFlubYFf/3PmxBctm/a/iOGGpzBOVyAD1dwBw/QgQAoFPACb/DulM6r87Gsa8tZ9XYKf+R8/gAJMZGZ</latexit><latexit sha1_base64="7s9jtApcFTF3SBI/ATsSZjnElzE=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEUPJXEi3oQil48VjC20Iaw2W7apZtN2N0USugv8SQo4tW/4sl/46bNQVsfDDzem9mdeWHKmdKO821VNja3tnequ7W9/YPDun10/KSSTBLqkYQnshdiRTkT1NNMc9pLJcVxyGk3nNwVfndKpWKJeNSzlPoxHgkWMYK1kQK7Pkix1AzzgE0DduMEdsNpOQugdeKWpAElOoH9NRgmJIup0IRjpfquk2o/Lx4lnM5rzUGmaIrJBI9o31CBY6r8fLH5HDWNMkRRIk0JjRZq7ddEjmOlZnFoOmOsx2rVK8T/vH6moys/ZyLNNBVk+VGUcaQTVMSAhkxSovnMEEwkM8siMsYSE23CqpkU3NWb14l30bpuuQ9Oo31bxlGFUziDc3DhEtpwDx3wgEAGz/AKb1ZuvVjv1seytWKVMyfwB9bnD1ulkvg=</latexit><latexit sha1_base64="hKuWCGqO/ZkFR+w3KQL5QGU6Sos=">AAAB+HicbVBNS8NAEJ34WetHox69LJaCp5KIoB6EohePFYwttCFstpt26WYTdjeFEvpLPAmKePWvePLfuGlz0NYHA4/3ZnZnXphyprTjfFtr6xubW9uVneru3v5BzT48elJJJgn1SMIT2Q2xopwJ6mmmOe2mkuI45LQTju8KvzOhUrFEPOppSv0YDwWLGMHaSIFd66dYaoZ5wCYBu3ECu+40nTnQKnFLUocS7cD+6g8SksVUaMKxUj3XSbWfF48STmfVRj9TNMVkjIe0Z6jAMVV+Pt98hhpGGaAokaaERnO1+msix7FS0zg0nTHWI7XsFeJ/Xi/T0ZWfM5Fmmgqy+CjKONIJKmJAAyYp0XxqCCaSmWURGWGJiTZhVU0K7vLNq8Q7b1433YeLeuu2jKMCJ3AKZ+DCJbTgHtrgAYEMnuEV3qzcerHerY9F65pVzhzDH1ifP1zlkvw=</latexit><latexit sha1_base64="hKuWCGqO/ZkFR+w3KQL5QGU6Sos=">AAAB+HicbVBNS8NAEJ34WetHox69LJaCp5KIoB6EohePFYwttCFstpt26WYTdjeFEvpLPAmKePWvePLfuGlz0NYHA4/3ZnZnXphyprTjfFtr6xubW9uVneru3v5BzT48elJJJgn1SMIT2Q2xopwJ6mmmOe2mkuI45LQTju8KvzOhUrFEPOppSv0YDwWLGMHaSIFd66dYaoZ5wCYBu3ECu+40nTnQKnFLUocS7cD+6g8SksVUaMKxUj3XSbWfF48STmfVRj9TNMVkjIe0Z6jAMVV+Pt98hhpGGaAokaaERnO1+msix7FS0zg0nTHWI7XsFeJ/Xi/T0ZWfM5Fmmgqy+CjKONIJKmJAAyYp0XxqCCaSmWURGWGJiTZhVU0K7vLNq8Q7b1433YeLeuu2jKMCJ3AKZ+DCJbTgHtrgAYEMnuEV3qzcerHerY9F65pVzhzDH1ifP1zlkvw=</latexit><latexit sha1_base64="hKuWCGqO/ZkFR+w3KQL5QGU6Sos=">AAAB+HicbVBNS8NAEJ34WetHox69LJaCp5KIoB6EohePFYwttCFstpt26WYTdjeFEvpLPAmKePWvePLfuGlz0NYHA4/3ZnZnXphyprTjfFtr6xubW9uVneru3v5BzT48elJJJgn1SMIT2Q2xopwJ6mmmOe2mkuI45LQTju8KvzOhUrFEPOppSv0YDwWLGMHaSIFd66dYaoZ5wCYBu3ECu+40nTnQKnFLUocS7cD+6g8SksVUaMKxUj3XSbWfF48STmfVRj9TNMVkjIe0Z6jAMVV+Pt98hhpGGaAokaaERnO1+msix7FS0zg0nTHWI7XsFeJ/Xi/T0ZWfM5Fmmgqy+CjKONIJKmJAAyYp0XxqCCaSmWURGWGJiTZhVU0K7vLNq8Q7b1433YeLeuu2jKMCJ3AKZ+DCJbTgHtrgAYEMnuEV3qzcerHerY9F65pVzhzDH1ifP1zlkvw=</latexit><latexit sha1_base64="hKuWCGqO/ZkFR+w3KQL5QGU6Sos=">AAAB+HicbVBNS8NAEJ34WetHox69LJaCp5KIoB6EohePFYwttCFstpt26WYTdjeFEvpLPAmKePWvePLfuGlz0NYHA4/3ZnZnXphyprTjfFtr6xubW9uVneru3v5BzT48elJJJgn1SMIT2Q2xopwJ6mmmOe2mkuI45LQTju8KvzOhUrFEPOppSv0YDwWLGMHaSIFd66dYaoZ5wCYBu3ECu+40nTnQKnFLUocS7cD+6g8SksVUaMKxUj3XSbWfF48STmfVRj9TNMVkjIe0Z6jAMVV+Pt98hhpGGaAokaaERnO1+msix7FS0zg0nTHWI7XsFeJ/Xi/T0ZWfM5Fmmgqy+CjKONIJKmJAAyYp0XxqCCaSmWURGWGJiTZhVU0K7vLNq8Q7b1433YeLeuu2jKMCJ3AKZ+DCJbTgHtrgAYEMnuEV3qzcerHerY9F65pVzhzDH1ifP1zlkvw=</latexit><latexit sha1_base64="hKuWCGqO/ZkFR+w3KQL5QGU6Sos=">AAAB+HicbVBNS8NAEJ34WetHox69LJaCp5KIoB6EohePFYwttCFstpt26WYTdjeFEvpLPAmKePWvePLfuGlz0NYHA4/3ZnZnXphyprTjfFtr6xubW9uVneru3v5BzT48elJJJgn1SMIT2Q2xopwJ6mmmOe2mkuI45LQTju8KvzOhUrFEPOppSv0YDwWLGMHaSIFd66dYaoZ5wCYBu3ECu+40nTnQKnFLUocS7cD+6g8SksVUaMKxUj3XSbWfF48STmfVRj9TNMVkjIe0Z6jAMVV+Pt98hhpGGaAokaaERnO1+msix7FS0zg0nTHWI7XsFeJ/Xi/T0ZWfM5Fmmgqy+CjKONIJKmJAAyYp0XxqCCaSmWURGWGJiTZhVU0K7vLNq8Q7b1433YeLeuu2jKMCJ3AKZ+DCJbTgHtrgAYEMnuEV3qzcerHerY9F65pVzhzDH1ifP1zlkvw=</latexit><latexit sha1_base64="hKuWCGqO/ZkFR+w3KQL5QGU6Sos=">AAAB+HicbVBNS8NAEJ34WetHox69LJaCp5KIoB6EohePFYwttCFstpt26WYTdjeFEvpLPAmKePWvePLfuGlz0NYHA4/3ZnZnXphyprTjfFtr6xubW9uVneru3v5BzT48elJJJgn1SMIT2Q2xopwJ6mmmOe2mkuI45LQTju8KvzOhUrFEPOppSv0YDwWLGMHaSIFd66dYaoZ5wCYBu3ECu+40nTnQKnFLUocS7cD+6g8SksVUaMKxUj3XSbWfF48STmfVRj9TNMVkjIe0Z6jAMVV+Pt98hhpGGaAokaaERnO1+msix7FS0zg0nTHWI7XsFeJ/Xi/T0ZWfM5Fmmgqy+CjKONIJKmJAAyYp0XxqCCaSmWURGWGJiTZhVU0K7vLNq8Q7b1433YeLeuu2jKMCJ3AKZ+DCJbTgHtrgAYEMnuEV3qzcerHerY9F65pVzhzDH1ifP1zlkvw=</latexit>

Equations of motion

Dtvi = �@ip̃+ ⌫e�vi
<latexit sha1_base64="UGrCaNC2/njcYTxItr73I9dwY3Y=">AAACFHicbVBNS8NAFNz4bf2qevSyWARBLIkI6kEQ7cFjBaOFpoTN9tUu3WzC7kuhhP4IT/4UT4IiXr148t+4rTlodWBhmJnH2zdRKoVB1/10pqZnZufmFxZLS8srq2vl9Y0bk2Sag88TmehGxAxIocBHgRIaqQYWRxJuo97FyL/tgzYiUdc4SKEVszslOoIztFJY3quF2A/F6X6QMo2CyVAEKGQb8nS4F6gshKAGEhm1obBccavuGPQv8QpSIQXqYfkjaCc8i0Ehl8yYpuem2MpHi7iEYWknyAykjPfYHTQtVSwG08rHVw3pjlXatJNo+xTSsVr6MZGz2JhBHNlkzLBrJr2R+J/XzLBz3MqFSjMExb8XdTJJMaGjimhbaOAoB5YwroX9LOVdphlHW2TJtuBN3vyX+AfVk6p3dVg5Oy/qWCBbZJvsEo8ckTNySerEJ5zck0fyTF6cB+fJeXXevqNTTjGzSX7Bef8C5Bae0A==</latexit><latexit sha1_base64="UGrCaNC2/njcYTxItr73I9dwY3Y=">AAACFHicbVBNS8NAFNz4bf2qevSyWARBLIkI6kEQ7cFjBaOFpoTN9tUu3WzC7kuhhP4IT/4UT4IiXr148t+4rTlodWBhmJnH2zdRKoVB1/10pqZnZufmFxZLS8srq2vl9Y0bk2Sag88TmehGxAxIocBHgRIaqQYWRxJuo97FyL/tgzYiUdc4SKEVszslOoIztFJY3quF2A/F6X6QMo2CyVAEKGQb8nS4F6gshKAGEhm1obBccavuGPQv8QpSIQXqYfkjaCc8i0Ehl8yYpuem2MpHi7iEYWknyAykjPfYHTQtVSwG08rHVw3pjlXatJNo+xTSsVr6MZGz2JhBHNlkzLBrJr2R+J/XzLBz3MqFSjMExb8XdTJJMaGjimhbaOAoB5YwroX9LOVdphlHW2TJtuBN3vyX+AfVk6p3dVg5Oy/qWCBbZJvsEo8ckTNySerEJ5zck0fyTF6cB+fJeXXevqNTTjGzSX7Bef8C5Bae0A==</latexit><latexit sha1_base64="UGrCaNC2/njcYTxItr73I9dwY3Y=">AAACFHicbVBNS8NAFNz4bf2qevSyWARBLIkI6kEQ7cFjBaOFpoTN9tUu3WzC7kuhhP4IT/4UT4IiXr148t+4rTlodWBhmJnH2zdRKoVB1/10pqZnZufmFxZLS8srq2vl9Y0bk2Sag88TmehGxAxIocBHgRIaqQYWRxJuo97FyL/tgzYiUdc4SKEVszslOoIztFJY3quF2A/F6X6QMo2CyVAEKGQb8nS4F6gshKAGEhm1obBccavuGPQv8QpSIQXqYfkjaCc8i0Ehl8yYpuem2MpHi7iEYWknyAykjPfYHTQtVSwG08rHVw3pjlXatJNo+xTSsVr6MZGz2JhBHNlkzLBrJr2R+J/XzLBz3MqFSjMExb8XdTJJMaGjimhbaOAoB5YwroX9LOVdphlHW2TJtuBN3vyX+AfVk6p3dVg5Oy/qWCBbZJvsEo8ckTNySerEJ5zck0fyTF6cB+fJeXXevqNTTjGzSX7Bef8C5Bae0A==</latexit><latexit sha1_base64="UGrCaNC2/njcYTxItr73I9dwY3Y=">AAACFHicbVBNS8NAFNz4bf2qevSyWARBLIkI6kEQ7cFjBaOFpoTN9tUu3WzC7kuhhP4IT/4UT4IiXr148t+4rTlodWBhmJnH2zdRKoVB1/10pqZnZufmFxZLS8srq2vl9Y0bk2Sag88TmehGxAxIocBHgRIaqQYWRxJuo97FyL/tgzYiUdc4SKEVszslOoIztFJY3quF2A/F6X6QMo2CyVAEKGQb8nS4F6gshKAGEhm1obBccavuGPQv8QpSIQXqYfkjaCc8i0Ehl8yYpuem2MpHi7iEYWknyAykjPfYHTQtVSwG08rHVw3pjlXatJNo+xTSsVr6MZGz2JhBHNlkzLBrJr2R+J/XzLBz3MqFSjMExb8XdTJJMaGjimhbaOAoB5YwroX9LOVdphlHW2TJtuBN3vyX+AfVk6p3dVg5Oy/qWCBbZJvsEo8ckTNySerEJ5zck0fyTF6cB+fJeXXevqNTTjGzSX7Bef8C5Bae0A==</latexit>

Dt = @t + vi@i
<latexit sha1_base64="RpG3863wH1/E5uxHObJFU9SaCWU=">AAACBXicbVDLSsNAFJ3UV42vqEtdBEtBEEoigroQirpwWcHYQhvCZDpph04ezNwUSujGlZ/iSlDErR/hyr9x0gbR1gMDZ865987c4yecSbCsL620sLi0vFJe1dfWNza3jO2dexmnglCHxDwWLR9LyllEHWDAaSsRFIc+p01/cJX7zSEVksXRHYwS6oa4F7GAEQxK8oz9aw8uOgkWwDD34GjosZ8b84yKVbMmMOeJXZAKKtDwjM9ONyZpSCMgHEvZtq0E3CyfRzgd69VOKmmCyQD3aFvRCIdUutlkjbFZVUrXDGKhTgTmRNV/dWQ4lHIU+qoyxNCXs14u/ue1UwjO3IxFSQo0ItOHgpSbEJt5JmaXCUqAjxTBRDD1WZP0scAEVHK6SsGe3XmeOMe185p9e1KpXxZxlNEeOkCHyEanqI5uUAM5iKAH9IRe0Kv2qD1rb9r7tLSkFT276A+0j29/ppis</latexit><latexit sha1_base64="RpG3863wH1/E5uxHObJFU9SaCWU=">AAACBXicbVDLSsNAFJ3UV42vqEtdBEtBEEoigroQirpwWcHYQhvCZDpph04ezNwUSujGlZ/iSlDErR/hyr9x0gbR1gMDZ865987c4yecSbCsL620sLi0vFJe1dfWNza3jO2dexmnglCHxDwWLR9LyllEHWDAaSsRFIc+p01/cJX7zSEVksXRHYwS6oa4F7GAEQxK8oz9aw8uOgkWwDD34GjosZ8b84yKVbMmMOeJXZAKKtDwjM9ONyZpSCMgHEvZtq0E3CyfRzgd69VOKmmCyQD3aFvRCIdUutlkjbFZVUrXDGKhTgTmRNV/dWQ4lHIU+qoyxNCXs14u/ue1UwjO3IxFSQo0ItOHgpSbEJt5JmaXCUqAjxTBRDD1WZP0scAEVHK6SsGe3XmeOMe185p9e1KpXxZxlNEeOkCHyEanqI5uUAM5iKAH9IRe0Kv2qD1rb9r7tLSkFT276A+0j29/ppis</latexit><latexit sha1_base64="RpG3863wH1/E5uxHObJFU9SaCWU=">AAACBXicbVDLSsNAFJ3UV42vqEtdBEtBEEoigroQirpwWcHYQhvCZDpph04ezNwUSujGlZ/iSlDErR/hyr9x0gbR1gMDZ865987c4yecSbCsL620sLi0vFJe1dfWNza3jO2dexmnglCHxDwWLR9LyllEHWDAaSsRFIc+p01/cJX7zSEVksXRHYwS6oa4F7GAEQxK8oz9aw8uOgkWwDD34GjosZ8b84yKVbMmMOeJXZAKKtDwjM9ONyZpSCMgHEvZtq0E3CyfRzgd69VOKmmCyQD3aFvRCIdUutlkjbFZVUrXDGKhTgTmRNV/dWQ4lHIU+qoyxNCXs14u/ue1UwjO3IxFSQo0ItOHgpSbEJt5JmaXCUqAjxTBRDD1WZP0scAEVHK6SsGe3XmeOMe185p9e1KpXxZxlNEeOkCHyEanqI5uUAM5iKAH9IRe0Kv2qD1rb9r7tLSkFT276A+0j29/ppis</latexit><latexit sha1_base64="RpG3863wH1/E5uxHObJFU9SaCWU=">AAACBXicbVDLSsNAFJ3UV42vqEtdBEtBEEoigroQirpwWcHYQhvCZDpph04ezNwUSujGlZ/iSlDErR/hyr9x0gbR1gMDZ865987c4yecSbCsL620sLi0vFJe1dfWNza3jO2dexmnglCHxDwWLR9LyllEHWDAaSsRFIc+p01/cJX7zSEVksXRHYwS6oa4F7GAEQxK8oz9aw8uOgkWwDD34GjosZ8b84yKVbMmMOeJXZAKKtDwjM9ONyZpSCMgHEvZtq0E3CyfRzgd69VOKmmCyQD3aFvRCIdUutlkjbFZVUrXDGKhTgTmRNV/dWQ4lHIU+qoyxNCXs14u/ue1UwjO3IxFSQo0ItOHgpSbEJt5JmaXCUqAjxTBRDD1WZP0scAEVHK6SsGe3XmeOMe185p9e1KpXxZxlNEeOkCHyEanqI5uUAM5iKAH9IRe0Kv2qD1rb9r7tLSkFT276A+0j29/ppis</latexit>

! = @iv
⇤
i

<latexit sha1_base64="tXcofyPpCzF3jO30OP6PooYtq2I=">AAAB/nicbVDLSgMxFM3UV62vUcGNm2ARxEWZEUFdCEU3Lis4ttAZh0yaaUOTzJBkCmXswl9x40LFrd/hzr8x03ahrQcuHM65N7n3RCmjSjvOt1VaWFxaXimvVtbWNza37O2de5VkEhMPJyyRrQgpwqggnqaakVYqCeIRI82of134zQGRiibiTg9TEnDUFTSmGGkjhfaen3DSRZd+iqSmiIV0ENKH49CuOjVnDDhP3Cmpgikaof3ldxKccSI0ZkiptuukOsiLRzEjo4qfKZIi3Edd0jZUIE5UkI/3H8FDo3RgnEhTQsOx+nsiR1ypIY9MJ0e6p2a9QvzPa2c6Pg9yKtJME4EnH8UZgzqBRRiwQyXBmg0NQVhSsyvEPSQR1iayignBnT15nngntYuae3tarV9N0yiDfXAAjoALzkAd3IAG8AAGj+AZvII368l6sd6tj0lryZrO7II/sD5/AEpyldQ=</latexit><latexit sha1_base64="tXcofyPpCzF3jO30OP6PooYtq2I=">AAAB/nicbVDLSgMxFM3UV62vUcGNm2ARxEWZEUFdCEU3Lis4ttAZh0yaaUOTzJBkCmXswl9x40LFrd/hzr8x03ahrQcuHM65N7n3RCmjSjvOt1VaWFxaXimvVtbWNza37O2de5VkEhMPJyyRrQgpwqggnqaakVYqCeIRI82of134zQGRiibiTg9TEnDUFTSmGGkjhfaen3DSRZd+iqSmiIV0ENKH49CuOjVnDDhP3Cmpgikaof3ldxKccSI0ZkiptuukOsiLRzEjo4qfKZIi3Edd0jZUIE5UkI/3H8FDo3RgnEhTQsOx+nsiR1ypIY9MJ0e6p2a9QvzPa2c6Pg9yKtJME4EnH8UZgzqBRRiwQyXBmg0NQVhSsyvEPSQR1iayignBnT15nngntYuae3tarV9N0yiDfXAAjoALzkAd3IAG8AAGj+AZvII368l6sd6tj0lryZrO7II/sD5/AEpyldQ=</latexit><latexit sha1_base64="tXcofyPpCzF3jO30OP6PooYtq2I=">AAAB/nicbVDLSgMxFM3UV62vUcGNm2ARxEWZEUFdCEU3Lis4ttAZh0yaaUOTzJBkCmXswl9x40LFrd/hzr8x03ahrQcuHM65N7n3RCmjSjvOt1VaWFxaXimvVtbWNza37O2de5VkEhMPJyyRrQgpwqggnqaakVYqCeIRI82of134zQGRiibiTg9TEnDUFTSmGGkjhfaen3DSRZd+iqSmiIV0ENKH49CuOjVnDDhP3Cmpgikaof3ldxKccSI0ZkiptuukOsiLRzEjo4qfKZIi3Edd0jZUIE5UkI/3H8FDo3RgnEhTQsOx+nsiR1ypIY9MJ0e6p2a9QvzPa2c6Pg9yKtJME4EnH8UZgzqBRRiwQyXBmg0NQVhSsyvEPSQR1iayignBnT15nngntYuae3tarV9N0yiDfXAAjoALzkAd3IAG8AAGj+AZvII368l6sd6tj0lryZrO7II/sD5/AEpyldQ=</latexit><latexit sha1_base64="tXcofyPpCzF3jO30OP6PooYtq2I=">AAAB/nicbVDLSgMxFM3UV62vUcGNm2ARxEWZEUFdCEU3Lis4ttAZh0yaaUOTzJBkCmXswl9x40LFrd/hzr8x03ahrQcuHM65N7n3RCmjSjvOt1VaWFxaXimvVtbWNza37O2de5VkEhMPJyyRrQgpwqggnqaakVYqCeIRI82of134zQGRiibiTg9TEnDUFTSmGGkjhfaen3DSRZd+iqSmiIV0ENKH49CuOjVnDDhP3Cmpgikaof3ldxKccSI0ZkiptuukOsiLRzEjo4qfKZIi3Edd0jZUIE5UkI/3H8FDo3RgnEhTQsOx+nsiR1ypIY9MJ0e6p2a9QvzPa2c6Pg9yKtJME4EnH8UZgzqBRRiwQyXBmg0NQVhSsyvEPSQR1iayignBnT15nngntYuae3tarV9N0yiDfXAAjoALzkAd3IAG8AAGj+AZvII368l6sd6tj0lryZrO7II/sD5/AEpyldQ=</latexit>

p̃ = p� ⌫o! + gy
<latexit sha1_base64="FKPNa4+bTcMqIPsCJdyD5gPcG5Y=">AAACBXicbVBNSwMxEM3Wr1q/Vj2KECyCIJZdEdSDUPTisYJrC91SstnZNjSbLElWKKUnL/4VLx5UvPofvPlvTD8OWn0w8Hhvhpl5UcaZNp735RTm5hcWl4rLpZXVtfUNd3PrTstcUQio5FI1IqKBMwGBYYZDI1NA0ohDPepdjfz6PSjNpLg1/QxaKekIljBKjJXa7m5oGI8BZ/gCZ0ehyNsShzKFDsGHnX7bLXsVbwz8l/hTUkZT1NruZxhLmqcgDOVE66bvZaY1IMowymFYCnMNGaE90oGmpYKkoFuD8RtDvG+VGCdS2RIGj9WfEwOSat1PI9uZEtPVs95I/M9r5iY5aw2YyHIDgk4WJTnHRuJRJjhmCqjhfUsIVczeimmXKEKNTa5kQ/BnX/5LguPKecW/OSlXL6dpFNEO2kMHyEenqIquUQ0FiKIH9IRe0Kvz6Dw7b877pLXgTGe20S84H9+MUpd2</latexit><latexit sha1_base64="FKPNa4+bTcMqIPsCJdyD5gPcG5Y=">AAACBXicbVBNSwMxEM3Wr1q/Vj2KECyCIJZdEdSDUPTisYJrC91SstnZNjSbLElWKKUnL/4VLx5UvPofvPlvTD8OWn0w8Hhvhpl5UcaZNp735RTm5hcWl4rLpZXVtfUNd3PrTstcUQio5FI1IqKBMwGBYYZDI1NA0ohDPepdjfz6PSjNpLg1/QxaKekIljBKjJXa7m5oGI8BZ/gCZ0ehyNsShzKFDsGHnX7bLXsVbwz8l/hTUkZT1NruZxhLmqcgDOVE66bvZaY1IMowymFYCnMNGaE90oGmpYKkoFuD8RtDvG+VGCdS2RIGj9WfEwOSat1PI9uZEtPVs95I/M9r5iY5aw2YyHIDgk4WJTnHRuJRJjhmCqjhfUsIVczeimmXKEKNTa5kQ/BnX/5LguPKecW/OSlXL6dpFNEO2kMHyEenqIquUQ0FiKIH9IRe0Kvz6Dw7b877pLXgTGe20S84H9+MUpd2</latexit><latexit sha1_base64="FKPNa4+bTcMqIPsCJdyD5gPcG5Y=">AAACBXicbVBNSwMxEM3Wr1q/Vj2KECyCIJZdEdSDUPTisYJrC91SstnZNjSbLElWKKUnL/4VLx5UvPofvPlvTD8OWn0w8Hhvhpl5UcaZNp735RTm5hcWl4rLpZXVtfUNd3PrTstcUQio5FI1IqKBMwGBYYZDI1NA0ohDPepdjfz6PSjNpLg1/QxaKekIljBKjJXa7m5oGI8BZ/gCZ0ehyNsShzKFDsGHnX7bLXsVbwz8l/hTUkZT1NruZxhLmqcgDOVE66bvZaY1IMowymFYCnMNGaE90oGmpYKkoFuD8RtDvG+VGCdS2RIGj9WfEwOSat1PI9uZEtPVs95I/M9r5iY5aw2YyHIDgk4WJTnHRuJRJjhmCqjhfUsIVczeimmXKEKNTa5kQ/BnX/5LguPKecW/OSlXL6dpFNEO2kMHyEenqIquUQ0FiKIH9IRe0Kvz6Dw7b877pLXgTGe20S84H9+MUpd2</latexit><latexit sha1_base64="FKPNa4+bTcMqIPsCJdyD5gPcG5Y=">AAACBXicbVBNSwMxEM3Wr1q/Vj2KECyCIJZdEdSDUPTisYJrC91SstnZNjSbLElWKKUnL/4VLx5UvPofvPlvTD8OWn0w8Hhvhpl5UcaZNp735RTm5hcWl4rLpZXVtfUNd3PrTstcUQio5FI1IqKBMwGBYYZDI1NA0ohDPepdjfz6PSjNpLg1/QxaKekIljBKjJXa7m5oGI8BZ/gCZ0ehyNsShzKFDsGHnX7bLXsVbwz8l/hTUkZT1NruZxhLmqcgDOVE66bvZaY1IMowymFYCnMNGaE90oGmpYKkoFuD8RtDvG+VGCdS2RIGj9WfEwOSat1PI9uZEtPVs95I/M9r5iY5aw2YyHIDgk4WJTnHRuJRJjhmCqjhfUsIVczeimmXKEKNTa5kQ/BnX/5LguPKecW/OSlXL6dpFNEO2kMHyEenqIquUQ0FiKIH9IRe0Kvz6Dw7b877pLXgTGe20S84H9+MUpd2</latexit>

n

s

y

x

y = h(x, t)

n =
1p

1 + (@xh)2
(�@xh, 1)

<latexit sha1_base64="GW+0blMx6gwtDelaVINAWQVRjuM="></latexit><latexit sha1_base64="GW+0blMx6gwtDelaVINAWQVRjuM="></latexit><latexit sha1_base64="GW+0blMx6gwtDelaVINAWQVRjuM="></latexit><latexit sha1_base64="GW+0blMx6gwtDelaVINAWQVRjuM="></latexit> g



Surface gravity waves in inviscid ocean 
⌫e = 0, ⌫o = 0

<latexit sha1_base64="ibGktCttYDSdpj4/zvQGRkVMGKQ=">AAAB+HicbZDNSsNAFIVv/K31L+rSzWARXEhJRFAXhaIblxWMLbQhTKaTduhkEmYmhRL6Jm5cqLj1Udz5Nk7aLLT1wMDHufdy75ww5Uxpx/m2VlbX1jc2K1vV7Z3dvX374PBJJZkk1CMJT2QnxIpyJqinmea0k0qK45DTdji6K+rtMZWKJeJRT1Lqx3ggWMQI1sYKbLsnsoA2nHNUQNJwArvm1J2Z0DK4JdSgVCuwv3r9hGQxFZpwrFTXdVLt51hqRjidVnuZoikmIzygXYMCx1T5+ezyKTo1Th9FiTRPaDRzf0/kOFZqEoemM8Z6qBZrhflfrZvp6NrPmUgzTQWZL4oyjnSCihhQn0lKNJ8YwEQycysiQywx0SasqgnBXfzyMngX9Zu6+3BZa96WaVTgGE7gDFy4gibcQws8IDCGZ3iFNyu3Xqx362PeumKVM0fwR9bnD0sTklU=</latexit><latexit sha1_base64="ibGktCttYDSdpj4/zvQGRkVMGKQ=">AAAB+HicbZDNSsNAFIVv/K31L+rSzWARXEhJRFAXhaIblxWMLbQhTKaTduhkEmYmhRL6Jm5cqLj1Udz5Nk7aLLT1wMDHufdy75ww5Uxpx/m2VlbX1jc2K1vV7Z3dvX374PBJJZkk1CMJT2QnxIpyJqinmea0k0qK45DTdji6K+rtMZWKJeJRT1Lqx3ggWMQI1sYKbLsnsoA2nHNUQNJwArvm1J2Z0DK4JdSgVCuwv3r9hGQxFZpwrFTXdVLt51hqRjidVnuZoikmIzygXYMCx1T5+ezyKTo1Th9FiTRPaDRzf0/kOFZqEoemM8Z6qBZrhflfrZvp6NrPmUgzTQWZL4oyjnSCihhQn0lKNJ8YwEQycysiQywx0SasqgnBXfzyMngX9Zu6+3BZa96WaVTgGE7gDFy4gibcQws8IDCGZ3iFNyu3Xqx362PeumKVM0fwR9bnD0sTklU=</latexit><latexit sha1_base64="ibGktCttYDSdpj4/zvQGRkVMGKQ=">AAAB+HicbZDNSsNAFIVv/K31L+rSzWARXEhJRFAXhaIblxWMLbQhTKaTduhkEmYmhRL6Jm5cqLj1Udz5Nk7aLLT1wMDHufdy75ww5Uxpx/m2VlbX1jc2K1vV7Z3dvX374PBJJZkk1CMJT2QnxIpyJqinmea0k0qK45DTdji6K+rtMZWKJeJRT1Lqx3ggWMQI1sYKbLsnsoA2nHNUQNJwArvm1J2Z0DK4JdSgVCuwv3r9hGQxFZpwrFTXdVLt51hqRjidVnuZoikmIzygXYMCx1T5+ezyKTo1Th9FiTRPaDRzf0/kOFZqEoemM8Z6qBZrhflfrZvp6NrPmUgzTQWZL4oyjnSCihhQn0lKNJ8YwEQycysiQywx0SasqgnBXfzyMngX9Zu6+3BZa96WaVTgGE7gDFy4gibcQws8IDCGZ3iFNyu3Xqx362PeumKVM0fwR9bnD0sTklU=</latexit><latexit sha1_base64="ibGktCttYDSdpj4/zvQGRkVMGKQ=">AAAB+HicbZDNSsNAFIVv/K31L+rSzWARXEhJRFAXhaIblxWMLbQhTKaTduhkEmYmhRL6Jm5cqLj1Udz5Nk7aLLT1wMDHufdy75ww5Uxpx/m2VlbX1jc2K1vV7Z3dvX374PBJJZkk1CMJT2QnxIpyJqinmea0k0qK45DTdji6K+rtMZWKJeJRT1Lqx3ggWMQI1sYKbLsnsoA2nHNUQNJwArvm1J2Z0DK4JdSgVCuwv3r9hGQxFZpwrFTXdVLt51hqRjidVnuZoikmIzygXYMCx1T5+ezyKTo1Th9FiTRPaDRzf0/kOFZqEoemM8Z6qBZrhflfrZvp6NrPmUgzTQWZL4oyjnSCihhQn0lKNJ8YwEQycysiQywx0SasqgnBXfzyMngX9Zu6+3BZa96WaVTgGE7gDFy4gibcQws8IDCGZ3iFNyu3Xqx362PeumKVM0fwR9bnD0sTklU=</latexit>

�� = 0
<latexit sha1_base64="VNJnKkPgwVdA8fbzCZDPNTx26tE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CUQ8eKxhbaELZbCft0s2Hu5tCCf0dXjyoePXPePPfuG1z0OqDgcd7M8zMC1LBlbbtL6u0tLyyulZer2xsbm3vVHf3HlSSSYYuS0Qi2wFVKHiMruZaYDuVSKNAYCsYXk/91gil4kl8r8cp+hHtxzzkjGoj+d4NCk2Jlw74pd2t1uy6PQP5S5yC1KBAs1v99HoJyyKMNRNUqY5jp9rPqdScCZxUvExhStmQ9rFjaEwjVH4+O3pCjozSI2EiTcWazNSfEzmNlBpHgemMqB6oRW8q/ud1Mh2e+zmP00xjzOaLwkwQnZBpAqTHJTItxoZQJrm5lbABlZRpk1PFhOAsvvyXuCf1i7pzd1prXBVplOEADuEYHDiDBtxCE1xg8AhP8AKv1sh6tt6s93lrySpm9uEXrI9vK/uRQA==</latexit><latexit sha1_base64="VNJnKkPgwVdA8fbzCZDPNTx26tE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CUQ8eKxhbaELZbCft0s2Hu5tCCf0dXjyoePXPePPfuG1z0OqDgcd7M8zMC1LBlbbtL6u0tLyyulZer2xsbm3vVHf3HlSSSYYuS0Qi2wFVKHiMruZaYDuVSKNAYCsYXk/91gil4kl8r8cp+hHtxzzkjGoj+d4NCk2Jlw74pd2t1uy6PQP5S5yC1KBAs1v99HoJyyKMNRNUqY5jp9rPqdScCZxUvExhStmQ9rFjaEwjVH4+O3pCjozSI2EiTcWazNSfEzmNlBpHgemMqB6oRW8q/ud1Mh2e+zmP00xjzOaLwkwQnZBpAqTHJTItxoZQJrm5lbABlZRpk1PFhOAsvvyXuCf1i7pzd1prXBVplOEADuEYHDiDBtxCE1xg8AhP8AKv1sh6tt6s93lrySpm9uEXrI9vK/uRQA==</latexit><latexit sha1_base64="VNJnKkPgwVdA8fbzCZDPNTx26tE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CUQ8eKxhbaELZbCft0s2Hu5tCCf0dXjyoePXPePPfuG1z0OqDgcd7M8zMC1LBlbbtL6u0tLyyulZer2xsbm3vVHf3HlSSSYYuS0Qi2wFVKHiMruZaYDuVSKNAYCsYXk/91gil4kl8r8cp+hHtxzzkjGoj+d4NCk2Jlw74pd2t1uy6PQP5S5yC1KBAs1v99HoJyyKMNRNUqY5jp9rPqdScCZxUvExhStmQ9rFjaEwjVH4+O3pCjozSI2EiTcWazNSfEzmNlBpHgemMqB6oRW8q/ud1Mh2e+zmP00xjzOaLwkwQnZBpAqTHJTItxoZQJrm5lbABlZRpk1PFhOAsvvyXuCf1i7pzd1prXBVplOEADuEYHDiDBtxCE1xg8AhP8AKv1sh6tt6s93lrySpm9uEXrI9vK/uRQA==</latexit><latexit sha1_base64="VNJnKkPgwVdA8fbzCZDPNTx26tE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CUQ8eKxhbaELZbCft0s2Hu5tCCf0dXjyoePXPePPfuG1z0OqDgcd7M8zMC1LBlbbtL6u0tLyyulZer2xsbm3vVHf3HlSSSYYuS0Qi2wFVKHiMruZaYDuVSKNAYCsYXk/91gil4kl8r8cp+hHtxzzkjGoj+d4NCk2Jlw74pd2t1uy6PQP5S5yC1KBAs1v99HoJyyKMNRNUqY5jp9rPqdScCZxUvExhStmQ9rFjaEwjVH4+O3pCjozSI2EiTcWazNSfEzmNlBpHgemMqB6oRW8q/ud1Mh2e+zmP00xjzOaLwkwQnZBpAqTHJTItxoZQJrm5lbABlZRpk1PFhOAsvvyXuCf1i7pzd1prXBVplOEADuEYHDiDBtxCE1xg8AhP8AKv1sh6tt6s93lrySpm9uEXrI9vK/uRQA==</latexit>

@t�+
1

2
(r�)2 = �p� gy

<latexit sha1_base64="Eech/ruuaDsc3l1hIZZr15NWI6c=">AAACGnicbVBNSwMxEM36WetX1aOXYBEUadktgnoQil48VrC20K1lNs22odlsSLJCWfo/vPhXvHhQ8SZe/Ddm2x60+mDg8d4MM/MCyZk2rvvlzM0vLC4t51byq2vrG5uFre1bHSeK0DqJeayaAWjKmaB1wwynTakoRAGnjWBwmfmNe6o0i8WNGUrajqAnWMgIGCt1ChVfgjIMeMf4ss/wkR8qIKk3SiujA19AwAFnxuFdBZ/jkiz1hp1C0S27Y+C/xJuSIpqi1il8+N2YJBEVhnDQuuW50rTTbC/hdJT3E00lkAH0aMtSARHV7XT82wjvW6WLw1jZEgaP1Z8TKURaD6PAdkZg+nrWy8T/vFZiwtN2yoRMDBVksihMODYxzoLCXaYoMXxoCRDF7K2Y9MGGY2yceRuCN/vyX1KvlM/K3vVxsXoxTSOHdtEeOkAeOkFVdIVqqI4IekBP6AW9Oo/Os/PmvE9a55zpzA76BefzG1WGn+E=</latexit><latexit sha1_base64="Eech/ruuaDsc3l1hIZZr15NWI6c=">AAACGnicbVBNSwMxEM36WetX1aOXYBEUadktgnoQil48VrC20K1lNs22odlsSLJCWfo/vPhXvHhQ8SZe/Ddm2x60+mDg8d4MM/MCyZk2rvvlzM0vLC4t51byq2vrG5uFre1bHSeK0DqJeayaAWjKmaB1wwynTakoRAGnjWBwmfmNe6o0i8WNGUrajqAnWMgIGCt1ChVfgjIMeMf4ss/wkR8qIKk3SiujA19AwAFnxuFdBZ/jkiz1hp1C0S27Y+C/xJuSIpqi1il8+N2YJBEVhnDQuuW50rTTbC/hdJT3E00lkAH0aMtSARHV7XT82wjvW6WLw1jZEgaP1Z8TKURaD6PAdkZg+nrWy8T/vFZiwtN2yoRMDBVksihMODYxzoLCXaYoMXxoCRDF7K2Y9MGGY2yceRuCN/vyX1KvlM/K3vVxsXoxTSOHdtEeOkAeOkFVdIVqqI4IekBP6AW9Oo/Os/PmvE9a55zpzA76BefzG1WGn+E=</latexit><latexit sha1_base64="Eech/ruuaDsc3l1hIZZr15NWI6c=">AAACGnicbVBNSwMxEM36WetX1aOXYBEUadktgnoQil48VrC20K1lNs22odlsSLJCWfo/vPhXvHhQ8SZe/Ddm2x60+mDg8d4MM/MCyZk2rvvlzM0vLC4t51byq2vrG5uFre1bHSeK0DqJeayaAWjKmaB1wwynTakoRAGnjWBwmfmNe6o0i8WNGUrajqAnWMgIGCt1ChVfgjIMeMf4ss/wkR8qIKk3SiujA19AwAFnxuFdBZ/jkiz1hp1C0S27Y+C/xJuSIpqi1il8+N2YJBEVhnDQuuW50rTTbC/hdJT3E00lkAH0aMtSARHV7XT82wjvW6WLw1jZEgaP1Z8TKURaD6PAdkZg+nrWy8T/vFZiwtN2yoRMDBVksihMODYxzoLCXaYoMXxoCRDF7K2Y9MGGY2yceRuCN/vyX1KvlM/K3vVxsXoxTSOHdtEeOkAeOkFVdIVqqI4IekBP6AW9Oo/Os/PmvE9a55zpzA76BefzG1WGn+E=</latexit><latexit sha1_base64="Eech/ruuaDsc3l1hIZZr15NWI6c=">AAACGnicbVBNSwMxEM36WetX1aOXYBEUadktgnoQil48VrC20K1lNs22odlsSLJCWfo/vPhXvHhQ8SZe/Ddm2x60+mDg8d4MM/MCyZk2rvvlzM0vLC4t51byq2vrG5uFre1bHSeK0DqJeayaAWjKmaB1wwynTakoRAGnjWBwmfmNe6o0i8WNGUrajqAnWMgIGCt1ChVfgjIMeMf4ss/wkR8qIKk3SiujA19AwAFnxuFdBZ/jkiz1hp1C0S27Y+C/xJuSIpqi1il8+N2YJBEVhnDQuuW50rTTbC/hdJT3E00lkAH0aMtSARHV7XT82wjvW6WLw1jZEgaP1Z8TKURaD6PAdkZg+nrWy8T/vFZiwtN2yoRMDBVksihMODYxzoLCXaYoMXxoCRDF7K2Y9MGGY2yceRuCN/vyX1KvlM/K3vVxsXoxTSOHdtEeOkAeOkFVdIVqqI4IekBP6AW9Oo/Os/PmvE9a55zpzA76BefzG1WGn+E=</latexit>

Equations of motion vi = @i�
<latexit sha1_base64="CYnLoxIU95KUhacpW7SjttO6EhQ=">AAAB+nicbVBNS8NAEJ34WetXrUcvi0XwVBIR1INQ9OKxgrGFJoTNdtMu3STL7qZYQv+KFw8qXv0l3vw3btoctPXBwOO9md2ZFwrOlLbtb2tldW19Y7OyVd3e2d3brx3UH1WaSUJdkvJUdkOsKGcJdTXTnHaFpDgOOe2Eo9vC74ypVCxNHvREUD/Gg4RFjGBtpKBWHwfs2hNYaoZ5wDwxZEGtYTftGdAycUrSgBLtoPbl9VOSxTTRhGOleo4ttJ8XbxJOp1UvU1RgMsID2jM0wTFVfj7bfYpOjNJHUSpNJRrN1N8TOY6VmsSh6YyxHqpFrxD/83qZji79nCUi0zQh84+ijCOdoiII1GeSEs0nhmAimdkVkSGWmGgTV9WE4CyevEzcs+ZV07k/b7RuyjQqcATHcAoOXEAL7qANLhB4gmd4hTdrar1Y79bHvHXFKmcO4Q+szx+bP5Rc</latexit><latexit sha1_base64="CYnLoxIU95KUhacpW7SjttO6EhQ=">AAAB+nicbVBNS8NAEJ34WetXrUcvi0XwVBIR1INQ9OKxgrGFJoTNdtMu3STL7qZYQv+KFw8qXv0l3vw3btoctPXBwOO9md2ZFwrOlLbtb2tldW19Y7OyVd3e2d3brx3UH1WaSUJdkvJUdkOsKGcJdTXTnHaFpDgOOe2Eo9vC74ypVCxNHvREUD/Gg4RFjGBtpKBWHwfs2hNYaoZ5wDwxZEGtYTftGdAycUrSgBLtoPbl9VOSxTTRhGOleo4ttJ8XbxJOp1UvU1RgMsID2jM0wTFVfj7bfYpOjNJHUSpNJRrN1N8TOY6VmsSh6YyxHqpFrxD/83qZji79nCUi0zQh84+ijCOdoiII1GeSEs0nhmAimdkVkSGWmGgTV9WE4CyevEzcs+ZV07k/b7RuyjQqcATHcAoOXEAL7qANLhB4gmd4hTdrar1Y79bHvHXFKmcO4Q+szx+bP5Rc</latexit><latexit sha1_base64="CYnLoxIU95KUhacpW7SjttO6EhQ=">AAAB+nicbVBNS8NAEJ34WetXrUcvi0XwVBIR1INQ9OKxgrGFJoTNdtMu3STL7qZYQv+KFw8qXv0l3vw3btoctPXBwOO9md2ZFwrOlLbtb2tldW19Y7OyVd3e2d3brx3UH1WaSUJdkvJUdkOsKGcJdTXTnHaFpDgOOe2Eo9vC74ypVCxNHvREUD/Gg4RFjGBtpKBWHwfs2hNYaoZ5wDwxZEGtYTftGdAycUrSgBLtoPbl9VOSxTTRhGOleo4ttJ8XbxJOp1UvU1RgMsID2jM0wTFVfj7bfYpOjNJHUSpNJRrN1N8TOY6VmsSh6YyxHqpFrxD/83qZji79nCUi0zQh84+ijCOdoiII1GeSEs0nhmAimdkVkSGWmGgTV9WE4CyevEzcs+ZV07k/b7RuyjQqcATHcAoOXEAL7qANLhB4gmd4hTdrar1Y79bHvHXFKmcO4Q+szx+bP5Rc</latexit><latexit sha1_base64="CYnLoxIU95KUhacpW7SjttO6EhQ=">AAAB+nicbVBNS8NAEJ34WetXrUcvi0XwVBIR1INQ9OKxgrGFJoTNdtMu3STL7qZYQv+KFw8qXv0l3vw3btoctPXBwOO9md2ZFwrOlLbtb2tldW19Y7OyVd3e2d3brx3UH1WaSUJdkvJUdkOsKGcJdTXTnHaFpDgOOe2Eo9vC74ypVCxNHvREUD/Gg4RFjGBtpKBWHwfs2hNYaoZ5wDwxZEGtYTftGdAycUrSgBLtoPbl9VOSxTTRhGOleo4ttJ8XbxJOp1UvU1RgMsID2jM0wTFVfj7bfYpOjNJHUSpNJRrN1N8TOY6VmsSh6YyxHqpFrxD/83qZji79nCUi0zQh84+ijCOdoiII1GeSEs0nhmAimdkVkSGWmGgTV9WE4CyevEzcs+ZV07k/b7RuyjQqcATHcAoOXEAL7qANLhB4gmd4hTdrar1Y79bHvHXFKmcO4Q+szx+bP5Rc</latexit>

Boundary conditions p|y=h = 0
<latexit sha1_base64="BypZ1DeoeqGxMfy5IYGg5QjuhBc=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6qFQ9OKxgrHFNpTNdtMu3eyG3Y0QYv+FFw8qXv053vw3btsctPXBwOO9GWbmhQln2rjut7O0vLK6tl7aKG9ube/sVvb277VMFaE+kVyqdog15UxQ3zDDaTtRFMchp61wdD3xW49UaSbFnckSGsR4IFjECDZWekieenlWH47rbq9SdWvuFGiReAWpQoFmr/LV7UuSxlQYwrHWHc9NTJBjZRjhdFzuppommIzwgHYsFTimOsinF4/RsVX6KJLKljBoqv6eyHGsdRaHtjPGZqjnvYn4n9dJTXQR5EwkqaGCzBZFKUdGosn7qM8UJYZnlmCimL0VkSFWmBgbUtmG4M2/vEj809plzbs9qzauijRKcAhHcAIenEMDbqAJPhAQ8Ayv8OZo58V5dz5mrUtOMXMAf+B8/gC/SZCA</latexit><latexit sha1_base64="BypZ1DeoeqGxMfy5IYGg5QjuhBc=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6qFQ9OKxgrHFNpTNdtMu3eyG3Y0QYv+FFw8qXv053vw3btsctPXBwOO9GWbmhQln2rjut7O0vLK6tl7aKG9ube/sVvb277VMFaE+kVyqdog15UxQ3zDDaTtRFMchp61wdD3xW49UaSbFnckSGsR4IFjECDZWekieenlWH47rbq9SdWvuFGiReAWpQoFmr/LV7UuSxlQYwrHWHc9NTJBjZRjhdFzuppommIzwgHYsFTimOsinF4/RsVX6KJLKljBoqv6eyHGsdRaHtjPGZqjnvYn4n9dJTXQR5EwkqaGCzBZFKUdGosn7qM8UJYZnlmCimL0VkSFWmBgbUtmG4M2/vEj809plzbs9qzauijRKcAhHcAIenEMDbqAJPhAQ8Ayv8OZo58V5dz5mrUtOMXMAf+B8/gC/SZCA</latexit><latexit sha1_base64="BypZ1DeoeqGxMfy5IYGg5QjuhBc=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6qFQ9OKxgrHFNpTNdtMu3eyG3Y0QYv+FFw8qXv053vw3btsctPXBwOO9GWbmhQln2rjut7O0vLK6tl7aKG9ube/sVvb277VMFaE+kVyqdog15UxQ3zDDaTtRFMchp61wdD3xW49UaSbFnckSGsR4IFjECDZWekieenlWH47rbq9SdWvuFGiReAWpQoFmr/LV7UuSxlQYwrHWHc9NTJBjZRjhdFzuppommIzwgHYsFTimOsinF4/RsVX6KJLKljBoqv6eyHGsdRaHtjPGZqjnvYn4n9dJTXQR5EwkqaGCzBZFKUdGosn7qM8UJYZnlmCimL0VkSFWmBgbUtmG4M2/vEj809plzbs9qzauijRKcAhHcAIenEMDbqAJPhAQ8Ayv8OZo58V5dz5mrUtOMXMAf+B8/gC/SZCA</latexit><latexit sha1_base64="BypZ1DeoeqGxMfy5IYGg5QjuhBc=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6qFQ9OKxgrHFNpTNdtMu3eyG3Y0QYv+FFw8qXv053vw3btsctPXBwOO9GWbmhQln2rjut7O0vLK6tl7aKG9ube/sVvb277VMFaE+kVyqdog15UxQ3zDDaTtRFMchp61wdD3xW49UaSbFnckSGsR4IFjECDZWekieenlWH47rbq9SdWvuFGiReAWpQoFmr/LV7UuSxlQYwrHWHc9NTJBjZRjhdFzuppommIzwgHYsFTimOsinF4/RsVX6KJLKljBoqv6eyHGsdRaHtjPGZqjnvYn4n9dJTXQR5EwkqaGCzBZFKUdGosn7qM8UJYZnlmCimL0VkSFWmBgbUtmG4M2/vEj809plzbs9qzauijRKcAhHcAIenEMDbqAJPhAQ8Ayv8OZo58V5dz5mrUtOMXMAf+B8/gC/SZCA</latexit>

ht + hx@x� = @y�
<latexit sha1_base64="QPnQ5rHbvJeQGzvSnNmosRUhKg0=">AAACDXicbVBNS8MwGE7n15xfVY9egmMgCKMVQT0IQy8eJ1g32EpJs3QNS9OSpGIp+wVe/CtePKh49e7Nf2O6FdHNBwLP+zzvm+R9/IRRqSzry6gsLC4tr1RXa2vrG5tb5vbOrYxTgYmDYxaLro8kYZQTR1HFSDcRBEU+Ix1/dFn4nTsiJI35jcoS4kZoyGlAMVJa8sxG6KnD0LvvJ0goiljBQgrPf+qsqD2zbjWtCeA8sUtSByXanvnZH8Q4jQhXmCEpe7aVKDcv7sSMjGv9VJIE4REakp6mHEVEuvlknTFsaGUAg1jowxWcqL8nchRJmUW+7oyQCuWsV4j/eb1UBaduTnmSKsLx9KEgZVDFsMgGDqggWLFME4QF1X+FOEQCYaUTrOkQ7NmV54lz1Dxr2tfH9dZFmUYV7IF9cABscAJa4Aq0gQMweABP4AW8Go/Gs/FmvE9bK0Y5swv+wPj4BjlvnG4=</latexit><latexit sha1_base64="QPnQ5rHbvJeQGzvSnNmosRUhKg0=">AAACDXicbVBNS8MwGE7n15xfVY9egmMgCKMVQT0IQy8eJ1g32EpJs3QNS9OSpGIp+wVe/CtePKh49e7Nf2O6FdHNBwLP+zzvm+R9/IRRqSzry6gsLC4tr1RXa2vrG5tb5vbOrYxTgYmDYxaLro8kYZQTR1HFSDcRBEU+Ix1/dFn4nTsiJI35jcoS4kZoyGlAMVJa8sxG6KnD0LvvJ0goiljBQgrPf+qsqD2zbjWtCeA8sUtSByXanvnZH8Q4jQhXmCEpe7aVKDcv7sSMjGv9VJIE4REakp6mHEVEuvlknTFsaGUAg1jowxWcqL8nchRJmUW+7oyQCuWsV4j/eb1UBaduTnmSKsLx9KEgZVDFsMgGDqggWLFME4QF1X+FOEQCYaUTrOkQ7NmV54lz1Dxr2tfH9dZFmUYV7IF9cABscAJa4Aq0gQMweABP4AW8Go/Gs/FmvE9bK0Y5swv+wPj4BjlvnG4=</latexit><latexit sha1_base64="QPnQ5rHbvJeQGzvSnNmosRUhKg0=">AAACDXicbVBNS8MwGE7n15xfVY9egmMgCKMVQT0IQy8eJ1g32EpJs3QNS9OSpGIp+wVe/CtePKh49e7Nf2O6FdHNBwLP+zzvm+R9/IRRqSzry6gsLC4tr1RXa2vrG5tb5vbOrYxTgYmDYxaLro8kYZQTR1HFSDcRBEU+Ix1/dFn4nTsiJI35jcoS4kZoyGlAMVJa8sxG6KnD0LvvJ0goiljBQgrPf+qsqD2zbjWtCeA8sUtSByXanvnZH8Q4jQhXmCEpe7aVKDcv7sSMjGv9VJIE4REakp6mHEVEuvlknTFsaGUAg1jowxWcqL8nchRJmUW+7oyQCuWsV4j/eb1UBaduTnmSKsLx9KEgZVDFsMgGDqggWLFME4QF1X+FOEQCYaUTrOkQ7NmV54lz1Dxr2tfH9dZFmUYV7IF9cABscAJa4Aq0gQMweABP4AW8Go/Gs/FmvE9bK0Y5swv+wPj4BjlvnG4=</latexit><latexit sha1_base64="QPnQ5rHbvJeQGzvSnNmosRUhKg0=">AAACDXicbVBNS8MwGE7n15xfVY9egmMgCKMVQT0IQy8eJ1g32EpJs3QNS9OSpGIp+wVe/CtePKh49e7Nf2O6FdHNBwLP+zzvm+R9/IRRqSzry6gsLC4tr1RXa2vrG5tb5vbOrYxTgYmDYxaLro8kYZQTR1HFSDcRBEU+Ix1/dFn4nTsiJI35jcoS4kZoyGlAMVJa8sxG6KnD0LvvJ0goiljBQgrPf+qsqD2zbjWtCeA8sUtSByXanvnZH8Q4jQhXmCEpe7aVKDcv7sSMjGv9VJIE4REakp6mHEVEuvlknTFsaGUAg1jowxWcqL8nchRJmUW+7oyQCuWsV4j/eb1UBaduTnmSKsLx9KEgZVDFsMgGDqggWLFME4QF1X+FOEQCYaUTrOkQ7NmV54lz1Dxr2tfH9dZFmUYV7IF9cABscAJa4Aq0gQMweABP4AW8Go/Gs/FmvE9bK0Y5swv+wPj4BjlvnG4=</latexit>

Any time dependent harmonic potential is a solution 

Linearized bulk potential Solutions

p = ⌦
k

|k|Ae|k|yeikx�i⌦t � gy
<latexit sha1_base64="B/9WK2qM/xbowbZtLA/fdjKO2Z4="></latexit><latexit sha1_base64="B/9WK2qM/xbowbZtLA/fdjKO2Z4="></latexit><latexit sha1_base64="B/9WK2qM/xbowbZtLA/fdjKO2Z4="></latexit><latexit sha1_base64="B/9WK2qM/xbowbZtLA/fdjKO2Z4="></latexit>

vx = A|k|e|k|yeikx�i⌦t
<latexit sha1_base64="C/y/f0dp+fb5YcB/CsSrwXI49gw="></latexit><latexit sha1_base64="C/y/f0dp+fb5YcB/CsSrwXI49gw="></latexit><latexit sha1_base64="C/y/f0dp+fb5YcB/CsSrwXI49gw="></latexit><latexit sha1_base64="C/y/f0dp+fb5YcB/CsSrwXI49gw="></latexit>

vy = �iAke|k|yeikx�i⌦t
<latexit sha1_base64="7LZjrWquPY3bQ6VIcVEJhRXlUcM="></latexit><latexit sha1_base64="7LZjrWquPY3bQ6VIcVEJhRXlUcM="></latexit><latexit sha1_base64="7LZjrWquPY3bQ6VIcVEJhRXlUcM="></latexit><latexit sha1_base64="7LZjrWquPY3bQ6VIcVEJhRXlUcM="></latexit>

Surface dynamics satisfying no stress BC

h(x, t) =
k

⌦
Aeikx�i⌦t

<latexit sha1_base64="6UnWh/GPIayAVBNuF3VGJb2Yn9I="></latexit><latexit sha1_base64="6UnWh/GPIayAVBNuF3VGJb2Yn9I="></latexit><latexit sha1_base64="6UnWh/GPIayAVBNuF3VGJb2Yn9I="></latexit><latexit sha1_base64="6UnWh/GPIayAVBNuF3VGJb2Yn9I="></latexit>

⌦ = ±
p

g|k|
<latexit sha1_base64="N8Yfy8qamclwOZGsEkYJRH8csVQ=">AAAB/3icdVDLSsNAFJ3UV62vqAsXbgaL4KokNfSxEIpu3FnBWqEJZTKdtkNnkjgzEUqajb/ixoWKW3/DnX/jpK2gogcuHM65l3vv8SNGpbKsDyO3sLi0vJJfLaytb2xumds71zKMBSYtHLJQ3PhIEkYD0lJUMXITCYK4z0jbH51lfvuOCEnD4EqNI+JxNAhon2KktNQ199wLTgboxI04dOWtUMkATkaTtGsWrVK9Vik7FWiVLKtql+2MlKvOsQNtrWQogjmaXfPd7YU45iRQmCEpO7YVKS9BQlHMSFpwY0kihEdoQDqaBogT6SXTB1J4qJUe7IdCV6DgVP0+kSAu5Zj7upMjNZS/vUz8y+vEql/zEhpEsSIBni3qxwyqEGZpwB4VBCs21gRhQfWtEA+RQFjpzAo6hK9P4f+kVS7VS/alU2ycztPIg31wAI6ADaqgAc5BE7QABil4AE/g2bg3Ho0X43XWmjPmM7vgB4y3T3LOloo=</latexit><latexit sha1_base64="N8Yfy8qamclwOZGsEkYJRH8csVQ=">AAAB/3icdVDLSsNAFJ3UV62vqAsXbgaL4KokNfSxEIpu3FnBWqEJZTKdtkNnkjgzEUqajb/ixoWKW3/DnX/jpK2gogcuHM65l3vv8SNGpbKsDyO3sLi0vJJfLaytb2xumds71zKMBSYtHLJQ3PhIEkYD0lJUMXITCYK4z0jbH51lfvuOCEnD4EqNI+JxNAhon2KktNQ199wLTgboxI04dOWtUMkATkaTtGsWrVK9Vik7FWiVLKtql+2MlKvOsQNtrWQogjmaXfPd7YU45iRQmCEpO7YVKS9BQlHMSFpwY0kihEdoQDqaBogT6SXTB1J4qJUe7IdCV6DgVP0+kSAu5Zj7upMjNZS/vUz8y+vEql/zEhpEsSIBni3qxwyqEGZpwB4VBCs21gRhQfWtEA+RQFjpzAo6hK9P4f+kVS7VS/alU2ycztPIg31wAI6ADaqgAc5BE7QABil4AE/g2bg3Ho0X43XWmjPmM7vgB4y3T3LOloo=</latexit><latexit sha1_base64="N8Yfy8qamclwOZGsEkYJRH8csVQ=">AAAB/3icdVDLSsNAFJ3UV62vqAsXbgaL4KokNfSxEIpu3FnBWqEJZTKdtkNnkjgzEUqajb/ixoWKW3/DnX/jpK2gogcuHM65l3vv8SNGpbKsDyO3sLi0vJJfLaytb2xumds71zKMBSYtHLJQ3PhIEkYD0lJUMXITCYK4z0jbH51lfvuOCEnD4EqNI+JxNAhon2KktNQ199wLTgboxI04dOWtUMkATkaTtGsWrVK9Vik7FWiVLKtql+2MlKvOsQNtrWQogjmaXfPd7YU45iRQmCEpO7YVKS9BQlHMSFpwY0kihEdoQDqaBogT6SXTB1J4qJUe7IdCV6DgVP0+kSAu5Zj7upMjNZS/vUz8y+vEql/zEhpEsSIBni3qxwyqEGZpwB4VBCs21gRhQfWtEA+RQFjpzAo6hK9P4f+kVS7VS/alU2ycztPIg31wAI6ADaqgAc5BE7QABil4AE/g2bg3Ho0X43XWmjPmM7vgB4y3T3LOloo=</latexit><latexit sha1_base64="N8Yfy8qamclwOZGsEkYJRH8csVQ=">AAAB/3icdVDLSsNAFJ3UV62vqAsXbgaL4KokNfSxEIpu3FnBWqEJZTKdtkNnkjgzEUqajb/ixoWKW3/DnX/jpK2gogcuHM65l3vv8SNGpbKsDyO3sLi0vJJfLaytb2xumds71zKMBSYtHLJQ3PhIEkYD0lJUMXITCYK4z0jbH51lfvuOCEnD4EqNI+JxNAhon2KktNQ199wLTgboxI04dOWtUMkATkaTtGsWrVK9Vik7FWiVLKtql+2MlKvOsQNtrWQogjmaXfPd7YU45iRQmCEpO7YVKS9BQlHMSFpwY0kihEdoQDqaBogT6SXTB1J4qJUe7IdCV6DgVP0+kSAu5Zj7upMjNZS/vUz8y+vEql/zEhpEsSIBni3qxwyqEGZpwB4VBCs21gRhQfWtEA+RQFjpzAo6hK9P4f+kVS7VS/alU2ycztPIg31wAI6ADaqgAc5BE7QABil4AE/g2bg3Ho0X43XWmjPmM7vgB4y3T3LOloo=</latexit>



Surface gravity waves with shear viscosity
⌫e 6= 0, ⌫o = 0

<latexit sha1_base64="dGuDNJQRXrjZgTWgiXY4w5/e0ZE=">AAAB/XicbVBNS8NAEN34WetXVDx5WSyCBymJCOpBKHrxWMHYQhPKZjtpl242YXcjlFDwr3jxoOLV/+HNf+OmzUFbHwy8fW+GnXlhypnSjvNtLSwuLa+sVtaq6xubW9v2zu6DSjJJwaMJT2Q7JAo4E+Bppjm0UwkkDjm0wuFN4bceQSqWiHs9SiGISV+wiFGijdS1932RdQH7ArBzgotHgq+crl1z6s4EeJ64JamhEs2u/eX3EprFIDTlRKmO66Q6yInUjHIYV/1MQUrokPShY6ggMaggn6w/xkdG6eEokaaExhP190ROYqVGcWg6Y6IHatYrxP+8TqajiyBnIs00CDr9KMo41gkussA9JoFqPjKEUMnMrpgOiCRUm8SqJgR39uR54p3WL+vu3VmtcV2mUUEH6BAdIxedowa6RU3kIYpy9Ixe0Zv1ZL1Y79bHtHXBKmf20B9Ynz8g+pPZ</latexit><latexit sha1_base64="dGuDNJQRXrjZgTWgiXY4w5/e0ZE=">AAAB/XicbVBNS8NAEN34WetXVDx5WSyCBymJCOpBKHrxWMHYQhPKZjtpl242YXcjlFDwr3jxoOLV/+HNf+OmzUFbHwy8fW+GnXlhypnSjvNtLSwuLa+sVtaq6xubW9v2zu6DSjJJwaMJT2Q7JAo4E+Bppjm0UwkkDjm0wuFN4bceQSqWiHs9SiGISV+wiFGijdS1932RdQH7ArBzgotHgq+crl1z6s4EeJ64JamhEs2u/eX3EprFIDTlRKmO66Q6yInUjHIYV/1MQUrokPShY6ggMaggn6w/xkdG6eEokaaExhP190ROYqVGcWg6Y6IHatYrxP+8TqajiyBnIs00CDr9KMo41gkussA9JoFqPjKEUMnMrpgOiCRUm8SqJgR39uR54p3WL+vu3VmtcV2mUUEH6BAdIxedowa6RU3kIYpy9Ixe0Zv1ZL1Y79bHtHXBKmf20B9Ynz8g+pPZ</latexit><latexit sha1_base64="dGuDNJQRXrjZgTWgiXY4w5/e0ZE=">AAAB/XicbVBNS8NAEN34WetXVDx5WSyCBymJCOpBKHrxWMHYQhPKZjtpl242YXcjlFDwr3jxoOLV/+HNf+OmzUFbHwy8fW+GnXlhypnSjvNtLSwuLa+sVtaq6xubW9v2zu6DSjJJwaMJT2Q7JAo4E+Bppjm0UwkkDjm0wuFN4bceQSqWiHs9SiGISV+wiFGijdS1932RdQH7ArBzgotHgq+crl1z6s4EeJ64JamhEs2u/eX3EprFIDTlRKmO66Q6yInUjHIYV/1MQUrokPShY6ggMaggn6w/xkdG6eEokaaExhP190ROYqVGcWg6Y6IHatYrxP+8TqajiyBnIs00CDr9KMo41gkussA9JoFqPjKEUMnMrpgOiCRUm8SqJgR39uR54p3WL+vu3VmtcV2mUUEH6BAdIxedowa6RU3kIYpy9Ixe0Zv1ZL1Y79bHtHXBKmf20B9Ynz8g+pPZ</latexit><latexit sha1_base64="dGuDNJQRXrjZgTWgiXY4w5/e0ZE=">AAAB/XicbVBNS8NAEN34WetXVDx5WSyCBymJCOpBKHrxWMHYQhPKZjtpl242YXcjlFDwr3jxoOLV/+HNf+OmzUFbHwy8fW+GnXlhypnSjvNtLSwuLa+sVtaq6xubW9v2zu6DSjJJwaMJT2Q7JAo4E+Bppjm0UwkkDjm0wuFN4bceQSqWiHs9SiGISV+wiFGijdS1932RdQH7ArBzgotHgq+crl1z6s4EeJ64JamhEs2u/eX3EprFIDTlRKmO66Q6yInUjHIYV/1MQUrokPShY6ggMaggn6w/xkdG6eEokaaExhP190ROYqVGcWg6Y6IHatYrxP+8TqajiyBnIs00CDr9KMo41gkussA9JoFqPjKEUMnMrpgOiCRUm8SqJgR39uR54p3WL+vu3VmtcV2mUUEH6BAdIxedowa6RU3kIYpy9Ixe0Zv1ZL1Y79bHtHXBKmf20B9Ynz8g+pPZ</latexit>

Linearized bulk solutions
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Surface dynamics satisfying no stress BC
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<latexit sha1_base64="sSoH7rgHLwJFvd16jzvnfgg/5Gg=">AAACCnicdZBNSwMxEIazflu/qh69BIvgxbKrK7U30YtHBatCt5ZsOtVgkl2TWaEsvXvxr3jxoOLVX+DNf2O6VlDRFwIP78wwmTdOpbDo++/eyOjY+MTk1HRpZnZufqG8uHRik8xwaPBEJuYsZhak0NBAgRLOUgNMxRJO46v9Qf30BowViT7GXgotxS606ArO0Fnt8mrUAYksskJRdZ5vBP0CI3ttMI901oZ+u1zxq/5mGNQC6iCoh/WwgHC7vkWDql+oQoY6bJffok7CMwUauWTWNgM/xVbODAouoV+KMgsp41fsApoONVNgW3lxS5+uOadDu4lxTyMt3O8TOVPW9lTsOhXDS/u7NjD/qjUz7O60cqHTDEHzz0XdTFJM6CAY2hEGOMqeA8aNcH+l/JIZxtHFV3IhfF1K/4fGZrVeDY7Cyu7eMI0pskJWyToJSI3skgNySBqEk1tyTx7Jk3fnPXjP3stn64g3nFkmP+S9fgADXZtF</latexit><latexit sha1_base64="sSoH7rgHLwJFvd16jzvnfgg/5Gg=">AAACCnicdZBNSwMxEIazflu/qh69BIvgxbKrK7U30YtHBatCt5ZsOtVgkl2TWaEsvXvxr3jxoOLVX+DNf2O6VlDRFwIP78wwmTdOpbDo++/eyOjY+MTk1HRpZnZufqG8uHRik8xwaPBEJuYsZhak0NBAgRLOUgNMxRJO46v9Qf30BowViT7GXgotxS606ArO0Fnt8mrUAYksskJRdZ5vBP0CI3ttMI901oZ+u1zxq/5mGNQC6iCoh/WwgHC7vkWDql+oQoY6bJffok7CMwUauWTWNgM/xVbODAouoV+KMgsp41fsApoONVNgW3lxS5+uOadDu4lxTyMt3O8TOVPW9lTsOhXDS/u7NjD/qjUz7O60cqHTDEHzz0XdTFJM6CAY2hEGOMqeA8aNcH+l/JIZxtHFV3IhfF1K/4fGZrVeDY7Cyu7eMI0pskJWyToJSI3skgNySBqEk1tyTx7Jk3fnPXjP3stn64g3nFkmP+S9fgADXZtF</latexit><latexit sha1_base64="sSoH7rgHLwJFvd16jzvnfgg/5Gg=">AAACCnicdZBNSwMxEIazflu/qh69BIvgxbKrK7U30YtHBatCt5ZsOtVgkl2TWaEsvXvxr3jxoOLVX+DNf2O6VlDRFwIP78wwmTdOpbDo++/eyOjY+MTk1HRpZnZufqG8uHRik8xwaPBEJuYsZhak0NBAgRLOUgNMxRJO46v9Qf30BowViT7GXgotxS606ArO0Fnt8mrUAYksskJRdZ5vBP0CI3ttMI901oZ+u1zxq/5mGNQC6iCoh/WwgHC7vkWDql+oQoY6bJffok7CMwUauWTWNgM/xVbODAouoV+KMgsp41fsApoONVNgW3lxS5+uOadDu4lxTyMt3O8TOVPW9lTsOhXDS/u7NjD/qjUz7O60cqHTDEHzz0XdTFJM6CAY2hEGOMqeA8aNcH+l/JIZxtHFV3IhfF1K/4fGZrVeDY7Cyu7eMI0pskJWyToJSI3skgNySBqEk1tyTx7Jk3fnPXjP3stn64g3nFkmP+S9fgADXZtF</latexit><latexit sha1_base64="sSoH7rgHLwJFvd16jzvnfgg/5Gg=">AAACCnicdZBNSwMxEIazflu/qh69BIvgxbKrK7U30YtHBatCt5ZsOtVgkl2TWaEsvXvxr3jxoOLVX+DNf2O6VlDRFwIP78wwmTdOpbDo++/eyOjY+MTk1HRpZnZufqG8uHRik8xwaPBEJuYsZhak0NBAgRLOUgNMxRJO46v9Qf30BowViT7GXgotxS606ArO0Fnt8mrUAYksskJRdZ5vBP0CI3ttMI901oZ+u1zxq/5mGNQC6iCoh/WwgHC7vkWDql+oQoY6bJffok7CMwUauWTWNgM/xVbODAouoV+KMgsp41fsApoONVNgW3lxS5+uOadDu4lxTyMt3O8TOVPW9lTsOhXDS/u7NjD/qjUz7O60cqHTDEHzz0XdTFJM6CAY2hEGOMqeA8aNcH+l/JIZxtHFV3IhfF1K/4fGZrVeDY7Cyu7eMI0pskJWyToJSI3skgNySBqEk1tyTx7Jk3fnPXjP3stn64g3nFkmP+S9fgADXZtF</latexit>
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<latexit sha1_base64="Zu46w0HYgCAlWErwqPDH7LQLLvQ=">AAACEHicbVDLSgMxFM34rPVVdekmWIRuLDNFUBdC0Y07K1hb6NSSSe+0oUlmSDJCGeYX3PgrblyouHXpzr8xfSy09cDlHs65l+SeIOZMG9f9dhYWl5ZXVnNr+fWNza3tws7unY4SRaFOIx6pZkA0cCahbpjh0IwVEBFwaASDy5HfeAClWSRvzTCGtiA9yUJGibFSp1AS92klw+d4MO5H2A8VoSnD/rWAHslSXyadFLKsUyi6ZXcMPE+8KSmiKWqdwpffjWgiQBrKidYtz41NOyXKMMohy/uJhpjQAelBy1JJBOh2Or4ow4dW6eIwUrakwWP190ZKhNZDEdhJQUxfz3oj8T+vlZjwtJ0yGScGJJ08FCYcmwiP4sFdpoAaPrSEUMXsXzHtExuJsSHmbQje7MnzpF4pn5W9m+Ni9WKaRg7towNUQh46QVV0hWqojih6RM/oFb05T86L8+58TEYXnOnOHvoD5/MHtpickg==</latexit><latexit sha1_base64="Zu46w0HYgCAlWErwqPDH7LQLLvQ=">AAACEHicbVDLSgMxFM34rPVVdekmWIRuLDNFUBdC0Y07K1hb6NSSSe+0oUlmSDJCGeYX3PgrblyouHXpzr8xfSy09cDlHs65l+SeIOZMG9f9dhYWl5ZXVnNr+fWNza3tws7unY4SRaFOIx6pZkA0cCahbpjh0IwVEBFwaASDy5HfeAClWSRvzTCGtiA9yUJGibFSp1AS92klw+d4MO5H2A8VoSnD/rWAHslSXyadFLKsUyi6ZXcMPE+8KSmiKWqdwpffjWgiQBrKidYtz41NOyXKMMohy/uJhpjQAelBy1JJBOh2Or4ow4dW6eIwUrakwWP190ZKhNZDEdhJQUxfz3oj8T+vlZjwtJ0yGScGJJ08FCYcmwiP4sFdpoAaPrSEUMXsXzHtExuJsSHmbQje7MnzpF4pn5W9m+Ni9WKaRg7towNUQh46QVV0hWqojih6RM/oFb05T86L8+58TEYXnOnOHvoD5/MHtpickg==</latexit><latexit sha1_base64="Zu46w0HYgCAlWErwqPDH7LQLLvQ=">AAACEHicbVDLSgMxFM34rPVVdekmWIRuLDNFUBdC0Y07K1hb6NSSSe+0oUlmSDJCGeYX3PgrblyouHXpzr8xfSy09cDlHs65l+SeIOZMG9f9dhYWl5ZXVnNr+fWNza3tws7unY4SRaFOIx6pZkA0cCahbpjh0IwVEBFwaASDy5HfeAClWSRvzTCGtiA9yUJGibFSp1AS92klw+d4MO5H2A8VoSnD/rWAHslSXyadFLKsUyi6ZXcMPE+8KSmiKWqdwpffjWgiQBrKidYtz41NOyXKMMohy/uJhpjQAelBy1JJBOh2Or4ow4dW6eIwUrakwWP190ZKhNZDEdhJQUxfz3oj8T+vlZjwtJ0yGScGJJ08FCYcmwiP4sFdpoAaPrSEUMXsXzHtExuJsSHmbQje7MnzpF4pn5W9m+Ni9WKaRg7towNUQh46QVV0hWqojih6RM/oFb05T86L8+58TEYXnOnOHvoD5/MHtpickg==</latexit><latexit sha1_base64="Zu46w0HYgCAlWErwqPDH7LQLLvQ=">AAACEHicbVDLSgMxFM34rPVVdekmWIRuLDNFUBdC0Y07K1hb6NSSSe+0oUlmSDJCGeYX3PgrblyouHXpzr8xfSy09cDlHs65l+SeIOZMG9f9dhYWl5ZXVnNr+fWNza3tws7unY4SRaFOIx6pZkA0cCahbpjh0IwVEBFwaASDy5HfeAClWSRvzTCGtiA9yUJGibFSp1AS92klw+d4MO5H2A8VoSnD/rWAHslSXyadFLKsUyi6ZXcMPE+8KSmiKWqdwpffjWgiQBrKidYtz41NOyXKMMohy/uJhpjQAelBy1JJBOh2Or4ow4dW6eIwUrakwWP190ZKhNZDEdhJQUxfz3oj8T+vlZjwtJ0yGScGJJ08FCYcmwiP4sFdpoAaPrSEUMXsXzHtExuJsSHmbQje7MnzpF4pn5W9m+Ni9WKaRg7towNUQh46QVV0hWqojih6RM/oFb05T86L8+58TEYXnOnOHvoD5/MHtpickg==</latexit>
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p = 2⌫e@yvy
<latexit sha1_base64="uaSuVY0d23OlBgp0mDONah2+YJ0=">AAAB/nicbVDLSsNAFJ34rPUVFdy4GSyCq5IUQV0IRTcuK1hbaEKYTCft0MlkmJkUQuzCX3HjQsWt3+HOv3HSZqGtBy4czrl35t4TCkaVdpxva2l5ZXVtvbJR3dza3tm19/YfVJJKTNo4YYnshkgRRjlpa6oZ6QpJUBwy0glHN4XfGROpaMLvdSaIH6MBpxHFSBspsA/FVcPjaUA8gaSmiAUZHAdZYNecujMFXCRuSWqgRCuwv7x+gtOYcI0ZUqrnOkL7efEmZmRS9VJFBMIjNCA9QzmKifLz6f4TeGKUPowSaYprOFV/T+QoViqLQ9MZIz1U814h/uf1Uh1d+DnlItWE49lHUcqgTmARBuxTSbBmmSEIS2p2hXiIJMLaRFY1IbjzJy+SdqN+WXfvzmrN6zKNCjgCx+AUuOAcNMEtaIE2wOARPINX8GY9WS/Wu/Uxa12yypkD8AfW5w86A5XM</latexit><latexit sha1_base64="uaSuVY0d23OlBgp0mDONah2+YJ0=">AAAB/nicbVDLSsNAFJ34rPUVFdy4GSyCq5IUQV0IRTcuK1hbaEKYTCft0MlkmJkUQuzCX3HjQsWt3+HOv3HSZqGtBy4czrl35t4TCkaVdpxva2l5ZXVtvbJR3dza3tm19/YfVJJKTNo4YYnshkgRRjlpa6oZ6QpJUBwy0glHN4XfGROpaMLvdSaIH6MBpxHFSBspsA/FVcPjaUA8gaSmiAUZHAdZYNecujMFXCRuSWqgRCuwv7x+gtOYcI0ZUqrnOkL7efEmZmRS9VJFBMIjNCA9QzmKifLz6f4TeGKUPowSaYprOFV/T+QoViqLQ9MZIz1U814h/uf1Uh1d+DnlItWE49lHUcqgTmARBuxTSbBmmSEIS2p2hXiIJMLaRFY1IbjzJy+SdqN+WXfvzmrN6zKNCjgCx+AUuOAcNMEtaIE2wOARPINX8GY9WS/Wu/Uxa12yypkD8AfW5w86A5XM</latexit><latexit sha1_base64="uaSuVY0d23OlBgp0mDONah2+YJ0=">AAAB/nicbVDLSsNAFJ34rPUVFdy4GSyCq5IUQV0IRTcuK1hbaEKYTCft0MlkmJkUQuzCX3HjQsWt3+HOv3HSZqGtBy4czrl35t4TCkaVdpxva2l5ZXVtvbJR3dza3tm19/YfVJJKTNo4YYnshkgRRjlpa6oZ6QpJUBwy0glHN4XfGROpaMLvdSaIH6MBpxHFSBspsA/FVcPjaUA8gaSmiAUZHAdZYNecujMFXCRuSWqgRCuwv7x+gtOYcI0ZUqrnOkL7efEmZmRS9VJFBMIjNCA9QzmKifLz6f4TeGKUPowSaYprOFV/T+QoViqLQ9MZIz1U814h/uf1Uh1d+DnlItWE49lHUcqgTmARBuxTSbBmmSEIS2p2hXiIJMLaRFY1IbjzJy+SdqN+WXfvzmrN6zKNCjgCx+AUuOAcNMEtaIE2wOARPINX8GY9WS/Wu/Uxa12yypkD8AfW5w86A5XM</latexit><latexit sha1_base64="uaSuVY0d23OlBgp0mDONah2+YJ0=">AAAB/nicbVDLSsNAFJ34rPUVFdy4GSyCq5IUQV0IRTcuK1hbaEKYTCft0MlkmJkUQuzCX3HjQsWt3+HOv3HSZqGtBy4czrl35t4TCkaVdpxva2l5ZXVtvbJR3dza3tm19/YfVJJKTNo4YYnshkgRRjlpa6oZ6QpJUBwy0glHN4XfGROpaMLvdSaIH6MBpxHFSBspsA/FVcPjaUA8gaSmiAUZHAdZYNecujMFXCRuSWqgRCuwv7x+gtOYcI0ZUqrnOkL7efEmZmRS9VJFBMIjNCA9QzmKifLz6f4TeGKUPowSaYprOFV/T+QoViqLQ9MZIz1U814h/uf1Uh1d+DnlItWE49lHUcqgTmARBuxTSbBmmSEIS2p2hXiIJMLaRFY1IbjzJy+SdqN+WXfvzmrN6zKNCjgCx+AUuOAcNMEtaIE2wOARPINX8GY9WS/Wu/Uxa12yypkD8AfW5w86A5XM</latexit>

@th+ vx@xh = vy
<latexit sha1_base64="E8Z8FPT2QSgUe/X/ZgALFJZgJH0=">AAACFXicbZBPS8MwGMbT+W/Of1WPXoJDEMTRiqAehKEXjxOsG2yjpFm6haVpSdKxUvopvPhVvHhQ8Sp489uYbgV184HAw+993yTv40WMSmVZX0ZpYXFpeaW8Wllb39jcMrd37mUYC0wcHLJQtDwkCaOcOIoqRlqRICjwGGl6w+u83hwRIWnI71QSkW6A+pz6FCOlkWsedyIkFEXMTVUGB/AIjtx0nMEfPM7xZY6TzDWrVs2aCM4buzBVUKjhmp+dXojjgHCFGZKybVuR6qb53ZiRrNKJJYkQHqI+aWvLUUBkN52slcEDTXrQD4U+XMEJ/T2RokDKJPB0Z4DUQM7WcvhfrR0r/7ybUh7FinA8fciPGVQhzDOCPSoIVizRBmFB9V8hHiCBsNJJVnQI9uzK88Y5qV3U7NvTav2qSKMM9sA+OAQ2OAN1cAMawAEYPIAn8AJejUfj2Xgz3qetJaOY2QV/ZHx8A1gQnxA=</latexit><latexit sha1_base64="E8Z8FPT2QSgUe/X/ZgALFJZgJH0=">AAACFXicbZBPS8MwGMbT+W/Of1WPXoJDEMTRiqAehKEXjxOsG2yjpFm6haVpSdKxUvopvPhVvHhQ8Sp489uYbgV184HAw+993yTv40WMSmVZX0ZpYXFpeaW8Wllb39jcMrd37mUYC0wcHLJQtDwkCaOcOIoqRlqRICjwGGl6w+u83hwRIWnI71QSkW6A+pz6FCOlkWsedyIkFEXMTVUGB/AIjtx0nMEfPM7xZY6TzDWrVs2aCM4buzBVUKjhmp+dXojjgHCFGZKybVuR6qb53ZiRrNKJJYkQHqI+aWvLUUBkN52slcEDTXrQD4U+XMEJ/T2RokDKJPB0Z4DUQM7WcvhfrR0r/7ybUh7FinA8fciPGVQhzDOCPSoIVizRBmFB9V8hHiCBsNJJVnQI9uzK88Y5qV3U7NvTav2qSKMM9sA+OAQ2OAN1cAMawAEYPIAn8AJejUfj2Xgz3qetJaOY2QV/ZHx8A1gQnxA=</latexit><latexit sha1_base64="E8Z8FPT2QSgUe/X/ZgALFJZgJH0=">AAACFXicbZBPS8MwGMbT+W/Of1WPXoJDEMTRiqAehKEXjxOsG2yjpFm6haVpSdKxUvopvPhVvHhQ8Sp489uYbgV184HAw+993yTv40WMSmVZX0ZpYXFpeaW8Wllb39jcMrd37mUYC0wcHLJQtDwkCaOcOIoqRlqRICjwGGl6w+u83hwRIWnI71QSkW6A+pz6FCOlkWsedyIkFEXMTVUGB/AIjtx0nMEfPM7xZY6TzDWrVs2aCM4buzBVUKjhmp+dXojjgHCFGZKybVuR6qb53ZiRrNKJJYkQHqI+aWvLUUBkN52slcEDTXrQD4U+XMEJ/T2RokDKJPB0Z4DUQM7WcvhfrR0r/7ybUh7FinA8fciPGVQhzDOCPSoIVizRBmFB9V8hHiCBsNJJVnQI9uzK88Y5qV3U7NvTav2qSKMM9sA+OAQ2OAN1cAMawAEYPIAn8AJejUfj2Xgz3qetJaOY2QV/ZHx8A1gQnxA=</latexit><latexit sha1_base64="E8Z8FPT2QSgUe/X/ZgALFJZgJH0=">AAACFXicbZBPS8MwGMbT+W/Of1WPXoJDEMTRiqAehKEXjxOsG2yjpFm6haVpSdKxUvopvPhVvHhQ8Sp489uYbgV184HAw+993yTv40WMSmVZX0ZpYXFpeaW8Wllb39jcMrd37mUYC0wcHLJQtDwkCaOcOIoqRlqRICjwGGl6w+u83hwRIWnI71QSkW6A+pz6FCOlkWsedyIkFEXMTVUGB/AIjtx0nMEfPM7xZY6TzDWrVs2aCM4buzBVUKjhmp+dXojjgHCFGZKybVuR6qb53ZiRrNKJJYkQHqI+aWvLUUBkN52slcEDTXrQD4U+XMEJ/T2RokDKJPB0Z4DUQM7WcvhfrR0r/7ybUh7FinA8fciPGVQhzDOCPSoIVizRBmFB9V8hHiCBsNJJVnQI9uzK88Y5qV3U7NvTav2qSKMM9sA+OAQ2OAN1cAMawAEYPIAn8AJejUfj2Xgz3qetJaOY2QV/ZHx8A1gQnxA=</latexit>

Boundary conditions

Equations of motion @ivi = 0
<latexit sha1_base64="UrZccNc9LojtqAXtSecWPPd+YTE=">AAAB93icbVBNS8NAEJ34WetHox69LBbBU0lEUA9C0YvHCsYW2hA22027dLMJu5tCDf0lXjyoePWvePPfuGlz0NYHA4/3ZnZnXphyprTjfFsrq2vrG5uVrer2zu5ezd4/eFRJJgn1SMIT2QmxopwJ6mmmOe2kkuI45LQdjm4Lvz2mUrFEPOhJSv0YDwSLGMHaSIFd66VYaoZ5wMYBu3YCu+40nBnQMnFLUocSrcD+6vUTksVUaMKxUl3XSbWfF48STqfVXqZoiskID2jXUIFjqvx8tvgUnRilj6JEmhIazdTfEzmOlZrEoemMsR6qRa8Q//O6mY4u/ZyJNNNUkPlHUcaRTlCRAuozSYnmE0MwkczsisgQS0y0yapqQnAXT14m3lnjquHen9ebN2UaFTiCYzgFFy6gCXfQAg8IZPAMr/BmPVkv1rv1MW9dscqZQ/gD6/MH8mGS0Q==</latexit><latexit sha1_base64="UrZccNc9LojtqAXtSecWPPd+YTE=">AAAB93icbVBNS8NAEJ34WetHox69LBbBU0lEUA9C0YvHCsYW2hA22027dLMJu5tCDf0lXjyoePWvePPfuGlz0NYHA4/3ZnZnXphyprTjfFsrq2vrG5uVrer2zu5ezd4/eFRJJgn1SMIT2QmxopwJ6mmmOe2kkuI45LQdjm4Lvz2mUrFEPOhJSv0YDwSLGMHaSIFd66VYaoZ5wMYBu3YCu+40nBnQMnFLUocSrcD+6vUTksVUaMKxUl3XSbWfF48STqfVXqZoiskID2jXUIFjqvx8tvgUnRilj6JEmhIazdTfEzmOlZrEoemMsR6qRa8Q//O6mY4u/ZyJNNNUkPlHUcaRTlCRAuozSYnmE0MwkczsisgQS0y0yapqQnAXT14m3lnjquHen9ebN2UaFTiCYzgFFy6gCXfQAg8IZPAMr/BmPVkv1rv1MW9dscqZQ/gD6/MH8mGS0Q==</latexit><latexit sha1_base64="UrZccNc9LojtqAXtSecWPPd+YTE=">AAAB93icbVBNS8NAEJ34WetHox69LBbBU0lEUA9C0YvHCsYW2hA22027dLMJu5tCDf0lXjyoePWvePPfuGlz0NYHA4/3ZnZnXphyprTjfFsrq2vrG5uVrer2zu5ezd4/eFRJJgn1SMIT2QmxopwJ6mmmOe2kkuI45LQdjm4Lvz2mUrFEPOhJSv0YDwSLGMHaSIFd66VYaoZ5wMYBu3YCu+40nBnQMnFLUocSrcD+6vUTksVUaMKxUl3XSbWfF48STqfVXqZoiskID2jXUIFjqvx8tvgUnRilj6JEmhIazdTfEzmOlZrEoemMsR6qRa8Q//O6mY4u/ZyJNNNUkPlHUcaRTlCRAuozSYnmE0MwkczsisgQS0y0yapqQnAXT14m3lnjquHen9ebN2UaFTiCYzgFFy6gCXfQAg8IZPAMr/BmPVkv1rv1MW9dscqZQ/gD6/MH8mGS0Q==</latexit><latexit sha1_base64="UrZccNc9LojtqAXtSecWPPd+YTE=">AAAB93icbVBNS8NAEJ34WetHox69LBbBU0lEUA9C0YvHCsYW2hA22027dLMJu5tCDf0lXjyoePWvePPfuGlz0NYHA4/3ZnZnXphyprTjfFsrq2vrG5uVrer2zu5ezd4/eFRJJgn1SMIT2QmxopwJ6mmmOe2kkuI45LQdjm4Lvz2mUrFEPOhJSv0YDwSLGMHaSIFd66VYaoZ5wMYBu3YCu+40nBnQMnFLUocSrcD+6vUTksVUaMKxUl3XSbWfF48STqfVXqZoiskID2jXUIFjqvx8tvgUnRilj6JEmhIazdTfEzmOlZrEoemMsR6qRa8Q//O6mY4u/ZyJNNNUkPlHUcaRTlCRAuozSYnmE0MwkczsisgQS0y0yapqQnAXT14m3lnjquHen9ebN2UaFTiCYzgFFy6gCXfQAg8IZPAMr/BmPVkv1rv1MW9dscqZQ/gD6/MH8mGS0Q==</latexit>

@tvi + vj@jvi = �@i(p+ gy) + ⌫e�vi
<latexit sha1_base64="W9hb5KnVN0lrRGCYfjZbKJYqJ48=">AAACLXicbVDJSgNBEO1xjXGLevTSGAQlGGZEUA+CuIBHBWOETBh6OpXYSU/P0F0TCMEv8uKv6EFwwau/YU8Mwe1Bw6v3qqiuFyZSGHTdZ2dsfGJyajo3k5+dm19YLCwtX5k41RwqPJaxvg6ZASkUVFCghOtEA4tCCdWwc5z51S5oI2J1ib0E6hFrKdEUnKGVgsKpnzCNgskAaTcQpW7QpiOpnUkHW6Na0I2k1OptlnyVBkD9E5DIsp6gUHTL7gD0L/GGpEiGOA8Kj34j5mkECrlkxtQ8N8F6P9vDJdzm/dRAwniHtaBmqWIRmHp/cO4tXbdKgzZjbZ9COlC/T/RZZEwvCm1nxPDG/PYy8T+vlmJzr94XKkkRFP9a1EwlxZhm2dGG0MBR9ixhXAv7V8pvmGYcbcJ5G4L3++S/pLJd3i97FzvFw6NhGjmyStbIBvHILjkkZ+ScVAgnd+SBvJBX5955ct6c96/WMWc4s0J+wPn4BNw4p/4=</latexit><latexit sha1_base64="W9hb5KnVN0lrRGCYfjZbKJYqJ48=">AAACLXicbVDJSgNBEO1xjXGLevTSGAQlGGZEUA+CuIBHBWOETBh6OpXYSU/P0F0TCMEv8uKv6EFwwau/YU8Mwe1Bw6v3qqiuFyZSGHTdZ2dsfGJyajo3k5+dm19YLCwtX5k41RwqPJaxvg6ZASkUVFCghOtEA4tCCdWwc5z51S5oI2J1ib0E6hFrKdEUnKGVgsKpnzCNgskAaTcQpW7QpiOpnUkHW6Na0I2k1OptlnyVBkD9E5DIsp6gUHTL7gD0L/GGpEiGOA8Kj34j5mkECrlkxtQ8N8F6P9vDJdzm/dRAwniHtaBmqWIRmHp/cO4tXbdKgzZjbZ9COlC/T/RZZEwvCm1nxPDG/PYy8T+vlmJzr94XKkkRFP9a1EwlxZhm2dGG0MBR9ixhXAv7V8pvmGYcbcJ5G4L3++S/pLJd3i97FzvFw6NhGjmyStbIBvHILjkkZ+ScVAgnd+SBvJBX5955ct6c96/WMWc4s0J+wPn4BNw4p/4=</latexit><latexit sha1_base64="W9hb5KnVN0lrRGCYfjZbKJYqJ48=">AAACLXicbVDJSgNBEO1xjXGLevTSGAQlGGZEUA+CuIBHBWOETBh6OpXYSU/P0F0TCMEv8uKv6EFwwau/YU8Mwe1Bw6v3qqiuFyZSGHTdZ2dsfGJyajo3k5+dm19YLCwtX5k41RwqPJaxvg6ZASkUVFCghOtEA4tCCdWwc5z51S5oI2J1ib0E6hFrKdEUnKGVgsKpnzCNgskAaTcQpW7QpiOpnUkHW6Na0I2k1OptlnyVBkD9E5DIsp6gUHTL7gD0L/GGpEiGOA8Kj34j5mkECrlkxtQ8N8F6P9vDJdzm/dRAwniHtaBmqWIRmHp/cO4tXbdKgzZjbZ9COlC/T/RZZEwvCm1nxPDG/PYy8T+vlmJzr94XKkkRFP9a1EwlxZhm2dGG0MBR9ixhXAv7V8pvmGYcbcJ5G4L3++S/pLJd3i97FzvFw6NhGjmyStbIBvHILjkkZ+ScVAgnd+SBvJBX5955ct6c96/WMWc4s0J+wPn4BNw4p/4=</latexit><latexit sha1_base64="W9hb5KnVN0lrRGCYfjZbKJYqJ48=">AAACLXicbVDJSgNBEO1xjXGLevTSGAQlGGZEUA+CuIBHBWOETBh6OpXYSU/P0F0TCMEv8uKv6EFwwau/YU8Mwe1Bw6v3qqiuFyZSGHTdZ2dsfGJyajo3k5+dm19YLCwtX5k41RwqPJaxvg6ZASkUVFCghOtEA4tCCdWwc5z51S5oI2J1ib0E6hFrKdEUnKGVgsKpnzCNgskAaTcQpW7QpiOpnUkHW6Na0I2k1OptlnyVBkD9E5DIsp6gUHTL7gD0L/GGpEiGOA8Kj34j5mkECrlkxtQ8N8F6P9vDJdzm/dRAwniHtaBmqWIRmHp/cO4tXbdKgzZjbZ9COlC/T/RZZEwvCm1nxPDG/PYy8T+vlmJzr94XKkkRFP9a1EwlxZhm2dGG0MBR9ixhXAv7V8pvmGYcbcJ5G4L3++S/pLJd3i97FzvFw6NhGjmyStbIBvHILjkkZ+ScVAgnd+SBvJBX5955ct6c96/WMWc4s0J+wPn4BNw4p/4=</latexit>

Cannot satisfy boundary conditions using harmonic functions (flow must be vortical)

! = 2@xvy
<latexit sha1_base64="ypaKxhjDSEg81Rg1xI6q0fPQmuE=">AAAB/XicdVDLSsNAFJ3UV62vqLhyM1gEVyFNW9ouhKIblxWsLTQhTKaTdujkwcykGELBX3HjQsWt/+HOv3HSVlDRAxcO59w7c+/xYkaFNM0PrbCyura+UdwsbW3v7O7p+we3Iko4Jl0csYj3PSQIoyHpSioZ6cecoMBjpOdNLnO/NyVc0Ci8kWlMnACNQupTjKSSXP3IjgIyQueWHSMuKWLu3dRNXb1sGqbVspoWVKRqtRr1nFi1qlmHFcOcowyW6Lj6uz2McBKQUGKGhBhUzFg6Wf4kZmRWshNBYoQnaEQGioYoIMLJ5uvP4KlShtCPuKpQwrn6fSJDgRBp4KnOAMmx+O3l4l/eIJF+08loGCeShHjxkZ8wKCOYZwGHlBMsWaoIwpyqXSEeI46wVImVVAhfl8L/SdcyWkblulZuXyzTKIJjcALOQAU0QBtcgQ7oAgwy8ACewLN2rz1qL9rrorWgLWcOwQ9ob58iUpXS</latexit><latexit sha1_base64="ypaKxhjDSEg81Rg1xI6q0fPQmuE=">AAAB/XicdVDLSsNAFJ3UV62vqLhyM1gEVyFNW9ouhKIblxWsLTQhTKaTdujkwcykGELBX3HjQsWt/+HOv3HSVlDRAxcO59w7c+/xYkaFNM0PrbCyura+UdwsbW3v7O7p+we3Iko4Jl0csYj3PSQIoyHpSioZ6cecoMBjpOdNLnO/NyVc0Ci8kWlMnACNQupTjKSSXP3IjgIyQueWHSMuKWLu3dRNXb1sGqbVspoWVKRqtRr1nFi1qlmHFcOcowyW6Lj6uz2McBKQUGKGhBhUzFg6Wf4kZmRWshNBYoQnaEQGioYoIMLJ5uvP4KlShtCPuKpQwrn6fSJDgRBp4KnOAMmx+O3l4l/eIJF+08loGCeShHjxkZ8wKCOYZwGHlBMsWaoIwpyqXSEeI46wVImVVAhfl8L/SdcyWkblulZuXyzTKIJjcALOQAU0QBtcgQ7oAgwy8ACewLN2rz1qL9rrorWgLWcOwQ9ob58iUpXS</latexit><latexit sha1_base64="ypaKxhjDSEg81Rg1xI6q0fPQmuE=">AAAB/XicdVDLSsNAFJ3UV62vqLhyM1gEVyFNW9ouhKIblxWsLTQhTKaTdujkwcykGELBX3HjQsWt/+HOv3HSVlDRAxcO59w7c+/xYkaFNM0PrbCyura+UdwsbW3v7O7p+we3Iko4Jl0csYj3PSQIoyHpSioZ6cecoMBjpOdNLnO/NyVc0Ci8kWlMnACNQupTjKSSXP3IjgIyQueWHSMuKWLu3dRNXb1sGqbVspoWVKRqtRr1nFi1qlmHFcOcowyW6Lj6uz2McBKQUGKGhBhUzFg6Wf4kZmRWshNBYoQnaEQGioYoIMLJ5uvP4KlShtCPuKpQwrn6fSJDgRBp4KnOAMmx+O3l4l/eIJF+08loGCeShHjxkZ8wKCOYZwGHlBMsWaoIwpyqXSEeI46wVImVVAhfl8L/SdcyWkblulZuXyzTKIJjcALOQAU0QBtcgQ7oAgwy8ACewLN2rz1qL9rrorWgLWcOwQ9ob58iUpXS</latexit><latexit sha1_base64="ypaKxhjDSEg81Rg1xI6q0fPQmuE=">AAAB/XicdVDLSsNAFJ3UV62vqLhyM1gEVyFNW9ouhKIblxWsLTQhTKaTdujkwcykGELBX3HjQsWt/+HOv3HSVlDRAxcO59w7c+/xYkaFNM0PrbCyura+UdwsbW3v7O7p+we3Iko4Jl0csYj3PSQIoyHpSioZ6cecoMBjpOdNLnO/NyVc0Ci8kWlMnACNQupTjKSSXP3IjgIyQueWHSMuKWLu3dRNXb1sGqbVspoWVKRqtRr1nFi1qlmHFcOcowyW6Lj6uz2McBKQUGKGhBhUzFg6Wf4kZmRWshNBYoQnaEQGioYoIMLJ5uvP4KlShtCPuKpQwrn6fSJDgRBp4KnOAMmx+O3l4l/eIJF+08loGCeShHjxkZ8wKCOYZwGHlBMsWaoIwpyqXSEeI46wVImVVAhfl8L/SdcyWkblulZuXyzTKIJjcALOQAU0QBtcgQ7oAgwy8ACewLN2rz1qL9rrorWgLWcOwQ9ob58iUpXS</latexit>

(y = h(x, t))
<latexit sha1_base64="UQ1Z94sTVtcoZk2LaP4NXhkHQnk=">AAAB8HicdVBdSwJBFJ21L7Mvq8dehiRQiGV3VdSHQOqlR4M2JRWZHWd1cHZ2mZmNZPFf9NJDRa/9nN76N82qQUUduHA4517uvceLGJXKsj6MzMrq2vpGdjO3tb2zu5ffP7iRYSwwcXHIQtHxkCSMcuIqqhjpRIKgwGOk7U0uUr99R4SkIb9W04j0AzTi1KcYKS3dFqdn4+L9qSqVBvmCZVpOw6k7UJOy06hVU+JUylYV2qY1RwEs0Rrk33vDEMcB4QozJGXXtiLVT5BQFDMyy/ViSSKEJ2hEuppyFBDZT+YXz+CJVobQD4UuruBc/T6RoEDKaeDpzgCpsfztpeJfXjdWfr2fUB7FinC8WOTHDKoQpu/DIRUEKzbVBGFB9a0Qj5FAWOmQcjqEr0/h/8R1zIZpX1UKzfNlGllwBI5BEdigBprgErSACzDg4AE8gWdDGo/Gi/G6aM0Yy5lD8APG2yeg64/J</latexit><latexit sha1_base64="UQ1Z94sTVtcoZk2LaP4NXhkHQnk=">AAAB8HicdVBdSwJBFJ21L7Mvq8dehiRQiGV3VdSHQOqlR4M2JRWZHWd1cHZ2mZmNZPFf9NJDRa/9nN76N82qQUUduHA4517uvceLGJXKsj6MzMrq2vpGdjO3tb2zu5ffP7iRYSwwcXHIQtHxkCSMcuIqqhjpRIKgwGOk7U0uUr99R4SkIb9W04j0AzTi1KcYKS3dFqdn4+L9qSqVBvmCZVpOw6k7UJOy06hVU+JUylYV2qY1RwEs0Rrk33vDEMcB4QozJGXXtiLVT5BQFDMyy/ViSSKEJ2hEuppyFBDZT+YXz+CJVobQD4UuruBc/T6RoEDKaeDpzgCpsfztpeJfXjdWfr2fUB7FinC8WOTHDKoQpu/DIRUEKzbVBGFB9a0Qj5FAWOmQcjqEr0/h/8R1zIZpX1UKzfNlGllwBI5BEdigBprgErSACzDg4AE8gWdDGo/Gi/G6aM0Yy5lD8APG2yeg64/J</latexit><latexit sha1_base64="UQ1Z94sTVtcoZk2LaP4NXhkHQnk=">AAAB8HicdVBdSwJBFJ21L7Mvq8dehiRQiGV3VdSHQOqlR4M2JRWZHWd1cHZ2mZmNZPFf9NJDRa/9nN76N82qQUUduHA4517uvceLGJXKsj6MzMrq2vpGdjO3tb2zu5ffP7iRYSwwcXHIQtHxkCSMcuIqqhjpRIKgwGOk7U0uUr99R4SkIb9W04j0AzTi1KcYKS3dFqdn4+L9qSqVBvmCZVpOw6k7UJOy06hVU+JUylYV2qY1RwEs0Rrk33vDEMcB4QozJGXXtiLVT5BQFDMyy/ViSSKEJ2hEuppyFBDZT+YXz+CJVobQD4UuruBc/T6RoEDKaeDpzgCpsfztpeJfXjdWfr2fUB7FinC8WOTHDKoQpu/DIRUEKzbVBGFB9a0Qj5FAWOmQcjqEr0/h/8R1zIZpX1UKzfNlGllwBI5BEdigBprgErSACzDg4AE8gWdDGo/Gi/G6aM0Yy5lD8APG2yeg64/J</latexit><latexit sha1_base64="UQ1Z94sTVtcoZk2LaP4NXhkHQnk=">AAAB8HicdVBdSwJBFJ21L7Mvq8dehiRQiGV3VdSHQOqlR4M2JRWZHWd1cHZ2mZmNZPFf9NJDRa/9nN76N82qQUUduHA4517uvceLGJXKsj6MzMrq2vpGdjO3tb2zu5ffP7iRYSwwcXHIQtHxkCSMcuIqqhjpRIKgwGOk7U0uUr99R4SkIb9W04j0AzTi1KcYKS3dFqdn4+L9qSqVBvmCZVpOw6k7UJOy06hVU+JUylYV2qY1RwEs0Rrk33vDEMcB4QozJGXXtiLVT5BQFDMyy/ViSSKEJ2hEuppyFBDZT+YXz+CJVobQD4UuruBc/T6RoEDKaeDpzgCpsfztpeJfXjdWfr2fUB7FinC8WOTHDKoQpu/DIRUEKzbVBGFB9a0Qj5FAWOmQcjqEr0/h/8R1zIZpX1UKzfNlGllwBI5BEdigBprgErSACzDg4AE8gWdDGo/Gi/G6aM0Yy5lD8APG2yeg64/J</latexit>



Linear “odd” gravity waves with shear viscosity
⌫e 6= 0, ⌫o 6= 0

<latexit sha1_base64="hVKS+xGmX9dd6EGTfVhYrIp/YVo=">AAAB/nicbZDNSgMxFIUz/tb6Nyq4cRMsggspMyKou6IblxWsLXSGIZPetqGZZEgyQqld+CpuXKi49Tnc+TZm2llo64HAx7n3cm9OnHKmjed9OwuLS8srq6W18vrG5ta2u7N7r2WmKDSo5FK1YqKBMwENwwyHVqqAJDGHZjy4zuvNB1CaSXFnhimECekJ1mWUGGtF7n4gsggCAdg7wTnLCUduxat6E+F58AuooEL1yP0KOpJmCQhDOdG67XupCUdEGUY5jMtBpiEldEB60LYoSAI6HE3uH+Mj63RwVyr7hMET9/fEiCRaD5PYdibE9PVsLTf/q7Uz070IR0ykmQFBp4u6GcdG4jwM3GEKqOFDC4QqZm/FtE8UocZGVrYh+LNfnofGafWy6t+eVWpXRRoldIAO0THy0TmqoRtURw1E0SN6Rq/ozXlyXpx352PauuAUM3voj5zPH46jlLU=</latexit><latexit sha1_base64="hVKS+xGmX9dd6EGTfVhYrIp/YVo=">AAAB/nicbZDNSgMxFIUz/tb6Nyq4cRMsggspMyKou6IblxWsLXSGIZPetqGZZEgyQqld+CpuXKi49Tnc+TZm2llo64HAx7n3cm9OnHKmjed9OwuLS8srq6W18vrG5ta2u7N7r2WmKDSo5FK1YqKBMwENwwyHVqqAJDGHZjy4zuvNB1CaSXFnhimECekJ1mWUGGtF7n4gsggCAdg7wTnLCUduxat6E+F58AuooEL1yP0KOpJmCQhDOdG67XupCUdEGUY5jMtBpiEldEB60LYoSAI6HE3uH+Mj63RwVyr7hMET9/fEiCRaD5PYdibE9PVsLTf/q7Uz070IR0ykmQFBp4u6GcdG4jwM3GEKqOFDC4QqZm/FtE8UocZGVrYh+LNfnofGafWy6t+eVWpXRRoldIAO0THy0TmqoRtURw1E0SN6Rq/ozXlyXpx352PauuAUM3voj5zPH46jlLU=</latexit><latexit sha1_base64="hVKS+xGmX9dd6EGTfVhYrIp/YVo=">AAAB/nicbZDNSgMxFIUz/tb6Nyq4cRMsggspMyKou6IblxWsLXSGIZPetqGZZEgyQqld+CpuXKi49Tnc+TZm2llo64HAx7n3cm9OnHKmjed9OwuLS8srq6W18vrG5ta2u7N7r2WmKDSo5FK1YqKBMwENwwyHVqqAJDGHZjy4zuvNB1CaSXFnhimECekJ1mWUGGtF7n4gsggCAdg7wTnLCUduxat6E+F58AuooEL1yP0KOpJmCQhDOdG67XupCUdEGUY5jMtBpiEldEB60LYoSAI6HE3uH+Mj63RwVyr7hMET9/fEiCRaD5PYdibE9PVsLTf/q7Uz070IR0ykmQFBp4u6GcdG4jwM3GEKqOFDC4QqZm/FtE8UocZGVrYh+LNfnofGafWy6t+eVWpXRRoldIAO0THy0TmqoRtURw1E0SN6Rq/ozXlyXpx352PauuAUM3voj5zPH46jlLU=</latexit><latexit sha1_base64="hVKS+xGmX9dd6EGTfVhYrIp/YVo=">AAAB/nicbZDNSgMxFIUz/tb6Nyq4cRMsggspMyKou6IblxWsLXSGIZPetqGZZEgyQqld+CpuXKi49Tnc+TZm2llo64HAx7n3cm9OnHKmjed9OwuLS8srq6W18vrG5ta2u7N7r2WmKDSo5FK1YqKBMwENwwyHVqqAJDGHZjy4zuvNB1CaSXFnhimECekJ1mWUGGtF7n4gsggCAdg7wTnLCUduxat6E+F58AuooEL1yP0KOpJmCQhDOdG67XupCUdEGUY5jMtBpiEldEB60LYoSAI6HE3uH+Mj63RwVyr7hMET9/fEiCRaD5PYdibE9PVsLTf/q7Uz070IR0ykmQFBp4u6GcdG4jwM3GEKqOFDC4QqZm/FtE8UocZGVrYh+LNfnofGafWy6t+eVWpXRRoldIAO0THy0TmqoRtURw1E0SN6Rq/ozXlyXpx352PauuAUM3voj5zPH46jlLU=</latexit>

p̃ = p� ⌫o! + gy
<latexit sha1_base64="FKPNa4+bTcMqIPsCJdyD5gPcG5Y=">AAACBXicbVBNSwMxEM3Wr1q/Vj2KECyCIJZdEdSDUPTisYJrC91SstnZNjSbLElWKKUnL/4VLx5UvPofvPlvTD8OWn0w8Hhvhpl5UcaZNp735RTm5hcWl4rLpZXVtfUNd3PrTstcUQio5FI1IqKBMwGBYYZDI1NA0ohDPepdjfz6PSjNpLg1/QxaKekIljBKjJXa7m5oGI8BZ/gCZ0ehyNsShzKFDsGHnX7bLXsVbwz8l/hTUkZT1NruZxhLmqcgDOVE66bvZaY1IMowymFYCnMNGaE90oGmpYKkoFuD8RtDvG+VGCdS2RIGj9WfEwOSat1PI9uZEtPVs95I/M9r5iY5aw2YyHIDgk4WJTnHRuJRJjhmCqjhfUsIVczeimmXKEKNTa5kQ/BnX/5LguPKecW/OSlXL6dpFNEO2kMHyEenqIquUQ0FiKIH9IRe0Kvz6Dw7b877pLXgTGe20S84H9+MUpd2</latexit><latexit sha1_base64="FKPNa4+bTcMqIPsCJdyD5gPcG5Y=">AAACBXicbVBNSwMxEM3Wr1q/Vj2KECyCIJZdEdSDUPTisYJrC91SstnZNjSbLElWKKUnL/4VLx5UvPofvPlvTD8OWn0w8Hhvhpl5UcaZNp735RTm5hcWl4rLpZXVtfUNd3PrTstcUQio5FI1IqKBMwGBYYZDI1NA0ohDPepdjfz6PSjNpLg1/QxaKekIljBKjJXa7m5oGI8BZ/gCZ0ehyNsShzKFDsGHnX7bLXsVbwz8l/hTUkZT1NruZxhLmqcgDOVE66bvZaY1IMowymFYCnMNGaE90oGmpYKkoFuD8RtDvG+VGCdS2RIGj9WfEwOSat1PI9uZEtPVs95I/M9r5iY5aw2YyHIDgk4WJTnHRuJRJjhmCqjhfUsIVczeimmXKEKNTa5kQ/BnX/5LguPKecW/OSlXL6dpFNEO2kMHyEenqIquUQ0FiKIH9IRe0Kvz6Dw7b877pLXgTGe20S84H9+MUpd2</latexit><latexit sha1_base64="FKPNa4+bTcMqIPsCJdyD5gPcG5Y=">AAACBXicbVBNSwMxEM3Wr1q/Vj2KECyCIJZdEdSDUPTisYJrC91SstnZNjSbLElWKKUnL/4VLx5UvPofvPlvTD8OWn0w8Hhvhpl5UcaZNp735RTm5hcWl4rLpZXVtfUNd3PrTstcUQio5FI1IqKBMwGBYYZDI1NA0ohDPepdjfz6PSjNpLg1/QxaKekIljBKjJXa7m5oGI8BZ/gCZ0ehyNsShzKFDsGHnX7bLXsVbwz8l/hTUkZT1NruZxhLmqcgDOVE66bvZaY1IMowymFYCnMNGaE90oGmpYKkoFuD8RtDvG+VGCdS2RIGj9WfEwOSat1PI9uZEtPVs95I/M9r5iY5aw2YyHIDgk4WJTnHRuJRJjhmCqjhfUsIVczeimmXKEKNTa5kQ/BnX/5LguPKecW/OSlXL6dpFNEO2kMHyEenqIquUQ0FiKIH9IRe0Kvz6Dw7b877pLXgTGe20S84H9+MUpd2</latexit><latexit sha1_base64="FKPNa4+bTcMqIPsCJdyD5gPcG5Y=">AAACBXicbVBNSwMxEM3Wr1q/Vj2KECyCIJZdEdSDUPTisYJrC91SstnZNjSbLElWKKUnL/4VLx5UvPofvPlvTD8OWn0w8Hhvhpl5UcaZNp735RTm5hcWl4rLpZXVtfUNd3PrTstcUQio5FI1IqKBMwGBYYZDI1NA0ohDPepdjfz6PSjNpLg1/QxaKekIljBKjJXa7m5oGI8BZ/gCZ0ehyNsShzKFDsGHnX7bLXsVbwz8l/hTUkZT1NruZxhLmqcgDOVE66bvZaY1IMowymFYCnMNGaE90oGmpYKkoFuD8RtDvG+VGCdS2RIGj9WfEwOSat1PI9uZEtPVs95I/M9r5iY5aw2YyHIDgk4WJTnHRuJRJjhmCqjhfUsIVczeimmXKEKNTa5kQ/BnX/5LguPKecW/OSlXL6dpFNEO2kMHyEenqIquUQ0FiKIH9IRe0Kvz6Dw7b877pLXgTGe20S84H9+MUpd2</latexit>

Same as Lamb’s case except

! = 2@xvy + 2
⌫o
⌫e

@yvy
<latexit sha1_base64="6+JeHI5QhatumIE2yQIHb+Dipt8="></latexit><latexit sha1_base64="6+JeHI5QhatumIE2yQIHb+Dipt8="></latexit><latexit sha1_base64="6+JeHI5QhatumIE2yQIHb+Dipt8="></latexit><latexit sha1_base64="6+JeHI5QhatumIE2yQIHb+Dipt8="></latexit>

p̃ = 2⌫e@yvy � 2⌫o@xvy
<latexit sha1_base64="ZmaVFsivDwYEpZgJi5aUrvV73gs="></latexit><latexit sha1_base64="ZmaVFsivDwYEpZgJi5aUrvV73gs="></latexit><latexit sha1_base64="ZmaVFsivDwYEpZgJi5aUrvV73gs="></latexit><latexit sha1_base64="ZmaVFsivDwYEpZgJi5aUrvV73gs="></latexit>

Equations of motion

Boundary conditions

No change in bulk solutions

Vorticity decay brings in boundary layer thickness  scale � = m�1 =

r
⌫e
⌫o

<latexit sha1_base64="9VZJmV6Q3RwpfI3l8N562Mv8K5w="></latexit><latexit sha1_base64="9VZJmV6Q3RwpfI3l8N562Mv8K5w="></latexit><latexit sha1_base64="9VZJmV6Q3RwpfI3l8N562Mv8K5w="></latexit><latexit sha1_base64="9VZJmV6Q3RwpfI3l8N562Mv8K5w="></latexit>

(y = h(x, t))
<latexit sha1_base64="UQ1Z94sTVtcoZk2LaP4NXhkHQnk=">AAAB8HicdVBdSwJBFJ21L7Mvq8dehiRQiGV3VdSHQOqlR4M2JRWZHWd1cHZ2mZmNZPFf9NJDRa/9nN76N82qQUUduHA4517uvceLGJXKsj6MzMrq2vpGdjO3tb2zu5ffP7iRYSwwcXHIQtHxkCSMcuIqqhjpRIKgwGOk7U0uUr99R4SkIb9W04j0AzTi1KcYKS3dFqdn4+L9qSqVBvmCZVpOw6k7UJOy06hVU+JUylYV2qY1RwEs0Rrk33vDEMcB4QozJGXXtiLVT5BQFDMyy/ViSSKEJ2hEuppyFBDZT+YXz+CJVobQD4UuruBc/T6RoEDKaeDpzgCpsfztpeJfXjdWfr2fUB7FinC8WOTHDKoQpu/DIRUEKzbVBGFB9a0Qj5FAWOmQcjqEr0/h/8R1zIZpX1UKzfNlGllwBI5BEdigBprgErSACzDg4AE8gWdDGo/Gi/G6aM0Yy5lD8APG2yeg64/J</latexit><latexit sha1_base64="UQ1Z94sTVtcoZk2LaP4NXhkHQnk=">AAAB8HicdVBdSwJBFJ21L7Mvq8dehiRQiGV3VdSHQOqlR4M2JRWZHWd1cHZ2mZmNZPFf9NJDRa/9nN76N82qQUUduHA4517uvceLGJXKsj6MzMrq2vpGdjO3tb2zu5ffP7iRYSwwcXHIQtHxkCSMcuIqqhjpRIKgwGOk7U0uUr99R4SkIb9W04j0AzTi1KcYKS3dFqdn4+L9qSqVBvmCZVpOw6k7UJOy06hVU+JUylYV2qY1RwEs0Rrk33vDEMcB4QozJGXXtiLVT5BQFDMyy/ViSSKEJ2hEuppyFBDZT+YXz+CJVobQD4UuruBc/T6RoEDKaeDpzgCpsfztpeJfXjdWfr2fUB7FinC8WOTHDKoQpu/DIRUEKzbVBGFB9a0Qj5FAWOmQcjqEr0/h/8R1zIZpX1UKzfNlGllwBI5BEdigBprgErSACzDg4AE8gWdDGo/Gi/G6aM0Yy5lD8APG2yeg64/J</latexit><latexit sha1_base64="UQ1Z94sTVtcoZk2LaP4NXhkHQnk=">AAAB8HicdVBdSwJBFJ21L7Mvq8dehiRQiGV3VdSHQOqlR4M2JRWZHWd1cHZ2mZmNZPFf9NJDRa/9nN76N82qQUUduHA4517uvceLGJXKsj6MzMrq2vpGdjO3tb2zu5ffP7iRYSwwcXHIQtHxkCSMcuIqqhjpRIKgwGOk7U0uUr99R4SkIb9W04j0AzTi1KcYKS3dFqdn4+L9qSqVBvmCZVpOw6k7UJOy06hVU+JUylYV2qY1RwEs0Rrk33vDEMcB4QozJGXXtiLVT5BQFDMyy/ViSSKEJ2hEuppyFBDZT+YXz+CJVobQD4UuruBc/T6RoEDKaeDpzgCpsfztpeJfXjdWfr2fUB7FinC8WOTHDKoQpu/DIRUEKzbVBGFB9a0Qj5FAWOmQcjqEr0/h/8R1zIZpX1UKzfNlGllwBI5BEdigBprgErSACzDg4AE8gWdDGo/Gi/G6aM0Yy5lD8APG2yeg64/J</latexit><latexit sha1_base64="UQ1Z94sTVtcoZk2LaP4NXhkHQnk=">AAAB8HicdVBdSwJBFJ21L7Mvq8dehiRQiGV3VdSHQOqlR4M2JRWZHWd1cHZ2mZmNZPFf9NJDRa/9nN76N82qQUUduHA4517uvceLGJXKsj6MzMrq2vpGdjO3tb2zu5ffP7iRYSwwcXHIQtHxkCSMcuIqqhjpRIKgwGOk7U0uUr99R4SkIb9W04j0AzTi1KcYKS3dFqdn4+L9qSqVBvmCZVpOw6k7UJOy06hVU+JUylYV2qY1RwEs0Rrk33vDEMcB4QozJGXXtiLVT5BQFDMyy/ViSSKEJ2hEuppyFBDZT+YXz+CJVobQD4UuruBc/T6RoEDKaeDpzgCpsfztpeJfXjdWfr2fUB7FinC8WOTHDKoQpu/DIRUEKzbVBGFB9a0Qj5FAWOmQcjqEr0/h/8R1zIZpX1UKzfNlGllwBI5BEdigBprgErSACzDg4AE8gWdDGo/Gi/G6aM0Yy5lD8APG2yeg64/J</latexit>

Surface dynamics satisfying no stress BC

Ω/Ω0= 1 +μ2 -μ

Ω/Ω0=- 1 +μ2 -μ
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µ = |⌫o|k2/⌦0
<latexit sha1_base64="XYu06rPZ1Fc4zcVdb7uXU11+o+Y=">AAAB/3icdVDLSgMxFM34rPVVdeHCTbAIrup02tJ2IRTduLOCYwudccikaRuaZIYkI5S2G3/FjQsVt/6GO//G9CGo6IELh3Pu5d57wphRpW37w1pYXFpeWU2tpdc3Nre2Mzu7NypKJCYujlgkmyFShFFBXE01I81YEsRDRhph/3ziN+6IVDQS13oQE5+jrqAdipE2UpDZ93hyOvJEEkSj/q1z4l1y0kWBHWSyds52qk7FgYYUnGq5NCFOsWCXYD5nT5EFc9SDzLvXjnDCidCYIaVaeTvW/hBJTTEj47SXKBIj3Edd0jJUIE6UP5w+MIZHRmnDTiRNCQ2n6veJIeJKDXhoOjnSPfXbm4h/ea1Edyr+kIo40UTg2aJOwqCO4CQN2KaSYM0GhiAsqbkV4h6SCGuTWdqE8PUp/J+4Tq6ay18Vs7WzeRopcAAOwTHIgzKogQtQBy7AYAwewBN4tu6tR+vFep21LljzmT3wA9bbJ9k1liI=</latexit><latexit sha1_base64="XYu06rPZ1Fc4zcVdb7uXU11+o+Y=">AAAB/3icdVDLSgMxFM34rPVVdeHCTbAIrup02tJ2IRTduLOCYwudccikaRuaZIYkI5S2G3/FjQsVt/6GO//G9CGo6IELh3Pu5d57wphRpW37w1pYXFpeWU2tpdc3Nre2Mzu7NypKJCYujlgkmyFShFFBXE01I81YEsRDRhph/3ziN+6IVDQS13oQE5+jrqAdipE2UpDZ93hyOvJEEkSj/q1z4l1y0kWBHWSyds52qk7FgYYUnGq5NCFOsWCXYD5nT5EFc9SDzLvXjnDCidCYIaVaeTvW/hBJTTEj47SXKBIj3Edd0jJUIE6UP5w+MIZHRmnDTiRNCQ2n6veJIeJKDXhoOjnSPfXbm4h/ea1Edyr+kIo40UTg2aJOwqCO4CQN2KaSYM0GhiAsqbkV4h6SCGuTWdqE8PUp/J+4Tq6ay18Vs7WzeRopcAAOwTHIgzKogQtQBy7AYAwewBN4tu6tR+vFep21LljzmT3wA9bbJ9k1liI=</latexit><latexit sha1_base64="XYu06rPZ1Fc4zcVdb7uXU11+o+Y=">AAAB/3icdVDLSgMxFM34rPVVdeHCTbAIrup02tJ2IRTduLOCYwudccikaRuaZIYkI5S2G3/FjQsVt/6GO//G9CGo6IELh3Pu5d57wphRpW37w1pYXFpeWU2tpdc3Nre2Mzu7NypKJCYujlgkmyFShFFBXE01I81YEsRDRhph/3ziN+6IVDQS13oQE5+jrqAdipE2UpDZ93hyOvJEEkSj/q1z4l1y0kWBHWSyds52qk7FgYYUnGq5NCFOsWCXYD5nT5EFc9SDzLvXjnDCidCYIaVaeTvW/hBJTTEj47SXKBIj3Edd0jJUIE6UP5w+MIZHRmnDTiRNCQ2n6veJIeJKDXhoOjnSPfXbm4h/ea1Edyr+kIo40UTg2aJOwqCO4CQN2KaSYM0GhiAsqbkV4h6SCGuTWdqE8PUp/J+4Tq6ay18Vs7WzeRopcAAOwTHIgzKogQtQBy7AYAwewBN4tu6tR+vFep21LljzmT3wA9bbJ9k1liI=</latexit><latexit sha1_base64="XYu06rPZ1Fc4zcVdb7uXU11+o+Y=">AAAB/3icdVDLSgMxFM34rPVVdeHCTbAIrup02tJ2IRTduLOCYwudccikaRuaZIYkI5S2G3/FjQsVt/6GO//G9CGo6IELh3Pu5d57wphRpW37w1pYXFpeWU2tpdc3Nre2Mzu7NypKJCYujlgkmyFShFFBXE01I81YEsRDRhph/3ziN+6IVDQS13oQE5+jrqAdipE2UpDZ93hyOvJEEkSj/q1z4l1y0kWBHWSyds52qk7FgYYUnGq5NCFOsWCXYD5nT5EFc9SDzLvXjnDCidCYIaVaeTvW/hBJTTEj47SXKBIj3Edd0jJUIE6UP5w+MIZHRmnDTiRNCQ2n6veJIeJKDXhoOjnSPfXbm4h/ea1Edyr+kIo40UTg2aJOwqCO4CQN2KaSYM0GhiAsqbkV4h6SCGuTWdqE8PUp/J+4Tq6ay18Vs7WzeRopcAAOwTHIgzKogQtQBy7AYAwewBN4tu6tR+vFep21LljzmT3wA9bbJ9k1liI=</latexit>

⌦0 =
p
gk

<latexit sha1_base64="OyT0PnWTbvGf6qySiDgTxSMt6Sg=">AAAB+nicdVBNTwIxEO3iF+LXikcvjcTE06YsEOBgQvTiTUxESIBsuqVAQ7e7tl0j2fBXvHhQ49Vf4s1/YxcwUaMvmeTlvZnMzPMjzpRG6MPKrKyurW9kN3Nb2zu7e/Z+/kaFsSS0RUIeyo6PFeVM0JZmmtNOJCkOfE7b/uQ89dt3VCoWims9jWg/wCPBhoxgbSTPzvcuAzrCHjrtqVupk9Fk5tkF5CC37tZcaEjJrVcrKXHLJVSBRQfNUQBLND37vTcISRxQoQnHSnWLKNL9BEvNCKezXC9WNMJkgke0a6jAAVX9ZH77DB4bZQCHoTQlNJyr3ycSHCg1DXzTGWA9Vr+9VPzL68Z6WOsnTESxpoIsFg1jDnUI0yDggElKNJ8agolk5lZIxlhiok1cORPC16fwf9JynbpTvCoXGmfLNLLgEByBE1AEVdAAF6AJWoCAe/AAnsCzNbMerRfrddGasZYzB+AHrLdPtd6Ucw==</latexit><latexit sha1_base64="OyT0PnWTbvGf6qySiDgTxSMt6Sg=">AAAB+nicdVBNTwIxEO3iF+LXikcvjcTE06YsEOBgQvTiTUxESIBsuqVAQ7e7tl0j2fBXvHhQ49Vf4s1/YxcwUaMvmeTlvZnMzPMjzpRG6MPKrKyurW9kN3Nb2zu7e/Z+/kaFsSS0RUIeyo6PFeVM0JZmmtNOJCkOfE7b/uQ89dt3VCoWims9jWg/wCPBhoxgbSTPzvcuAzrCHjrtqVupk9Fk5tkF5CC37tZcaEjJrVcrKXHLJVSBRQfNUQBLND37vTcISRxQoQnHSnWLKNL9BEvNCKezXC9WNMJkgke0a6jAAVX9ZH77DB4bZQCHoTQlNJyr3ycSHCg1DXzTGWA9Vr+9VPzL68Z6WOsnTESxpoIsFg1jDnUI0yDggElKNJ8agolk5lZIxlhiok1cORPC16fwf9JynbpTvCoXGmfLNLLgEByBE1AEVdAAF6AJWoCAe/AAnsCzNbMerRfrddGasZYzB+AHrLdPtd6Ucw==</latexit><latexit sha1_base64="OyT0PnWTbvGf6qySiDgTxSMt6Sg=">AAAB+nicdVBNTwIxEO3iF+LXikcvjcTE06YsEOBgQvTiTUxESIBsuqVAQ7e7tl0j2fBXvHhQ49Vf4s1/YxcwUaMvmeTlvZnMzPMjzpRG6MPKrKyurW9kN3Nb2zu7e/Z+/kaFsSS0RUIeyo6PFeVM0JZmmtNOJCkOfE7b/uQ89dt3VCoWims9jWg/wCPBhoxgbSTPzvcuAzrCHjrtqVupk9Fk5tkF5CC37tZcaEjJrVcrKXHLJVSBRQfNUQBLND37vTcISRxQoQnHSnWLKNL9BEvNCKezXC9WNMJkgke0a6jAAVX9ZH77DB4bZQCHoTQlNJyr3ycSHCg1DXzTGWA9Vr+9VPzL68Z6WOsnTESxpoIsFg1jDnUI0yDggElKNJ8agolk5lZIxlhiok1cORPC16fwf9JynbpTvCoXGmfLNLLgEByBE1AEVdAAF6AJWoCAe/AAnsCzNbMerRfrddGasZYzB+AHrLdPtd6Ucw==</latexit><latexit sha1_base64="OyT0PnWTbvGf6qySiDgTxSMt6Sg=">AAAB+nicdVBNTwIxEO3iF+LXikcvjcTE06YsEOBgQvTiTUxESIBsuqVAQ7e7tl0j2fBXvHhQ49Vf4s1/YxcwUaMvmeTlvZnMzPMjzpRG6MPKrKyurW9kN3Nb2zu7e/Z+/kaFsSS0RUIeyo6PFeVM0JZmmtNOJCkOfE7b/uQ89dt3VCoWims9jWg/wCPBhoxgbSTPzvcuAzrCHjrtqVupk9Fk5tkF5CC37tZcaEjJrVcrKXHLJVSBRQfNUQBLND37vTcISRxQoQnHSnWLKNL9BEvNCKezXC9WNMJkgke0a6jAAVX9ZH77DB4bZQCHoTQlNJyr3ycSHCg1DXzTGWA9Vr+9VPzL68Z6WOsnTESxpoIsFg1jDnUI0yDggElKNJ8agolk5lZIxlhiok1cORPC16fwf9JynbpTvCoXGmfLNLLgEByBE1AEVdAAF6AJWoCAe/AAnsCzNbMerRfrddGasZYzB+AHrLdPtd6Ucw==</latexit>

⌦ ⇡ ±
p

g|k|� 2i⌫ek
2 � 2⌫ok|k|

<latexit sha1_base64="/sdOXWseNGk8q+5vD4X5JfOhZXo="></latexit><latexit sha1_base64="/sdOXWseNGk8q+5vD4X5JfOhZXo="></latexit><latexit sha1_base64="/sdOXWseNGk8q+5vD4X5JfOhZXo="></latexit><latexit sha1_base64="/sdOXWseNGk8q+5vD4X5JfOhZXo="></latexit>

g ! 0, ⌫e ! 0
<latexit sha1_base64="vrepr0Xds74ro8j2nwHW3PnJQT8=">AAACDHicdVDLSsNAFJ34rPUVdelmsAoupKRpS9td0Y3LCsYWmlAm00k6dDIJMxOllP6AG3/FjQsVt36AO//GSVvBih64cDjnXu69x08YlcqyPo2l5ZXVtfXcRn5za3tn19zbv5FxKjBxcMxi0fGRJIxy4iiqGOkkgqDIZ6TtDy8yv31LhKQxv1ajhHgRCjkNKEZKSz3zOISuoOFAISHiO2idQZenPbIo9syCVbTshl23oSZlu1GrZsSulK0qLBWtKQpgjlbP/HD7MU4jwhVmSMpuyUqUN0ZCUczIJO+mkiQID1FIuppyFBHpjaffTOCJVvowiIUuruBU/TkxRpGUo8jXnRFSA/nby8S/vG6qgro3pjxJFeF4tihIGVQxzKKBfSoIVmykCcKC6lshHiCBsNIB5nUI35/C/4ljFxvF0lWl0Dyfp5EDh+AInIISqIEmuAQt4AAM7sEjeAYvxoPxZLwab7PWJWM+cwAWYLx/Ad47mwY=</latexit><latexit sha1_base64="vrepr0Xds74ro8j2nwHW3PnJQT8=">AAACDHicdVDLSsNAFJ34rPUVdelmsAoupKRpS9td0Y3LCsYWmlAm00k6dDIJMxOllP6AG3/FjQsVt36AO//GSVvBih64cDjnXu69x08YlcqyPo2l5ZXVtfXcRn5za3tn19zbv5FxKjBxcMxi0fGRJIxy4iiqGOkkgqDIZ6TtDy8yv31LhKQxv1ajhHgRCjkNKEZKSz3zOISuoOFAISHiO2idQZenPbIo9syCVbTshl23oSZlu1GrZsSulK0qLBWtKQpgjlbP/HD7MU4jwhVmSMpuyUqUN0ZCUczIJO+mkiQID1FIuppyFBHpjaffTOCJVvowiIUuruBU/TkxRpGUo8jXnRFSA/nby8S/vG6qgro3pjxJFeF4tihIGVQxzKKBfSoIVmykCcKC6lshHiCBsNIB5nUI35/C/4ljFxvF0lWl0Dyfp5EDh+AInIISqIEmuAQt4AAM7sEjeAYvxoPxZLwab7PWJWM+cwAWYLx/Ad47mwY=</latexit><latexit sha1_base64="vrepr0Xds74ro8j2nwHW3PnJQT8=">AAACDHicdVDLSsNAFJ34rPUVdelmsAoupKRpS9td0Y3LCsYWmlAm00k6dDIJMxOllP6AG3/FjQsVt36AO//GSVvBih64cDjnXu69x08YlcqyPo2l5ZXVtfXcRn5za3tn19zbv5FxKjBxcMxi0fGRJIxy4iiqGOkkgqDIZ6TtDy8yv31LhKQxv1ajhHgRCjkNKEZKSz3zOISuoOFAISHiO2idQZenPbIo9syCVbTshl23oSZlu1GrZsSulK0qLBWtKQpgjlbP/HD7MU4jwhVmSMpuyUqUN0ZCUczIJO+mkiQID1FIuppyFBHpjaffTOCJVvowiIUuruBU/TkxRpGUo8jXnRFSA/nby8S/vG6qgro3pjxJFeF4tihIGVQxzKKBfSoIVmykCcKC6lshHiCBsNIB5nUI35/C/4ljFxvF0lWl0Dyfp5EDh+AInIISqIEmuAQt4AAM7sEjeAYvxoPxZLwab7PWJWM+cwAWYLx/Ad47mwY=</latexit><latexit sha1_base64="vrepr0Xds74ro8j2nwHW3PnJQT8=">AAACDHicdVDLSsNAFJ34rPUVdelmsAoupKRpS9td0Y3LCsYWmlAm00k6dDIJMxOllP6AG3/FjQsVt36AO//GSVvBih64cDjnXu69x08YlcqyPo2l5ZXVtfXcRn5za3tn19zbv5FxKjBxcMxi0fGRJIxy4iiqGOkkgqDIZ6TtDy8yv31LhKQxv1ajhHgRCjkNKEZKSz3zOISuoOFAISHiO2idQZenPbIo9syCVbTshl23oSZlu1GrZsSulK0qLBWtKQpgjlbP/HD7MU4jwhVmSMpuyUqUN0ZCUczIJO+mkiQID1FIuppyFBHpjaffTOCJVvowiIUuruBU/TkxRpGUo8jXnRFSA/nby8S/vG6qgro3pjxJFeF4tihIGVQxzKKBfSoIVmykCcKC6lshHiCBsNIB5nUI35/C/4ljFxvF0lWl0Dyfp5EDh+AInIISqIEmuAQt4AAM7sEjeAYvxoPxZLwab7PWJWM+cwAWYLx/Ad47mwY=</latexit>

vk =
@⌦

@k
⇡ �4⌫o|k|

<latexit sha1_base64="+WLIhI/0SSCbVzdrvWGMCMtb7Ps="></latexit><latexit sha1_base64="+WLIhI/0SSCbVzdrvWGMCMtb7Ps="></latexit><latexit sha1_base64="+WLIhI/0SSCbVzdrvWGMCMtb7Ps="></latexit><latexit sha1_base64="+WLIhI/0SSCbVzdrvWGMCMtb7Ps="></latexit>

Chiral propagation

⌦ = 0,�2⌫ok|k|
<latexit sha1_base64="qcsZAqFK1r+QlTdHOIHWJybDitE=">AAAB/nicdVBNS8NAEN34WetXVPDiZbEIHrQkaUvbg1D04s0KxhaaUjbbbbtkswm7G6G0PfhXvHhQ8erv8Oa/cdNWUNEHA4/3ZpiZ58eMSmVZH8bC4tLyympmLbu+sbm1be7s3sooEZi4OGKRaPpIEkY5cRVVjDRjQVDoM9Lwg4vUb9wRIWnEb9QwJu0Q9TntUYyUljrmvncVkj46s07gqePxpBMFcByMO2bOyltO1ak4UJOCUy2XUuIUC1YJ2nlrihyYo94x371uhJOQcIUZkrJlW7Fqj5BQFDMyyXqJJDHCAeqTlqYchUS2R9P7J/BIK13Yi4QuruBU/T4xQqGUw9DXnSFSA/nbS8W/vFaiepX2iPI4UYTj2aJewqCKYBoG7FJBsGJDTRAWVN8K8QAJhJWOLKtD+PoU/k9cJ1/N29fFXO18nkYGHIBDcAxsUAY1cAnqwAUYjMEDeALPxr3xaLwYr7PWBWM+swd+wHj7BN8ulPI=</latexit><latexit sha1_base64="qcsZAqFK1r+QlTdHOIHWJybDitE=">AAAB/nicdVBNS8NAEN34WetXVPDiZbEIHrQkaUvbg1D04s0KxhaaUjbbbbtkswm7G6G0PfhXvHhQ8erv8Oa/cdNWUNEHA4/3ZpiZ58eMSmVZH8bC4tLyympmLbu+sbm1be7s3sooEZi4OGKRaPpIEkY5cRVVjDRjQVDoM9Lwg4vUb9wRIWnEb9QwJu0Q9TntUYyUljrmvncVkj46s07gqePxpBMFcByMO2bOyltO1ak4UJOCUy2XUuIUC1YJ2nlrihyYo94x371uhJOQcIUZkrJlW7Fqj5BQFDMyyXqJJDHCAeqTlqYchUS2R9P7J/BIK13Yi4QuruBU/T4xQqGUw9DXnSFSA/nbS8W/vFaiepX2iPI4UYTj2aJewqCKYBoG7FJBsGJDTRAWVN8K8QAJhJWOLKtD+PoU/k9cJ1/N29fFXO18nkYGHIBDcAxsUAY1cAnqwAUYjMEDeALPxr3xaLwYr7PWBWM+swd+wHj7BN8ulPI=</latexit><latexit sha1_base64="qcsZAqFK1r+QlTdHOIHWJybDitE=">AAAB/nicdVBNS8NAEN34WetXVPDiZbEIHrQkaUvbg1D04s0KxhaaUjbbbbtkswm7G6G0PfhXvHhQ8erv8Oa/cdNWUNEHA4/3ZpiZ58eMSmVZH8bC4tLyympmLbu+sbm1be7s3sooEZi4OGKRaPpIEkY5cRVVjDRjQVDoM9Lwg4vUb9wRIWnEb9QwJu0Q9TntUYyUljrmvncVkj46s07gqePxpBMFcByMO2bOyltO1ak4UJOCUy2XUuIUC1YJ2nlrihyYo94x371uhJOQcIUZkrJlW7Fqj5BQFDMyyXqJJDHCAeqTlqYchUS2R9P7J/BIK13Yi4QuruBU/T4xQqGUw9DXnSFSA/nbS8W/vFaiepX2iPI4UYTj2aJewqCKYBoG7FJBsGJDTRAWVN8K8QAJhJWOLKtD+PoU/k9cJ1/N29fFXO18nkYGHIBDcAxsUAY1cAnqwAUYjMEDeALPxr3xaLwYr7PWBWM+swd+wHj7BN8ulPI=</latexit><latexit sha1_base64="qcsZAqFK1r+QlTdHOIHWJybDitE=">AAAB/nicdVBNS8NAEN34WetXVPDiZbEIHrQkaUvbg1D04s0KxhaaUjbbbbtkswm7G6G0PfhXvHhQ8erv8Oa/cdNWUNEHA4/3ZpiZ58eMSmVZH8bC4tLyympmLbu+sbm1be7s3sooEZi4OGKRaPpIEkY5cRVVjDRjQVDoM9Lwg4vUb9wRIWnEb9QwJu0Q9TntUYyUljrmvncVkj46s07gqePxpBMFcByMO2bOyltO1ak4UJOCUy2XUuIUC1YJ2nlrihyYo94x371uhJOQcIUZkrJlW7Fqj5BQFDMyyXqJJDHCAeqTlqYchUS2R9P7J/BIK13Yi4QuruBU/T4xQqGUw9DXnSFSA/nbS8W/vFaiepX2iPI4UYTj2aJewqCKYBoG7FJBsGJDTRAWVN8K8QAJhJWOLKtD+PoU/k9cJ1/N29fFXO18nkYGHIBDcAxsUAY1cAnqwAUYjMEDeALPxr3xaLwYr7PWBWM+swd+wHj7BN8ulPI=</latexit>
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Weakly non-linear odd surface waves
⌫e ! 0, g = 0

<latexit sha1_base64="xbonmWjTog4AnyNokOtIeZSC8gM=">AAAB/3icdVDLSgMxFM3UV62vURcu3ASL4EJKOm1puxCKblxWcGyhU0omTdvQTDIkGaWUbvwVNy5U3Pob7vwb04egogcuHM65l3vvCWPOtEHow0ktLa+srqXXMxubW9s77u7ejZaJItQnkkvVDLGmnAnqG2Y4bcaK4ijktBEOL6Z+45YqzaS4NqOYtiPcF6zHCDZW6rgHgUg6NFCsPzBYKXkH0Snsn6GOm0U55FW9igctKXjVcmlKvGIBlWA+h2bIggXqHfc96EqSRFQYwrHWrTyKTXuMlWGE00kmSDSNMRniPm1ZKnBEdXs8e2ACj63ShT2pbAkDZ+r3iTGOtB5Foe2MsBno395U/MtrJaZXaY+ZiBNDBZkv6iUcGgmnacAuU5QYPrIEE8XsrZAMsMLE2MwyNoSvT+H/xPdy1Vz+qpitnS/SSINDcAROQB6UQQ1cgjrwAQET8ACewLNz7zw6L87rvDXlLGb2wQ84b59AfpW8</latexit><latexit sha1_base64="xbonmWjTog4AnyNokOtIeZSC8gM=">AAAB/3icdVDLSgMxFM3UV62vURcu3ASL4EJKOm1puxCKblxWcGyhU0omTdvQTDIkGaWUbvwVNy5U3Pob7vwb04egogcuHM65l3vvCWPOtEHow0ktLa+srqXXMxubW9s77u7ejZaJItQnkkvVDLGmnAnqG2Y4bcaK4ijktBEOL6Z+45YqzaS4NqOYtiPcF6zHCDZW6rgHgUg6NFCsPzBYKXkH0Snsn6GOm0U55FW9igctKXjVcmlKvGIBlWA+h2bIggXqHfc96EqSRFQYwrHWrTyKTXuMlWGE00kmSDSNMRniPm1ZKnBEdXs8e2ACj63ShT2pbAkDZ+r3iTGOtB5Foe2MsBno395U/MtrJaZXaY+ZiBNDBZkv6iUcGgmnacAuU5QYPrIEE8XsrZAMsMLE2MwyNoSvT+H/xPdy1Vz+qpitnS/SSINDcAROQB6UQQ1cgjrwAQET8ACewLNz7zw6L87rvDXlLGb2wQ84b59AfpW8</latexit><latexit sha1_base64="xbonmWjTog4AnyNokOtIeZSC8gM=">AAAB/3icdVDLSgMxFM3UV62vURcu3ASL4EJKOm1puxCKblxWcGyhU0omTdvQTDIkGaWUbvwVNy5U3Pob7vwb04egogcuHM65l3vvCWPOtEHow0ktLa+srqXXMxubW9s77u7ejZaJItQnkkvVDLGmnAnqG2Y4bcaK4ijktBEOL6Z+45YqzaS4NqOYtiPcF6zHCDZW6rgHgUg6NFCsPzBYKXkH0Snsn6GOm0U55FW9igctKXjVcmlKvGIBlWA+h2bIggXqHfc96EqSRFQYwrHWrTyKTXuMlWGE00kmSDSNMRniPm1ZKnBEdXs8e2ACj63ShT2pbAkDZ+r3iTGOtB5Foe2MsBno395U/MtrJaZXaY+ZiBNDBZkv6iUcGgmnacAuU5QYPrIEE8XsrZAMsMLE2MwyNoSvT+H/xPdy1Vz+qpitnS/SSINDcAROQB6UQQ1cgjrwAQET8ACewLNz7zw6L87rvDXlLGb2wQ84b59AfpW8</latexit><latexit sha1_base64="xbonmWjTog4AnyNokOtIeZSC8gM=">AAAB/3icdVDLSgMxFM3UV62vURcu3ASL4EJKOm1puxCKblxWcGyhU0omTdvQTDIkGaWUbvwVNy5U3Pob7vwb04egogcuHM65l3vvCWPOtEHow0ktLa+srqXXMxubW9s77u7ejZaJItQnkkvVDLGmnAnqG2Y4bcaK4ijktBEOL6Z+45YqzaS4NqOYtiPcF6zHCDZW6rgHgUg6NFCsPzBYKXkH0Snsn6GOm0U55FW9igctKXjVcmlKvGIBlWA+h2bIggXqHfc96EqSRFQYwrHWrTyKTXuMlWGE00kmSDSNMRniPm1ZKnBEdXs8e2ACj63ShT2pbAkDZ+r3iTGOtB5Foe2MsBno395U/MtrJaZXaY+ZiBNDBZkv6iUcGgmnacAuU5QYPrIEE8XsrZAMsMLE2MwyNoSvT+H/xPdy1Vz+qpitnS/SSINDcAROQB6UQQ1cgjrwAQET8ACewLNz7zw6L87rvDXlLGb2wQ84b59AfpW8</latexit>
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i

xxx

,

ht + ũH = �
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<latexit sha1_base64="3w/Oa+OFp5EYFXQDEX+j7gNCAFs="></latexit><latexit sha1_base64="3w/Oa+OFp5EYFXQDEX+j7gNCAFs="></latexit><latexit sha1_base64="3w/Oa+OFp5EYFXQDEX+j7gNCAFs="></latexit><latexit sha1_base64="3w/Oa+OFp5EYFXQDEX+j7gNCAFs="></latexit>

ũ = �̃x
<latexit sha1_base64="/w+wNobF374gn8x2TCJ1oWYzh/s=">AAAB/3icdZBPSwJBGMZn7Z/Zv60OHboMSdBJ1lVRD4HUpaNBm4GKzM6OOjg7u8y8G4l46at06VDRta/RrW/TrBpU1AMDP573fXnnffxYcA2O82FllpZXVtey67mNza3tHXt371pHiaLMo5GI1I1PNBNcMg84CHYTK0ZCX7CWPzpP661bpjSP5BWMY9YNyUDyPqcEjNWzDzrARcBwgk8X1ImHvHfXs/NOwXHrbs3FBkpuvVpJwS2XnAouFpyZ8mihZs9+7wQRTUImgQqidbvoxNCdEAWcCjbNdRLNYkJHZMDaBiUJme5OZgdM8bFxAtyPlHkS8Mz9PjEhodbj0DedIYGh/l1Lzb9q7QT6te6EyzgBJul8UT8RGCKcpoEDrhgFMTZAqOLmr5gOiSIUTGY5E8LXpfh/8NxCvVC8LOcbZ4s0sugQHaETVERV1EAXqIk8RNEUPaAn9GzdW4/Wi/U6b81Yi5l99EPW2yeoIJYG</latexit><latexit sha1_base64="/w+wNobF374gn8x2TCJ1oWYzh/s=">AAAB/3icdZBPSwJBGMZn7Z/Zv60OHboMSdBJ1lVRD4HUpaNBm4GKzM6OOjg7u8y8G4l46at06VDRta/RrW/TrBpU1AMDP573fXnnffxYcA2O82FllpZXVtey67mNza3tHXt371pHiaLMo5GI1I1PNBNcMg84CHYTK0ZCX7CWPzpP661bpjSP5BWMY9YNyUDyPqcEjNWzDzrARcBwgk8X1ImHvHfXs/NOwXHrbs3FBkpuvVpJwS2XnAouFpyZ8mihZs9+7wQRTUImgQqidbvoxNCdEAWcCjbNdRLNYkJHZMDaBiUJme5OZgdM8bFxAtyPlHkS8Mz9PjEhodbj0DedIYGh/l1Lzb9q7QT6te6EyzgBJul8UT8RGCKcpoEDrhgFMTZAqOLmr5gOiSIUTGY5E8LXpfh/8NxCvVC8LOcbZ4s0sugQHaETVERV1EAXqIk8RNEUPaAn9GzdW4/Wi/U6b81Yi5l99EPW2yeoIJYG</latexit><latexit sha1_base64="/w+wNobF374gn8x2TCJ1oWYzh/s=">AAAB/3icdZBPSwJBGMZn7Z/Zv60OHboMSdBJ1lVRD4HUpaNBm4GKzM6OOjg7u8y8G4l46at06VDRta/RrW/TrBpU1AMDP573fXnnffxYcA2O82FllpZXVtey67mNza3tHXt371pHiaLMo5GI1I1PNBNcMg84CHYTK0ZCX7CWPzpP661bpjSP5BWMY9YNyUDyPqcEjNWzDzrARcBwgk8X1ImHvHfXs/NOwXHrbs3FBkpuvVpJwS2XnAouFpyZ8mihZs9+7wQRTUImgQqidbvoxNCdEAWcCjbNdRLNYkJHZMDaBiUJme5OZgdM8bFxAtyPlHkS8Mz9PjEhodbj0DedIYGh/l1Lzb9q7QT6te6EyzgBJul8UT8RGCKcpoEDrhgFMTZAqOLmr5gOiSIUTGY5E8LXpfh/8NxCvVC8LOcbZ4s0sugQHaETVERV1EAXqIk8RNEUPaAn9GzdW4/Wi/U6b81Yi5l99EPW2yeoIJYG</latexit><latexit sha1_base64="/w+wNobF374gn8x2TCJ1oWYzh/s=">AAAB/3icdZBPSwJBGMZn7Z/Zv60OHboMSdBJ1lVRD4HUpaNBm4GKzM6OOjg7u8y8G4l46at06VDRta/RrW/TrBpU1AMDP573fXnnffxYcA2O82FllpZXVtey67mNza3tHXt371pHiaLMo5GI1I1PNBNcMg84CHYTK0ZCX7CWPzpP661bpjSP5BWMY9YNyUDyPqcEjNWzDzrARcBwgk8X1ImHvHfXs/NOwXHrbs3FBkpuvVpJwS2XnAouFpyZ8mihZs9+7wQRTUImgQqidbvoxNCdEAWcCjbNdRLNYkJHZMDaBiUJme5OZgdM8bFxAtyPlHkS8Mz9PjEhodbj0DedIYGh/l1Lzb9q7QT6te6EyzgBJul8UT8RGCKcpoEDrhgFMTZAqOLmr5gOiSIUTGY5E8LXpfh/8NxCvVC8LOcbZ4s0sugQHaETVERV1EAXqIk8RNEUPaAn9GzdW4/Wi/U6b81Yi5l99EPW2yeoIJYG</latexit>

Non-linear surface dynamics integrating out boundary layer
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<latexit sha1_base64="6qv8V5SSCkUlqsM+0TnAMasUHYI="></latexit><latexit sha1_base64="6qv8V5SSCkUlqsM+0TnAMasUHYI="></latexit><latexit sha1_base64="6qv8V5SSCkUlqsM+0TnAMasUHYI="></latexit><latexit sha1_base64="6qv8V5SSCkUlqsM+0TnAMasUHYI="></latexit>

ht = @y�� hx@x�
<latexit sha1_base64="IAbQyNRXMRsgPhUkx5dO7oUXFeg="></latexit><latexit sha1_base64="IAbQyNRXMRsgPhUkx5dO7oUXFeg="></latexit><latexit sha1_base64="IAbQyNRXMRsgPhUkx5dO7oUXFeg="></latexit><latexit sha1_base64="IAbQyNRXMRsgPhUkx5dO7oUXFeg="></latexit>

p̃ = 2⌫o@x@y�
<latexit sha1_base64="O75ZCa/8sff+vfGbaqhYediiiW4="></latexit><latexit sha1_base64="O75ZCa/8sff+vfGbaqhYediiiW4="></latexit><latexit sha1_base64="O75ZCa/8sff+vfGbaqhYediiiW4="></latexit><latexit sha1_base64="O75ZCa/8sff+vfGbaqhYediiiW4="></latexit>

f̃H = i(f̃+ � f̃�)
<latexit sha1_base64="KNCaZ5D/EATTLnDZaLk31gKg3/I=">AAACC3icdVDLSgMxFM34rPVVdekmWISKdJiZtrRdCEU3XVawttCOJZPJtKGZB0lGKEM/wI2/4saFilt/wJ1/Y/oSFT0QODnnXJJ7nIhRIQ3jQ1taXlldW09tpDe3tnd2M3v71yKMOSZNHLKQtx0kCKMBaUoqGWlHnCDfYaTlDC8mfuuWcEHD4EqOImL7qB9Qj2IkldTLZLuSMpdA76Z+RnOLS+80/0XzJypl6IZVtSoWVKRgVculCbGKBaMETd2YIgvmaPQy7103xLFPAokZEqJjGpG0E8QlxYyM091YkAjhIeqTjqIB8omwk+kyY3isFBd6IVcnkHCqfp9IkC/EyHdU0kdyIH57E/EvrxNLr2InNIhiSQI8e8iLGZQhnDQDXcoJlmykCMKcqr9CPEAcYan6S6sSFpvC/0nT0qu6eVnM1s7nbaTAITgCOWCCMqiBOmiAJsDgDjyAJ/Cs3WuP2ov2OosuafOZA/AD2tsn7V2Z2A==</latexit><latexit sha1_base64="KNCaZ5D/EATTLnDZaLk31gKg3/I=">AAACC3icdVDLSgMxFM34rPVVdekmWISKdJiZtrRdCEU3XVawttCOJZPJtKGZB0lGKEM/wI2/4saFilt/wJ1/Y/oSFT0QODnnXJJ7nIhRIQ3jQ1taXlldW09tpDe3tnd2M3v71yKMOSZNHLKQtx0kCKMBaUoqGWlHnCDfYaTlDC8mfuuWcEHD4EqOImL7qB9Qj2IkldTLZLuSMpdA76Z+RnOLS+80/0XzJypl6IZVtSoWVKRgVculCbGKBaMETd2YIgvmaPQy7103xLFPAokZEqJjGpG0E8QlxYyM091YkAjhIeqTjqIB8omwk+kyY3isFBd6IVcnkHCqfp9IkC/EyHdU0kdyIH57E/EvrxNLr2InNIhiSQI8e8iLGZQhnDQDXcoJlmykCMKcqr9CPEAcYan6S6sSFpvC/0nT0qu6eVnM1s7nbaTAITgCOWCCMqiBOmiAJsDgDjyAJ/Cs3WuP2ov2OosuafOZA/AD2tsn7V2Z2A==</latexit><latexit sha1_base64="KNCaZ5D/EATTLnDZaLk31gKg3/I=">AAACC3icdVDLSgMxFM34rPVVdekmWISKdJiZtrRdCEU3XVawttCOJZPJtKGZB0lGKEM/wI2/4saFilt/wJ1/Y/oSFT0QODnnXJJ7nIhRIQ3jQ1taXlldW09tpDe3tnd2M3v71yKMOSZNHLKQtx0kCKMBaUoqGWlHnCDfYaTlDC8mfuuWcEHD4EqOImL7qB9Qj2IkldTLZLuSMpdA76Z+RnOLS+80/0XzJypl6IZVtSoWVKRgVculCbGKBaMETd2YIgvmaPQy7103xLFPAokZEqJjGpG0E8QlxYyM091YkAjhIeqTjqIB8omwk+kyY3isFBd6IVcnkHCqfp9IkC/EyHdU0kdyIH57E/EvrxNLr2InNIhiSQI8e8iLGZQhnDQDXcoJlmykCMKcqr9CPEAcYan6S6sSFpvC/0nT0qu6eVnM1s7nbaTAITgCOWCCMqiBOmiAJsDgDjyAJ/Cs3WuP2ov2OosuafOZA/AD2tsn7V2Z2A==</latexit><latexit sha1_base64="KNCaZ5D/EATTLnDZaLk31gKg3/I=">AAACC3icdVDLSgMxFM34rPVVdekmWISKdJiZtrRdCEU3XVawttCOJZPJtKGZB0lGKEM/wI2/4saFilt/wJ1/Y/oSFT0QODnnXJJ7nIhRIQ3jQ1taXlldW09tpDe3tnd2M3v71yKMOSZNHLKQtx0kCKMBaUoqGWlHnCDfYaTlDC8mfuuWcEHD4EqOImL7qB9Qj2IkldTLZLuSMpdA76Z+RnOLS+80/0XzJypl6IZVtSoWVKRgVculCbGKBaMETd2YIgvmaPQy7103xLFPAokZEqJjGpG0E8QlxYyM091YkAjhIeqTjqIB8omwk+kyY3isFBd6IVcnkHCqfp9IkC/EyHdU0kdyIH57E/EvrxNLr2InNIhiSQI8e8iLGZQhnDQDXcoJlmykCMKcqr9CPEAcYan6S6sSFpvC/0nT0qu6eVnM1s7nbaTAITgCOWCCMqiBOmiAJsDgDjyAJ/Cs3WuP2ov2OosuafOZA/AD2tsn7V2Z2A==</latexit>
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<latexit sha1_base64="c++NQP2gVdTGUDckMykrtvVVfp4="></latexit><latexit sha1_base64="c++NQP2gVdTGUDckMykrtvVVfp4="></latexit><latexit sha1_base64="c++NQP2gVdTGUDckMykrtvVVfp4="></latexit><latexit sha1_base64="c++NQP2gVdTGUDckMykrtvVVfp4="></latexit>

One dimensional Hamiltonian system
{�̃, h0} = �(x� x0) ,

{�̃, �̃0} = �2⌫o�
0(x� x0) ,

{h, h0} = 0
<latexit sha1_base64="GHGZxr/3IajCPRym8wnJ7PWXF0E="></latexit><latexit sha1_base64="GHGZxr/3IajCPRym8wnJ7PWXF0E="></latexit><latexit sha1_base64="GHGZxr/3IajCPRym8wnJ7PWXF0E="></latexit><latexit sha1_base64="GHGZxr/3IajCPRym8wnJ7PWXF0E="></latexit>f̃(x, t) = f(x, h(x, t), t)

<latexit sha1_base64="a9Ko95KMiJT6MGTngkUCfyx15VY=">AAACBHicdVBNS0JBFJ1nX2ZfVks3QxIYhLz3VNRFILVpaZAfoCLzxnk6OO+DmfsiERdt+ittWhTRth/Rrn/TPDWoqMMM93DOvczc44SCKzDNDyOxsrq2vpHcTG1t7+zupfcPmiqIJGUNGohAth2imOA+awAHwdqhZMRzBGs544vYb90wqXjgX8MkZD2PDH3uckpAS/10pgtcDBh2c7encHIWl9Gc6tNPZ828aVftio01KdjVcikmdrFglrCVN+fIoiXq/fR7dxDQyGM+UEGU6lhmCL0pkcCpYLNUN1IsJHRMhqyjqU88pnrT+RIzfKyVAXYDqa8PeK5+n5gST6mJ5+hOj8BI/fZi8S+vE4Fb6U25H0bAfLp4yI0EhgDHieABl4yCmGhCqOT6r5iOiCQUdG4pHcLXpvh/0rTzlpm3rorZ2vkyjiTKoCOUQxYqoxq6RHXUQBTdoQf0hJ6Ne+PReDFeF60JYzlziH7AePsE9s2WXg==</latexit><latexit sha1_base64="a9Ko95KMiJT6MGTngkUCfyx15VY=">AAACBHicdVBNS0JBFJ1nX2ZfVks3QxIYhLz3VNRFILVpaZAfoCLzxnk6OO+DmfsiERdt+ittWhTRth/Rrn/TPDWoqMMM93DOvczc44SCKzDNDyOxsrq2vpHcTG1t7+zupfcPmiqIJGUNGohAth2imOA+awAHwdqhZMRzBGs544vYb90wqXjgX8MkZD2PDH3uckpAS/10pgtcDBh2c7encHIWl9Gc6tNPZ828aVftio01KdjVcikmdrFglrCVN+fIoiXq/fR7dxDQyGM+UEGU6lhmCL0pkcCpYLNUN1IsJHRMhqyjqU88pnrT+RIzfKyVAXYDqa8PeK5+n5gST6mJ5+hOj8BI/fZi8S+vE4Fb6U25H0bAfLp4yI0EhgDHieABl4yCmGhCqOT6r5iOiCQUdG4pHcLXpvh/0rTzlpm3rorZ2vkyjiTKoCOUQxYqoxq6RHXUQBTdoQf0hJ6Ne+PReDFeF60JYzlziH7AePsE9s2WXg==</latexit><latexit sha1_base64="a9Ko95KMiJT6MGTngkUCfyx15VY=">AAACBHicdVBNS0JBFJ1nX2ZfVks3QxIYhLz3VNRFILVpaZAfoCLzxnk6OO+DmfsiERdt+ittWhTRth/Rrn/TPDWoqMMM93DOvczc44SCKzDNDyOxsrq2vpHcTG1t7+zupfcPmiqIJGUNGohAth2imOA+awAHwdqhZMRzBGs544vYb90wqXjgX8MkZD2PDH3uckpAS/10pgtcDBh2c7encHIWl9Gc6tNPZ828aVftio01KdjVcikmdrFglrCVN+fIoiXq/fR7dxDQyGM+UEGU6lhmCL0pkcCpYLNUN1IsJHRMhqyjqU88pnrT+RIzfKyVAXYDqa8PeK5+n5gST6mJ5+hOj8BI/fZi8S+vE4Fb6U25H0bAfLp4yI0EhgDHieABl4yCmGhCqOT6r5iOiCQUdG4pHcLXpvh/0rTzlpm3rorZ2vkyjiTKoCOUQxYqoxq6RHXUQBTdoQf0hJ6Ne+PReDFeF60JYzlziH7AePsE9s2WXg==</latexit><latexit sha1_base64="a9Ko95KMiJT6MGTngkUCfyx15VY=">AAACBHicdVBNS0JBFJ1nX2ZfVks3QxIYhLz3VNRFILVpaZAfoCLzxnk6OO+DmfsiERdt+ittWhTRth/Rrn/TPDWoqMMM93DOvczc44SCKzDNDyOxsrq2vpHcTG1t7+zupfcPmiqIJGUNGohAth2imOA+awAHwdqhZMRzBGs544vYb90wqXjgX8MkZD2PDH3uckpAS/10pgtcDBh2c7encHIWl9Gc6tNPZ828aVftio01KdjVcikmdrFglrCVN+fIoiXq/fR7dxDQyGM+UEGU6lhmCL0pkcCpYLNUN1IsJHRMhqyjqU88pnrT+RIzfKyVAXYDqa8PeK5+n5gST6mJ5+hOj8BI/fZi8S+vE4Fb6U25H0bAfLp4yI0EhgDHieABl4yCmGhCqOT6r5iOiCQUdG4pHcLXpvh/0rTzlpm3rorZ2vkyjiTKoCOUQxYqoxq6RHXUQBTdoQf0hJ6Ne+PReDFeF60JYzlziH7AePsE9s2WXg==</latexit>

https://arxiv.org/abs/1801.10150


Chiral Burgers equation 
ũt + ũũx � ũH ũH

x
+ 2⌫oũ

H

xx
= 0

ht + ũH = 0
<latexit sha1_base64="UWuygUp6h305hv7zxNBSijUBuQc=">AAACXnicdVFNTxsxFPRuoZAFStpeKvXy1AhUiTZyFhDkUAm1F44gNQUpG1ZexyEWXu/KfkaJVvmTvVXqpf+k3iRAWrVPsjyemeePcVYqaZHSH0H4bG39+cZmI9ra3nmx23z56pstnOGixwtVmOuMWaGkFj2UqMR1aQTLMyWusrsvtX51L4yVhf6K01IMcnar5Uhyhp5Km/cJSjUU4FKEgwe8mCs3Sycf4XFxc76K0wkcxIl2abFKVpPJDKLG/iegyQ dIkgga46ed555apWmzRds07sanMXhwGHdPjmsQHx3SY+i06bxaZFkXafN7Miy4y4VGrpi1/Q4tcVAxg5IrMYsSZ0XJ+B27FX0PNcuFHVTzfGaw55khjArjh0aYs6sdFcutneaZd+YMx/ZvrSb/pfUdjk4HldSlQ6H54qCRU4AF1GHDUBrBUU09YNxIf1fgY2YYR/8lkQ/h4aXwf9CL29125/KodfZ5mcYmeUvekfekQ07IGTknF6RHOPkZhMFWsB38CjfCnXB3YQ2DZc9r8keFb34D2XOy9Q==</latexit><latexit sha1_base64="UWuygUp6h305hv7zxNBSijUBuQc=">AAACXnicdVFNTxsxFPRuoZAFStpeKvXy1AhUiTZyFhDkUAm1F44gNQUpG1ZexyEWXu/KfkaJVvmTvVXqpf+k3iRAWrVPsjyemeePcVYqaZHSH0H4bG39+cZmI9ra3nmx23z56pstnOGixwtVmOuMWaGkFj2UqMR1aQTLMyWusrsvtX51L4yVhf6K01IMcnar5Uhyhp5Km/cJSjUU4FKEgwe8mCs3Sycf4XFxc76K0wkcxIl2abFKVpPJDKLG/iegyQ dIkgga46ed555apWmzRds07sanMXhwGHdPjmsQHx3SY+i06bxaZFkXafN7Miy4y4VGrpi1/Q4tcVAxg5IrMYsSZ0XJ+B27FX0PNcuFHVTzfGaw55khjArjh0aYs6sdFcutneaZd+YMx/ZvrSb/pfUdjk4HldSlQ6H54qCRU4AF1GHDUBrBUU09YNxIf1fgY2YYR/8lkQ/h4aXwf9CL29125/KodfZ5mcYmeUvekfekQ07IGTknF6RHOPkZhMFWsB38CjfCnXB3YQ2DZc9r8keFb34D2XOy9Q==</latexit><latexit sha1_base64="UWuygUp6h305hv7zxNBSijUBuQc=">AAACXnicdVFNTxsxFPRuoZAFStpeKvXy1AhUiTZyFhDkUAm1F44gNQUpG1ZexyEWXu/KfkaJVvmTvVXqpf+k3iRAWrVPsjyemeePcVYqaZHSH0H4bG39+cZmI9ra3nmx23z56pstnOGixwtVmOuMWaGkFj2UqMR1aQTLMyWusrsvtX51L4yVhf6K01IMcnar5Uhyhp5Km/cJSjUU4FKEgwe8mCs3Sycf4XFxc76K0wkcxIl2abFKVpPJDKLG/iegyQ dIkgga46ed555apWmzRds07sanMXhwGHdPjmsQHx3SY+i06bxaZFkXafN7Miy4y4VGrpi1/Q4tcVAxg5IrMYsSZ0XJ+B27FX0PNcuFHVTzfGaw55khjArjh0aYs6sdFcutneaZd+YMx/ZvrSb/pfUdjk4HldSlQ6H54qCRU4AF1GHDUBrBUU09YNxIf1fgY2YYR/8lkQ/h4aXwf9CL29125/KodfZ5mcYmeUvekfekQ07IGTknF6RHOPkZhMFWsB38CjfCnXB3YQ2DZc9r8keFb34D2XOy9Q==</latexit><latexit sha1_base64="UWuygUp6h305hv7zxNBSijUBuQc=">AAACXnicdVFNTxsxFPRuoZAFStpeKvXy1AhUiTZyFhDkUAm1F44gNQUpG1ZexyEWXu/KfkaJVvmTvVXqpf+k3iRAWrVPsjyemeePcVYqaZHSH0H4bG39+cZmI9ra3nmx23z56pstnOGixwtVmOuMWaGkFj2UqMR1aQTLMyWusrsvtX51L4yVhf6K01IMcnar5Uhyhp5Km/cJSjUU4FKEgwe8mCs3Sycf4XFxc76K0wkcxIl2abFKVpPJDKLG/iegyQ dIkgga46ed555apWmzRds07sanMXhwGHdPjmsQHx3SY+i06bxaZFkXafN7Miy4y4VGrpi1/Q4tcVAxg5IrMYsSZ0XJ+B27FX0PNcuFHVTzfGaw55khjArjh0aYs6sdFcutneaZd+YMx/ZvrSb/pfUdjk4HldSlQ6H54qCRU4AF1GHDUBrBUU09YNxIf1fgY2YYR/8lkQ/h4aXwf9CL29125/KodfZ5mcYmeUvekfekQ07IGTknF6RHOPkZhMFWsB38CjfCnXB3YQ2DZc9r8keFb34D2XOy9Q==</latexit>

ũ = u+ ū

ũH = �i(u� ū)
<latexit sha1_base64="MK184TOdfhqImlc0wAbnhTlv7qw="></latexit><latexit sha1_base64="MK184TOdfhqImlc0wAbnhTlv7qw="></latexit><latexit sha1_base64="MK184TOdfhqImlc0wAbnhTlv7qw="></latexit><latexit sha1_base64="MK184TOdfhqImlc0wAbnhTlv7qw="></latexit>

ut + 2uux � 2i⌫ouxx = 0
<latexit sha1_base64="ZCPZ8ilNIy/dfgYXloAmEnml4Po=">AAACCHicdZDLSsNAFIYn3q23qEs3B4sgiCUpEXUhiG5cKlhbaEOYTKd1cDIJc5GW0K0bX8WNCxW3PoI738ZJW0FFfxj4+c45nDl/nHGmtOd9OBOTU9Mzs3PzpYXFpeUVd3XtSqVGElojKU9lI8aKciZoTTPNaSOTFCcxp/X45rSo12+pVCwVl7qf0TDBXcE6jGBtUeSCiTTsQNWYqAe7UGUtYaLU0rzXG8AReJFb9iqH+37g74FX8YYqTOAdBAH4Y1JGY51H7nurnRKTUKEJx0o1fS/TYY6lZoTTQallFM0wucFd2rRW4ISqMB9eMoAtS9rQSaV9QsOQfp/IcaJUP4ltZ4L1tfpdK+BftabRnYMwZyIzmgoyWtQxHHQKRSzQZpISzfvWYCKZ/SuQaywx0Ta8kg3h61L439SqlcOKfxGUj0/GacyhDbSJtpGP9tExOkPnqIYIukMP6Ak9O/fOo/PivI5aJ5zxzDr6IeftE/x4mDI=</latexit><latexit sha1_base64="ZCPZ8ilNIy/dfgYXloAmEnml4Po=">AAACCHicdZDLSsNAFIYn3q23qEs3B4sgiCUpEXUhiG5cKlhbaEOYTKd1cDIJc5GW0K0bX8WNCxW3PoI738ZJW0FFfxj4+c45nDl/nHGmtOd9OBOTU9Mzs3PzpYXFpeUVd3XtSqVGElojKU9lI8aKciZoTTPNaSOTFCcxp/X45rSo12+pVCwVl7qf0TDBXcE6jGBtUeSCiTTsQNWYqAe7UGUtYaLU0rzXG8AReJFb9iqH+37g74FX8YYqTOAdBAH4Y1JGY51H7nurnRKTUKEJx0o1fS/TYY6lZoTTQallFM0wucFd2rRW4ISqMB9eMoAtS9rQSaV9QsOQfp/IcaJUP4ltZ4L1tfpdK+BftabRnYMwZyIzmgoyWtQxHHQKRSzQZpISzfvWYCKZ/SuQaywx0Ta8kg3h61L439SqlcOKfxGUj0/GacyhDbSJtpGP9tExOkPnqIYIukMP6Ak9O/fOo/PivI5aJ5zxzDr6IeftE/x4mDI=</latexit><latexit sha1_base64="ZCPZ8ilNIy/dfgYXloAmEnml4Po=">AAACCHicdZDLSsNAFIYn3q23qEs3B4sgiCUpEXUhiG5cKlhbaEOYTKd1cDIJc5GW0K0bX8WNCxW3PoI738ZJW0FFfxj4+c45nDl/nHGmtOd9OBOTU9Mzs3PzpYXFpeUVd3XtSqVGElojKU9lI8aKciZoTTPNaSOTFCcxp/X45rSo12+pVCwVl7qf0TDBXcE6jGBtUeSCiTTsQNWYqAe7UGUtYaLU0rzXG8AReJFb9iqH+37g74FX8YYqTOAdBAH4Y1JGY51H7nurnRKTUKEJx0o1fS/TYY6lZoTTQallFM0wucFd2rRW4ISqMB9eMoAtS9rQSaV9QsOQfp/IcaJUP4ltZ4L1tfpdK+BftabRnYMwZyIzmgoyWtQxHHQKRSzQZpISzfvWYCKZ/SuQaywx0Ta8kg3h61L439SqlcOKfxGUj0/GacyhDbSJtpGP9tExOkPnqIYIukMP6Ak9O/fOo/PivI5aJ5zxzDr6IeftE/x4mDI=</latexit><latexit sha1_base64="ZCPZ8ilNIy/dfgYXloAmEnml4Po=">AAACCHicdZDLSsNAFIYn3q23qEs3B4sgiCUpEXUhiG5cKlhbaEOYTKd1cDIJc5GW0K0bX8WNCxW3PoI738ZJW0FFfxj4+c45nDl/nHGmtOd9OBOTU9Mzs3PzpYXFpeUVd3XtSqVGElojKU9lI8aKciZoTTPNaSOTFCcxp/X45rSo12+pVCwVl7qf0TDBXcE6jGBtUeSCiTTsQNWYqAe7UGUtYaLU0rzXG8AReJFb9iqH+37g74FX8YYqTOAdBAH4Y1JGY51H7nurnRKTUKEJx0o1fS/TYY6lZoTTQallFM0wucFd2rRW4ISqMB9eMoAtS9rQSaV9QsOQfp/IcaJUP4ltZ4L1tfpdK+BftabRnYMwZyIzmgoyWtQxHHQKRSzQZpISzfvWYCKZ/SuQaywx0Ta8kg3h61L439SqlcOKfxGUj0/GacyhDbSJtpGP9tExOkPnqIYIukMP6Ak9O/fOo/PivI5aJ5zxzDr6IeftE/x4mDI=</latexit>

u(x,t) is only analytic in the upper half plane and hence represent chiral non-linear dynamics
Without odd viscosity it has finite time singularities /wave breaking (Kusnetsov, Spector, Zakharov 1994)

ũ(x,t)
h(x,0.3)
h(x,0.6)
h(x,1.0)

-10 -5 0 5 10

-8

-6

-4

-2

0

2

4

x

ũ(
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z1(0)=-4+ⅈ0.5, z2(0)=4+ⅈ1.5
One Soliton Two Soliton

Arbitrary soliton configurations have finite time singularities

long lived periodic soliton configuration specific to odd viscosity
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ũ = �2⌫ok

✓
1� sinh(ka)

cosh(ka)� cos(k(x� Ut))

◆

<latexit sha1_base64="CQ7rZg33jO6jjgKBUtNMESIJJZM="></latexit><latexit sha1_base64="CQ7rZg33jO6jjgKBUtNMESIJJZM="></latexit><latexit sha1_base64="CQ7rZg33jO6jjgKBUtNMESIJJZM="></latexit><latexit sha1_base64="CQ7rZg33jO6jjgKBUtNMESIJJZM="></latexit>

h =
1

k
ln

h
cosh(ka)� cos(k(x� Ut))

i

<latexit sha1_base64="kWKQva3eF5YS2R4rpV7rF806Vfc="></latexit><latexit sha1_base64="kWKQva3eF5YS2R4rpV7rF806Vfc="></latexit><latexit sha1_base64="kWKQva3eF5YS2R4rpV7rF806Vfc="></latexit><latexit sha1_base64="kWKQva3eF5YS2R4rpV7rF806Vfc="></latexit>

Linear 

Lamb limit

A. Abanov, T. Can, SG  arXiv:1801.10150 

https://arxiv.org/abs/1801.10150


Mapping to chiral-Schrödinger

ut + 2uux � 2i⌫ouxx = 0
<latexit sha1_base64="mNA35gEK4n0Kv2REaX8du001AGg="></latexit><latexit sha1_base64="mNA35gEK4n0Kv2REaX8du001AGg="></latexit><latexit sha1_base64="mNA35gEK4n0Kv2REaX8du001AGg="></latexit><latexit sha1_base64="mNA35gEK4n0Kv2REaX8du001AGg="></latexit>

i t = 2⌫o xx
<latexit sha1_base64="8wgn5omPbHM+GgvgPsGLTItUax4=">AAACAHicdVDLSsNAFJ34rPUVdSO4GSyCq5KmLW0XQtGNywrGFpoSJtNpO3QyCTMTaQl146+4caHi1s9w5984SSuo6IELZ865l7n3+BGjUlnWh7G0vLK6tp7byG9ube/smnv7NzKMBSYODlkoOj6ShFFOHEUVI51IEBT4jLT98UXqt2+JkDTk12oakV6AhpwOKEZKS555SN1IUk+d2S6PvRBmr2QymXlmwSpadsOu21CTst2oVVNiV8pWFZaKVoYCWKDlme9uP8RxQLjCDEnZLVmR6iVIKIoZmeXdWJII4TEakq6mHAVE9pLsghk80UofDkKhiyuYqd8nEhRIOQ183RkgNZK/vVT8y+vGalDvJZRHsSIczz8axAyqEKZxwD4VBCs21QRhQfWuEI+QQFjp0PI6hK9L4f/EsYuNYumqUmieL9LIgSNwDE5BCdRAE1yCFnAABnfgATyBZ+PeeDRejNd565KxmDkAP2C8fQJyS5cd</latexit><latexit sha1_base64="8wgn5omPbHM+GgvgPsGLTItUax4=">AAACAHicdVDLSsNAFJ34rPUVdSO4GSyCq5KmLW0XQtGNywrGFpoSJtNpO3QyCTMTaQl146+4caHi1s9w5984SSuo6IELZ865l7n3+BGjUlnWh7G0vLK6tp7byG9ube/smnv7NzKMBSYODlkoOj6ShFFOHEUVI51IEBT4jLT98UXqt2+JkDTk12oakV6AhpwOKEZKS555SN1IUk+d2S6PvRBmr2QymXlmwSpadsOu21CTst2oVVNiV8pWFZaKVoYCWKDlme9uP8RxQLjCDEnZLVmR6iVIKIoZmeXdWJII4TEakq6mHAVE9pLsghk80UofDkKhiyuYqd8nEhRIOQ183RkgNZK/vVT8y+vGalDvJZRHsSIczz8axAyqEKZxwD4VBCs21QRhQfWuEI+QQFjp0PI6hK9L4f/EsYuNYumqUmieL9LIgSNwDE5BCdRAE1yCFnAABnfgATyBZ+PeeDRejNd565KxmDkAP2C8fQJyS5cd</latexit><latexit sha1_base64="8wgn5omPbHM+GgvgPsGLTItUax4=">AAACAHicdVDLSsNAFJ34rPUVdSO4GSyCq5KmLW0XQtGNywrGFpoSJtNpO3QyCTMTaQl146+4caHi1s9w5984SSuo6IELZ865l7n3+BGjUlnWh7G0vLK6tp7byG9ube/smnv7NzKMBSYODlkoOj6ShFFOHEUVI51IEBT4jLT98UXqt2+JkDTk12oakV6AhpwOKEZKS555SN1IUk+d2S6PvRBmr2QymXlmwSpadsOu21CTst2oVVNiV8pWFZaKVoYCWKDlme9uP8RxQLjCDEnZLVmR6iVIKIoZmeXdWJII4TEakq6mHAVE9pLsghk80UofDkKhiyuYqd8nEhRIOQ183RkgNZK/vVT8y+vGalDvJZRHsSIczz8axAyqEKZxwD4VBCs21QRhQfWuEI+QQFjp0PI6hK9L4f/EsYuNYumqUmieL9LIgSNwDE5BCdRAE1yCFnAABnfgATyBZ+PeeDRejNd565KxmDkAP2C8fQJyS5cd</latexit><latexit sha1_base64="8wgn5omPbHM+GgvgPsGLTItUax4=">AAACAHicdVDLSsNAFJ34rPUVdSO4GSyCq5KmLW0XQtGNywrGFpoSJtNpO3QyCTMTaQl146+4caHi1s9w5984SSuo6IELZ865l7n3+BGjUlnWh7G0vLK6tp7byG9ube/smnv7NzKMBSYODlkoOj6ShFFOHEUVI51IEBT4jLT98UXqt2+JkDTk12oakV6AhpwOKEZKS555SN1IUk+d2S6PvRBmr2QymXlmwSpadsOu21CTst2oVVNiV8pWFZaKVoYCWKDlme9uP8RxQLjCDEnZLVmR6iVIKIoZmeXdWJII4TEakq6mHAVE9pLsghk80UofDkKhiyuYqd8nEhRIOQ183RkgNZK/vVT8y+vGalDvJZRHsSIczz8axAyqEKZxwD4VBCs21QRhQfWuEI+QQFjp0PI6hK9L4f/EsYuNYumqUmieL9LIgSNwDE5BCdRAE1yCFnAABnfgATyBZ+PeeDRejNd565KxmDkAP2C8fQJyS5cd</latexit>

u = 2i⌫o x/ 
<latexit sha1_base64="ZFrRV0rfwKnOb9dROs/1E/55TMw=">AAAB/XicdVDLSsNAFJ3UV62vqrhyM1gEVzFJW9ouhKIblxWMLbQlTKaTduhkEmYmYgkFf8WNCxW3/oc7/8ZJW0FFD1zu4Zx7mTvHjxmVyrI+jNzS8srqWn69sLG5tb1T3N27kVEiMHFxxCLR8ZEkjHLiKqoY6cSCoNBnpO2PLzK/fUuEpBG/VpOY9EM05DSgGCktecWD5MyhPZ54EezFknp3p7NWLFmm5TScugM1KTuNWjUjTqVsVaFtWjOUwAItr/jeG0Q4CQlXmCEpu7YVq36KhKKYkWmhl0gSIzxGQ9LVlKOQyH46O38Kj7UygEEkdHEFZ+r3jRSFUk5CX0+GSI3kby8T//K6iQrq/ZTyOFGE4/lDQcKgimCWBRxQQbBiE00QFlTfCvEICYSVTqygQ/j6KfyfuI7ZMO2rSql5vkgjDw7BETgBNqiBJrgELeACDFLwAJ7As3FvPBovxut8NGcsdvbBDxhvn3IBlWA=</latexit><latexit sha1_base64="ZFrRV0rfwKnOb9dROs/1E/55TMw=">AAAB/XicdVDLSsNAFJ3UV62vqrhyM1gEVzFJW9ouhKIblxWMLbQlTKaTduhkEmYmYgkFf8WNCxW3/oc7/8ZJW0FFD1zu4Zx7mTvHjxmVyrI+jNzS8srqWn69sLG5tb1T3N27kVEiMHFxxCLR8ZEkjHLiKqoY6cSCoNBnpO2PLzK/fUuEpBG/VpOY9EM05DSgGCktecWD5MyhPZ54EezFknp3p7NWLFmm5TScugM1KTuNWjUjTqVsVaFtWjOUwAItr/jeG0Q4CQlXmCEpu7YVq36KhKKYkWmhl0gSIzxGQ9LVlKOQyH46O38Kj7UygEEkdHEFZ+r3jRSFUk5CX0+GSI3kby8T//K6iQrq/ZTyOFGE4/lDQcKgimCWBRxQQbBiE00QFlTfCvEICYSVTqygQ/j6KfyfuI7ZMO2rSql5vkgjDw7BETgBNqiBJrgELeACDFLwAJ7As3FvPBovxut8NGcsdvbBDxhvn3IBlWA=</latexit><latexit sha1_base64="ZFrRV0rfwKnOb9dROs/1E/55TMw=">AAAB/XicdVDLSsNAFJ3UV62vqrhyM1gEVzFJW9ouhKIblxWMLbQlTKaTduhkEmYmYgkFf8WNCxW3/oc7/8ZJW0FFD1zu4Zx7mTvHjxmVyrI+jNzS8srqWn69sLG5tb1T3N27kVEiMHFxxCLR8ZEkjHLiKqoY6cSCoNBnpO2PLzK/fUuEpBG/VpOY9EM05DSgGCktecWD5MyhPZ54EezFknp3p7NWLFmm5TScugM1KTuNWjUjTqVsVaFtWjOUwAItr/jeG0Q4CQlXmCEpu7YVq36KhKKYkWmhl0gSIzxGQ9LVlKOQyH46O38Kj7UygEEkdHEFZ+r3jRSFUk5CX0+GSI3kby8T//K6iQrq/ZTyOFGE4/lDQcKgimCWBRxQQbBiE00QFlTfCvEICYSVTqygQ/j6KfyfuI7ZMO2rSql5vkgjDw7BETgBNqiBJrgELeACDFLwAJ7As3FvPBovxut8NGcsdvbBDxhvn3IBlWA=</latexit><latexit sha1_base64="ZFrRV0rfwKnOb9dROs/1E/55TMw=">AAAB/XicdVDLSsNAFJ3UV62vqrhyM1gEVzFJW9ouhKIblxWMLbQlTKaTduhkEmYmYgkFf8WNCxW3/oc7/8ZJW0FFD1zu4Zx7mTvHjxmVyrI+jNzS8srqWn69sLG5tb1T3N27kVEiMHFxxCLR8ZEkjHLiKqoY6cSCoNBnpO2PLzK/fUuEpBG/VpOY9EM05DSgGCktecWD5MyhPZ54EezFknp3p7NWLFmm5TScugM1KTuNWjUjTqVsVaFtWjOUwAItr/jeG0Q4CQlXmCEpu7YVq36KhKKYkWmhl0gSIzxGQ9LVlKOQyH46O38Kj7UygEEkdHEFZ+r3jRSFUk5CX0+GSI3kby8T//K6iQrq/ZTyOFGE4/lDQcKgimCWBRxQQbBiE00QFlTfCvEICYSVTqygQ/j6KfyfuI7ZMO2rSql5vkgjDw7BETgBNqiBJrgELeACDFLwAJ7As3FvPBovxut8NGcsdvbBDxhvn3IBlWA=</latexit>

⌫o = �~/2
<latexit sha1_base64="oUKj+pE3Uw/Wx9pyfGIlfwkA/eI=">AAAB9HicdVBNS8NAEN3Ur1q/qh69LBbBizFNW9oehKIXjxWMLTSxbLabdulmE3Y3Sgn9H148qHj1x3jz37hpK6jog4HHezPMzPNjRqWyrA8jt7S8srqWXy9sbG5t7xR3925klAhMHByxSHR9JAmjnDiKKka6sSAo9Bnp+OOLzO/cESFpxK/VJCZeiIacBhQjpaVblyf96OzEHflInNr9YskyLbtpN2yoScVu1msZsasVqwbLpjVDCSzQ7hff3UGEk5BwhRmSsle2YuWlSCiKGZkW3ESSGOExGpKephyFRHrp7OopPNLKAAaR0MUVnKnfJ1IUSjkJfd0ZIjWSv71M/MvrJSpoeCnlcaIIx/NFQcKgimAWARxQQbBiE00QFlTfCvEICYSVDqqgQ/j6FP5PHNtsmuWraql1vkgjDw7AITgGZVAHLXAJ2sABGAjwAJ7As3FvPBovxuu8NWcsZvbBDxhvn0Rzkeo=</latexit><latexit sha1_base64="oUKj+pE3Uw/Wx9pyfGIlfwkA/eI=">AAAB9HicdVBNS8NAEN3Ur1q/qh69LBbBizFNW9oehKIXjxWMLTSxbLabdulmE3Y3Sgn9H148qHj1x3jz37hpK6jog4HHezPMzPNjRqWyrA8jt7S8srqWXy9sbG5t7xR3925klAhMHByxSHR9JAmjnDiKKka6sSAo9Bnp+OOLzO/cESFpxK/VJCZeiIacBhQjpaVblyf96OzEHflInNr9YskyLbtpN2yoScVu1msZsasVqwbLpjVDCSzQ7hff3UGEk5BwhRmSsle2YuWlSCiKGZkW3ESSGOExGpKephyFRHrp7OopPNLKAAaR0MUVnKnfJ1IUSjkJfd0ZIjWSv71M/MvrJSpoeCnlcaIIx/NFQcKgimAWARxQQbBiE00QFlTfCvEICYSVDqqgQ/j6FP5PHNtsmuWraql1vkgjDw7AITgGZVAHLXAJ2sABGAjwAJ7As3FvPBovxuu8NWcsZvbBDxhvn0Rzkeo=</latexit><latexit sha1_base64="oUKj+pE3Uw/Wx9pyfGIlfwkA/eI=">AAAB9HicdVBNS8NAEN3Ur1q/qh69LBbBizFNW9oehKIXjxWMLTSxbLabdulmE3Y3Sgn9H148qHj1x3jz37hpK6jog4HHezPMzPNjRqWyrA8jt7S8srqWXy9sbG5t7xR3925klAhMHByxSHR9JAmjnDiKKka6sSAo9Bnp+OOLzO/cESFpxK/VJCZeiIacBhQjpaVblyf96OzEHflInNr9YskyLbtpN2yoScVu1msZsasVqwbLpjVDCSzQ7hff3UGEk5BwhRmSsle2YuWlSCiKGZkW3ESSGOExGpKephyFRHrp7OopPNLKAAaR0MUVnKnfJ1IUSjkJfd0ZIjWSv71M/MvrJSpoeCnlcaIIx/NFQcKgimAWARxQQbBiE00QFlTfCvEICYSVDqqgQ/j6FP5PHNtsmuWraql1vkgjDw7AITgGZVAHLXAJ2sABGAjwAJ7As3FvPBovxuu8NWcsZvbBDxhvn0Rzkeo=</latexit><latexit sha1_base64="oUKj+pE3Uw/Wx9pyfGIlfwkA/eI=">AAAB9HicdVBNS8NAEN3Ur1q/qh69LBbBizFNW9oehKIXjxWMLTSxbLabdulmE3Y3Sgn9H148qHj1x3jz37hpK6jog4HHezPMzPNjRqWyrA8jt7S8srqWXy9sbG5t7xR3925klAhMHByxSHR9JAmjnDiKKka6sSAo9Bnp+OOLzO/cESFpxK/VJCZeiIacBhQjpaVblyf96OzEHflInNr9YskyLbtpN2yoScVu1msZsasVqwbLpjVDCSzQ7hff3UGEk5BwhRmSsle2YuWlSCiKGZkW3ESSGOExGpKephyFRHrp7OopPNLKAAaR0MUVnKnfJ1IUSjkJfd0ZIjWSv71M/MvrJSpoeCnlcaIIx/NFQcKgimAWARxQQbBiE00QFlTfCvEICYSVDqqgQ/j6FP5PHNtsmuWraql1vkgjDw7AITgGZVAHLXAJ2sABGAjwAJ7As3FvPBovxuu8NWcsZvbBDxhvn0Rzkeo=</latexit>

Quantum particle of 2m=1 on a line with

analogies to quantum Hall

A. Abanov, T. Can, SG  arXiv:1801.10150 

General family of equations (soliton solutions)

ut + 2�uux � 2(1� �)uHuH

x
+ 2⌫ou

H

xx
= 0

<latexit sha1_base64="p8PrUUO9zrxgmAC3xQNqh8Pb++4="></latexit><latexit sha1_base64="p8PrUUO9zrxgmAC3xQNqh8Pb++4="></latexit><latexit sha1_base64="p8PrUUO9zrxgmAC3xQNqh8Pb++4="></latexit><latexit sha1_base64="p8PrUUO9zrxgmAC3xQNqh8Pb++4="></latexit>

u(x, t) = �2i⌫o

NX

j=1

1

x� zj
+ c.c.

<latexit sha1_base64="ScZX4EE/ylBXPVXtdK3eJrr0sng="></latexit><latexit sha1_base64="ScZX4EE/ylBXPVXtdK3eJrr0sng="></latexit><latexit sha1_base64="ScZX4EE/ylBXPVXtdK3eJrr0sng="></latexit><latexit sha1_base64="ScZX4EE/ylBXPVXtdK3eJrr0sng="></latexit>

żj = 4i⌫o
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zk � zj
+ (1� 2�)

NX

k=1

1

z̄k � zj

1

A .

<latexit sha1_base64="8dOahfd4BMHOvKGjBhrVp1jdRoU="></latexit><latexit sha1_base64="8dOahfd4BMHOvKGjBhrVp1jdRoU="></latexit><latexit sha1_base64="8dOahfd4BMHOvKGjBhrVp1jdRoU="></latexit><latexit sha1_base64="8dOahfd4BMHOvKGjBhrVp1jdRoU="></latexit>

� = 1 : Benjamin-Davis-Ono, (scattering states of solitons)
<latexit sha1_base64="3Bn5dw3k5dLj7xiYfRYzBBXkg3g="></latexit><latexit sha1_base64="3Bn5dw3k5dLj7xiYfRYzBBXkg3g="></latexit><latexit sha1_base64="3Bn5dw3k5dLj7xiYfRYzBBXkg3g="></latexit><latexit sha1_base64="3Bn5dw3k5dLj7xiYfRYzBBXkg3g="></latexit>

� = 0 : Modified Benjamin-Davis-Ono, (bound states of solitons)
<latexit sha1_base64="6kkt0Ef8oimi0CBpAjGDUfE+ixc="></latexit><latexit sha1_base64="6kkt0Ef8oimi0CBpAjGDUfE+ixc="></latexit><latexit sha1_base64="6kkt0Ef8oimi0CBpAjGDUfE+ixc="></latexit><latexit sha1_base64="6kkt0Ef8oimi0CBpAjGDUfE+ixc="></latexit>

� =
1

2
: Chiral Burgers

<latexit sha1_base64="wr12Lk5JH3VtmolhlD7R2XjYI9Q=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQF2WmCIoglHbjsoJ9QGcomTTThmYeJHfEMsw/uPFX3LhQxK0bd/6NaTsLbT0QOJxzbpJ7vFhwBZb1bRRWVtfWN4qbpa3tnd09c/+graJEUtaikYhk1yOKCR6yFnAQrBtLRgJPsI43bkz9zj2TikfhHUxi5gZkGHKfUwJa6ptnjtDhAbl2fEloamdpNbvCDrAHSBsjLonA9UQO9Q1Z3yxbFWsGvEzsnJRRjmbf/HIGEU0CFgIVRKmebcXgpkQCp4JlJSdRLCZ0TIasp2lIAqbcdLZThk+0MsB+JPUJAc/U3xMpCZSaBJ5OBgRGatGbiv95vQT8SzflYZwAC+n8IT8RGCI8LQgPuGQUxEQTQiXXf8V0RHQ5oEso6RLsxZWXSbtasa2KfXtertXzOoroCB2jU2SjC1RDN6iJWoiiR/SMXtGb8WS8GO/GxzxaMPKZQ/QHxucPJ0qeVA==</latexit><latexit sha1_base64="wr12Lk5JH3VtmolhlD7R2XjYI9Q=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQF2WmCIoglHbjsoJ9QGcomTTThmYeJHfEMsw/uPFX3LhQxK0bd/6NaTsLbT0QOJxzbpJ7vFhwBZb1bRRWVtfWN4qbpa3tnd09c/+graJEUtaikYhk1yOKCR6yFnAQrBtLRgJPsI43bkz9zj2TikfhHUxi5gZkGHKfUwJa6ptnjtDhAbl2fEloamdpNbvCDrAHSBsjLonA9UQO9Q1Z3yxbFWsGvEzsnJRRjmbf/HIGEU0CFgIVRKmebcXgpkQCp4JlJSdRLCZ0TIasp2lIAqbcdLZThk+0MsB+JPUJAc/U3xMpCZSaBJ5OBgRGatGbiv95vQT8SzflYZwAC+n8IT8RGCI8LQgPuGQUxEQTQiXXf8V0RHQ5oEso6RLsxZWXSbtasa2KfXtertXzOoroCB2jU2SjC1RDN6iJWoiiR/SMXtGb8WS8GO/GxzxaMPKZQ/QHxucPJ0qeVA==</latexit><latexit sha1_base64="wr12Lk5JH3VtmolhlD7R2XjYI9Q=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQF2WmCIoglHbjsoJ9QGcomTTThmYeJHfEMsw/uPFX3LhQxK0bd/6NaTsLbT0QOJxzbpJ7vFhwBZb1bRRWVtfWN4qbpa3tnd09c/+graJEUtaikYhk1yOKCR6yFnAQrBtLRgJPsI43bkz9zj2TikfhHUxi5gZkGHKfUwJa6ptnjtDhAbl2fEloamdpNbvCDrAHSBsjLonA9UQO9Q1Z3yxbFWsGvEzsnJRRjmbf/HIGEU0CFgIVRKmebcXgpkQCp4JlJSdRLCZ0TIasp2lIAqbcdLZThk+0MsB+JPUJAc/U3xMpCZSaBJ5OBgRGatGbiv95vQT8SzflYZwAC+n8IT8RGCI8LQgPuGQUxEQTQiXXf8V0RHQ5oEso6RLsxZWXSbtasa2KfXtertXzOoroCB2jU2SjC1RDN6iJWoiiR/SMXtGb8WS8GO/GxzxaMPKZQ/QHxucPJ0qeVA==</latexit><latexit sha1_base64="wr12Lk5JH3VtmolhlD7R2XjYI9Q=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQF2WmCIoglHbjsoJ9QGcomTTThmYeJHfEMsw/uPFX3LhQxK0bd/6NaTsLbT0QOJxzbpJ7vFhwBZb1bRRWVtfWN4qbpa3tnd09c/+graJEUtaikYhk1yOKCR6yFnAQrBtLRgJPsI43bkz9zj2TikfhHUxi5gZkGHKfUwJa6ptnjtDhAbl2fEloamdpNbvCDrAHSBsjLonA9UQO9Q1Z3yxbFWsGvEzsnJRRjmbf/HIGEU0CFgIVRKmebcXgpkQCp4JlJSdRLCZ0TIasp2lIAqbcdLZThk+0MsB+JPUJAc/U3xMpCZSaBJ5OBgRGatGbiv95vQT8SzflYZwAC+n8IT8RGCI8LQgPuGQUxEQTQiXXf8V0RHQ5oEso6RLsxZWXSbtasa2KfXtertXzOoroCB2jU2SjC1RDN6iJWoiiR/SMXtGb8WS8GO/GxzxaMPKZQ/QHxucPJ0qeVA==</latexit>

https://arxiv.org/abs/1801.10150


Towards quantum Hall fluids
Compressible 

hydrodynamics with odd 
viscosity in 2D

@ivi = 0
<latexit sha1_base64="Mst1S5KMyQDJqaECOdePlBKRwz0=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5CkLW0XQtGNywrGCm0Ik+mkHTqZhJlJoZZ+iRsXKm79FXf+jZO2gooeuHA4596Ze0+YMiqVbX8YhbX1jc2t4nZpZ3dvv2weHN7KJBOYeDhhibgLkSSMcuIpqhi5SwVBcchINxxf5n53QoSkCb9R05T4MRpyGlGMlJYCs9xPkVAUsYBOAnpuB2bFtmy35TZdqEnVbTXqOXFrVbsOHcteoAJW6ATme3+Q4CwmXGGGpOw5dqr8Wf4oZmRe6meSpAiP0ZD0NOUoJtKfLRafw1OtDGCUCF1cwYX6fWKGYimncag7Y6RG8reXi395vUxFTX9GeZopwvHyoyhjUCUwTwEOqCBYsakmCAuqd4V4hATCSmdV0iF8XQr/J55rtSznulZpX6zSKIJjcALOgAMaoA2uQAd4AIMMPIAn8GzcG4/Gi/G6bC0Yq5kj8APG2ydNhpMQ</latexit><latexit sha1_base64="Mst1S5KMyQDJqaECOdePlBKRwz0=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5CkLW0XQtGNywrGCm0Ik+mkHTqZhJlJoZZ+iRsXKm79FXf+jZO2gooeuHA4596Ze0+YMiqVbX8YhbX1jc2t4nZpZ3dvv2weHN7KJBOYeDhhibgLkSSMcuIpqhi5SwVBcchINxxf5n53QoSkCb9R05T4MRpyGlGMlJYCs9xPkVAUsYBOAnpuB2bFtmy35TZdqEnVbTXqOXFrVbsOHcteoAJW6ATme3+Q4CwmXGGGpOw5dqr8Wf4oZmRe6meSpAiP0ZD0NOUoJtKfLRafw1OtDGCUCF1cwYX6fWKGYimncag7Y6RG8reXi395vUxFTX9GeZopwvHyoyhjUCUwTwEOqCBYsakmCAuqd4V4hATCSmdV0iF8XQr/J55rtSznulZpX6zSKIJjcALOgAMaoA2uQAd4AIMMPIAn8GzcG4/Gi/G6bC0Yq5kj8APG2ydNhpMQ</latexit><latexit sha1_base64="Mst1S5KMyQDJqaECOdePlBKRwz0=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5CkLW0XQtGNywrGCm0Ik+mkHTqZhJlJoZZ+iRsXKm79FXf+jZO2gooeuHA4596Ze0+YMiqVbX8YhbX1jc2t4nZpZ3dvv2weHN7KJBOYeDhhibgLkSSMcuIpqhi5SwVBcchINxxf5n53QoSkCb9R05T4MRpyGlGMlJYCs9xPkVAUsYBOAnpuB2bFtmy35TZdqEnVbTXqOXFrVbsOHcteoAJW6ATme3+Q4CwmXGGGpOw5dqr8Wf4oZmRe6meSpAiP0ZD0NOUoJtKfLRafw1OtDGCUCF1cwYX6fWKGYimncag7Y6RG8reXi395vUxFTX9GeZopwvHyoyhjUCUwTwEOqCBYsakmCAuqd4V4hATCSmdV0iF8XQr/J55rtSznulZpX6zSKIJjcALOgAMaoA2uQAd4AIMMPIAn8GzcG4/Gi/G6bC0Yq5kj8APG2ydNhpMQ</latexit><latexit sha1_base64="Mst1S5KMyQDJqaECOdePlBKRwz0=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5CkLW0XQtGNywrGCm0Ik+mkHTqZhJlJoZZ+iRsXKm79FXf+jZO2gooeuHA4596Ze0+YMiqVbX8YhbX1jc2t4nZpZ3dvv2weHN7KJBOYeDhhibgLkSSMcuIpqhi5SwVBcchINxxf5n53QoSkCb9R05T4MRpyGlGMlJYCs9xPkVAUsYBOAnpuB2bFtmy35TZdqEnVbTXqOXFrVbsOHcteoAJW6ATme3+Q4CwmXGGGpOw5dqr8Wf4oZmRe6meSpAiP0ZD0NOUoJtKfLRafw1OtDGCUCF1cwYX6fWKGYimncag7Y6RG8reXi395vUxFTX9GeZopwvHyoyhjUCUwTwEOqCBYsakmCAuqd4V4hATCSmdV0iF8XQr/J55rtSznulZpX6zSKIJjcALOgAMaoA2uQAd4AIMMPIAn8GzcG4/Gi/G6bC0Yq5kj8APG2ydNhpMQ</latexit>

Incompressible hydro with 
Hall viscosity

quantum Hall hydro with 
odd viscosity

⇢ = const.
<latexit sha1_base64="AFEyL9LXy+UhHcVdwOzP82C8VN0=">AAAB8XicdVBNS0JBFJ1nX2ZfVss2QxK0ejyfiroIpDYtDTKFp8i8cdTBeTOPmfsCEX9GmxYVbfs37fo3zVODijpw4XDOvdx7TxgLbsDzPpzM2vrG5lZ2O7ezu7d/kD88ujMq0ZS1qBJKd0JimOCStYCDYJ1YMxKFgrXDyVXqt++ZNlzJW5jGrBeRkeRDTglYKejqsbqgShpw+/mC53p+3a/52JKSX69WUuKXS14FF11vgQJaodnPv3cHiiYRk0AFMSYoejH0ZkQDp4LNc93EsJjQCRmxwFJJImZ6s8XJc3xmlQEeKm1LAl6o3ydmJDJmGoW2MyIwNr+9VPzLCxIY1nozLuMEmKTLRcNEYFA4/R8PuGYUxNQSQjW3t2I6JppQsCnlbAhfn+L/Sct3627xplxoXK7SyKITdIrOURFVUQNdoyZqIYoUekBP6NkB59F5cV6XrRlnNXOMfsB5+wTgs5Ey</latexit><latexit sha1_base64="AFEyL9LXy+UhHcVdwOzP82C8VN0=">AAAB8XicdVBNS0JBFJ1nX2ZfVss2QxK0ejyfiroIpDYtDTKFp8i8cdTBeTOPmfsCEX9GmxYVbfs37fo3zVODijpw4XDOvdx7TxgLbsDzPpzM2vrG5lZ2O7ezu7d/kD88ujMq0ZS1qBJKd0JimOCStYCDYJ1YMxKFgrXDyVXqt++ZNlzJW5jGrBeRkeRDTglYKejqsbqgShpw+/mC53p+3a/52JKSX69WUuKXS14FF11vgQJaodnPv3cHiiYRk0AFMSYoejH0ZkQDp4LNc93EsJjQCRmxwFJJImZ6s8XJc3xmlQEeKm1LAl6o3ydmJDJmGoW2MyIwNr+9VPzLCxIY1nozLuMEmKTLRcNEYFA4/R8PuGYUxNQSQjW3t2I6JppQsCnlbAhfn+L/Sct3627xplxoXK7SyKITdIrOURFVUQNdoyZqIYoUekBP6NkB59F5cV6XrRlnNXOMfsB5+wTgs5Ey</latexit><latexit sha1_base64="AFEyL9LXy+UhHcVdwOzP82C8VN0=">AAAB8XicdVBNS0JBFJ1nX2ZfVss2QxK0ejyfiroIpDYtDTKFp8i8cdTBeTOPmfsCEX9GmxYVbfs37fo3zVODijpw4XDOvdx7TxgLbsDzPpzM2vrG5lZ2O7ezu7d/kD88ujMq0ZS1qBJKd0JimOCStYCDYJ1YMxKFgrXDyVXqt++ZNlzJW5jGrBeRkeRDTglYKejqsbqgShpw+/mC53p+3a/52JKSX69WUuKXS14FF11vgQJaodnPv3cHiiYRk0AFMSYoejH0ZkQDp4LNc93EsJjQCRmxwFJJImZ6s8XJc3xmlQEeKm1LAl6o3ydmJDJmGoW2MyIwNr+9VPzLCxIY1nozLuMEmKTLRcNEYFA4/R8PuGYUxNQSQjW3t2I6JppQsCnlbAhfn+L/Sct3627xplxoXK7SyKITdIrOURFVUQNdoyZqIYoUekBP6NkB59F5cV6XrRlnNXOMfsB5+wTgs5Ey</latexit><latexit sha1_base64="AFEyL9LXy+UhHcVdwOzP82C8VN0=">AAAB8XicdVBNS0JBFJ1nX2ZfVss2QxK0ejyfiroIpDYtDTKFp8i8cdTBeTOPmfsCEX9GmxYVbfs37fo3zVODijpw4XDOvdx7TxgLbsDzPpzM2vrG5lZ2O7ezu7d/kD88ujMq0ZS1qBJKd0JimOCStYCDYJ1YMxKFgrXDyVXqt++ZNlzJW5jGrBeRkeRDTglYKejqsbqgShpw+/mC53p+3a/52JKSX69WUuKXS14FF11vgQJaodnPv3cHiiYRk0AFMSYoejH0ZkQDp4LNc93EsJjQCRmxwFJJImZ6s8XJc3xmlQEeKm1LAl6o3ydmJDJmGoW2MyIwNr+9VPzLCxIY1nozLuMEmKTLRcNEYFA4/R8PuGYUxNQSQjW3t2I6JppQsCnlbAhfn+L/Sct3627xplxoXK7SyKITdIrOURFVUQNdoyZqIYoUekBP6NkB59F5cV6XrRlnNXOMfsB5+wTgs5Ey</latexit>

! = !c �
eB

c
⇢� ⌫o� ln ⇢

<latexit sha1_base64="+8ul0m+nBYc0BMFpZLf05240EW0="></latexit><latexit sha1_base64="+8ul0m+nBYc0BMFpZLf05240EW0="></latexit><latexit sha1_base64="+8ul0m+nBYc0BMFpZLf05240EW0="></latexit><latexit sha1_base64="+8ul0m+nBYc0BMFpZLf05240EW0="></latexit>

@t⇢+ @i(⇢vi) = 0
<latexit sha1_base64="jCzdxXeiQshPYPNOa/ZMzaAdgoY="></latexit><latexit sha1_base64="jCzdxXeiQshPYPNOa/ZMzaAdgoY="></latexit><latexit sha1_base64="jCzdxXeiQshPYPNOa/ZMzaAdgoY="></latexit><latexit sha1_base64="jCzdxXeiQshPYPNOa/ZMzaAdgoY="></latexit>

Dtvi =
1

⇢
@jTij �

eB

c
v⇤i

<latexit sha1_base64="3AWZtSCzuLvp8ePRaxLgSh0GDZ8="></latexit><latexit sha1_base64="3AWZtSCzuLvp8ePRaxLgSh0GDZ8="></latexit><latexit sha1_base64="3AWZtSCzuLvp8ePRaxLgSh0GDZ8="></latexit><latexit sha1_base64="3AWZtSCzuLvp8ePRaxLgSh0GDZ8="></latexit>

Tij = �p�ij + ⌫o⇢(@
⇤
i vj + @iv

⇤
j )

<latexit sha1_base64="v++DzE/vrRTXYu+B9Dj/vsABqxo="></latexit><latexit sha1_base64="v++DzE/vrRTXYu+B9Dj/vsABqxo="></latexit><latexit sha1_base64="v++DzE/vrRTXYu+B9Dj/vsABqxo="></latexit><latexit sha1_base64="v++DzE/vrRTXYu+B9Dj/vsABqxo="></latexit>

p = f(⇢)
<latexit sha1_base64="Vly8/ExkimbHIOVZaYMpLR4GXGs=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoBch6MVjBPOQZAmzk9lkyDyWmVkhLPkKLx4U8ernePNvnCR70MSChqKqm+6uKOHMWN//9lZW19Y3Ngtbxe2d3b390sFh06hUE9ogiivdjrChnEnasMxy2k40xSLitBWNbqd+64lqw5R8sOOEhgIPJIsZwdZJj8l1XOnqoTrrlcp+1Z8BLZMgJ2XIUe+Vvrp9RVJBpSUcG9MJ/MSGGdaWEU4nxW5qaILJCA9ox1GJBTVhNjt4gk6d0kex0q6kRTP190SGhTFjEblOge3QLHpT8T+vk9r4KsyYTFJLJZkvilOOrELT71GfaUosHzuCiWbuVkSGWGNiXUZFF0Kw+PIyaZ5XA78a3F+Uazd5HAU4hhOoQACXUIM7qEMDCAh4hld487T34r17H/PWFS+fOYI/8D5/AP38j90=</latexit><latexit sha1_base64="Vly8/ExkimbHIOVZaYMpLR4GXGs=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoBch6MVjBPOQZAmzk9lkyDyWmVkhLPkKLx4U8ernePNvnCR70MSChqKqm+6uKOHMWN//9lZW19Y3Ngtbxe2d3b390sFh06hUE9ogiivdjrChnEnasMxy2k40xSLitBWNbqd+64lqw5R8sOOEhgIPJIsZwdZJj8l1XOnqoTrrlcp+1Z8BLZMgJ2XIUe+Vvrp9RVJBpSUcG9MJ/MSGGdaWEU4nxW5qaILJCA9ox1GJBTVhNjt4gk6d0kex0q6kRTP190SGhTFjEblOge3QLHpT8T+vk9r4KsyYTFJLJZkvilOOrELT71GfaUosHzuCiWbuVkSGWGNiXUZFF0Kw+PIyaZ5XA78a3F+Uazd5HAU4hhOoQACXUIM7qEMDCAh4hld487T34r17H/PWFS+fOYI/8D5/AP38j90=</latexit><latexit sha1_base64="Vly8/ExkimbHIOVZaYMpLR4GXGs=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoBch6MVjBPOQZAmzk9lkyDyWmVkhLPkKLx4U8ernePNvnCR70MSChqKqm+6uKOHMWN//9lZW19Y3Ngtbxe2d3b390sFh06hUE9ogiivdjrChnEnasMxy2k40xSLitBWNbqd+64lqw5R8sOOEhgIPJIsZwdZJj8l1XOnqoTrrlcp+1Z8BLZMgJ2XIUe+Vvrp9RVJBpSUcG9MJ/MSGGdaWEU4nxW5qaILJCA9ox1GJBTVhNjt4gk6d0kex0q6kRTP190SGhTFjEblOge3QLHpT8T+vk9r4KsyYTFJLJZkvilOOrELT71GfaUosHzuCiWbuVkSGWGNiXUZFF0Kw+PIyaZ5XA78a3F+Uazd5HAU4hhOoQACXUIM7qEMDCAh4hld487T34r17H/PWFS+fOYI/8D5/AP38j90=</latexit><latexit sha1_base64="Vly8/ExkimbHIOVZaYMpLR4GXGs=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoBch6MVjBPOQZAmzk9lkyDyWmVkhLPkKLx4U8ernePNvnCR70MSChqKqm+6uKOHMWN//9lZW19Y3Ngtbxe2d3b390sFh06hUE9ogiivdjrChnEnasMxy2k40xSLitBWNbqd+64lqw5R8sOOEhgIPJIsZwdZJj8l1XOnqoTrrlcp+1Z8BLZMgJ2XIUe+Vvrp9RVJBpSUcG9MJ/MSGGdaWEU4nxW5qaILJCA9ox1GJBTVhNjt4gk6d0kex0q6kRTP190SGhTFjEblOge3QLHpT8T+vk9r4KsyYTFJLJZkvilOOrELT71GfaUosHzuCiWbuVkSGWGNiXUZFF0Kw+PIyaZ5XA78a3F+Uazd5HAU4hhOoQACXUIM7qEMDCAh4hld487T34r17H/PWFS+fOYI/8D5/AP38j90=</latexit>quantum Hall hydro with  

odd viscosity

@t(! � !c + ⌫o� log ⇢) + @i((! � !c + ⌫o� log ⇢)vi) = 0
<latexit sha1_base64="XgEnJXSiEsWFpzetBrws6rYRyrE="></latexit><latexit sha1_base64="XgEnJXSiEsWFpzetBrws6rYRyrE="></latexit><latexit sha1_base64="XgEnJXSiEsWFpzetBrws6rYRyrE="></latexit><latexit sha1_base64="XgEnJXSiEsWFpzetBrws6rYRyrE="></latexit>

quantum Hall constraint is subset of initializations 
that respect  

What makes it quantum Hall-esque

(! � !c + ⌫o� log ⇢) / ⇢
<latexit sha1_base64="SOANSiTyRQYYx4PDYK0BHbnaPoM=">AAACHnicbVDLSgMxFM3UV62vqks3wSJUxDIjii6LunBZwT6gMwyZ9LYNzSRDkhFK6Ze48VfcuFBEcKV/Y9rOQqsXQk7OuZebc6KEM21c98vJLSwuLa/kVwtr6xubW8XtnYaWqaJQp5JL1YqIBs4E1A0zHFqJAhJHHJrR4GqiN+9BaSbFnRkmEMSkJ1iXUWIsFRbPyr6MoUeOZ1dIj3yRhhL718ANwT6XPeyrvjz0EyUTI6cPHBZLbsWdFv4LvAyUUFa1sPjhdyRNYxCGcqJ123MTE4yIMoxyGBf8VENC6ID0oG2hIDHoYDS1N8YHlungrlT2CIOn7M+JEYm1HsaR7YyJ6et5bUL+p7VT070IRkwkqQFBZ4u6KcfW5iQr3GEKqOFDCwhVzP4V0z5RhBqbaMGG4M1b/gsaJxXPrXi3p6XqZRZHHu2hfVRGHjpHVXSDaqiOKHpAT+gFvTqPzrPz5rzPWnNONrOLfpXz+Q0KN6HN</latexit><latexit sha1_base64="SOANSiTyRQYYx4PDYK0BHbnaPoM=">AAACHnicbVDLSgMxFM3UV62vqks3wSJUxDIjii6LunBZwT6gMwyZ9LYNzSRDkhFK6Ze48VfcuFBEcKV/Y9rOQqsXQk7OuZebc6KEM21c98vJLSwuLa/kVwtr6xubW8XtnYaWqaJQp5JL1YqIBs4E1A0zHFqJAhJHHJrR4GqiN+9BaSbFnRkmEMSkJ1iXUWIsFRbPyr6MoUeOZ1dIj3yRhhL718ANwT6XPeyrvjz0EyUTI6cPHBZLbsWdFv4LvAyUUFa1sPjhdyRNYxCGcqJ123MTE4yIMoxyGBf8VENC6ID0oG2hIDHoYDS1N8YHlungrlT2CIOn7M+JEYm1HsaR7YyJ6et5bUL+p7VT070IRkwkqQFBZ4u6KcfW5iQr3GEKqOFDCwhVzP4V0z5RhBqbaMGG4M1b/gsaJxXPrXi3p6XqZRZHHu2hfVRGHjpHVXSDaqiOKHpAT+gFvTqPzrPz5rzPWnNONrOLfpXz+Q0KN6HN</latexit><latexit sha1_base64="SOANSiTyRQYYx4PDYK0BHbnaPoM=">AAACHnicbVDLSgMxFM3UV62vqks3wSJUxDIjii6LunBZwT6gMwyZ9LYNzSRDkhFK6Ze48VfcuFBEcKV/Y9rOQqsXQk7OuZebc6KEM21c98vJLSwuLa/kVwtr6xubW8XtnYaWqaJQp5JL1YqIBs4E1A0zHFqJAhJHHJrR4GqiN+9BaSbFnRkmEMSkJ1iXUWIsFRbPyr6MoUeOZ1dIj3yRhhL718ANwT6XPeyrvjz0EyUTI6cPHBZLbsWdFv4LvAyUUFa1sPjhdyRNYxCGcqJ123MTE4yIMoxyGBf8VENC6ID0oG2hIDHoYDS1N8YHlungrlT2CIOn7M+JEYm1HsaR7YyJ6et5bUL+p7VT070IRkwkqQFBZ4u6KcfW5iQr3GEKqOFDCwhVzP4V0z5RhBqbaMGG4M1b/gsaJxXPrXi3p6XqZRZHHu2hfVRGHjpHVXSDaqiOKHpAT+gFvTqPzrPz5rzPWnNONrOLfpXz+Q0KN6HN</latexit><latexit sha1_base64="SOANSiTyRQYYx4PDYK0BHbnaPoM=">AAACHnicbVDLSgMxFM3UV62vqks3wSJUxDIjii6LunBZwT6gMwyZ9LYNzSRDkhFK6Ze48VfcuFBEcKV/Y9rOQqsXQk7OuZebc6KEM21c98vJLSwuLa/kVwtr6xubW8XtnYaWqaJQp5JL1YqIBs4E1A0zHFqJAhJHHJrR4GqiN+9BaSbFnRkmEMSkJ1iXUWIsFRbPyr6MoUeOZ1dIj3yRhhL718ANwT6XPeyrvjz0EyUTI6cPHBZLbsWdFv4LvAyUUFa1sPjhdyRNYxCGcqJ123MTE4yIMoxyGBf8VENC6ID0oG2hIDHoYDS1N8YHlungrlT2CIOn7M+JEYm1HsaR7YyJ6et5bUL+p7VT070IRkwkqQFBZ4u6KcfW5iQr3GEKqOFDCwhVzP4V0z5RhBqbaMGG4M1b/gsaJxXPrXi3p6XqZRZHHu2hfVRGHjpHVXSDaqiOKHpAT+gFvTqPzrPz5rzPWnNONrOLfpXz+Q0KN6HN</latexit>



Incompressibility violation at the boundary of quantum Hall fluids

Txy

���
h(x,t)

= ⌫o(@yvy � @xvx) = 0
<latexit sha1_base64="plUjqvsu7oLX5Q4EdvHqOxK/ors="></latexit><latexit sha1_base64="plUjqvsu7oLX5Q4EdvHqOxK/ors="></latexit><latexit sha1_base64="plUjqvsu7oLX5Q4EdvHqOxK/ors="></latexit><latexit sha1_base64="plUjqvsu7oLX5Q4EdvHqOxK/ors="></latexit>

If tangent boundary condition is satisfied, incompressibility must be violated !! 

@xvx + @yvy 6= 0
<latexit sha1_base64="5L3mOT6KYKnRcLfzj4N9oZlNpm8=">AAACCXicbVDLSgMxFM3UV62vqks3wSIIQpkRQZdFNy4r2Ad0ypBJ77ShmcyQZEqHoVs3/oobF4q49Q/c+Tem7SDaeiBwcs69N7nHjzlT2ra/rMLK6tr6RnGztLW9s7tX3j9oqiiRFBo04pFs+0QBZwIammkO7VgCCX0OLX94M/VbI5CKReJepzF0Q9IXLGCUaCN5ZezGRGpGuDceeeOzn1s68lJXALa9csWu2jPgZeLkpIJy1L3yp9uLaBKC0JQTpTqOHetuNp1LOUxKbqIgJnRI+tAxVJAQVDebbTLBJ0bp4SCS5giNZ+rvjoyESqWhbypDogdq0ZuK/3mdRAdX3YyJONEg6PyhIOFYR3gaC+4xCVTz1BBCJTN/xXRAJKHahFcyITiLKy+T5nnVsavO3UWldp3HUURH6BidIgddohq6RXXUQBQ9oCf0gl6tR+vZerPe56UFK+85RH9gfXwD6sKacQ==</latexit><latexit sha1_base64="5L3mOT6KYKnRcLfzj4N9oZlNpm8=">AAACCXicbVDLSgMxFM3UV62vqks3wSIIQpkRQZdFNy4r2Ad0ypBJ77ShmcyQZEqHoVs3/oobF4q49Q/c+Tem7SDaeiBwcs69N7nHjzlT2ra/rMLK6tr6RnGztLW9s7tX3j9oqiiRFBo04pFs+0QBZwIammkO7VgCCX0OLX94M/VbI5CKReJepzF0Q9IXLGCUaCN5ZezGRGpGuDceeeOzn1s68lJXALa9csWu2jPgZeLkpIJy1L3yp9uLaBKC0JQTpTqOHetuNp1LOUxKbqIgJnRI+tAxVJAQVDebbTLBJ0bp4SCS5giNZ+rvjoyESqWhbypDogdq0ZuK/3mdRAdX3YyJONEg6PyhIOFYR3gaC+4xCVTz1BBCJTN/xXRAJKHahFcyITiLKy+T5nnVsavO3UWldp3HUURH6BidIgddohq6RXXUQBQ9oCf0gl6tR+vZerPe56UFK+85RH9gfXwD6sKacQ==</latexit><latexit sha1_base64="5L3mOT6KYKnRcLfzj4N9oZlNpm8=">AAACCXicbVDLSgMxFM3UV62vqks3wSIIQpkRQZdFNy4r2Ad0ypBJ77ShmcyQZEqHoVs3/oobF4q49Q/c+Tem7SDaeiBwcs69N7nHjzlT2ra/rMLK6tr6RnGztLW9s7tX3j9oqiiRFBo04pFs+0QBZwIammkO7VgCCX0OLX94M/VbI5CKReJepzF0Q9IXLGCUaCN5ZezGRGpGuDceeeOzn1s68lJXALa9csWu2jPgZeLkpIJy1L3yp9uLaBKC0JQTpTqOHetuNp1LOUxKbqIgJnRI+tAxVJAQVDebbTLBJ0bp4SCS5giNZ+rvjoyESqWhbypDogdq0ZuK/3mdRAdX3YyJONEg6PyhIOFYR3gaC+4xCVTz1BBCJTN/xXRAJKHahFcyITiLKy+T5nnVsavO3UWldp3HUURH6BidIgddohq6RXXUQBQ9oCf0gl6tR+vZerPe56UFK+85RH9gfXwD6sKacQ==</latexit><latexit sha1_base64="5L3mOT6KYKnRcLfzj4N9oZlNpm8=">AAACCXicbVDLSgMxFM3UV62vqks3wSIIQpkRQZdFNy4r2Ad0ypBJ77ShmcyQZEqHoVs3/oobF4q49Q/c+Tem7SDaeiBwcs69N7nHjzlT2ra/rMLK6tr6RnGztLW9s7tX3j9oqiiRFBo04pFs+0QBZwIammkO7VgCCX0OLX94M/VbI5CKReJepzF0Q9IXLGCUaCN5ZezGRGpGuDceeeOzn1s68lJXALa9csWu2jPgZeLkpIJy1L3yp9uLaBKC0JQTpTqOHetuNp1LOUxKbqIgJnRI+tAxVJAQVDebbTLBJ0bp4SCS5giNZ+rvjoyESqWhbypDogdq0ZuK/3mdRAdX3YyJONEg6PyhIOFYR3gaC+4xCVTz1BBCJTN/xXRAJKHahFcyITiLKy+T5nnVsavO3UWldp3HUURH6BidIgddohq6RXXUQBQ9oCf0gl6tR+vZerPe56UFK+85RH9gfXwD6sKacQ==</latexit>

p
⌫e !

1

vs
<latexit sha1_base64="EqEl2ZUZaZoF9YMxMA6rJAtTHmY="></latexit><latexit sha1_base64="EqEl2ZUZaZoF9YMxMA6rJAtTHmY="></latexit><latexit sha1_base64="EqEl2ZUZaZoF9YMxMA6rJAtTHmY="></latexit><latexit sha1_base64="EqEl2ZUZaZoF9YMxMA6rJAtTHmY="></latexit>

t ! t� (E/B)x
<latexit sha1_base64="j1WTqvhee/6IGUTBu0yoK94Z1QA=">AAAB/3icdVDJSgNBEO1xjXEbFbx4aQxCPBhnJglJbiEieIxgFkhC6Ol0kiY9C901aog5+CtePCji1d/w5t/YWQQVfVDweK+KqnpuKLgCy/owFhaXlldWY2vx9Y3NrW1zZ7eqgkhSVqGBCGTdJYoJ7rMKcBCsHkpGPFewmjs4m/i1ayYVD/wrGIas5ZGez7ucEtBS29yHpuS9PhApgxsMJ8nz09Ixvm2bCStlOQUn72BN0k4hl50QJ5O2sthOWVMk0Bzltvne7AQ08pgPVBClGrYVQmtEJHAq2DjejBQLCR2QHmto6hOPqdZoev8YH2mlg7uB1OUDnqrfJ0bEU2roubrTI9BXv72J+JfXiKCbb424H0bAfDpb1I0EhgBPwsAdLhkFMdSEUMn1rZj2iSQUdGRxHcLXp/h/UnVStpWyLzOJYmkeRwwdoEOURDbKoSK6QGVUQRTdoQf0hJ6Ne+PReDFeZ60LxnxmD/2A8fYJuZuVPw==</latexit><latexit sha1_base64="j1WTqvhee/6IGUTBu0yoK94Z1QA=">AAAB/3icdVDJSgNBEO1xjXEbFbx4aQxCPBhnJglJbiEieIxgFkhC6Ol0kiY9C901aog5+CtePCji1d/w5t/YWQQVfVDweK+KqnpuKLgCy/owFhaXlldWY2vx9Y3NrW1zZ7eqgkhSVqGBCGTdJYoJ7rMKcBCsHkpGPFewmjs4m/i1ayYVD/wrGIas5ZGez7ucEtBS29yHpuS9PhApgxsMJ8nz09Ixvm2bCStlOQUn72BN0k4hl50QJ5O2sthOWVMk0Bzltvne7AQ08pgPVBClGrYVQmtEJHAq2DjejBQLCR2QHmto6hOPqdZoev8YH2mlg7uB1OUDnqrfJ0bEU2roubrTI9BXv72J+JfXiKCbb424H0bAfDpb1I0EhgBPwsAdLhkFMdSEUMn1rZj2iSQUdGRxHcLXp/h/UnVStpWyLzOJYmkeRwwdoEOURDbKoSK6QGVUQRTdoQf0hJ6Ne+PReDFeZ60LxnxmD/2A8fYJuZuVPw==</latexit><latexit sha1_base64="j1WTqvhee/6IGUTBu0yoK94Z1QA=">AAAB/3icdVDJSgNBEO1xjXEbFbx4aQxCPBhnJglJbiEieIxgFkhC6Ol0kiY9C901aog5+CtePCji1d/w5t/YWQQVfVDweK+KqnpuKLgCy/owFhaXlldWY2vx9Y3NrW1zZ7eqgkhSVqGBCGTdJYoJ7rMKcBCsHkpGPFewmjs4m/i1ayYVD/wrGIas5ZGez7ucEtBS29yHpuS9PhApgxsMJ8nz09Ixvm2bCStlOQUn72BN0k4hl50QJ5O2sthOWVMk0Bzltvne7AQ08pgPVBClGrYVQmtEJHAq2DjejBQLCR2QHmto6hOPqdZoev8YH2mlg7uB1OUDnqrfJ0bEU2roubrTI9BXv72J+JfXiKCbb424H0bAfDpb1I0EhgBPwsAdLhkFMdSEUMn1rZj2iSQUdGRxHcLXp/h/UnVStpWyLzOJYmkeRwwdoEOURDbKoSK6QGVUQRTdoQf0hJ6Ne+PReDFeZ60LxnxmD/2A8fYJuZuVPw==</latexit><latexit sha1_base64="j1WTqvhee/6IGUTBu0yoK94Z1QA=">AAAB/3icdVDJSgNBEO1xjXEbFbx4aQxCPBhnJglJbiEieIxgFkhC6Ol0kiY9C901aog5+CtePCji1d/w5t/YWQQVfVDweK+KqnpuKLgCy/owFhaXlldWY2vx9Y3NrW1zZ7eqgkhSVqGBCGTdJYoJ7rMKcBCsHkpGPFewmjs4m/i1ayYVD/wrGIas5ZGez7ucEtBS29yHpuS9PhApgxsMJ8nz09Ixvm2bCStlOQUn72BN0k4hl50QJ5O2sthOWVMk0Bzltvne7AQ08pgPVBClGrYVQmtEJHAq2DjejBQLCR2QHmto6hOPqdZoev8YH2mlg7uB1OUDnqrfJ0bEU2roubrTI9BXv72J+JfXiKCbb424H0bAfDpb1I0EhgBPwsAdLhkFMdSEUMn1rZj2iSQUdGRxHcLXp/h/UnVStpWyLzOJYmkeRwwdoEOURDbKoSK6QGVUQRTdoQf0hJ6Ne+PReDFeZ60LxnxmD/2A8fYJuZuVPw==</latexit>

Replacement rule in the large sound velocity limit

v2s =
dp

d⇢
<latexit sha1_base64="nrM1oVSd/gOyB8iB2Ryhp4wYc2s=">AAAB/3icdVDLSsNAFJ3UV62vquDGzWARXJUkbWm7EIpuXFawD2himEwm7dDJg5lJocQs/BU3LhRx62+482+cPgQVPXDhcM693HuPGzMqpK5/aLmV1bX1jfxmYWt7Z3evuH/QFVHCMengiEW87yJBGA1JR1LJSD/mBAUuIz13fDnzexPCBY3CGzmNiR2gYUh9ipFUklM8mjji1jy3fI5w6sVZ6ll8FGVOsaSXdbNpNkyoSMVs1mszYlYreg0aZX2OElii7RTfLS/CSUBCiRkSYmDosbRTxCXFjGQFKxEkRniMhmSgaIgCIux0fn8GT5XiQT/iqkIJ5+r3iRQFQkwDV3UGSI7Eb28m/uUNEuk37JSGcSJJiBeL/IRBGcFZGNCjnGDJpoogzKm6FeIRUlFIFVlBhfD1KfyfdM2yoZeN62qpdbGMIw+OwQk4Awaogxa4Am3QARjcgQfwBJ61e+1Re9FeF605bTlzCH5Ae/sE0QOWoA==</latexit><latexit sha1_base64="nrM1oVSd/gOyB8iB2Ryhp4wYc2s=">AAAB/3icdVDLSsNAFJ3UV62vquDGzWARXJUkbWm7EIpuXFawD2himEwm7dDJg5lJocQs/BU3LhRx62+482+cPgQVPXDhcM693HuPGzMqpK5/aLmV1bX1jfxmYWt7Z3evuH/QFVHCMengiEW87yJBGA1JR1LJSD/mBAUuIz13fDnzexPCBY3CGzmNiR2gYUh9ipFUklM8mjji1jy3fI5w6sVZ6ll8FGVOsaSXdbNpNkyoSMVs1mszYlYreg0aZX2OElii7RTfLS/CSUBCiRkSYmDosbRTxCXFjGQFKxEkRniMhmSgaIgCIux0fn8GT5XiQT/iqkIJ5+r3iRQFQkwDV3UGSI7Eb28m/uUNEuk37JSGcSJJiBeL/IRBGcFZGNCjnGDJpoogzKm6FeIRUlFIFVlBhfD1KfyfdM2yoZeN62qpdbGMIw+OwQk4Awaogxa4Am3QARjcgQfwBJ61e+1Re9FeF605bTlzCH5Ae/sE0QOWoA==</latexit><latexit sha1_base64="nrM1oVSd/gOyB8iB2Ryhp4wYc2s=">AAAB/3icdVDLSsNAFJ3UV62vquDGzWARXJUkbWm7EIpuXFawD2himEwm7dDJg5lJocQs/BU3LhRx62+482+cPgQVPXDhcM693HuPGzMqpK5/aLmV1bX1jfxmYWt7Z3evuH/QFVHCMengiEW87yJBGA1JR1LJSD/mBAUuIz13fDnzexPCBY3CGzmNiR2gYUh9ipFUklM8mjji1jy3fI5w6sVZ6ll8FGVOsaSXdbNpNkyoSMVs1mszYlYreg0aZX2OElii7RTfLS/CSUBCiRkSYmDosbRTxCXFjGQFKxEkRniMhmSgaIgCIux0fn8GT5XiQT/iqkIJ5+r3iRQFQkwDV3UGSI7Eb28m/uUNEuk37JSGcSJJiBeL/IRBGcFZGNCjnGDJpoogzKm6FeIRUlFIFVlBhfD1KfyfdM2yoZeN62qpdbGMIw+OwQk4Awaogxa4Am3QARjcgQfwBJ61e+1Re9FeF605bTlzCH5Ae/sE0QOWoA==</latexit><latexit sha1_base64="nrM1oVSd/gOyB8iB2Ryhp4wYc2s=">AAAB/3icdVDLSsNAFJ3UV62vquDGzWARXJUkbWm7EIpuXFawD2himEwm7dDJg5lJocQs/BU3LhRx62+482+cPgQVPXDhcM693HuPGzMqpK5/aLmV1bX1jfxmYWt7Z3evuH/QFVHCMengiEW87yJBGA1JR1LJSD/mBAUuIz13fDnzexPCBY3CGzmNiR2gYUh9ipFUklM8mjji1jy3fI5w6sVZ6ll8FGVOsaSXdbNpNkyoSMVs1mszYlYreg0aZX2OElii7RTfLS/CSUBCiRkSYmDosbRTxCXFjGQFKxEkRniMhmSgaIgCIux0fn8GT5XiQT/iqkIJ5+r3iRQFQkwDV3UGSI7Eb28m/uUNEuk37JSGcSJJiBeL/IRBGcFZGNCjnGDJpoogzKm6FeIRUlFIFVlBhfD1KfyfdM2yoZeN62qpdbGMIw+OwQk4Awaogxa4Am3QARjcgQfwBJ61e+1Re9FeF605bTlzCH5Ae/sE0QOWoA==</latexit>

‘Compressibility’ boundary layer with 

sound modes + incompressible bulk 

! ⇠ vs
<latexit sha1_base64="RHbAyIEBl/zOnFsmkAUE2ng7LH0=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXw8y0pe2u6MZlBfuAzlgyaaYNTTJDkqmU0v9w40IRt/6LO//GTFtBRQ9cOJxzL/feEyaMKu04H9ba+sbm1nZuJ7+7t39wWDg6bqs4lZi0cMxi2Q2RIowK0tJUM9JNJEE8ZKQTjq8yvzMhUtFY3OppQgKOhoJGFCNtpDs/5mSIfEU5nPRVv1B0bMerezUPGlLy6tVKRrxyyalA13YWKIIVmv3Cuz+IccqJ0JghpXquk+hghqSmmJF53k8VSRAeoyHpGSoQJyqYLa6ew3OjDGAUS1NCw4X6fWKGuFJTHppOjvRI/fYy8S+vl+qoFsyoSFJNBF4uilIGdQyzCOCASoI1mxqCsKTmVohHSCKsTVB5E8LXp/B/0vZs17Hdm3KxcbmKIwdOwRm4AC6ogga4Bk3QAhhI8ACewLN1bz1aL9brsnXNWs2cgB+w3j4B0QaStw==</latexit><latexit sha1_base64="RHbAyIEBl/zOnFsmkAUE2ng7LH0=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXw8y0pe2u6MZlBfuAzlgyaaYNTTJDkqmU0v9w40IRt/6LO//GTFtBRQ9cOJxzL/feEyaMKu04H9ba+sbm1nZuJ7+7t39wWDg6bqs4lZi0cMxi2Q2RIowK0tJUM9JNJEE8ZKQTjq8yvzMhUtFY3OppQgKOhoJGFCNtpDs/5mSIfEU5nPRVv1B0bMerezUPGlLy6tVKRrxyyalA13YWKIIVmv3Cuz+IccqJ0JghpXquk+hghqSmmJF53k8VSRAeoyHpGSoQJyqYLa6ew3OjDGAUS1NCw4X6fWKGuFJTHppOjvRI/fYy8S+vl+qoFsyoSFJNBF4uilIGdQyzCOCASoI1mxqCsKTmVohHSCKsTVB5E8LXp/B/0vZs17Hdm3KxcbmKIwdOwRm4AC6ogga4Bk3QAhhI8ACewLN1bz1aL9brsnXNWs2cgB+w3j4B0QaStw==</latexit><latexit sha1_base64="RHbAyIEBl/zOnFsmkAUE2ng7LH0=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXw8y0pe2u6MZlBfuAzlgyaaYNTTJDkqmU0v9w40IRt/6LO//GTFtBRQ9cOJxzL/feEyaMKu04H9ba+sbm1nZuJ7+7t39wWDg6bqs4lZi0cMxi2Q2RIowK0tJUM9JNJEE8ZKQTjq8yvzMhUtFY3OppQgKOhoJGFCNtpDs/5mSIfEU5nPRVv1B0bMerezUPGlLy6tVKRrxyyalA13YWKIIVmv3Cuz+IccqJ0JghpXquk+hghqSmmJF53k8VSRAeoyHpGSoQJyqYLa6ew3OjDGAUS1NCw4X6fWKGuFJTHppOjvRI/fYy8S+vl+qoFsyoSFJNBF4uilIGdQyzCOCASoI1mxqCsKTmVohHSCKsTVB5E8LXp/B/0vZs17Hdm3KxcbmKIwdOwRm4AC6ogga4Bk3QAhhI8ACewLN1bz1aL9brsnXNWs2cgB+w3j4B0QaStw==</latexit><latexit sha1_base64="RHbAyIEBl/zOnFsmkAUE2ng7LH0=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXw8y0pe2u6MZlBfuAzlgyaaYNTTJDkqmU0v9w40IRt/6LO//GTFtBRQ9cOJxzL/feEyaMKu04H9ba+sbm1nZuJ7+7t39wWDg6bqs4lZi0cMxi2Q2RIowK0tJUM9JNJEE8ZKQTjq8yvzMhUtFY3OppQgKOhoJGFCNtpDs/5mSIfEU5nPRVv1B0bMerezUPGlLy6tVKRrxyyalA13YWKIIVmv3Cuz+IccqJ0JghpXquk+hghqSmmJF53k8VSRAeoyHpGSoQJyqYLa6ew3OjDGAUS1NCw4X6fWKGuFJTHppOjvRI/fYy8S+vl+qoFsyoSFJNBF4uilIGdQyzCOCASoI1mxqCsKTmVohHSCKsTVB5E8LXp/B/0vZs17Hdm3KxcbmKIwdOwRm4AC6ogga4Bk3QAhhI8ACewLN1bz1aL9brsnXNWs2cgB+w3j4B0QaStw==</latexit>

� ⇠ 1

vs
<latexit sha1_base64="zcePs7uJs3au19OqWYE15qaxsbI=">AAACAXicdVDLSsNAFJ3UV62vqBvBzWARXIUkbWm7K7pxWcE+oAlhMpm0QycPZiaFEurGX3HjQhG3/oU7/8bpQ1DRAxcO59zLvff4KaNCmuaHVlhb39jcKm6Xdnb39g/0w6OuSDKOSQcnLOF9HwnCaEw6kkpG+iknKPIZ6fnjq7nfmxAuaBLfymlK3AgNYxpSjKSSPP3ECQiTyBE0gk7IEc6tWT7xxMzTy6Zh2k27YUNFKnazXpsTu1oxa9AyzAXKYIW2p787QYKziMQSMyTEwDJT6eaIS4oZmZWcTJAU4TEakoGiMYqIcPPFBzN4rpQAhglXFUu4UL9P5CgSYhr5qjNCciR+e3PxL2+QybDh5jROM0livFwUZgzKBM7jgAHlBEs2VQRhTtWtEI+QykGq0EoqhK9P4f+kaxuWaVg31XLrchVHEZyCM3ABLFAHLXAN2qADMLgDD+AJPGv32qP2or0uWwvaauYY/ID29gk7Y5dm</latexit><latexit sha1_base64="zcePs7uJs3au19OqWYE15qaxsbI=">AAACAXicdVDLSsNAFJ3UV62vqBvBzWARXIUkbWm7K7pxWcE+oAlhMpm0QycPZiaFEurGX3HjQhG3/oU7/8bpQ1DRAxcO59zLvff4KaNCmuaHVlhb39jcKm6Xdnb39g/0w6OuSDKOSQcnLOF9HwnCaEw6kkpG+iknKPIZ6fnjq7nfmxAuaBLfymlK3AgNYxpSjKSSPP3ECQiTyBE0gk7IEc6tWT7xxMzTy6Zh2k27YUNFKnazXpsTu1oxa9AyzAXKYIW2p787QYKziMQSMyTEwDJT6eaIS4oZmZWcTJAU4TEakoGiMYqIcPPFBzN4rpQAhglXFUu4UL9P5CgSYhr5qjNCciR+e3PxL2+QybDh5jROM0livFwUZgzKBM7jgAHlBEs2VQRhTtWtEI+QykGq0EoqhK9P4f+kaxuWaVg31XLrchVHEZyCM3ABLFAHLXAN2qADMLgDD+AJPGv32qP2or0uWwvaauYY/ID29gk7Y5dm</latexit><latexit sha1_base64="zcePs7uJs3au19OqWYE15qaxsbI=">AAACAXicdVDLSsNAFJ3UV62vqBvBzWARXIUkbWm7K7pxWcE+oAlhMpm0QycPZiaFEurGX3HjQhG3/oU7/8bpQ1DRAxcO59zLvff4KaNCmuaHVlhb39jcKm6Xdnb39g/0w6OuSDKOSQcnLOF9HwnCaEw6kkpG+iknKPIZ6fnjq7nfmxAuaBLfymlK3AgNYxpSjKSSPP3ECQiTyBE0gk7IEc6tWT7xxMzTy6Zh2k27YUNFKnazXpsTu1oxa9AyzAXKYIW2p787QYKziMQSMyTEwDJT6eaIS4oZmZWcTJAU4TEakoGiMYqIcPPFBzN4rpQAhglXFUu4UL9P5CgSYhr5qjNCciR+e3PxL2+QybDh5jROM0livFwUZgzKBM7jgAHlBEs2VQRhTtWtEI+QykGq0EoqhK9P4f+kaxuWaVg31XLrchVHEZyCM3ABLFAHLXAN2qADMLgDD+AJPGv32qP2or0uWwvaauYY/ID29gk7Y5dm</latexit><latexit sha1_base64="zcePs7uJs3au19OqWYE15qaxsbI=">AAACAXicdVDLSsNAFJ3UV62vqBvBzWARXIUkbWm7K7pxWcE+oAlhMpm0QycPZiaFEurGX3HjQhG3/oU7/8bpQ1DRAxcO59zLvff4KaNCmuaHVlhb39jcKm6Xdnb39g/0w6OuSDKOSQcnLOF9HwnCaEw6kkpG+iknKPIZ6fnjq7nfmxAuaBLfymlK3AgNYxpSjKSSPP3ECQiTyBE0gk7IEc6tWT7xxMzTy6Zh2k27YUNFKnazXpsTu1oxa9AyzAXKYIW2p787QYKziMQSMyTEwDJT6eaIS4oZmZWcTJAU4TEakoGiMYqIcPPFBzN4rpQAhglXFUu4UL9P5CgSYhr5qjNCciR+e3PxL2+QybDh5jROM0livFwUZgzKBM7jgAHlBEs2VQRhTtWtEI+QykGq0EoqhK9P4f+kaxuWaVg31XLrchVHEZyCM3ABLFAHLXAN2qADMLgDD+AJPGv32qP2or0uWwvaauYY/ID29gk7Y5dm</latexit>

Compressibility layer scaling

! = 0
<latexit sha1_base64="y7TA9Jo4k/1zsBQbv9Z4X/mQkSE=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGQHGFvM0mW7O2eu3tCOPInbCwUsfXv2Plv3CRXaOKDgcd7M8zMixLBjfX9b6+wsrq2vlHcLG1t7+zulfcPmkalmmGDKaF0K6IGBZfYsNwKbCUaaRwJfIhGN1P/4Qm14Ure23GCYUwHkvc5o9ZJrY6KcUCv/G654lf9GcgyCXJSgRz1bvmr01MsjVFaJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajksZowmx274ScOKVH+kq7kpbM1N8TGY2NGceR64ypHZpFbyr+57VT278MMy6T1KJk80X9VBCryPR50uMamRVjRyjT3N1K2JBqyqyLqORCCBZfXibNs2rgV4O780rtOo+jCEdwDKcQwAXU4Bbq0AAGAp7hFd68R+/Fe/c+5q0FL585hD/wPn8AhFmPnA==</latexit><latexit sha1_base64="y7TA9Jo4k/1zsBQbv9Z4X/mQkSE=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGQHGFvM0mW7O2eu3tCOPInbCwUsfXv2Plv3CRXaOKDgcd7M8zMixLBjfX9b6+wsrq2vlHcLG1t7+zulfcPmkalmmGDKaF0K6IGBZfYsNwKbCUaaRwJfIhGN1P/4Qm14Ure23GCYUwHkvc5o9ZJrY6KcUCv/G654lf9GcgyCXJSgRz1bvmr01MsjVFaJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajksZowmx274ScOKVH+kq7kpbM1N8TGY2NGceR64ypHZpFbyr+57VT278MMy6T1KJk80X9VBCryPR50uMamRVjRyjT3N1K2JBqyqyLqORCCBZfXibNs2rgV4O780rtOo+jCEdwDKcQwAXU4Bbq0AAGAp7hFd68R+/Fe/c+5q0FL585hD/wPn8AhFmPnA==</latexit><latexit sha1_base64="y7TA9Jo4k/1zsBQbv9Z4X/mQkSE=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGQHGFvM0mW7O2eu3tCOPInbCwUsfXv2Plv3CRXaOKDgcd7M8zMixLBjfX9b6+wsrq2vlHcLG1t7+zulfcPmkalmmGDKaF0K6IGBZfYsNwKbCUaaRwJfIhGN1P/4Qm14Ure23GCYUwHkvc5o9ZJrY6KcUCv/G654lf9GcgyCXJSgRz1bvmr01MsjVFaJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajksZowmx274ScOKVH+kq7kpbM1N8TGY2NGceR64ypHZpFbyr+57VT278MMy6T1KJk80X9VBCryPR50uMamRVjRyjT3N1K2JBqyqyLqORCCBZfXibNs2rgV4O780rtOo+jCEdwDKcQwAXU4Bbq0AAGAp7hFd68R+/Fe/c+5q0FL585hD/wPn8AhFmPnA==</latexit><latexit sha1_base64="y7TA9Jo4k/1zsBQbv9Z4X/mQkSE=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGQHGFvM0mW7O2eu3tCOPInbCwUsfXv2Plv3CRXaOKDgcd7M8zMixLBjfX9b6+wsrq2vlHcLG1t7+zulfcPmkalmmGDKaF0K6IGBZfYsNwKbCUaaRwJfIhGN1P/4Qm14Ure23GCYUwHkvc5o9ZJrY6KcUCv/G654lf9GcgyCXJSgRz1bvmr01MsjVFaJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajksZowmx274ScOKVH+kq7kpbM1N8TGY2NGceR64ypHZpFbyr+57VT278MMy6T1KJk80X9VBCryPR50uMamRVjRyjT3N1K2JBqyqyLqORCCBZfXibNs2rgV4O780rtOo+jCEdwDKcQwAXU4Bbq0AAGAp7hFd68R+/Fe/c+5q0FL585hD/wPn8AhFmPnA==</latexit>

! 6= 0

~r.~v = 0
<latexit sha1_base64="8gFQodJeYFtgk00cOOl/YySqgy8=">AAAB/HicbZDNSsNAFIUn9a/Wv2iXbgaL4KokIuhGKLpxWcHWQhPKZHrTDp1MwsykEEJ9FTcuFHHrg7jzbZy0WWjrgYGPc+/l3jlBwpnSjvNtVdbWNza3qtu1nd29/QP78Kir4lRS6NCYx7IXEAWcCehopjn0EgkkCjg8BpPbov44BalYLB50loAfkZFgIaNEG2tg170pUE+QgJNmgXh67QzshtN05sKr4JbQQKXaA/vLG8Y0jUBoyolSfddJtJ8TqRnlMKt5qYKE0AkZQd+gIBEoP58fP8OnxhniMJbmCY3n7u+JnERKZVFgOiOix2q5Vpj/1fqpDq/8nIkk1SDoYlGYcqxjXCSBh0wC1TwzQKhk5lZMx0QSqk1eNROCu/zlVeieN12n6d5fNFo3ZRxVdIxO0Bly0SVqoTvURh1EUYae0St6s56sF+vd+li0Vqxypo7+yPr8Ab01lCg=</latexit><latexit sha1_base64="8gFQodJeYFtgk00cOOl/YySqgy8=">AAAB/HicbZDNSsNAFIUn9a/Wv2iXbgaL4KokIuhGKLpxWcHWQhPKZHrTDp1MwsykEEJ9FTcuFHHrg7jzbZy0WWjrgYGPc+/l3jlBwpnSjvNtVdbWNza3qtu1nd29/QP78Kir4lRS6NCYx7IXEAWcCehopjn0EgkkCjg8BpPbov44BalYLB50loAfkZFgIaNEG2tg170pUE+QgJNmgXh67QzshtN05sKr4JbQQKXaA/vLG8Y0jUBoyolSfddJtJ8TqRnlMKt5qYKE0AkZQd+gIBEoP58fP8OnxhniMJbmCY3n7u+JnERKZVFgOiOix2q5Vpj/1fqpDq/8nIkk1SDoYlGYcqxjXCSBh0wC1TwzQKhk5lZMx0QSqk1eNROCu/zlVeieN12n6d5fNFo3ZRxVdIxO0Bly0SVqoTvURh1EUYae0St6s56sF+vd+li0Vqxypo7+yPr8Ab01lCg=</latexit><latexit sha1_base64="8gFQodJeYFtgk00cOOl/YySqgy8=">AAAB/HicbZDNSsNAFIUn9a/Wv2iXbgaL4KokIuhGKLpxWcHWQhPKZHrTDp1MwsykEEJ9FTcuFHHrg7jzbZy0WWjrgYGPc+/l3jlBwpnSjvNtVdbWNza3qtu1nd29/QP78Kir4lRS6NCYx7IXEAWcCehopjn0EgkkCjg8BpPbov44BalYLB50loAfkZFgIaNEG2tg170pUE+QgJNmgXh67QzshtN05sKr4JbQQKXaA/vLG8Y0jUBoyolSfddJtJ8TqRnlMKt5qYKE0AkZQd+gIBEoP58fP8OnxhniMJbmCY3n7u+JnERKZVFgOiOix2q5Vpj/1fqpDq/8nIkk1SDoYlGYcqxjXCSBh0wC1TwzQKhk5lZMx0QSqk1eNROCu/zlVeieN12n6d5fNFo3ZRxVdIxO0Bly0SVqoTvURh1EUYae0St6s56sF+vd+li0Vqxypo7+yPr8Ab01lCg=</latexit><latexit sha1_base64="8gFQodJeYFtgk00cOOl/YySqgy8=">AAAB/HicbZDNSsNAFIUn9a/Wv2iXbgaL4KokIuhGKLpxWcHWQhPKZHrTDp1MwsykEEJ9FTcuFHHrg7jzbZy0WWjrgYGPc+/l3jlBwpnSjvNtVdbWNza3qtu1nd29/QP78Kir4lRS6NCYx7IXEAWcCehopjn0EgkkCjg8BpPbov44BalYLB50loAfkZFgIaNEG2tg170pUE+QgJNmgXh67QzshtN05sKr4JbQQKXaA/vLG8Y0jUBoyolSfddJtJ8TqRnlMKt5qYKE0AkZQd+gIBEoP58fP8OnxhniMJbmCY3n7u+JnERKZVFgOiOix2q5Vpj/1fqpDq/8nIkk1SDoYlGYcqxjXCSBh0wC1TwzQKhk5lZMx0QSqk1eNROCu/zlVeieN12n6d5fNFo3ZRxVdIxO0Bly0SVqoTvURh1EUYae0St6s56sF+vd+li0Vqxypo7+yPr8Ab01lCg=</latexit>

~r.~v 6= 0
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Incompressibility violation generates vorticity via odd viscosity
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Linearized dynamics at the quantum Hall free surface 
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Gapless boundary mode emerges 
with confining potential ⌦ ⇡ Ey
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KdV like term

Future goal: To derive the weakly non-linear surface waves (like before) in the presence of

 magnetic field, confining potential and odd viscosity
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Summary

• Parity violating effects through odd viscosity in 2D results in new 
hydrodynamic phenomena.


• We proved three exact statements that quantify the observable 
consequences of odd viscosity with flow dependent boundary conditions.


• Odd viscosity manifests at the two fluid interfaces as a boundary phenomena 
(e.g. Bubble shape, Surface waves) for incompressible fluids. (Non-linear 
dynamics of surface waves (odd surface waves). (A. Abanov, T. Can, SG   arXiv:
1801.10150 ))

Future directions

• Weakly non-linear surface waves in quantum Hall hydrodynamics.
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