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COMPRESSIBLE FLOWS WITH APPLICATION TO HYPERSONICS AND HEDP

What is the DK instability? 

Let's begin with the well-known Rankine-Hugoniot curve
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= fun(⇢2/⇢1,EoS parameters)

It relates the pressure jump with the density  
(or specific volume) across the shock. 

Each point corresponds to a given 
shock intensity (Mach number), for 
some given preshock conditions.



A. Calvo-Rivera

F. García-Rubio

C. Huete (speaker)

A. L. Velikovich

• UNIV. POLITÉCNICA DE MADRID • 
• NOVEMBER 18TH, 2022 • 

COMPRESSIBLE FLOWS WITH APPLICATION TO HYPERSONICS AND HEDP

What is the DK instability? 

Let's begin with the well-known Rankine-Hugoniot curve
<latexit sha1_base64="iz4rPh4iF1/9Mwa+QLgyvqVcCFA=">AAAB6HicbZDNTgIxFIXv4B/iH+rSTSMxcYUzhqhLohuXmMhPApNJp9yBSmemaTsmhPAOujLqzufxBXwbC85CwbP6es9pcs8NpeDauO6XU1hZXVvfKG6WtrZ3dvfK+wctnWaKYZOlIlWdkGoUPMGm4UZgRyqkcSiwHY5uZn77EZXmaXJvxhL9mA4SHnFGjR21ZXB+JgMvKFfcqjsXWQYvhwrkagTlz14/ZVmMiWGCat31XGn8CVWGM4HTUi/TKCkb0QF2LSY0Ru1P5utOyUmUKmKGSObv39kJjbUex6HNxNQM9aI3G/7ndTMTXfkTnsjMYMJsxHpRJohJyaw16XOFzIixBcoUt1sSNqSKMmNvU7L1vcWyy9A6r3oX1dpdrVK/zg9RhCM4hlPw4BLqcAsNaAKDETzDG7w7D86T8+K8/kQLTv7nEP7I+fgGU1SMjg==</latexit>

p2/p1

<latexit sha1_base64="gsI+5/ohdZcAbeNpCahFQBsFTkM=">AAAB7nicbVC7TsNAEFzzDOEVoKSxiJCogh1FQBlBQxkk8pASKzpf1vEpZ5+5OyNFVn4DKgR0fAw/wN9wMS4gYZqd3ZmVdtZPOFPacb6sldW19Y3N0lZ5e2d3b79ycNhRIpUU21RwIXs+UchZjG3NNMdeIpFEPseuP7mZ691HlIqJ+F5PE/QiMo5ZwCjRZuQNZCiG7nle6sNK1ak5Oexl4hakCgVaw8rnYCRoGmGsKSdK9V0n0V5GpGaU46w8SBUmhE7IGPuGxiRC5WX50TP7NBDS1iHaef/bm5FIqWnkG09EdKgWtfnwP62f6uDKy1icpBpjaixGC1Jua2HPs9sjJpFqPjWEUMnMlTYNiSRUmw+VTXx3Mewy6dRr7kWtcdeoNq+LR5TgGE7gDFy4hCbcQgvaQOEBnuEN3q3EerJerNcf64pV7BzBH1gf3+DmjzQ=</latexit>

⇢1/⇢2<latexit sha1_base64="XoWlZtusfOssYBKVPwvkLH4zY34=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LSOSRwIT0NDXQoeeR7hoTQvgBXRl15yf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/Hd3G8/ojYyiR9okqIf8WEsQyk42VHD65crbtVdiK2Cl0MFctX75c/eIBFZhDEJxY3pem5K/pRrkkLhrNTLDKZcjPkQuxZjHqHxp4tFZ+wsTDSjEbLF+3d2yiNjJlFgMxGnkVn25sP/vG5G4Y0/lXGaEcbCRqwXZopRwuZ92UBqFKQmFrjQ0m7JxIhrLshepWTre8tlV6F1UfWuqpeNy0rtNj9EEU7gFM7Bg2uowT3UoQkCEJ7hDd6dgfPkvDivP9GCk/85hj9yPr4BdDWKUw==</latexit>

1

<latexit sha1_base64="XoWlZtusfOssYBKVPwvkLH4zY34=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LSOSRwIT0NDXQoeeR7hoTQvgBXRl15yf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/Hd3G8/ojYyiR9okqIf8WEsQyk42VHD65crbtVdiK2Cl0MFctX75c/eIBFZhDEJxY3pem5K/pRrkkLhrNTLDKZcjPkQuxZjHqHxp4tFZ+wsTDSjEbLF+3d2yiNjJlFgMxGnkVn25sP/vG5G4Y0/lXGaEcbCRqwXZopRwuZ92UBqFKQmFrjQ0m7JxIhrLshepWTre8tlV6F1UfWuqpeNy0rtNj9EEU7gFM7Bg2uowT3UoQkCEJ7hDd6dgfPkvDivP9GCk/85hj9yPr4BdDWKUw==</latexit>

1

<latexit sha1_base64="0a+ZuzBG5C9ddRLdruxUWWViSDM="></latexit>

p2
p1

����
RH

= fun(⇢2/⇢1,EoS parameters)

It relates the pressure jump with the density  
(or specific volume) across the shock. 

Each point corresponds to a given 
shock intensity (Mach number), for 
some given preshock conditions.

Compressible flow 101
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We can also define the Rayleigh-Michelson 
line, given by direct combination of the 
mass and momentum conservation eqs.

and the associated slope

Let's begin with the well-known Rankine-Hugoniot curve
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⇢1/⇢2<latexit sha1_base64="XoWlZtusfOssYBKVPwvkLH4zY34=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LSOSRwIT0NDXQoeeR7hoTQvgBXRl15yf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/Hd3G8/ojYyiR9okqIf8WEsQyk42VHD65crbtVdiK2Cl0MFctX75c/eIBFZhDEJxY3pem5K/pRrkkLhrNTLDKZcjPkQuxZjHqHxp4tFZ+wsTDSjEbLF+3d2yiNjJlFgMxGnkVn25sP/vG5G4Y0/lXGaEcbCRqwXZopRwuZ92UBqFKQmFrjQ0m7JxIhrLshepWTre8tlV6F1UfWuqpeNy0rtNj9EEU7gFM7Bg2uowT3UoQkCEJ7hDd6dgfPkvDivP9GCk/85hj9yPr4BdDWKUw==</latexit>

1

<latexit sha1_base64="XoWlZtusfOssYBKVPwvkLH4zY34=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LSOSRwIT0NDXQoeeR7hoTQvgBXRl15yf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/Hd3G8/ojYyiR9okqIf8WEsQyk42VHD65crbtVdiK2Cl0MFctX75c/eIBFZhDEJxY3pem5K/pRrkkLhrNTLDKZcjPkQuxZjHqHxp4tFZ+wsTDSjEbLF+3d2yiNjJlFgMxGnkVn25sP/vG5G4Y0/lXGaEcbCRqwXZopRwuZ92UBqFKQmFrjQ0m7JxIhrLshepWTre8tlV6F1UfWuqpeNy0rtNj9EEU7gFM7Bg2uowT3UoQkCEJ7hDd6dgfPkvDivP9GCk/85hj9yPr4BdDWKUw==</latexit>

1

<latexit sha1_base64="u7FOs99lyPXtH2rdhtjWnjR1zH8=">AAAB73icbZDLTsJAFIZP8YZ4Q126mUhMXJHWEHVJdMMSjVwSWsl0OIUJ04szUxPS8By6MurOd/EFfBsH7ELBf/XN+f9Jzn/8RHClbfvLKqysrq1vFDdLW9s7u3vl/YO2ilPJsMViEcuuTxUKHmFLcy2wm0ikoS+w44+vZ37nEaXicXSnJwl6IR1GPOCMajO6d33UtJ+5MiS3jWm/XLGr9lxkGZwcKpCr2S9/uoOYpSFGmgmqVM+xE+1lVGrOBE5LbqowoWxMh9gzGNEQlZfNt56SkyCWRI+QzN+/sxkNlZqEvsmEVI/Uojcb/uf1Uh1cehmPklRjxEzEeEEqiI7JrDwZcIlMi4kByiQ3WxI2opIybU5UMvWdxbLL0D6rOufV2k2tUr/KD1GEIziGU3DgAurQgCa0gIGEZ3iDd+vBerJerNefaMHK/xzCH1kf3wpKj+g=</latexit>

�RH

<latexit sha1_base64="0HqTSimFH4NrcSyIBQO4O8MKbPA=">AAAB73icbZDLSsNAFIYn9VbrrerSzWARXJVEirosunEjVLEXaGKZTE/aoZOLMydCCX0OXYm68118Ad/Gac1CW//VN+f/B85//EQKjbb9ZRWWlldW14rrpY3Nre2d8u5eS8ep4tDksYxVx2capIigiQIldBIFLPQltP3R5dRvP4LSIo7ucJyAF7JBJALBGZrRvesDsl7mqpDeXk965YpdtWeii+DkUCG5Gr3yp9uPeRpChFwyrbuOnaCXMYWCS5iU3FRDwviIDaBrMGIhaC+bbT2hR0GsKA6Bzt6/sxkLtR6HvsmEDId63psO//O6KQbnXiaiJEWIuIkYL0glxZhOy9O+UMBRjg0wroTZkvIhU4yjOVHJ1Hfmyy5C66TqnFZrN7VK/SI/RJEckENyTBxyRurkijRIk3CiyDN5I+/Wg/VkvVivP9GClf/ZJ39kfXwDEcWP7Q==</latexit>

�RM

What is the DK instability? 
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What is the DK instability? 

The DK parameter is defined as
<latexit sha1_base64="iz4rPh4iF1/9Mwa+QLgyvqVcCFA=">AAAB6HicbZDNTgIxFIXv4B/iH+rSTSMxcYUzhqhLohuXmMhPApNJp9yBSmemaTsmhPAOujLqzufxBXwbC85CwbP6es9pcs8NpeDauO6XU1hZXVvfKG6WtrZ3dvfK+wctnWaKYZOlIlWdkGoUPMGm4UZgRyqkcSiwHY5uZn77EZXmaXJvxhL9mA4SHnFGjR21ZXB+JgMvKFfcqjsXWQYvhwrkagTlz14/ZVmMiWGCat31XGn8CVWGM4HTUi/TKCkb0QF2LSY0Ru1P5utOyUmUKmKGSObv39kJjbUex6HNxNQM9aI3G/7ndTMTXfkTnsjMYMJsxHpRJohJyaw16XOFzIixBcoUt1sSNqSKMmNvU7L1vcWyy9A6r3oX1dpdrVK/zg9RhCM4hlPw4BLqcAsNaAKDETzDG7w7D86T8+K8/kQLTv7nEP7I+fgGU1SMjg==</latexit>

p2/p1

<latexit sha1_base64="gsI+5/ohdZcAbeNpCahFQBsFTkM=">AAAB7nicbVC7TsNAEFzzDOEVoKSxiJCogh1FQBlBQxkk8pASKzpf1vEpZ5+5OyNFVn4DKgR0fAw/wN9wMS4gYZqd3ZmVdtZPOFPacb6sldW19Y3N0lZ5e2d3b79ycNhRIpUU21RwIXs+UchZjG3NNMdeIpFEPseuP7mZ691HlIqJ+F5PE/QiMo5ZwCjRZuQNZCiG7nle6sNK1ak5Oexl4hakCgVaw8rnYCRoGmGsKSdK9V0n0V5GpGaU46w8SBUmhE7IGPuGxiRC5WX50TP7NBDS1iHaef/bm5FIqWnkG09EdKgWtfnwP62f6uDKy1icpBpjaixGC1Jua2HPs9sjJpFqPjWEUMnMlTYNiSRUmw+VTXx3Mewy6dRr7kWtcdeoNq+LR5TgGE7gDFy4hCbcQgvaQOEBnuEN3q3EerJerNcf64pV7BzBH1gf3+DmjzQ=</latexit>

⇢1/⇢2

<latexit sha1_base64="XoWlZtusfOssYBKVPwvkLH4zY34=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LSOSRwIT0NDXQoeeR7hoTQvgBXRl15yf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/Hd3G8/ojYyiR9okqIf8WEsQyk42VHD65crbtVdiK2Cl0MFctX75c/eIBFZhDEJxY3pem5K/pRrkkLhrNTLDKZcjPkQuxZjHqHxp4tFZ+wsTDSjEbLF+3d2yiNjJlFgMxGnkVn25sP/vG5G4Y0/lXGaEcbCRqwXZopRwuZ92UBqFKQmFrjQ0m7JxIhrLshepWTre8tlV6F1UfWuqpeNy0rtNj9EEU7gFM7Bg2uowT3UoQkCEJ7hDd6dgfPkvDivP9GCk/85hj9yPr4BdDWKUw==</latexit>

1

<latexit sha1_base64="u7FOs99lyPXtH2rdhtjWnjR1zH8=">AAAB73icbZDLTsJAFIZP8YZ4Q126mUhMXJHWEHVJdMMSjVwSWsl0OIUJ04szUxPS8By6MurOd/EFfBsH7ELBf/XN+f9Jzn/8RHClbfvLKqysrq1vFDdLW9s7u3vl/YO2ilPJsMViEcuuTxUKHmFLcy2wm0ikoS+w44+vZ37nEaXicXSnJwl6IR1GPOCMajO6d33UtJ+5MiS3jWm/XLGr9lxkGZwcKpCr2S9/uoOYpSFGmgmqVM+xE+1lVGrOBE5LbqowoWxMh9gzGNEQlZfNt56SkyCWRI+QzN+/sxkNlZqEvsmEVI/Uojcb/uf1Uh1cehmPklRjxEzEeEEqiI7JrDwZcIlMi4kByiQ3WxI2opIybU5UMvWdxbLL0D6rOufV2k2tUr/KD1GEIziGU3DgAurQgCa0gIGEZ3iDd+vBerJerNefaMHK/xzCH1kf3wpKj+g=</latexit>

�RH

<latexit sha1_base64="0HqTSimFH4NrcSyIBQO4O8MKbPA=">AAAB73icbZDLSsNAFIYn9VbrrerSzWARXJVEirosunEjVLEXaGKZTE/aoZOLMydCCX0OXYm68118Ad/Gac1CW//VN+f/B85//EQKjbb9ZRWWlldW14rrpY3Nre2d8u5eS8ep4tDksYxVx2capIigiQIldBIFLPQltP3R5dRvP4LSIo7ucJyAF7JBJALBGZrRvesDsl7mqpDeXk965YpdtWeii+DkUCG5Gr3yp9uPeRpChFwyrbuOnaCXMYWCS5iU3FRDwviIDaBrMGIhaC+bbT2hR0GsKA6Bzt6/sxkLtR6HvsmEDId63psO//O6KQbnXiaiJEWIuIkYL0glxZhOy9O+UMBRjg0wroTZkvIhU4yjOVHJ1Hfmyy5C66TqnFZrN7VK/SI/RJEckENyTBxyRurkijRIk3CiyDN5I+/Wg/VkvVivP9GClf/ZJ39kfXwDEcWP7Q==</latexit>

�RM

<latexit sha1_base64="7G5tG6xrJkz9At67jRk2RvtHvFA="></latexit>

h =
p2 � p1
V1 � V2

✓
dp

dV

◆�1

= � tan�RM

tan�RH

This parameter is pivotal in the evolution 
of a weakly perturbed shock front.

<latexit sha1_base64="TRnbYw9X7b/afpCF2f5lgOuJmZI=">AAAB6nicbZDNTgIxFIU7/iL+oS7dNBIT3JAZQ9Ql0Y1LTOTHwIR0yh1oaGcm7R0TMuEldGXUnY/jC/g2FpyFgmf19Z7T5J4bJFIYdN0vZ2V1bX1js7BV3N7Z3dsvHRy2TJxqDk0ey1h3AmZAigiaKFBCJ9HAVCChHYxvZn77EbQRcXSPkwR8xYaRCAVnaEcPvcSIvqngWb9UdqvuXHQZvBzKJFejX/rsDWKeKoiQS2ZM13MT9DOmUXAJ02IvNZAwPmZD6FqMmALjZ/OFp/Q0jDXFEdD5+3c2Y8qYiQpsRjEcmUVvNvzP66YYXvmZiJIUIeI2Yr0wlRRjOutNB0IDRzmxwLgWdkvKR0wzjvY6RVvfWyy7DK3zqndRrd3VyvXr/BAFckxOSIV45JLUyS1pkCbhRJFn8kbeHek8OS/O6090xcn/HJE/cj6+ATjjjbE=</latexit>

 s(t)

<latexit sha1_base64="fe0P9LP+7l/GJ+84V51jZ6HYezs=">AAAB6HicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LTOSRwITUNAW09DzS3WNCJvyDroy683v8Af/GBmeh4F3drns6qVtBIoU2rvvlFFZW19Y3ipulre2d3b3y/kFTx6ni1OCxjFU7QE1SRNQwwkhqJ4owDCS1gvHNLG89ktIiju7NJCE/xGEkBoKjsaNWV1q0j71yxa26c7Fl4+WmArnqvfJntx/zNKTIcIladzw3MX6GygguaVrqppoS5GMcUsfaCEPSfjZfd8pOBrFiZkRs/v7NZhhqPQkDy4RoRnoxmw3/yzqpGVz5mYiS1FDELWKzQSqZidmsNesLRdzIiTXIlbBbMj5ChdzY25RsfW+x7LJpnlW9i+r53Xmldp0foghHcAyn4MEl1OAW6tAADmN4hjd4dx6cJ+fFef1BC07+5xD+yPn4BibxjRs=</latexit>

�

Non-equilibrium induces 
small flow perturbations 
of the order                   .

<latexit sha1_base64="S2sSjR6LuOkDzAibOZSvDepghgo=">AAAB+XicbVDLSgNBEOyNrxhfUcGLl8EgeIq7EtRj0IvHCMYEsssyO+lNhsw+mJkVwpqP0ZOoN3/DH/BvnMQ9aGKdqruqobqCVHClbfvLKi0tr6yuldcrG5tb2zvV3b17lWSSYZslIpHdgCoUPMa25lpgN5VIo0BgJxhdT/XOA0rFk/hOj1P0IjqIecgZ1WblVw/cVHE/V/bk1BXmrE9dIYjjV2t23Z6BLBKnIDUo0PKrn24/YVmEsWaCKtVz7FR7OZWaM4GTipspTCkb0QH2DI1phMrLZ/kn5DhMJNFDJLP5tzenkVLjKDCeiOqhmtemy/+0XqbDSy/ncZppjJmxGC3MBNEJmdZA+lwi02JsCGWSm5SEDamkTJuyKuZ9Z/7ZRXJ/VnfO643bRq15VRRRhkM4ghNw4AKacAMtaAODR3iGN3i3cuvJerFef6wlq7jZhz+wPr4BEcOTOA==</latexit>

 s0/�⌧ 1
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Both RM-line and RH-slope are the same, 


thereby giving

What is the DK instability? 

The DK parameter for very weak shocks:
<latexit sha1_base64="iz4rPh4iF1/9Mwa+QLgyvqVcCFA=">AAAB6HicbZDNTgIxFIXv4B/iH+rSTSMxcYUzhqhLohuXmMhPApNJp9yBSmemaTsmhPAOujLqzufxBXwbC85CwbP6es9pcs8NpeDauO6XU1hZXVvfKG6WtrZ3dvfK+wctnWaKYZOlIlWdkGoUPMGm4UZgRyqkcSiwHY5uZn77EZXmaXJvxhL9mA4SHnFGjR21ZXB+JgMvKFfcqjsXWQYvhwrkagTlz14/ZVmMiWGCat31XGn8CVWGM4HTUi/TKCkb0QF2LSY0Ru1P5utOyUmUKmKGSObv39kJjbUex6HNxNQM9aI3G/7ndTMTXfkTnsjMYMJsxHpRJohJyaw16XOFzIixBcoUt1sSNqSKMmNvU7L1vcWyy9A6r3oX1dpdrVK/zg9RhCM4hlPw4BLqcAsNaAKDETzDG7w7D86T8+K8/kQLTv7nEP7I+fgGU1SMjg==</latexit>

p2/p1

<latexit sha1_base64="gsI+5/ohdZcAbeNpCahFQBsFTkM=">AAAB7nicbVC7TsNAEFzzDOEVoKSxiJCogh1FQBlBQxkk8pASKzpf1vEpZ5+5OyNFVn4DKgR0fAw/wN9wMS4gYZqd3ZmVdtZPOFPacb6sldW19Y3N0lZ5e2d3b79ycNhRIpUU21RwIXs+UchZjG3NNMdeIpFEPseuP7mZ691HlIqJ+F5PE/QiMo5ZwCjRZuQNZCiG7nle6sNK1ak5Oexl4hakCgVaw8rnYCRoGmGsKSdK9V0n0V5GpGaU46w8SBUmhE7IGPuGxiRC5WX50TP7NBDS1iHaef/bm5FIqWnkG09EdKgWtfnwP62f6uDKy1icpBpjaixGC1Jua2HPs9sjJpFqPjWEUMnMlTYNiSRUmw+VTXx3Mewy6dRr7kWtcdeoNq+LR5TgGE7gDFy4hCbcQgvaQOEBnuEN3q3EerJerNcf64pV7BzBH1gf3+DmjzQ=</latexit>

⇢1/⇢2<latexit sha1_base64="XoWlZtusfOssYBKVPwvkLH4zY34=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LSOSRwIT0NDXQoeeR7hoTQvgBXRl15yf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/Hd3G8/ojYyiR9okqIf8WEsQyk42VHD65crbtVdiK2Cl0MFctX75c/eIBFZhDEJxY3pem5K/pRrkkLhrNTLDKZcjPkQuxZjHqHxp4tFZ+wsTDSjEbLF+3d2yiNjJlFgMxGnkVn25sP/vG5G4Y0/lXGaEcbCRqwXZopRwuZ92UBqFKQmFrjQ0m7JxIhrLshepWTre8tlV6F1UfWuqpeNy0rtNj9EEU7gFM7Bg2uowT3UoQkCEJ7hDd6dgfPkvDivP9GCk/85hj9yPr4BdDWKUw==</latexit>

1

<latexit sha1_base64="XoWlZtusfOssYBKVPwvkLH4zY34=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LSOSRwIT0NDXQoeeR7hoTQvgBXRl15yf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/Hd3G8/ojYyiR9okqIf8WEsQyk42VHD65crbtVdiK2Cl0MFctX75c/eIBFZhDEJxY3pem5K/pRrkkLhrNTLDKZcjPkQuxZjHqHxp4tFZ+wsTDSjEbLF+3d2yiNjJlFgMxGnkVn25sP/vG5G4Y0/lXGaEcbCRqwXZopRwuZ92UBqFKQmFrjQ0m7JxIhrLshepWTre8tlV6F1UfWuqpeNy0rtNj9EEU7gFM7Bg2uowT3UoQkCEJ7hDd6dgfPkvDivP9GCk/85hj9yPr4BdDWKUw==</latexit>

1

Note that this slope corresponds 
to the isentropic relationship:

<latexit sha1_base64="nRmmAcoK8PTwpih9rr/JALXMMuY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkUtSNUHTjsoK9QBvKZHrSDJ1cmJkIJfQRdCXqzhfyBXwbJzULbf1X35z/Hzj/8RLBlbbtL6u0srq2vlHerGxt7+zuVfcPOipOJcM2i0Usex5VKHiEbc21wF4ikYaewK43uc397iNKxePoQU8TdEM6jrjPGdX5KLg+c4bVml235yLL4BRQg0KtYfVzMIpZGmKkmaBK9R070W5GpeZM4KwySBUmlE3oGPsGIxqicrP5rjNy4seS6ADJ/P07m9FQqWnomUxIdaAWvXz4n9dPtX/lZjxKUo0RMxHj+akgOiZ5ZTLiEpkWUwOUSW62JCygkjJtDlMx9Z3FssvQOa87F/XGfaPWvCkOUYYjOIZTcOASmnAHLWgDgwCe4Q3erbH1ZL1Yrz/RklX8OYQ/sj6+AR4ui0M=</latexit>

h = �1

<latexit sha1_base64="68Pt/f/AczcBSW+tBg5CA/dAq+I=">AAACBnicbVC9TsMwGHTKXyl/BUYWiwqJqUpQBYwVLF2QCqI/UhNVjvultWonwXaQqig7vAxMCNh4AF6At8EtGaDlpvPdWfru/JgzpW37yyosLa+srhXXSxubW9s75d29tooSSaFFIx7Jrk8UcBZCSzPNoRtLIMLn0PHHl1O/cw9SsSi81ZMYPEGGIQsYJdpI/XLF9UGTfupKgW+uMlcxAXf4t9jITMqu2jPgReLkpIJyNPvlT3cQ0URAqCknSvUcO9ZeSqRmlENWchMFMaFjMoSeoSERoLx0VibDR0EksR4Bnr1/Z1MilJoI32QE0SM1703F/7xeooNzL2VhnGgIqYkYL0g41hGeboIHTALVfGIIoZKZKzEdEUmoNsuVTH1nvuwiaZ9UndNq7bpWqV/kQxTRATpEx8hBZ6iOGqiJWoiiR/SM3tC79WA9WS/W60+0YOV/9tEfWB/fFCGYzw==</latexit>

�RM ' �RH

<latexit sha1_base64="BhxCoNXWNp6eKuC1wb1JFsDRbw4=">AAACDXicbZDLSsNAGIUn9VbrLerSzWARxEVJSlE3QtGNywr2Ak0Mk+kkHTqThJmJUGKeQV9GV6Lu3PgCvo3TGkFb/9U3/zkD/zl+wqhUlvVplBYWl5ZXyquVtfWNzS1ze6cj41Rg0sYxi0XPR5IwGpG2ooqRXiII4j4jXX90MdG7t0RIGkfXapwQl6MwogHFSOmVZx45gUA4cwTPBjlM8h9yxDDOHZ+G4Z1nnyHPvql7ZtWqWdOB82AXUAXFtDzzwxnEOOUkUpghKfu2lSg3Q0JRzEhecVJJEoRHKCR9jRHiRLrZNFMOD4JYQDUkcPr+7c0Ql3LMfe3hSA3lrDZZ/qf1UxWcuhmNklSRCGuL1oKUQRXDSTVwQAXBio01ICyovhLiIdL1KF1gRce3Z8POQ6des49rjatGtXleFFEGe2AfHAIbnIAmuAQt0AYYPIAn8ArejHvj0Xg2Xr6tJaP4swv+jPH+BQ83nBc=</latexit>

dp

d⇢

����
1

= a21

<latexit sha1_base64="DNSCBBYqiuwmguMLN33dAqqrbLs="></latexit>

tan�RM ' tan�RM =
⇢1a21
p1
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What is the DK instability? 

<latexit sha1_base64="iz4rPh4iF1/9Mwa+QLgyvqVcCFA=">AAAB6HicbZDNTgIxFIXv4B/iH+rSTSMxcYUzhqhLohuXmMhPApNJp9yBSmemaTsmhPAOujLqzufxBXwbC85CwbP6es9pcs8NpeDauO6XU1hZXVvfKG6WtrZ3dvfK+wctnWaKYZOlIlWdkGoUPMGm4UZgRyqkcSiwHY5uZn77EZXmaXJvxhL9mA4SHnFGjR21ZXB+JgMvKFfcqjsXWQYvhwrkagTlz14/ZVmMiWGCat31XGn8CVWGM4HTUi/TKCkb0QF2LSY0Ru1P5utOyUmUKmKGSObv39kJjbUex6HNxNQM9aI3G/7ndTMTXfkTnsjMYMJsxHpRJohJyaw16XOFzIixBcoUt1sSNqSKMmNvU7L1vcWyy9A6r3oX1dpdrVK/zg9RhCM4hlPw4BLqcAsNaAKDETzDG7w7D86T8+K8/kQLTv7nEP7I+fgGU1SMjg==</latexit>

p2/p1

<latexit sha1_base64="gsI+5/ohdZcAbeNpCahFQBsFTkM=">AAAB7nicbVC7TsNAEFzzDOEVoKSxiJCogh1FQBlBQxkk8pASKzpf1vEpZ5+5OyNFVn4DKgR0fAw/wN9wMS4gYZqd3ZmVdtZPOFPacb6sldW19Y3N0lZ5e2d3b79ycNhRIpUU21RwIXs+UchZjG3NNMdeIpFEPseuP7mZ691HlIqJ+F5PE/QiMo5ZwCjRZuQNZCiG7nle6sNK1ak5Oexl4hakCgVaw8rnYCRoGmGsKSdK9V0n0V5GpGaU46w8SBUmhE7IGPuGxiRC5WX50TP7NBDS1iHaef/bm5FIqWnkG09EdKgWtfnwP62f6uDKy1icpBpjaixGC1Jua2HPs9sjJpFqPjWEUMnMlTYNiSRUmw+VTXx3Mewy6dRr7kWtcdeoNq+LR5TgGE7gDFy4hCbcQgvaQOEBnuEN3q3EerJerNcf64pV7BzBH1gf3+DmjzQ=</latexit>

⇢1/⇢2<latexit sha1_base64="XoWlZtusfOssYBKVPwvkLH4zY34=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LSOSRwIT0NDXQoeeR7hoTQvgBXRl15yf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/Hd3G8/ojYyiR9okqIf8WEsQyk42VHD65crbtVdiK2Cl0MFctX75c/eIBFZhDEJxY3pem5K/pRrkkLhrNTLDKZcjPkQuxZjHqHxp4tFZ+wsTDSjEbLF+3d2yiNjJlFgMxGnkVn25sP/vG5G4Y0/lXGaEcbCRqwXZopRwuZ92UBqFKQmFrjQ0m7JxIhrLshepWTre8tlV6F1UfWuqpeNy0rtNj9EEU7gFM7Bg2uowT3UoQkCEJ7hDd6dgfPkvDivP9GCk/85hj9yPr4BdDWKUw==</latexit>

1

<latexit sha1_base64="XoWlZtusfOssYBKVPwvkLH4zY34=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LSOSRwIT0NDXQoeeR7hoTQvgBXRl15yf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/Hd3G8/ojYyiR9okqIf8WEsQyk42VHD65crbtVdiK2Cl0MFctX75c/eIBFZhDEJxY3pem5K/pRrkkLhrNTLDKZcjPkQuxZjHqHxp4tFZ+wsTDSjEbLF+3d2yiNjJlFgMxGnkVn25sP/vG5G4Y0/lXGaEcbCRqwXZopRwuZ92UBqFKQmFrjQ0m7JxIhrLshepWTre8tlV6F1UfWuqpeNy0rtNj9EEU7gFM7Bg2uowT3UoQkCEJ7hDd6dgfPkvDivP9GCk/85hj9yPr4BdDWKUw==</latexit>

1

<latexit sha1_base64="0HqTSimFH4NrcSyIBQO4O8MKbPA=">AAAB73icbZDLSsNAFIYn9VbrrerSzWARXJVEirosunEjVLEXaGKZTE/aoZOLMydCCX0OXYm68118Ad/Gac1CW//VN+f/B85//EQKjbb9ZRWWlldW14rrpY3Nre2d8u5eS8ep4tDksYxVx2capIigiQIldBIFLPQltP3R5dRvP4LSIo7ucJyAF7JBJALBGZrRvesDsl7mqpDeXk965YpdtWeii+DkUCG5Gr3yp9uPeRpChFwyrbuOnaCXMYWCS5iU3FRDwviIDaBrMGIhaC+bbT2hR0GsKA6Bzt6/sxkLtR6HvsmEDId63psO//O6KQbnXiaiJEWIuIkYL0glxZhOy9O+UMBRjg0wroTZkvIhU4yjOVHJ1Hfmyy5C66TqnFZrN7VK/SI/RJEckENyTBxyRurkijRIk3CiyDN5I+/Wg/VkvVivP9GClf/ZJ39kfXwDEcWP7Q==</latexit>

�RM

<latexit sha1_base64="u7FOs99lyPXtH2rdhtjWnjR1zH8=">AAAB73icbZDLTsJAFIZP8YZ4Q126mUhMXJHWEHVJdMMSjVwSWsl0OIUJ04szUxPS8By6MurOd/EFfBsH7ELBf/XN+f9Jzn/8RHClbfvLKqysrq1vFDdLW9s7u3vl/YO2ilPJsMViEcuuTxUKHmFLcy2wm0ikoS+w44+vZ37nEaXicXSnJwl6IR1GPOCMajO6d33UtJ+5MiS3jWm/XLGr9lxkGZwcKpCr2S9/uoOYpSFGmgmqVM+xE+1lVGrOBE5LbqowoWxMh9gzGNEQlZfNt56SkyCWRI+QzN+/sxkNlZqEvsmEVI/Uojcb/uf1Uh1cehmPklRjxEzEeEEqiI7JrDwZcIlMi4kByiQ3WxI2opIybU5UMvWdxbLL0D6rOufV2k2tUr/KD1GEIziGU3DgAurQgCa0gIGEZ3iDd+vBerJerNefaMHK/xzCH1kf3wpKj+g=</latexit>

�RH

When the RH curve exhibits a 
turning point,                        ,

the DH parameter turns positive:

<latexit sha1_base64="Q3McV5rox/f/9fs4oEi8wTyl05M=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuCqJFHUlRTcuK9oLtKFMpifN0MmFmYlQQt9AV6LufCJfwLdxWrPQ1n/1zfn/gfMfPxVcacf5skorq2vrG+XNytb2zu6evX/QVkkmGbZYIhLZ9alCwWNsaa4FdlOJNPIFdvzxzczvPKJUPIkf9CRFL6KjmAecUW1G9+GVM7CrTs2ZiyyDW0AVCjUH9md/mLAswlgzQZXquU6qvZxKzZnAaaWfKUwpG9MR9gzGNELl5fNVp+QkSCTRIZL5+3c2p5FSk8g3mYjqUC16s+F/Xi/TwaWX8zjNNMbMRIwXZILohMwakyGXyLSYGKBMcrMlYSGVlGlzl4qp7y6WXYb2Wc09r9Xv6tXGdXGIMhzBMZyCCxfQgFtoQgsYjOAZ3uDdCqwn68V6/YmWrOLPIfyR9fENtUaLDA==</latexit>

h > 0

<latexit sha1_base64="mQ1YsFa6tuXwUD6E/7ddzOQPekM=">AAAB+HicbZC7TsMwFIYdrqXcAoiJxaJCYqoSVAEDQwVLx4LoRWqiyHFPW6vORfYJUon6LjAhYOM5eAHeBrd0gJZ/+nz+39I5f5hKodFxvqyl5ZXVtfXCRnFza3tn197bb+okUxwaPJGJaodMgxQxNFCghHaqgEWhhFY4vJn4rQdQWiTxPY5S8CPWj0VPcIZmFNiHHrLYCwFZkHsqone1Mb1yArvklJ2p6CK4MyiRmeqB/el1E55FECOXTOuO66To50yh4BLGRS/TkDI+ZH3oGIxZBNrPp+uP6UkvURQHQKfv39mcRVqPotBkIoYDPe9Nhv95nQx7l34u4jRDiLmJGK+XSYoJnbRAu0IBRzkywLgSZkvKB0wxjqarojnfnT92EZpnZfe8XLmtlKrXsyIK5Igck1PikgtSJTVSJw3CSU6eyRt5tx6tJ+vFev2JLlmzPwfkj6yPb++Lkoo=</latexit>

tan�RH < 0

The DK parameter for very strong shocks is harder to model.

How does      affect the shock dynamics?
<latexit sha1_base64="Q3McV5rox/f/9fs4oEi8wTyl05M=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuCqJFHUlRTcuK9oLtKFMpifN0MmFmYlQQt9AV6LufCJfwLdxWrPQ1n/1zfn/gfMfPxVcacf5skorq2vrG+XNytb2zu6evX/QVkkmGbZYIhLZ9alCwWNsaa4FdlOJNPIFdvzxzczvPKJUPIkf9CRFL6KjmAecUW1G9+GVM7CrTs2ZiyyDW0AVCjUH9md/mLAswlgzQZXquU6qvZxKzZnAaaWfKUwpG9MR9gzGNELl5fNVp+QkSCTRIZL5+3c2p5FSk8g3mYjqUC16s+F/Xi/TwaWX8zjNNMbMRIwXZILohMwakyGXyLSYGKBMcrMlYSGVlGlzl4qp7y6WXYb2Wc09r9Xv6tXGdXGIMhzBMZyCCxfQgFtoQgsYjOAZ3uDdCqwn68V6/YmWrOLPIfyR9fENtUaLDA==</latexit>

h > 0
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What is the DK instability? 

<latexit sha1_base64="gsI+5/ohdZcAbeNpCahFQBsFTkM=">AAAB7nicbVC7TsNAEFzzDOEVoKSxiJCogh1FQBlBQxkk8pASKzpf1vEpZ5+5OyNFVn4DKgR0fAw/wN9wMS4gYZqd3ZmVdtZPOFPacb6sldW19Y3N0lZ5e2d3b79ycNhRIpUU21RwIXs+UchZjG3NNMdeIpFEPseuP7mZ691HlIqJ+F5PE/QiMo5ZwCjRZuQNZCiG7nle6sNK1ak5Oexl4hakCgVaw8rnYCRoGmGsKSdK9V0n0V5GpGaU46w8SBUmhE7IGPuGxiRC5WX50TP7NBDS1iHaef/bm5FIqWnkG09EdKgWtfnwP62f6uDKy1icpBpjaixGC1Jua2HPs9sjJpFqPjWEUMnMlTYNiSRUmw+VTXx3Mewy6dRr7kWtcdeoNq+LR5TgGE7gDFy4hCbcQgvaQOEBnuEN3q3EerJerNcf64pV7BzBH1gf3+DmjzQ=</latexit>

⇢1/⇢2

<latexit sha1_base64="iz4rPh4iF1/9Mwa+QLgyvqVcCFA=">AAAB6HicbZDNTgIxFIXv4B/iH+rSTSMxcYUzhqhLohuXmMhPApNJp9yBSmemaTsmhPAOujLqzufxBXwbC85CwbP6es9pcs8NpeDauO6XU1hZXVvfKG6WtrZ3dvfK+wctnWaKYZOlIlWdkGoUPMGm4UZgRyqkcSiwHY5uZn77EZXmaXJvxhL9mA4SHnFGjR21ZXB+JgMvKFfcqjsXWQYvhwrkagTlz14/ZVmMiWGCat31XGn8CVWGM4HTUi/TKCkb0QF2LSY0Ru1P5utOyUmUKmKGSObv39kJjbUex6HNxNQM9aI3G/7ndTMTXfkTnsjMYMJsxHpRJohJyaw16XOFzIixBcoUt1sSNqSKMmNvU7L1vcWyy9A6r3oX1dpdrVK/zg9RhCM4hlPw4BLqcAsNaAKDETzDG7w7D86T8+K8/kQLTv7nEP7I+fgGU1SMjg==</latexit>

p2/p1

<latexit sha1_base64="gsI+5/ohdZcAbeNpCahFQBsFTkM=">AAAB7nicbVC7TsNAEFzzDOEVoKSxiJCogh1FQBlBQxkk8pASKzpf1vEpZ5+5OyNFVn4DKgR0fAw/wN9wMS4gYZqd3ZmVdtZPOFPacb6sldW19Y3N0lZ5e2d3b79ycNhRIpUU21RwIXs+UchZjG3NNMdeIpFEPseuP7mZ691HlIqJ+F5PE/QiMo5ZwCjRZuQNZCiG7nle6sNK1ak5Oexl4hakCgVaw8rnYCRoGmGsKSdK9V0n0V5GpGaU46w8SBUmhE7IGPuGxiRC5WX50TP7NBDS1iHaef/bm5FIqWnkG09EdKgWtfnwP62f6uDKy1icpBpjaixGC1Jua2HPs9sjJpFqPjWEUMnMlTYNiSRUmw+VTXx3Mewy6dRr7kWtcdeoNq+LR5TgGE7gDFy4hCbcQgvaQOEBnuEN3q3EerJerNcf64pV7BzBH1gf3+DmjzQ=</latexit>

⇢1/⇢2

<latexit sha1_base64="iz4rPh4iF1/9Mwa+QLgyvqVcCFA=">AAAB6HicbZDNTgIxFIXv4B/iH+rSTSMxcYUzhqhLohuXmMhPApNJp9yBSmemaTsmhPAOujLqzufxBXwbC85CwbP6es9pcs8NpeDauO6XU1hZXVvfKG6WtrZ3dvfK+wctnWaKYZOlIlWdkGoUPMGm4UZgRyqkcSiwHY5uZn77EZXmaXJvxhL9mA4SHnFGjR21ZXB+JgMvKFfcqjsXWQYvhwrkagTlz14/ZVmMiWGCat31XGn8CVWGM4HTUi/TKCkb0QF2LSY0Ru1P5utOyUmUKmKGSObv39kJjbUex6HNxNQM9aI3G/7ndTMTXfkTnsjMYMJsxHpRJohJyaw16XOFzIixBcoUt1sSNqSKMmNvU7L1vcWyy9A6r3oX1dpdrVK/zg9RhCM4hlPw4BLqcAsNaAKDETzDG7w7D86T8+K8/kQLTv7nEP7I+fgGU1SMjg==</latexit>

p2/p1

The DK parameter for strong shocks 

is harder to model.


Effects like molecular dissociation,  
ionization, and radiation may shape

the RH curve to exhibit a reversion. 


Example of RH curves for different 

diatomic gases

C.Huete et al., Physics of Fluids 33 (8), 086111
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where        is the post-shock Mach number,  
and      is the shock density compression.


<latexit sha1_base64="5PfV7cBLH9G4mewOkPsz0HMdVAQ=">AAAB4nicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuqy6MZlC/YH2lAm05tm6GQSZiZCCX0BXYm685F8Ad/Gac1CW8/qm3vOwD03SAXXxnW/nNLa+sbmVnm7srO7t39QPTzq6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByN/e7j6g0T+SDmabox3QsecgZNXbUiobVmlt3FyKr4BVQg0LNYfVzMEpYFqM0TFCt+56bGj+nynAmcFYZZBpTyiZ0jH2Lksao/Xyx6IychYkiJkKyeP/O5jTWehoHNhNTE+llbz78z+tnJrzxcy7TzKBkNmK9MBPEJGTel4y4QmbE1AJlitstCYuooszYq1RsfW+57Cp0LureVf2ydVlr3BaHKMMJnMI5eHANDbiHJrSBAcIzvMG7M3KenBfn9Sdacoo/x/BHzsc3xkeKig==</latexit>

h
<latexit sha1_base64="pExVKdPI6gBtmLtzjDC7GaR6mTs=">AAAB43icbZDLTgIxFIZP8YZ4Q126aSQmbiQzhqhLohuXaOSSwIR0yhlo6FzSdkzIhCfQlVF3vpEv4NtYcBYK/quv5/+bnP/4iRTaOM4XKaysrq1vFDdLW9s7u3vl/YOWjlPFscljGauOzzRKEWHTCCOxkyhkoS+x7Y9vZn77EZUWcfRgJgl6IRtGIhCcGTu6P3P75YpTdeaiy+DmUIFcjX75szeIeRpiZLhkWnddJzFexpQRXOK01Es1JoyP2RC7FiMWovay+aZTehLEipoR0vn7dzZjodaT0LeZkJmRXvRmw/+8bmqCKy8TUZIajLiNWC9IJTUxnRWmA6GQGzmxwLgSdkvKR0wxbuxZSra+u1h2GVrnVfeiWrurVerX+SGKcATHcAouXEIdbqEBTeAQwDO8wTtB8kReyOtPtEDyP4fwR+TjG9xmioo=</latexit>�1

<latexit sha1_base64="eUqPVdCs1xkUI6pDsWtq0x9JKaw=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiCEJJSlGXRTduhAr2Am0ok+lJO3ZyYWYilNB30JWoO5/HF/BtnNQstPVffXP+f+D8x4sFV9q2v6zCyura+kZxs7S1vbO7V94/aKsokQxbLBKR7HpUoeAhtjTXAruxRBp4Ajve5DrzO48oFY/Cez2N0Q3oKOQ+Z1SbUcc5q5FbUhuUK3bVnossg5NDBXI1B+XP/jBiSYChZoIq1XPsWLsplZozgbNSP1EYUzahI+wZDGmAyk3n687IiR9JosdI5u/f2ZQGSk0Dz2QCqsdq0cuG/3m9RPuXbsrDONEYMhMxnp8IoiOStSZDLpFpMTVAmeRmS8LGVFKmzW1Kpr6zWHYZ2rWqc16t39Urjav8EEU4gmM4BQcuoAE30IQWMJjAM7zBu/VgPVkv1utPtGDlfw7hj6yPb/1Mi6s=</latexit>

1 + 2M2
<latexit sha1_base64="XoWlZtusfOssYBKVPwvkLH4zY34=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LSOSRwIT0NDXQoeeR7hoTQvgBXRl15yf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/Hd3G8/ojYyiR9okqIf8WEsQyk42VHD65crbtVdiK2Cl0MFctX75c/eIBFZhDEJxY3pem5K/pRrkkLhrNTLDKZcjPkQuxZjHqHxp4tFZ+wsTDSjEbLF+3d2yiNjJlFgMxGnkVn25sP/vG5G4Y0/lXGaEcbCRqwXZopRwuZ92UBqFKQmFrjQ0m7JxIhrLshepWTre8tlV6F1UfWuqpeNy0rtNj9EEU7gFM7Bg2uowT3UoQkCEJ7hDd6dgfPkvDivP9GCk/85hj9yPr4BdDWKUw==</latexit>

1
<latexit sha1_base64="/w+MQdLcY5f2W9J979m8AdEYNog=">AAAB5HicbZC9TsMwFIVvyl8pfwVGFosKialKEALGChbGIuiP1EaV4940Vu0ksh2kKuobwISAjSfiBXgb3JIBWs70+Z5j6Z4bpIJr47pfTmlldW19o7xZ2dre2d2r7h+0dZIphi2WiER1A6pR8BhbhhuB3VQhlYHATjC+mfmdR1SaJ/GDmaToSzqKecgZNXZ0Hw3YoFpz6+5cZBm8AmpQqDmofvaHCcskxoYJqnXPc1Pj51QZzgROK/1MY0rZmI6wZzGmErWfz1edkpMwUcRESObv39mcSq0nMrAZSU2kF73Z8D+vl5nwys95nGYGY2Yj1gszQUxCZo3JkCtkRkwsUKa43ZKwiCrKjL1Lxdb3FssuQ/us7l3Uz+/Oa43r4hBlOIJjOAUPLqEBt9CEFjAYwTO8wbsTOk/Oi/P6Ey05xZ9D+CPn4xsyzotg</latexit>

hc

[1] L. D. Landau and E. M. Lifshitz, Fluid Mechanics (Pergamon Press, 1987). 

<latexit sha1_base64="TlESCJAyRPDIIzjqi4JXbvG8DQA=">AAAB5HicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaQtQl0Y0bE4wiJNCQ6XALE6adZmZqQhreQFdG3flEvoBv44BdKHhW39xzJrnnBong2rjul1NYWV1b3yhulra2d3b3yvsHD1qmimGLSSFVJ6AaBY+xZbgR2EkU0igQ2A7GVzO//YhKcxnfm0mCfkSHMQ85o8aO7m76tX654lbducgyeDlUIFezX/7sDSRLI4wNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdiTCPUfjZfdUpOQqmIGSGZv39nMxppPYkCm4moGelFbzb8z+umJrzwMx4nqcGY2Yj1wlQQI8msMRlwhcyIiQXKFLdbEjaiijJj71Ky9b3FssvwUKt6Z9X6bb3SuMwPUYQjOIZT8OAcGnANTWgBgyE8wxu8O6Hz5Lw4rz/RgpP/OYQ/cj6+AcEhixQ=</latexit>

M2
<latexit sha1_base64="YxFpvY/Ba1VsvDQg4PkeDLK6tpo=">AAAB4nicbZDNTgIxFIXv4B/iH+rSTSMxcUVmDFGXRDcuwchPAhPSKXegoTOdtB0TMuEFdGXUnY/kC/g2FpyFgmf19Z7T5J4bJIJr47pfTmFtfWNzq7hd2tnd2z8oHx61tUwVwxaTQqpuQDUKHmPLcCOwmyikUSCwE0xu537nEZXmMn4w0wT9iI5iHnJGjR017wflilt1FyKr4OVQgVyNQfmzP5QsjTA2TFCte56bGD+jynAmcFbqpxoTyiZ0hD2LMY1Q+9li0Rk5C6UiZoxk8f6dzWik9TQKbCaiZqyXvfnwP6+XmvDaz3icpAZjZiPWC1NBjCTzvmTIFTIjphYoU9xuSdiYKsqMvUrJ1veWy65C+6LqXVZrzVqlfpMfoggncArn4MEV1OEOGtACBgjP8AbvztB5cl6c159owcn/HMMfOR/fpXOKdA==</latexit>

R

its critical value is  

<latexit sha1_base64="TRnbYw9X7b/afpCF2f5lgOuJmZI=">AAAB6nicbZDNTgIxFIU7/iL+oS7dNBIT3JAZQ9Ql0Y1LTOTHwIR0yh1oaGcm7R0TMuEldGXUnY/jC/g2FpyFgmf19Z7T5J4bJFIYdN0vZ2V1bX1js7BV3N7Z3dsvHRy2TJxqDk0ey1h3AmZAigiaKFBCJ9HAVCChHYxvZn77EbQRcXSPkwR8xYaRCAVnaEcPvcSIvqngWb9UdqvuXHQZvBzKJFejX/rsDWKeKoiQS2ZM13MT9DOmUXAJ02IvNZAwPmZD6FqMmALjZ/OFp/Q0jDXFEdD5+3c2Y8qYiQpsRjEcmUVvNvzP66YYXvmZiJIUIeI2Yr0wlRRjOutNB0IDRzmxwLgWdkvKR0wzjvY6RVvfWyy7DK3zqndRrd3VyvXr/BAFckxOSIV45JLUyS1pkCbhRJFn8kbeHek8OS/O6090xcn/HJE/cj6+ATjjjbE=</latexit>
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Unstable, 
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waves
 Super-stable, like  

ideal gas EoS 
Neutrally stable, non-decaying oscillations 
of the shock ripples, spontaneous acoustic 
emission (SAE) downstream
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Normal-mode stability analysis of an isolated planar shock  
front expressed stability conditions via the DK parameter
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What is the DK instability? 
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What is the DK instability? 

Schlieren images of stable 
blast waves in a low-density 
nitrogen produced by Jacob 
Grun with the PHAROS laser 
at NRL.


laser

Shock fronts in ideal gases are super-stable, much smoother than the flows 
driving them.

shock
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Examples in non-magnetized materials

With the development of realistic wide-range 
EoS models, many examples have been found 
theoretically, starting from Aleksey Bushman’s 
1976 work on copper, including:


–water (Kuznetsov and Davydova, 1988)

–shock-ionized inert gases (Mond et al., 1994, 1997)

–magnesium (Lomonosov et al., 2000; Konyukhov et al., 
2009)

–van der Waals fluid (Bates and Montgomery, 2000)

–metals at Gbar-Tbar shock pressures (Das et al. 2011; Wetta 
et al., 2018)

–shocked materials undergoing exothermic reactions (Huete 
et al., 2019, 2020)

What can be expected with a B field?

1.
2 

cm

– Gardner and Kruskal, Phys. Fluids (1964):


Shock is stable to exponentially unstable perturbations                  
in an ideal gas if  < 3.              


- Trakhinin, Comm. Math Physics (2003) 

γ

Figure from 
Rahman et al. 2019

Theoretical efforts:
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Let's address the simplest case first, where magnetic field does not bend

Ideal MHD equations



A. Calvo-Rivera

F. García-Rubio

C. Huete (speaker)

A. L. Velikovich

• UNIV. POLITÉCNICA DE MADRID • 
• NOVEMBER 18TH, 2022 • 

COMPRESSIBLE FLOWS WITH APPLICATION TO HYPERSONICS AND HEDP

Let's address the simplest case first, where magnetic field does not bend

only fast magnetosonic  
waves exist

where 
p*2 = p2 + B2

2 /(8π)

that includes the redefined  
DK parameter

and
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Let's address the simplest case first, where magnetic field does not bend

<latexit sha1_base64="gsI+5/ohdZcAbeNpCahFQBsFTkM=">AAAB7nicbVC7TsNAEFzzDOEVoKSxiJCogh1FQBlBQxkk8pASKzpf1vEpZ5+5OyNFVn4DKgR0fAw/wN9wMS4gYZqd3ZmVdtZPOFPacb6sldW19Y3N0lZ5e2d3b79ycNhRIpUU21RwIXs+UchZjG3NNMdeIpFEPseuP7mZ691HlIqJ+F5PE/QiMo5ZwCjRZuQNZCiG7nle6sNK1ak5Oexl4hakCgVaw8rnYCRoGmGsKSdK9V0n0V5GpGaU46w8SBUmhE7IGPuGxiRC5WX50TP7NBDS1iHaef/bm5FIqWnkG09EdKgWtfnwP62f6uDKy1icpBpjaixGC1Jua2HPs9sjJpFqPjWEUMnMlTYNiSRUmw+VTXx3Mewy6dRr7kWtcdeoNq+LR5TgGE7gDFy4hCbcQgvaQOEBnuEN3q3EerJerNcf64pV7BzBH1gf3+DmjzQ=</latexit>

⇢1/⇢2

<latexit sha1_base64="iz4rPh4iF1/9Mwa+QLgyvqVcCFA=">AAAB6HicbZDNTgIxFIXv4B/iH+rSTSMxcYUzhqhLohuXmMhPApNJp9yBSmemaTsmhPAOujLqzufxBXwbC85CwbP6es9pcs8NpeDauO6XU1hZXVvfKG6WtrZ3dvfK+wctnWaKYZOlIlWdkGoUPMGm4UZgRyqkcSiwHY5uZn77EZXmaXJvxhL9mA4SHnFGjR21ZXB+JgMvKFfcqjsXWQYvhwrkagTlz14/ZVmMiWGCat31XGn8CVWGM4HTUi/TKCkb0QF2LSY0Ru1P5utOyUmUKmKGSObv39kJjbUex6HNxNQM9aI3G/7ndTMTXfkTnsjMYMJsxHpRJohJyaw16XOFzIixBcoUt1sSNqSKMmNvU7L1vcWyy9A6r3oX1dpdrVK/zg9RhCM4hlPw4BLqcAsNaAKDETzDG7w7D86T8+K8/kQLTv7nEP7I+fgGU1SMjg==</latexit>

p2/p1

Apparently, the influence of the magnetic field, 
assessed by the parameter                        , is little.

But a closer look has to be made on               ! 
<latexit sha1_base64="lG9B/Tn4NIeB3x8HSEkE29WdhcQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69BIsggiWRoh6LXjxWsB/SxrLZTpqlu0nY3Qgl9E/oSdSbP8c/4L9xW3PQ1gcDb+a9gXnjJ5wp7ThfVmFpeWV1rbhe2tjc2t4p7+61VJxKik0a81h2fKKQswibmmmOnUQiET7Htj+6nurtR5SKxdGdHifoCTKMWMAo0WZ0Hz6cnJrq03654lSdGexF4uakAjka/fJnbxDTVGCkKSdKdV0n0V5GpGaU46TUSxUmhI7IELuGRkSg8rLZwRP7KIilrUO0Z/1vb0aEUmPhG48gOlTz2nT4n9ZNdXDpZSxKUo0RNRajBSm3dWxPc9sDJpFqPjaEUMnMlTYNiSRUm++UTHx3PuwiaZ1V3fNq7bZWqV/ljyjCARzCMbhwAXW4gQY0gYKAZ3iDd4tbT9aL9fpjLVj5zj78gfXxDY6IjUE=</latexit>

h⇤ � h⇤
c

where the critical parameter must be redefined with 
the fast magnetosonic post-shock Mach number
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h*c =
1 − M2

F2 (R + 1)
1 − M2

F2 (R − 1)
R =

ρ2

ρ1



A. Calvo-Rivera

F. García-Rubio

C. Huete (speaker)

A. L. Velikovich

• UNIV. POLITÉCNICA DE MADRID • 
• NOVEMBER 18TH, 2022 • 

COMPRESSIBLE FLOWS WITH APPLICATION TO HYPERSONICS AND HEDP

For an ideal gas

<latexit sha1_base64="gsI+5/ohdZcAbeNpCahFQBsFTkM=">AAAB7nicbVC7TsNAEFzzDOEVoKSxiJCogh1FQBlBQxkk8pASKzpf1vEpZ5+5OyNFVn4DKgR0fAw/wN9wMS4gYZqd3ZmVdtZPOFPacb6sldW19Y3N0lZ5e2d3b79ycNhRIpUU21RwIXs+UchZjG3NNMdeIpFEPseuP7mZ691HlIqJ+F5PE/QiMo5ZwCjRZuQNZCiG7nle6sNK1ak5Oexl4hakCgVaw8rnYCRoGmGsKSdK9V0n0V5GpGaU46w8SBUmhE7IGPuGxiRC5WX50TP7NBDS1iHaef/bm5FIqWnkG09EdKgWtfnwP62f6uDKy1icpBpjaixGC1Jua2HPs9sjJpFqPjWEUMnMlTYNiSRUmw+VTXx3Mewy6dRr7kWtcdeoNq+LR5TgGE7gDFy4hCbcQgvaQOEBnuEN3q3EerJerNcf64pV7BzBH1gf3+DmjzQ=</latexit>

⇢1/⇢2

<latexit sha1_base64="+8ZV72af18hKiG3FwoNBYkO4duY=">AAAB7nicbZDLTsJAFIZP8YZ4Q126mUhM3EhaQ9Ql0Y1LNHJJoJLpcAoTphdnpiak6Wvoyqg7H8YX8G0csAsF/9U35/8nOf/xYsGVtu0vq7C0vLK6VlwvbWxube+Ud/daKkokwyaLRCQ7HlUoeIhNzbXATiyRBp7Atje+mvrtR5SKR+GdnsToBnQYcp8zqs3ITXuMCnKb3acnTtYvV+yqPRNZBCeHCuRq9MufvUHEkgBDzQRVquvYsXZTKjVnArNSL1EYUzamQ+waDGmAyk1nS2fkyI8k0SMks/fvbEoDpSaBZzIB1SM1702H/3ndRPsXbsrDONEYMhMxnp8IoiMy7U4GXCLTYmKAMsnNloSNqKRMmwuVTH1nvuwitE6rzlm1dlOr1C/zQxThAA7hGBw4hzpcQwOawOABnuEN3q3YerJerNefaMHK/+zDH1kf3/k3j0Q=</latexit>
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<latexit sha1_base64="lCiJuCL27r3/M2xexfodSApQgi8=">AAAB6XicbZDNSgMxFIXv1L9a/6ou3QSL4KrMlKJuhKIblxXsD7RDyaR32tBkZkgyQhn6ELoSdefr+AK+jWmdhbae1Zd7TuCeGySCa+O6X05hbX1jc6u4XdrZ3ds/KB8etXWcKoYtFotYdQOqUfAIW4Ybgd1EIZWBwE4wuZ37nUdUmsfRg5km6Es6injIGTV21O2PqJT0ujYoV9yquxBZBS+HCuRqDsqf/WHMUomRYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZjKhE7WeLfWfkLIwVMWMki/fvbEal1lMZ2IykZqyXvfnwP6+XmvDKz3iUpAYjZiPWC1NBTEzmtcmQK2RGTC1QprjdkrAxVZQZe5ySre8tl12Fdq3qXVTr9/VK4yY/RBFO4BTOwYNLaMAdNKEFDAQ8wxu8OxPnyXlxXn+iBSf/cwx/5Hx8A2fPjTY=</latexit>
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<latexit sha1_base64="8Pm6GUI1bzFpb6mVDmSxTKHLCSU=">AAAB63icbZDNTgIxFIXv+Iv4h7p0M5GYuMIZQsSNCdGNS0zkJwIhnXIHGtrOpO2YkAlPoSuj7nwbX8C3seAsFDyrr/ecJvfcIOZMG8/7clZW19Y3NnNb+e2d3b39wsFhU0eJotigEY9UOyAaOZPYMMxwbMcKiQg4toLxzcxvPaLSLJL3ZhJjT5ChZCGjxNjRQ3dIhCBX1fNyv1D0St5c7jL4GRQhU71f+OwOIpoIlIZyonXH92LTS4kyjHKc5ruJxpjQMRlix6IkAnUvnW88dU/DSLlmhO78/TubEqH1RAQ2I4gZ6UVvNvzP6yQmvOylTMaJQUltxHphwl0TubPi7oAppIZPLBCqmN3SpSOiCDX2PHlb318suwzNcsm/KFXuKsXadXaIHBzDCZyBD1WowS3UoQEUJDzDG7w7wnlyXpzXn+iKk/05gj9yPr4BT8GNsA==</latexit>
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<latexit sha1_base64="dk4wQTHyPO6/2MASF/R6zGiMp20=">AAAB8nicbVDLTgJBEJzFF+ID1KOXicTEE9k1RD0SvXjERB4JbMjs0AsTd mc3Mz1GsuFH9GTUm5/iD/g3DrgHBetU3VXd6eogjYRG1/1yCmvrG5tbxe3Szu7efrlycNjWiVEcWjyJEtUNmIZISGihwAi6qQIWBxF0gsnNXO88gNIikfc4TcGP2UiKUHCGtjWolPsIj5gZqZHZmdmgUnVr7gJ0lXg5qZIczUHlsz9MuIlBIo+Y1j3PTdHPmELB7b5S32hIGZ+wEfQslSwG7WeLw2f0NEwUxTHQRf3bm7FY62kcWE/McKyXtXnzP61nMLzyMyFTgyC5tVgtNBHFhM7z06FQwDGaWsK4EvZKysdMMY72SyUb31sOu0ra5zXvola/q1cb1/kjiuSYnJAz4pFL0iC3pElahBNDnskbeXfQeXJenNcfa8HJZ47IHzgf33pkkVY=</latexit>
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<latexit sha1_base64="+M5TOzsJnsUC5sFXN7JM5YWr3C0=">AAAB6nicbZDNTsJAFIVv8Q/xD3XpppGYGBJJa4i6JLpxiYn8GChkOlzohJm2mZmakIaX0JVRdz6OL+DbOGAXCp7VN/ecSe65fsyZ0o7zZeVWVtfWN/Kbha3tnd294v5BU0WJpNigEY9k2ycKOQuxoZnm2I4lEuFzbPnjm5nfekSpWBTe60mMniCjkA0ZJdqMHoJe+Szo0165Xyw5FWcuexncDEqQqd4vfnYHEU0EhppyolTHdWLtpURqRjlOC91EYUzomIywYzAkApWXzhee2ifDSNo6QHv+/p1NiVBqInyTEUQHatGbDf/zOokeXnkpC+NEY0hNxHjDhNs6sme97QGTSDWfGCBUMrOlTQMiCdXmOgVT310suwzN84p7UaneVUu16+wQeTiCYzgFFy6hBrdQhwZQEPAMb/BucevJerFef6I5K/tzCH9kfXwDjvyNQQ==</latexit>
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For an ideal gas, the magnetic 
field stabilizes the shock for 


but it can trigger the DK 
instability for 
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<latexit sha1_base64="gsI+5/ohdZcAbeNpCahFQBsFTkM=">AAAB7nicbVC7TsNAEFzzDOEVoKSxiJCogh1FQBlBQxkk8pASKzpf1vEpZ5+5OyNFVn4DKgR0fAw/wN9wMS4gYZqd3ZmVdtZPOFPacb6sldW19Y3N0lZ5e2d3b79ycNhRIpUU21RwIXs+UchZjG3NNMdeIpFEPseuP7mZ691HlIqJ+F5PE/QiMo5ZwCjRZuQNZCiG7nle6sNK1ak5Oexl4hakCgVaw8rnYCRoGmGsKSdK9V0n0V5GpGaU46w8SBUmhE7IGPuGxiRC5WX50TP7NBDS1iHaef/bm5FIqWnkG09EdKgWtfnwP62f6uDKy1icpBpjaixGC1Jua2HPs9sjJpFqPjWEUMnMlTYNiSRUmw+VTXx3Mewy6dRr7kWtcdeoNq+LR5TgGE7gDFy4hCbcQgvaQOEBnuEN3q3EerJerNcf64pV7BzBH1gf3+DmjzQ=</latexit>

⇢1/⇢2

Numerical simulations

The shock front is fixed with the reference frame
Weak shock perturbation
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Simulations for ideal gas EoS

R = 1.559 (Max . instability)
R = 1.428 (Closer to the limit)

shock 
perturbation 
amplitude

time [s]

towards asymptotic SAE?

<latexit sha1_base64="whpOv6OkwwCVPJIkA5CbEVF/Dfg=">AAAB93icbZDLSsNAFIZPvNZ6i5edm8EiCEJJSlE3StGNywr2Ak0ok+mkHTqTxJmJUEOfRVei7nwPX8C3cVqz0NZ/9c35/4Fz/iDhTGnH+bIWFpeWV1YLa8X1jc2tbXtnt6niVBLaIDGPZTvAinIW0YZmmtN2IikWAaetYHg98VsPVCoWR3d6lFBf4H7EQkawNqOuve/1sRD4onqJ3BNP3UudVcZdu+SUnanQPLg5lCBXvWt/er2YpIJGmnCsVMd1Eu1nWGpGOB0XvVTRBJMh7tOOwQgLqvxsuv0YHYWxRHpA0fT9O5thodRIBCYjsB6oWW8y/M/rpDo89zMWJammETER44UpRzpGkxJQj0lKNB8ZwEQysyUiAywx0aaqojnfnT12HpqVsntart5WS7WrvIgCHMAhHIMLZ1CDG6hDAwg8wjO8wbs1sp6sF+v1J7pg5X/24I+sj2/Zy5Hr</latexit>
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Numerical simulations
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<latexit sha1_base64="gsI+5/ohdZcAbeNpCahFQBsFTkM=">AAAB7nicbVC7TsNAEFzzDOEVoKSxiJCogh1FQBlBQxkk8pASKzpf1vEpZ5+5OyNFVn4DKgR0fAw/wN9wMS4gYZqd3ZmVdtZPOFPacb6sldW19Y3N0lZ5e2d3b79ycNhRIpUU21RwIXs+UchZjG3NNMdeIpFEPseuP7mZ691HlIqJ+F5PE/QiMo5ZwCjRZuQNZCiG7nle6sNK1ak5Oexl4hakCgVaw8rnYCRoGmGsKSdK9V0n0V5GpGaU46w8SBUmhE7IGPuGxiRC5WX50TP7NBDS1iHaef/bm5FIqWnkG09EdKgWtfnwP62f6uDKy1icpBpjaixGC1Jua2HPs9sjJpFqPjWEUMnMlTYNiSRUmw+VTXx3Mewy6dRr7kWtcdeoNq+LR5TgGE7gDFy4hCbcQgvaQOEBnuEN3q3EerJerNcf64pV7BzBH1gf3+DmjzQ=</latexit>

⇢1/⇢2

Conclusions

✓ The D’yakov-Kontorovich instability can 
be found in a magnetized fluid. 

✓ The role of a perpendicular magnetic 
field can be stabilizer or destabilizer. 

✓ The analysis has ben extended and 
applied to arbitrary EoS.


<latexit sha1_base64="xSHMmvET2IogzCIdZyw6doj7nfY=">AAAB9XicbZDNSsNAFIVv/K31L9alm8EiCEJJSlE3QtGNywr2B5pQJtNJO3QmiTMTtYQ+iq5E3fkivoBv47Rmoa1n9c09Z+DeEyScKe04X9bS8srq2npho7i5tb2za++VWipOJaFNEvNYdgKsKGcRbWqmOe0kkmIRcNoORldTv31PpWJxdKvHCfUFHkQsZARrM+rZJW+AhcAXyD3x1J3UWXXSs8tOxZkJLYKbQxlyNXr2p9ePSSpopAnHSnVdJ9F+hqVmhNNJ0UsVTTAZ4QHtGoywoMrPZrtP0FEYS6SHFM3ev7MZFkqNRWAyAuuhmvemw/+8bqrDcz9jUZJqGhETMV6YcqRjNK0A9ZmkRPOxAUwkM1siMsQSE22KKprz3fljF6FVrbinldpNrVy/zIsowAEcwjG4cAZ1uIYGNIHAIzzDG7xbD9aT9WK9/kSXrPzPPvyR9fEN2w6RZQ==</latexit>
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<latexit sha1_base64="hUtOzJLIeQKu84+4/XmpGswszkk=">AAAB9XicbZDNSsNAFIVv/K31L9alm8EiCEJJSlFXUnTjsoL9gSaUyXTSDp1J4sxELaGPoitRd76IL+DbOK1ZaOtZfXPPGbj3BAlnSjvOl7W0vLK6tl7YKG5ube/s2nullopTSWiTxDyWnQAryllEm5ppTjuJpFgEnLaD0dXUb99TqVgc3epxQn2BBxELGcHajHp2yRtgIfAFck88dSd1Vp307LJTcWZCi+DmUIZcjZ796fVjkgoaacKxUl3XSbSfYakZ4XRS9FJFE0xGeEC7BiMsqPKz2e4TdBTGEukhRbP372yGhVJjEZiMwHqo5r3p8D+vm+rw3M9YlKSaRsREjBemHOkYTStAfSYp0XxsABPJzJaIDLHERJuiiuZ8d/7YRWhVK+5ppXZTK9cv8yIKcACHcAwunEEdrqEBTSDwCM/wBu/Wg/VkvVivP9ElK/+zD39kfXwD3JeRZg==</latexit>
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<latexit sha1_base64="vwGSWOI/W8jMVoog9aeGmfE4iYQ=">AAAB9XicbZDNSsNAFIVv/K31L9alm8EiCEJJSlEXLopuXFawP9CEMplO2qEzSZyZqCX0UXQl6s4X8QV8G6c1C209q2/uOQP3niDhTGnH+bKWlldW19YLG8XNre2dXXuv1FJxKgltkpjHshNgRTmLaFMzzWknkRSLgNN2MLqa+u17KhWLo1s9Tqgv8CBiISNYm1HPLnkDLAS+QO6Jp+6kzqqTnl12Ks5MaBHcHMqQq9GzP71+TFJBI004VqrrOon2Myw1I5xOil6qaILJCA9o12CEBVV+Ntt9go7CWCI9pGj2/p3NsFBqLAKTEVgP1bw3Hf7ndVMdnvsZi5JU04iYiPHClCMdo2kFqM8kJZqPDWAimdkSkSGWmGhTVNGc784fuwitasU9rdRuauX6ZV5EAQ7gEI7BhTOowzU0oAkEHuEZ3uDderCerBfr9Se6ZOV/9uGPrI9v2YWRZA==</latexit>
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High compressibility

Low compressibility

Magnetic intensity  (      ) 
<latexit sha1_base64="2xJJkEZsqZoGLA7gBzvM3M3p/54=">AAAB63icbZC9TsMwFIVv+C3lr8DIElEhsVAlqALGChbGItEf0YbKcW9aq7YT2Q5SFfUpYELAxtvwArwNbskALWf6fM+xdM8NE8608bwvZ2l5ZXVtvbBR3Nza3tkt7e03dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxxdT/3WIyrNYnlnxgkGggwkixglxo7uuyEa8pCd+pNeqexVvJncRfBzKEOueq/02e3HNBUoDeVE647vJSbIiDKMcpwUu6nGhNARGWDHoiQCdZDNNp64x1GsXDNEd/b+nc2I0HosQpsRxAz1vDcd/ud1UhNdBhmTSWpQUhuxXpRy18TutLjbZwqp4WMLhCpmt3TpkChCjT1P0db358suQvOs4p9XqrfVcu0qP0QBDuEITsCHC6jBDdShARQkPMMbvDvCeXJenNef6JKT/zmAP3I+vgEDXo4o</latexit>
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✓ Numerical simulations with FLASH code confirms the effect of the magnetic field.

Further analysis must be done to address the general problem that includes an 
arbitrary magnetic field orientation (three modes: fast, slow and Alfven modes)
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Yet this is not the end of the story:

A shock wave needs a supporting mechanism to move steadily.

When           , the always oscillating shock radiates non-decaying sonic waves,

which “bounces” at the supporting mechanism (say a piston), then running 
upstream and catching up the shock from behind.

<latexit sha1_base64="stUP2j2qDpQy7j4qx42E49UIjzU=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaQ9CVIbpxiYkFEmjIdLilE6Y/mZmakIZX0JVRdz6QL+DbOGAXCp7VN/ecSe65fiq40rb9ZZXW1jc2t8rblZ3dvf2D6uFRRyWZZOiyRCSy51OFgsfoaq4F9lKJNPIFdv3J7dzvPqJUPIkf9DRFL6LjmAecUW1GbngdDtmwWrPr9kJkFZwCalCoPax+DkYJyyKMNRNUqb5jp9rLqdScCZxVBpnClLIJHWPfYEwjVF6+WHZGzoJEEh0iWbx/Z3MaKTWNfJOJqA7Vsjcf/uf1Mx1ceTmP00xjzEzEeEEmiE7IvDMZcYlMi6kByiQ3WxIWUkmZNpepmPrOctlV6FzUnWa9cd+otW6KQ5ThBE7hHBy4hBbcQRtcYMDhGd7g3QqtJ+vFev2JlqzizzH8kfXxDXaxjBo=</latexit>
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<latexit sha1_base64="fe0P9LP+7l/GJ+84V51jZ6HYezs=">AAAB6HicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LTOSRwITUNAW09DzS3WNCJvyDroy683v8Af/GBmeh4F3drns6qVtBIoU2rvvlFFZW19Y3ipulre2d3b3y/kFTx6ni1OCxjFU7QE1SRNQwwkhqJ4owDCS1gvHNLG89ktIiju7NJCE/xGEkBoKjsaNWV1q0j71yxa26c7Fl4+WmArnqvfJntx/zNKTIcIladzw3MX6GygguaVrqppoS5GMcUsfaCEPSfjZfd8pOBrFiZkRs/v7NZhhqPQkDy4RoRnoxmw3/yzqpGVz5mYiS1FDELWKzQSqZidmsNesLRdzIiTXIlbBbMj5ChdzY25RsfW+x7LJpnlW9i+r53Xmldp0foghHcAyn4MEl1OAW6tAADmN4hjd4dx6cJ+fFef1BC07+5xD+yPn4BibxjRs=</latexit>
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<latexit sha1_base64="pn8CBwBkwUSvtpRYdB73/1l9EpM=">AAAB4nicbZDNTgIxFIXv4B/iH+rSTSMxcUVmDFGXRF24hER+EpiQTrkDDZ3ppO2YkAkvoCuj7nwkX8C3seAsFDyrr/ecJvfcIBFcG9f9cgpr6xubW8Xt0s7u3v5B+fCorWWqGLaYFFJ1A6pR8BhbhhuB3UQhjQKBnWByO/c7j6g0l/GDmSboR3QU85AzauyoeTcoV9yquxBZBS+HCuRqDMqf/aFkaYSxYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZjGmE2s8Wi87IWSgVMWMki/fvbEYjradRYDMRNWO97M2H/3m91ITXfsbjJDUYMxuxXpgKYiSZ9yVDrpAZMbVAmeJ2S8LGVFFm7FVKtr63XHYV2hdV77Jaa9Yq9Zv8EEU4gVM4Bw+uoA730IAWMEB4hjd4d4bOk/PivP5EC07+5xj+yPn4BpCPimY=</latexit>

D
<latexit sha1_base64="vsgQETKJUURAdx53X/Sq3Dc2OBg=">AAAB5HicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY9Ql0Y1LjBZIoCHT4RYmTNvJzNSENLyBroy684l8Ad/GAbtQ8Ky+uedMcs8NpeDauO6XU1pZXVvfKG9WtrZ3dveq+wctnWaKoc9SkapOSDUKnqBvuBHYkQppHApsh+Obmd9+RKV5mjyYicQgpsOER5xRY0f3fl/2qzW37s5FlsEroAaFmv3qZ2+QsizGxDBBte56rjRBTpXhTOC00ss0SsrGdIhdiwmNUQf5fNUpOYlSRcwIyfz9O5vTWOtJHNpMTM1IL3qz4X9eNzPRVZDzRGYGE2Yj1osyQUxKZo3JgCtkRkwsUKa43ZKwEVWUGXuXiq3vLZZdhtZZ3buon9+d1xrXxSHKcATHcAoeXEIDbqEJPjAYwjO8wbsTOU/Oi/P6Ey05xZ9D+CPn4xsptIta</latexit>

Up

<latexit sha1_base64="TRnbYw9X7b/afpCF2f5lgOuJmZI=">AAAB6nicbZDNTgIxFIU7/iL+oS7dNBIT3JAZQ9Ql0Y1LTOTHwIR0yh1oaGcm7R0TMuEldGXUnY/jC/g2FpyFgmf19Z7T5J4bJFIYdN0vZ2V1bX1js7BV3N7Z3dsvHRy2TJxqDk0ey1h3AmZAigiaKFBCJ9HAVCChHYxvZn77EbQRcXSPkwR8xYaRCAVnaEcPvcSIvqngWb9UdqvuXHQZvBzKJFejX/rsDWKeKoiQS2ZM13MT9DOmUXAJ02IvNZAwPmZD6FqMmALjZ/OFp/Q0jDXFEdD5+3c2Y8qYiQpsRjEcmUVvNvzP66YYXvmZiJIUIeI2Yr0wlRRjOutNB0IDRzmxwLgWdkvKR0wzjvY6RVvfWyy7DK3zqndRrd3VyvXr/BAFckxOSIV45JLUyS1pkCbhRJFn8kbeHek8OS/O6090xcn/HJE/cj6+ATjjjbE=</latexit>

 s(t)
<latexit sha1_base64="jrnP3Ac75lGGGdM0buXVtXqdoPQ=">AAAB53icbZDNTgIxFIXv4B/iH+rSTSMxcUVmDEGXRDcuMZGfBCakU+5ApTPTtB0TMuEZdGXUne/jC/g2FpyFgmf19Z7T5J4bSMG1cd0vp7C2vrG5Vdwu7ezu7R+UD4/aOkkVwxZLRKK6AdUoeIwtw43ArlRIo0BgJ5jczP3OIyrNk/jeTCX6ER3FPOSMGjtq96XmAzkoV9yquxBZBS+HCuRqDsqf/WHC0ghjwwTVuue50vgZVYYzgbNSP9UoKZvQEfYsxjRC7WeLbWfkLEwUMWMki/fvbEYjradRYDMRNWO97M2H/3m91IRXfsZjmRqMmY1YL0wFMQmZlyZDrpAZMbVAmeJ2S8LGVFFm7GlKtr63XHYV2hdVr16t3dUqjev8EEU4gVM4Bw8uoQG30IQWMHiAZ3iDd4c7T86L8/oTLTj5n2P4I+fjG5dljMs=</latexit>

 p

<latexit sha1_base64="KvkRmuemtgPy+wyeg3pyuyaSazs=">AAAB5HicbZDNTgIxFIXv4B/iH+rSTSMxcUVmDFGXRDcuMcpPAhPSKXegoZ2ZtB0jmfAGujLqzifyBXwbC85CwbP6es9pcs8NEsG1cd0vp7Cyura+UdwsbW3v7O6V9w9aOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxhfz/z2AyrN4+jeTBL0JR1GPOSMGju6e+yLfrniVt25yDJ4OVQgV6Nf/uwNYpZKjAwTVOuu5ybGz6gynAmclnqpxoSyMR1i12JEJWo/m686JSdhrIgZIZm/f2czKrWeyMBmJDUjvejNhv953dSEl37GoyQ1GDEbsV6YCmJiMmtMBlwhM2JigTLF7ZaEjaiizNi7lGx9b7HsMrTOqt55tXZbq9Sv8kMU4QiO4RQ8uIA63EADmsBgCM/wBu9O6Dw5L87rT7Tg5H8O4Y+cj29YPIt5</latexit>xl

<latexit sha1_base64="pKsbF2t7/sfcy2vLACjTo5WxYEQ=">AAAB4nicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuqy6MZlC/YH2lAm05t26GQSZiZCCH0BXYm685F8Ad/Gac1CW8/qm3vOwD03SATXxnW/nNLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WB6N/e7j6g0j+WDyRL0IzqWPOSMGjtqZcNqza27C5FV8AqoQaHmsPo5GMUsjVAaJqjWfc9NjJ9TZTgTOKsMUo0JZVM6xr5FSSPUfr5YdEbOwlgRM0GyeP/O5jTSOosCm4momehlbz78z+unJrzxcy6T1KBkNmK9MBXExGTel4y4QmZEZoEyxe2WhE2ooszYq1RsfW+57Cp0LureVf2ydVlr3BaHKMMJnMI5eHANDbiHJrSBAcIzvMG7M3KenBfn9Sdacoo/x/BHzsc336WKmw==</latexit>y

<latexit sha1_base64="zYZE+nbWeSohg3nigeVlI/RfDoI=">AAAB53icbZDNTsJAFIVv8Q/xD3XpZiIxcUVaQ9Ql0Y1LTARJoCHT4ZaOTDvNzNSENDyDroy68318Ad/GAbtQ8Ky+uedMcs8NUsG1cd0vp7Syura+Ud6sbG3v7O5V9w86WmaKYZtJIVU3oBoFT7BtuBHYTRXSOBB4H4yvZ/79IyrNZXJnJin6MR0lPOSMGjvq9FUkB96gWnPr7lxkGbwCalCoNah+9oeSZTEmhgmqdc9zU+PnVBnOBE4r/UxjStmYjrBnMaExaj+fbzslJ6FUxERI5u/f2ZzGWk/iwGZiaiK96M2G/3m9zISXfs6TNDOYMBuxXpgJYiSZlSZDrpAZMbFAmeJ2S8Iiqigz9jQVW99bLLsMnbO6d15v3DZqzaviEGU4gmM4BQ8uoAk30II2MHiAZ3iDd4c7T86L8/oTLTnFn0P4I+fjGzTcjIk=</latexit>⇢1
<latexit sha1_base64="8bUlFKNqX2WYZa+CNaXE51g5iIo=">AAAB5HicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LjPJIYEJ6mhro0PNId40JIfyBroy684v8Af/GBmeh4F2drns7qVtBqqQh1/1yCiura+sbxc3S1vbO7l55/6BpkkwLbIhEJbodcINKxtggSQrbqUYeBQpbwehm5rceURuZxA80TtGP+CCWoRSc7Og+7Xm9csWtunOxZfByqECueq/82e0nIoswJqG4MR3PTcmfcE1SKJyWupnBlIsRH2DHYswjNP5kvuqUnYSJZjRENn//zk54ZMw4Cmwm4jQ0i95s+J/XySi88icyTjPCWNiI9cJMMUrYrDHrS42C1NgCF1raLZkYcs0F2buUbH1vsewyNM+q3kX1/O68UrvOD1GEIziGU/DgEmpwC3VogIABPMMbvDuh8+S8OK8/0YKT/zmEP3I+vgH0I4s2</latexit>p1

<latexit sha1_base64="t2Xj7keu6V8PMsP+h7MjAtMmNkE=">AAAB63icbZDNTgIxFIU7+If4h7p000hMMDFkhhB1SXTjEhP5iTCZdEqBhrYzae8YyYSn0JVRd76NL+DbWHAWCp7V13tOk3tuGAtuwHW/nNzK6tr6Rn6zsLW9s7tX3D9omSjRlDVpJCLdCYlhgivWBA6CdWLNiAwFa4fj65nffmDa8EjdwSRmviRDxQecErCj+ziolh8DcQanQbHkVty58DJ4GZRQpkZQ/Oz1I5pIpoAKYkzXc2PwU6KBU8GmhV5iWEzomAxZ16Iikhk/nW88xSeDSGMYMTx//86mRBozkaHNSAIjs+jNhv953QQGl37KVZwAU9RGrDdIBIYIz4rjPteMgphYIFRzuyWmI6IJBXuegq3vLZZdhla14p1Xare1Uv0qO0QeHaFjVEYeukB1dIMaqIkoUugZvaF3RzpPzovz+hPNOdmfQ/RHzsc3T7eNsQ==</latexit>

p2(xl, t)

<latexit sha1_base64="x3cq5EE2+LZ6fi7kSW/yjIqb+hU=">AAAB7nicbZDNSsNAFIVv6l+tf1WXbgaLUEFKUoq6LLpxWcH+QBvCZDpphk4ycWYiltDX0JWoOx/GF/BtnNYstPWsvrnnDNxz/YQzpW37yyqsrK6tbxQ3S1vbO7t75f2DjhKpJLRNBBey52NFOYtpWzPNaS+RFEc+p11/fD3zuw9UKibiOz1JqBvhUcwCRrA2I3cgQ+HVq48eP9OnXrli1+y50DI4OVQgV8srfw6GgqQRjTXhWKm+YyfazbDUjHA6LQ1SRRNMxnhE+wZjHFHlZvOlp+gkEBLpkKL5+3c2w5FSk8g3mQjrUC16s+F/Xj/VwaWbsThJNY2JiRgvSDnSAs26oyGTlGg+MYCJZGZLREIsMdHmQiVT31ksuwydes05rzVuG5XmVX6IIhzBMVTBgQtowg20oA0E7uEZ3uDdSqwn68V6/YkWrPzPIfyR9fENmP6PBA==</latexit>

⇢2(xl, t)

xl

t
<latexit sha1_base64="8FlH33VbCmjwSYe4tjqoR9wf1pw=">AAAB/HicbVDLTgIxFO3gC/E16sq4mUhM2Ehm1KhLEjYuMZFHAiPplAs0dB5p7xjJBP0ZXRl151f4A/6NHZwYBc/q9J7T257jRYIrtO1PI7ewuLS8kl8trK1vbG6Z2zsNFcaSQZ2FIpQtjyoQPIA6chTQiiRQ3xPQ9EbVVG/eglQ8DK5xHIHr00HA+5xR1KOuuVe9Oeog3GHChlRShiD1o5xNCl2zaJftKax54mSkSDLUuuZHpxey2IcAmaBKtR07QjehUq8TMCl0YgURZSM6gLamAfVBuck0wsQ67IfSwiFY0/Nvb0J9pca+pz0+xaGa1dLhf1o7xv6Fm/AgihECpi1a68fCwtBKm7B6XAJDMdaEMsn1L62fDlQa35kNO08ax2XnrHxydVqslLIi8mSfHJASccg5qZBLUiN1wsgDeSKv5M24Nx6NZ+Pl25ozsju75A+M9y8KdJTi</latexit>

C�characteristic

<latexit sha1_base64="FaJ5f6Z5lkp/FBbuDPGl0666KaE=">AAAB7nicdVDLTgJBEJzFN75Qj14mEhNOm11wedxMvHjURIQENmR2aGDC7MOZXiPZ8Bt6MurNj/EH/BsHxESN1qm6qzqp6iCRQqPjvFu5peWV1bX1jfzm1vbObmFv/1rHqeLQ5LGMVTtgGqSIoIkCJbQTBSwMJLSC8dlMb92C0iKOrnCSgB+yYSQGgjM0K7+LcIeZHsV8PM33CkXHdmrluuNRx/a8sld2DWk0GtV6hbq2M0eRLHDRK7x1+zFPQ4iQS6Z1x3US9DOmUHAJ03w31ZAwPmZD6BgasRC0n81DT+nxIFYUR0Dn83dvxkKtJ2FgPCHDkf6tzZZ/aZ0UB3U/E1GSIkTcWIw2SCXFmM66075QwFFODGFcCZOS8hFTjKP50Kz+V0f6P7ku227VrlyeFE9Li0esk0NyRErEJTVySs7JBWkSTm7IA3kmL1Zi3VuP1tOnNWctbg7ID1ivH0erkBA=</latexit>

sho
ck

<latexit sha1_base64="CvB9Txe7hoPUr9nQtxKM9mkZ6Iw=">AAAB/HicbVDLSsNAFJ3UV62vqCtxEyxCQSiJirosdOOygn1AG8tketsOnTyYuRFLqP6MrkTd+RX+gH/jpAbR1rM6c8+ZO3OOFwmu0LY/jdzC4tLySn61sLa+sbllbu80VBhLBnUWilC2PKpA8ADqyFFAK5JAfU9A0xtVU715C1LxMLjGcQSuTwcB73NGUY+65l715qiDcIcJG1JJGYLUj3I2KXTNol22p7DmiZORIslQ65ofnV7IYh8CZIIq1XbsCN2ESr1OwKTQiRVElI3oANqaBtQH5SbTCBPrsB9KC4dgTc+/vQn1lRr7nvb4FIdqVkuH/2ntGPsXbsKDKEYImLZorR8LC0MrbcLqcQkMxVgTyiTXv7R+OlBpfGc27DxpHJeds/LJ1WmxUsqKyJN9ckBKxCHnpEIuSY3UCSMP5Im8kjfj3ng0no2Xb2vOyO7skj8w3r8AB0yU4A==</latexit>

C+characteristic

<latexit sha1_base64="MSxWiVHVj4FjpqESm2cgj/biJ9o=">AAAB73icbVDLTsMwEHR4lvIqcORiUSH1VCWAgGMlLhyLRB9SWyrH3bRWHSfYG0QV9TvghIAb/8IP8Dc4JQdomdPszqx2Z/1YCoOu++UsLa+srq0XNoqbW9s7u6W9/aaJEs2hwSMZ6bbPDEihoIECJbRjDSz0JbT88VWmtx5AGxGpW5zE0AvZUIlAcIa2dddFeMQ0tnsiNS32S2W36s5AF4mXkzLJUe+XPruDiCchKOSSGdPx3Bh7KdMouIRpsZsYiBkfsyF0LFUsBNNLZ1dP6XEQaYojoLP6tzdloTGT0LeekOHIzGtZ8z+tk2Bw2UuFihMExa3FakEiKUY0C08HQgNHObGEcS3slZSPmGYc7Yuy+N582EXSPKl659XTm7NyrZI/okAOyRGpEI9ckBq5JnXSIJxo8kzeyLtz7zw5L87rj3XJyWcOyB84H9+/NZBJ</latexit> pi
st
on

<latexit sha1_base64="qzVkmbpTXczsXTHe+VtGeFhuHuw=">AAAB9XicbVDLTgJBEJzFF+JrxaOXicSEE9lVox5JvHjERB4JbMjs0MCE2UdmehWy4VP0ZNSbP+IP+DfO4h4UrFN1V3Wnu/xYCo2O82UV1tY3NreK26Wd3b39A/uw3NJRojg0eSQj1fGZBilCaKJACZ1YAQt8CW1/cpPp7QdQWkThPc5i8AI2CsVQcIam1bfLPYQpphqzoWzJvNS3K07NWYCuEjcnFZKj0bc/e4OIJwGEyCXTuus6MXopUyi4NAt7iYaY8QkbQdfQkAWgvXRx+5yeDiNFcQx0Uf/2pizQehb4xhMwHOtlLWv+p3UTHF57qQjjBCHkxmK0YSIpRjSLgA6EAo5yZgjjSpgrKR8zxTiaoLL33eVnV0nrrOZe1s7vLir1ah5EkRyTE1IlLrkidXJLGqRJOJmSZ/JG3q1H68l6sV5/rAUrnzkif2B9fANEZZI5</latexit>

st
re
am

li
n
e

How does the needed 
supporting mechanism 
affect the shock 
stability?

lower freq.
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COMPRESSIBLE FLOWS WITH APPLICATION TO HYPERSONICS AND HEDP

The Noh problem

A initial mass is set to move 
inwards at uniform speed.

<latexit sha1_base64="ex7bmPsfiDmTmzbu/lZ5/AkQmMU=">AAACO3icbVBNSwMxFMzWr1q/Vj16CRZBQUtWFL0UCnrwqGC10C1LNn1tQ7ObJckWytKfpr/AP+BZT6LevJuuPdTqXDJvZgLvTZgIrg0hz05hbn5hcam4XFpZXVvfcDe37rRMFYM6k0KqRkg1CB5D3XAjoJEooFEo4D7sX4z9+wEozWV8a4YJtCLajXmHM2qsFLgNX/Vk4O2rQ1MlB1Wcj8T3S8mUmOSKH0rR1sPIPtlgNGUfDQKCp10YBSpwy6RCcuC/xJuQMprgOnCf/LZkaQSxYYJq3fRIYloZVYYzAaOSn2pIKOvTLjQtjWkEupXlDYzwXkcqbHqA83k6m9FIj9eymYianp71xuJ/XjM1nfNWxuMkNRAzG7FeJxXYSDwuEre5AmbE0BLKFLdbYtajijJj6y7Z873ZY/+Su+OKd1ohNyfl2uWkiCLaQbtoH3noDNXQFbpGdcTQI3pFH+jTeXBenDfn/SdacCZ/ttEvOF/fcKOqzQ==</latexit>

⇢1(r, t = 0) = ⇢0

p1(r, t = 0) = p0

v1(r, t = 0) = �v0er

The singular condition at the center translates into the 
formation of a shock wave that moves outwards.

The lack of scales suggests the use of the self-similar 
variable to describe the upstream flow. <latexit sha1_base64="CyybmJHEkXRxxnEHhtTMdinLHfM=">AAAB+XicbZDLSsNAFIZP6q3WW1Vw42awCK5KIopuhIIuXFawF2hCmUwn7dDJhZmTYol5GF2JuvM1fAHfxmntQlv/1Tfn/wfO+f1ECo22/WUVlpZXVteK66WNza3tnfLuXlPHqWK8wWIZq7ZPNZci4g0UKHk7UZyGvuQtf3g98VsjrrSIo3scJ9wLaT8SgWAUzahbPnAfBLkibi9QlGUqz0Zdm2DeLVfsqj0VWQRnBhWYqd4tf7q9mKUhj5BJqnXHsRP0MqpQMMnzkptqnlA2pH3eMRjRkGsvm+6fk+MgVgQHnEzfv7MZDbUeh77JhBQHet6bDP/zOikGl14moiRFHjETMV6QSoIxmdRAekJxhnJsgDIlzJaEDajpAE1ZJXO+M3/sIjRPq8551b47q9RuZkUU4RCO4AQcuIAa3EIdGsDgEZ7hDd6tzHqyXqzXn2jBmv3Zhz+yPr4BBb6TMw==</latexit>

⇠ =
r

v0t

shock

The base flow is the Noh solution generalized for an 
arbitrary EoS and shock strength.
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COMPRESSIBLE FLOWS WITH APPLICATION TO HYPERSONICS AND HEDP

The Noh problem
The shock moves steadily and downstream properties are uniform and steady.
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ideal gas vdW EoS aluminum

ν = 2
ν = 3

ρ/ρ0

ρ/ρ0a−v/v0 −v/v0

−v[km/s]

p/p0 p/p0

ρ/ρ0

ν = 2
ν = 3

M0 = 1.5

γ = 5/3 γ = 5/3

α0 = 1/2

β0 = 1/9

T0 = 0

v0 = 50[km/s]

ν = 2
ν = 3

M0 = 1.5

ξ/ξs = r/(vst) ξ/ξs = r/(vst) ξ/ξs = r/(vst)

(a) (b) (c)

p[Mbar]

0.5

1

5

10

r

 

p2/p0

p(ξ)/p0

ρ(ξ)/ρ0

ρ2/ρ0

−v(ξ)/v0

perturbed
shock front

base-flow profiles

lower pressure

lower density

higher velocity

rs

p2 + δp

ρ2 + δρ

δv

u2 t

than in the unperturbed
pre-shock state
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COMPRESSIBLE FLOWS WITH APPLICATION TO HYPERSONICS AND HEDP

The Noh problem: stability analysis

The eigenvalue is the complex power 
index,     . Stability is determined by the  
sign of               . 

The center or axis of symmetry plays 
the role of a rigid piston.

<latexit sha1_base64="YkRpAvfVtVIQZrZDRqGshNWnauA=">AAAB4nicbZDLTgIxFIZP8YZ4Q126aSQmrsiMIcqSxI1LSOSSwIR0yhlo6FzSdoxkwgvoyqg7H8kX8G0sOAsF/9XX8/9Nzn/8RAptHOeLFDY2t7Z3irulvf2Dw6Py8UlHx6ni2OaxjFXPZxqliLBthJHYSxSy0JfY9ae3C7/7gEqLOLo3swS9kI0jEQjOjB21HoflilN1lqLr4OZQgVzNYflzMIp5GmJkuGRa910nMV7GlBFc4rw0SDUmjE/ZGPsWIxai9rLlonN6EcSKmgnS5ft3NmOh1rPQt5mQmYle9RbD/7x+aoK6l4koSQ1G3EasF6SSmpgu+tKRUMiNnFlgXAm7JeUTphg39iolW99dLbsOnauqe12ttWqVRj0/RBHO4BwuwYUbaMAdNKENHBCe4Q3eyYg8kRfy+hMtkPzPKfwR+fgG2yWKkA==</latexit>x
<latexit sha1_base64="4xyrVNCFPy+orDZ2Xbo63MjPeTA=">AAAB4nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEe2y4MZlC/YC7VAy6Zk2NHMhyQjD0BfQlag7H8kX8G1M6yy09V99Of8fOP/xEym0cZwvUtrY3NreKe9W9vYPDo+qxyddHaeKY4fHMlZ9n2mUIsKOEUZiP1HIQl9iz5/dLfzeIyot4ujBZAl6IZtEIhCcGTtqZ6Nqzak7S9F1cAuoQaHWqPo5HMc8DTEyXDKtB66TGC9nyggucV4ZphoTxmdsggOLEQtRe/ly0Tm9CGJFzRTp8v07m7NQ6yz0bSZkZqpXvcXwP2+QmqDh5SJKUoMRtxHrBamkJqaLvnQsFHIjMwuMK2G3pHzKFOPGXqVi67urZdehe1V3b+rX7etas1EcogxncA6X4MItNOEeWtABDgjP8AbvZEyeyAt5/YmWSPHnFP6IfHwD3KOKkQ==</latexit>y

<latexit sha1_base64="AqZr4DuBXrUaQlt38X0YDIhv6DI=">AAAB4nicbZDLTgIxFIZP8YZ4Q126aSQmrsiMIcqSxI1LSOSSwIR0yhlo6FzSdkxwwgvoyqg7H8kX8G0sOAsF/9XX8/9Nzn/8RAptHOeLFDY2t7Z3irulvf2Dw6Py8UlHx6ni2OaxjFXPZxqliLBthJHYSxSy0JfY9ae3C7/7gEqLOLo3swS9kI0jEQjOjB21HoflilN1lqLr4OZQgVzNYflzMIp5GmJkuGRa910nMV7GlBFc4rw0SDUmjE/ZGPsWIxai9rLlonN6EcSKmgnS5ft3NmOh1rPQt5mQmYle9RbD/7x+aoK6l4koSQ1G3EasF6SSmpgu+tKRUMiNnFlgXAm7JeUTphg39iolW99dLbsOnauqe12ttWqVRj0/RBHO4BwuwYUbaMAdNKENHBCe4Q3eyYg8kRfy+hMtkPzPKfwR+fgG3iGKkg==</latexit>z
<latexit sha1_base64="crDZrm7LHWKCCaTqfPe/sBuDQGs=">AAAB5nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY5QliRuXmDhAAhPS0xTQoeeR7hoSQvgFXRl15wf5A/6NDc5Cwbs6Xfd2UrfCVElDrvvlFDY2t7Z3irulvf2Dw6Py8UnTJJkW6ItEJbodcoNKxuiTJIXtVCOPQoWtcHy38FsT1EYm8SNNUwwiPozlQApOduRPeoZRr1xxq+5SbB28HCqQq9Erf3b7icgijEkobkzHc1MKZlyTFArnpW5mMOVizIfYsRjzCE0wWy47ZxeDRDMaIVu+f2dnPDJmGoU2E3EamVVvMfzP62Q0qAUzGacZYSxsxHqDTDFK2KIz60uNgtTUAhda2i2ZGHHNBdnLlGx9b7XsOjSvqt5N9frhulKv5YcowhmcwyV4cAt1uIcG+CBAwjO8wbszcp6cF+f1J1pw8j+n8EfOxzeGCYwc</latexit>

vst

<latexit sha1_base64="qRNq2U0CFLLS5EGICUIJCErM9v4=">AAAB63icbZDNTgIxFIU7+If4h7p000hMXJEZY5QliRuXmMhPhAnplDvQ0HYm7R0TQngKXRl159v4Ar6NBWeh4Fl9vec0uedGqRQWff/LK6ytb2xuFbdLO7t7+wflw6OWTTLDockTmZhOxCxIoaGJAiV0UgNMRRLa0fhm7rcfwViR6HucpBAqNtQiFpyhGz30BiCRUdO3/XLFr/oL0VUIcqiQXI1++bM3SHimQCOXzNpu4KcYTplBwSXMSr3MQsr4mA2h61AzBTacLjae0bM4MRRHQBfv39kpU9ZOVOQyiuHILnvz4X9eN8O4Fk6FTjMEzV3EeXEmKSZ0XpwOhAGOcuKAcSPclpSPmGEc3XlKrn6wXHYVWhfV4Kp6eXdZqdfyQxTJCTkl5yQg16RObkmDNAknmjyTN/LuKe/Je/Fef6IFL/9zTP7I+/gGLRKOPA==</latexit>

�rs

<latexit sha1_base64="LerHmOhHi5BtDDGME0Np+NeLnW8=">AAAB+HicbVDLSsNAFJ34rPUVFVduBotQoZREinZZcOOygn1AE8JkOmmGTh7M3BRq6L/oStSd3+EP+DdOaxbaelbn3nMunHv8VHAFlvVlrK1vbG5tl3bKu3v7B4fm0XFXJZmkrEMTkci+TxQTPGYd4CBYP5WMRL5gPX98O9d7EyYVT+IHmKbMjcgo5gGnBPTKM0+lp6oOhAxIzZkQmYa8BpeeWbHq1gJ4ldgFqaACbc/8dIYJzSIWAxVEqYFtpeDmRAKngs3KTqZYSuiYjNhA05hETLn5Iv4MXwSJxDoCXsy/vTmJlJpGvvZEBEK1rM2X/2mDDIKmm/M4zYDFVFu0FmQCQ4LnLeAhl4yCmGpCqOQ6JaYhkYSC7qqs37eXn10l3au6fV1v3DcqrWZRRAmdoXNURTa6QS10h9qogyjK0TN6Q+/Go/FkvBivP9Y1o7g5QX9gfHwDWQaSyg==</latexit>

rs(✓,', t)

<latexit sha1_base64="YkRpAvfVtVIQZrZDRqGshNWnauA=">AAAB4nicbZDLTgIxFIZP8YZ4Q126aSQmrsiMIcqSxI1LSOSSwIR0yhlo6FzSdoxkwgvoyqg7H8kX8G0sOAsF/9XX8/9Nzn/8RAptHOeLFDY2t7Z3irulvf2Dw6Py8UlHx6ni2OaxjFXPZxqliLBthJHYSxSy0JfY9ae3C7/7gEqLOLo3swS9kI0jEQjOjB21HoflilN1lqLr4OZQgVzNYflzMIp5GmJkuGRa910nMV7GlBFc4rw0SDUmjE/ZGPsWIxai9rLlonN6EcSKmgnS5ft3NmOh1rPQt5mQmYle9RbD/7x+aoK6l4koSQ1G3EasF6SSmpgu+tKRUMiNnFlgXAm7JeUTphg39iolW99dLbsOnauqe12ttWqVRj0/RBHO4BwuwYUbaMAdNKENHBCe4Q3eyYg8kRfy+hMtkPzPKfwR+fgG2yWKkA==</latexit>x
<latexit sha1_base64="4xyrVNCFPy+orDZ2Xbo63MjPeTA=">AAAB4nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEe2y4MZlC/YC7VAy6Zk2NHMhyQjD0BfQlag7H8kX8G1M6yy09V99Of8fOP/xEym0cZwvUtrY3NreKe9W9vYPDo+qxyddHaeKY4fHMlZ9n2mUIsKOEUZiP1HIQl9iz5/dLfzeIyot4ujBZAl6IZtEIhCcGTtqZ6Nqzak7S9F1cAuoQaHWqPo5HMc8DTEyXDKtB66TGC9nyggucV4ZphoTxmdsggOLEQtRe/ly0Tm9CGJFzRTp8v07m7NQ6yz0bSZkZqpXvcXwP2+QmqDh5SJKUoMRtxHrBamkJqaLvnQsFHIjMwuMK2G3pHzKFOPGXqVi67urZdehe1V3b+rX7etas1EcogxncA6X4MItNOEeWtABDgjP8AbvZEyeyAt5/YmWSPHnFP6IfHwD3KOKkQ==</latexit>y

<latexit sha1_base64="AqZr4DuBXrUaQlt38X0YDIhv6DI=">AAAB4nicbZDLTgIxFIZP8YZ4Q126aSQmrsiMIcqSxI1LSOSSwIR0yhlo6FzSdkxwwgvoyqg7H8kX8G0sOAsF/9XX8/9Nzn/8RAptHOeLFDY2t7Z3irulvf2Dw6Py8UlHx6ni2OaxjFXPZxqliLBthJHYSxSy0JfY9ae3C7/7gEqLOLo3swS9kI0jEQjOjB21HoflilN1lqLr4OZQgVzNYflzMIp5GmJkuGRa910nMV7GlBFc4rw0SDUmjE/ZGPsWIxai9rLlonN6EcSKmgnS5ft3NmOh1rPQt5mQmYle9RbD/7x+aoK6l4koSQ1G3EasF6SSmpgu+tKRUMiNnFlgXAm7JeUTphg39iolW99dLbsOnauqe12ttWqVRj0/RBHO4BwuwYUbaMAdNKENHBCe4Q3eyYg8kRfy+hMtkPzPKfwR+fgG3iGKkg==</latexit>z

<latexit sha1_base64="qRNq2U0CFLLS5EGICUIJCErM9v4=">AAAB63icbZDNTgIxFIU7+If4h7p000hMXJEZY5QliRuXmMhPhAnplDvQ0HYm7R0TQngKXRl159v4Ar6NBWeh4Fl9vec0uedGqRQWff/LK6ytb2xuFbdLO7t7+wflw6OWTTLDockTmZhOxCxIoaGJAiV0UgNMRRLa0fhm7rcfwViR6HucpBAqNtQiFpyhGz30BiCRUdO3/XLFr/oL0VUIcqiQXI1++bM3SHimQCOXzNpu4KcYTplBwSXMSr3MQsr4mA2h61AzBTacLjae0bM4MRRHQBfv39kpU9ZOVOQyiuHILnvz4X9eN8O4Fk6FTjMEzV3EeXEmKSZ0XpwOhAGOcuKAcSPclpSPmGEc3XlKrn6wXHYVWhfV4Kp6eXdZqdfyQxTJCTkl5yQg16RObkmDNAknmjyTN/LuKe/Je/Fef6IFL/9zTP7I+/gGLRKOPA==</latexit>

�rs
<latexit sha1_base64="rGeF98m+X4lcvOIK0ykQ7mfM1ok=">AAAB73icbZDLTgIxFIbP4A3xhrp000hMMDFkxhB1SXTjEhO5JDCSTulAQ+die4aETHgOXRl157v4Ar6NBWeh4L/6ev6/yfmPF0uh0ba/rNzK6tr6Rn6zsLW9s7tX3D9o6ihRjDdYJCPV9qjmUoS8gQIlb8eK08CTvOWNbmZ+a8yVFlF4j5OYuwEdhMIXjKIZPaieLnfHVMVDcYanvWLJrthzkWVwMihBpnqv+NntRywJeIhMUq07jh2jm1KFgkk+LXQTzWPKRnTAOwZDGnDtpvOtp+TEjxTBISfz9+9sSgOtJ4FnMgHFoV70ZsP/vE6C/pWbijBOkIfMRIznJ5JgRGblSV8ozlBODFCmhNmSsCFVlKE5UcHUdxbLLkPzvOJcVKp31VLtOjtEHo7gGMrgwCXU4Bbq0AAGCp7hDd6tR+vJerFef6I5K/tzCH9kfXwDzJ+Pvw==</latexit>

rs(', t)

<latexit sha1_base64="7IQHhPINTw/983ryyeE/yzD4eYI=">AAACF3icbVBLSwMxGMz6rPVV9eglWIQWpOxKRS9CQQ8eK9iHdLclm35tQ5PdJckKZekP0T+jJ1Hx4tF/Y7btQVvnNJmZwDfjR5wpbdvf1tLyyuraemYju7m1vbOb29uvqzCWFGo05KFs+kQBZwHUNNMcmpEEInwODX94lfqNB5CKhcGdHkXgCdIPWI9Roo3UyZXvO7wtCq4egCYnbjRgxcvqVKKhmspFaCeJKwVmY5Emxp1c3i7ZE+BF4sxIHs1Q7eQ+3W5IYwGBppwo1XLsSHsJkZpRDuOsGyuICB2SPrQMDYgA5SWTdmN83AslNofgyft3NiFCqZHwTUYQPVDzXir+57Vi3bvwEhZEsYaAmojxejHHOsTpSLjLJFDNR4YQKpm5EtMBkYRqM2XW1Hfmyy6S+mnJOSvZt+V85Xo2RAYdoiNUQA46RxV0g6qohih6Qi/oHX1Yj9az9Wq9TaNL1uzPAfoD6+sHCxuf0Q==</latexit>

Y m
l (✓,�) = Pm

l (cos ✓)eim�

A linear- perturbation analysis is performed in terms of Legendre polynomials 
(spherical harmonics)                                                    in the form:

<latexit sha1_base64="mYQaHDemqA1EyPvsoDoxFzmKUaE="></latexit>

rs(✓,�, t) = ṙst

2

41 + ✏
X

l,m

✓
t

t0

◆�

Y m
l (✓,�)

3

5

<latexit sha1_base64="2nGQzLNitUFnhHg8iXAbTjq5xzU=">AAAB53icbZDNTgIxFIXv4B/iH+rSTSMxcUVmDEGXRDcuMZGfBCakU+5ApZ2ZtB0TMuEZdGXUne/jC/g2FpyFgmf19Z7T5J4bJIJr47pfTmFtfWNzq7hd2tnd2z8oHx61dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5mfudR1Sax9G9mSboSzqKeMgZNXbU7ms+knRQrrhVdyGyCl4OFcjVHJQ/+8OYpRIjwwTVuue5ifEzqgxnAmelfqoxoWxCR9izGFGJ2s8W287IWRgrYsZIFu/f2YxKracysBlJzVgve/Phf14vNeGVn/EoSQ1GzEasF6aCmJjMS5MhV8iMmFqgTHG7JWFjqigz9jQlW99bLrsK7YuqV6/W7mqVxnV+iCKcwCmcgweX0IBbaEILGDzAM7zBu8OdJ+fFef2JFpz8zzH8kfPxDYhxjME=</latexit>�
<latexit sha1_base64="ZPqgfS3/PBRRiEXG7vSU9it7UpQ=">AAAB9XicbZC9TsMwFIWd8lfKXygji0WFxFQlqALGChbGguiP1ESV4960Vu0ksh2givIoMCFg40V4Ad4Gt2SAljN9vudYuvcECWdKO86XVVpZXVvfKG9WtrZ3dvfs/WpHxamk0KYxj2UvIAo4i6CtmebQSyQQEXDoBpOrmd+9B6lYHN3paQK+IKOIhYwSbUYDu5p5UuBbyL3MU2wkiJcP7JpTd+bCy+AWUEOFWgP70xvGNBUQacqJUn3XSbSfEakZ5ZBXvFRBQuiEjKBvMCIClJ/Nd8/xcRhLrMeA5+/f2YwIpaYiMBlB9FgterPhf14/1eGFn7EoSTVE1ESMF6Yc6xjPKsBDJoFqPjVAqGRmS0zHRBKqTVEVc767eOwydE7r7lm9cdOoNS+LIsroEB2hE+Sic9RE16iF2oiiR/SM3tC79WA9WS/W60+0ZBV/DtAfWR/f/sqSJA==</latexit>

Re{�}

spherical
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The resolution of the problem provides the dispersion relationship

That includes the Gauss hypergeometric functions

with the parameters      ,        ,      and       associated to the shock properties, and 
the parameters       (cylindrical/spherical)  and     (mode number).

<latexit sha1_base64="jNP8l3F/HcjXufvrHc5uZLYEXmo="></latexit>n
(� + ⌫ � 1)

h
R(⌫ � 1)� � � ⌫

i
+Rj(j + ⌫ � 2)

o
(1 + h)F+

1s

+
h
2(� + ⌫)�R(⌫ � 1) (1 + h1)

i
(� + ⌫ + j � 1)F�

1s = 0.

<latexit sha1_base64="AJt4FABp8uB3MMkZO0mSktxhx5k="></latexit>

F±
1s = 2F1

✓
j � �

2
,
j ± 1� �

2
; j +

⌫

2
;M2

2

◆

<latexit sha1_base64="2l3tKUAS5U2xhgvOERIvdBqaRWI=">AAAB4nicbZDNSsNAFIVv6l+tf1WXbgaL4Kokouiy6MZlC/YH2lAm05tm6GQSZiZCCX0BXYm685F8Ad/Gac1CW8/qm3vOwD03SAXXxnW/nNLa+sbmVnm7srO7t39QPTzq6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByN/e7j6g0T+SDmabox3QsecgZNXbUiobVmlt3FyKr4BVQg0LNYfVzMEpYFqM0TFCt+56bGj+nynAmcFYZZBpTyiZ0jH2Lksao/Xyx6IychYkiJkKyeP/O5jTWehoHNhNTE+llbz78z+tnJrzxcy7TzKBkNmK9MBPEJGTel4y4QmbE1AJlitstCYuooszYq1RsfW+57Cp0LureVd1tXdYat8UhynACp3AOHlxDA+6hCW1ggPAMb/DujJwn58V5/YmWnOLPMfyR8/ENxKuKhQ==</latexit>

h
<latexit sha1_base64="8hsudgrpeE3132e4j/8zHmNd4Z8=">AAAB5HicbZC9TsMwFIVvyl8pfwVGFosKialKEAjGChbGIuiP1EaV4940Vp04sh2kKuobwISAjSfiBXgb3JIBWs70+Z5j6Z4bpIJr47pfTmlldW19o7xZ2dre2d2r7h+0tcwUwxaTQqpuQDUKnmDLcCOwmyqkcSCwE4xvZn7nEZXmMnkwkxT9mI4SHnJGjR3dRwNvUK25dXcusgxeATUo1BxUP/tDybIYE8ME1brnuanxc6oMZwKnlX6mMaVsTEfYs5jQGLWfz1edkpNQKmIiJPP372xOY60ncWAzMTWRXvRmw/+8XmbCKz/nSZoZTJiNWC/MBDGSzBqTIVfIjJhYoExxuyVhEVWUGXuXiq3vLZZdhvZZ3buou3fntcZ1cYgyHMExnIIHl9CAW2hCCxiM4Bne4N0JnSfnxXn9iZac4s8h/JHz8Q3mh4sp</latexit>

h1
<latexit sha1_base64="nwwzoaF0qlUIZr/8Gp3Ynt1JriQ=">AAAB5HicbZC9TsMwFIVvyl8pfwVGFosKialKEAjGChbGIuiP1EaV4960Vh0nsh2kKuobwISAjSfiBXgb3JABWs70+Z5j6Z4bJIJr47pfTmlldW19o7xZ2dre2d2r7h+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5mfudR1Sax/LBTBP0IzqSPOSMGju678t0UK25dTcXWQavgBoUag6qn/1hzNIIpWGCat3z3MT4GVWGM4GzSj/VmFA2oSPsWZQ0Qu1n+aozchLGipgxkvz9O5vRSOtpFNhMRM1YL3rz4X9eLzXhlZ9xmaQGJbMR64WpICYm88ZkyBUyI6YWKFPcbknYmCrKjL1Lxdb3FssuQ/us7l3U3bvzWuO6OEQZjuAYTsGDS2jALTShBQxG8Axv8O6EzpPz4rz+REtO8ecQ/sj5+AZQf4tw</latexit>⌫

<latexit sha1_base64="vF8c3pS8EDMIHh3gSb0EyecyjxI=">AAAB4nicbZDLTgJBEEVrfCK+UJduOhITV2TGaHRJdOMSEnkkMCE9TQ209DzSXWNCCD+gK6Pu/CR/wL+xwVkoeFen695O6laQKmnIdb+cldW19Y3NwlZxe2d3b790cNg0SaYFNkSiEt0OuEElY2yQJIXtVCOPAoWtYHQ781uPqI1M4nsap+hHfBDLUApOdlR/6JXKbsWdiy2Dl0MZctV6pc9uPxFZhDEJxY3peG5K/oRrkkLhtNjNDKZcjPgAOxZjHqHxJ/NFp+w0TDSjIbL5+3d2wiNjxlFgMxGnoVn0ZsP/vE5G4bU/kXGaEcbCRqwXZopRwmZ9WV9qFKTGFrjQ0m7JxJBrLshepWjre4tll6F5XvEuK279oly9yQ9RgGM4gTPw4AqqcAc1aIAAhGd4g3en7zw5L87rT3TFyf8cwR85H9/Hp4qH</latexit>

j

<latexit sha1_base64="YxFpvY/Ba1VsvDQg4PkeDLK6tpo=">AAAB4nicbZDNTgIxFIXv4B/iH+rSTSMxcUVmDFGXRDcuwchPAhPSKXegoTOdtB0TMuEFdGXUnY/kC/g2FpyFgmf19Z7T5J4bJIJr47pfTmFtfWNzq7hd2tnd2z8oHx61tUwVwxaTQqpuQDUKHmPLcCOwmyikUSCwE0xu537nEZXmMn4w0wT9iI5iHnJGjR017wflilt1FyKr4OVQgVyNQfmzP5QsjTA2TFCte56bGD+jynAmcFbqpxoTyiZ0hD2LMY1Q+9li0Rk5C6UiZoxk8f6dzWik9TQKbCaiZqyXvfnwP6+XmvDaz3icpAZjZiPWC1NBjCTzvmTIFTIjphYoU9xuSdiYKsqMvUrJ1veWy65C+6LqXVZrzVqlfpMfoggncArn4MEV1OEOGtACBgjP8AbvztB5cl6c159owcn/HMMfOR/fpXOKdA==</latexit>

R
<latexit sha1_base64="TlESCJAyRPDIIzjqi4JXbvG8DQA=">AAAB5HicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaQtQl0Y0bE4wiJNCQ6XALE6adZmZqQhreQFdG3flEvoBv44BdKHhW39xzJrnnBong2rjul1NYWV1b3yhulra2d3b3yvsHD1qmimGLSSFVJ6AaBY+xZbgR2EkU0igQ2A7GVzO//YhKcxnfm0mCfkSHMQ85o8aO7m76tX654lbducgyeDlUIFezX/7sDSRLI4wNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdiTCPUfjZfdUpOQqmIGSGZv39nMxppPYkCm4moGelFbzb8z+umJrzwMx4nqcGY2Yj1wlQQI8msMRlwhcyIiQXKFLdbEjaiijJj71Ky9b3FssvwUKt6Z9X6bb3SuMwPUYQjOIZT8OAcGnANTWgBgyE8wxu8O6Hz5Lw4rz/RgpP/OYQ/cj6+AcEhixQ=</latexit>

M2

The Noh problem: stability analysis
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<latexit sha1_base64="TqQvxifHoLCAtomHnlHgS9lfizk=">AAAB73icbZDNTgIxFIXv4B/iH+rSTSMxcUVmjFGWJG5copGfBEbSKXegoZ0Z244JmfAcujLqznfxBXwbC85CwbP6es9pcs8NEsG1cd0vp7Cyura+UdwsbW3v7O6V9w9aOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxhfzfz2IyrN4+jOTBL0JR1GPOSMGju672k+lLSf9ZQkt9N+ueJW3bnIMng5VCBXo1/+7A1ilkqMDBNU667nJsbPqDKcCZyWeqnGhLIxHWLXYkQlaj+bbz0lJ2GsiBkhmb9/ZzMqtZ7IwGYkNSO96M2G/3nd1IQ1P+NRkhqMmI1YL0wFMTGZlScDrpAZMbFAmeJ2S8JGVFFm7IlKtr63WHYZWmdV76Lq3ZxX6rX8EEU4gmM4BQ8uoQ7X0IAmMFDwDG/w7jw4T86L8/oTLTj5n0P4I+fjG0qTkAg=</latexit>�R
<latexit sha1_base64="TqQvxifHoLCAtomHnlHgS9lfizk=">AAAB73icbZDNTgIxFIXv4B/iH+rSTSMxcUVmjFGWJG5copGfBEbSKXegoZ0Z244JmfAcujLqznfxBXwbC85CwbP6es9pcs8NEsG1cd0vp7Cyura+UdwsbW3v7O6V9w9aOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxhfzfz2IyrN4+jOTBL0JR1GPOSMGju672k+lLSf9ZQkt9N+ueJW3bnIMng5VCBXo1/+7A1ilkqMDBNU667nJsbPqDKcCZyWeqnGhLIxHWLXYkQlaj+bbz0lJ2GsiBkhmb9/ZzMqtZ7IwGYkNSO96M2G/3nd1IQ1P+NRkhqMmI1YL0wFMTGZlScDrpAZMbFAmeJ2S8JGVFFm7IlKtr63WHYZWmdV76Lq3ZxX6rX8EEU4gmM4BQ8uoQ7X0IAmMFDwDG/w7jw4T86L8/oTLTj5n0P4I+fjG0qTkAg=</latexit>�R

<latexit sha1_base64="TqQvxifHoLCAtomHnlHgS9lfizk=">AAAB73icbZDNTgIxFIXv4B/iH+rSTSMxcUVmjFGWJG5copGfBEbSKXegoZ0Z244JmfAcujLqznfxBXwbC85CwbP6es9pcs8NEsG1cd0vp7Cyura+UdwsbW3v7O6V9w9aOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxhfzfz2IyrN4+jOTBL0JR1GPOSMGju672k+lLSf9ZQkt9N+ueJW3bnIMng5VCBXo1/+7A1ilkqMDBNU667nJsbPqDKcCZyWeqnGhLIxHWLXYkQlaj+bbz0lJ2GsiBkhmb9/ZzMqtZ7IwGYkNSO96M2G/3nd1IQ1P+NRkhqMmI1YL0wFMTGZlScDrpAZMbFAmeJ2S8JGVFFm7IlKtr63WHYZWmdV76Lq3ZxX6rX8EEU4gmM4BQ8uoQ7X0IAmMFDwDG/w7jw4T86L8/oTLTj5n0P4I+fjG0qTkAg=</latexit>�R

<latexit sha1_base64="LOuWrgSDjcj19talJFDc5skiKQY=">AAAB83icbZDLTgJBEEVr8IX4GnXppiMxcUVmjFGXRDcuMREkAUJ6mgI69DzSXUMkE75EV0bd+Sf+gH9jg7NQ8K5O172dVN0gUdKQ5305hZXVtfWN4mZpa3tnd8/dP2iYONUC6yJWsW4G3KCSEdZJksJmopGHgcKHYHQz8x/GqI2Mo3uaJNgJ+SCSfSk42VHXdduEj5TJHnLFBtxMu27Zq3hzsWXwcyhDrlrX/Wz3YpGGGJFQ3JiW7yXUybgmKRROS+3UYMLFiA+wZTHiIZpONt98yk76sWY0RDZ//85mPDRmEgY2E3IamkVvNvzPa6XUv+pkMkpSwkjYiPX6qWIUs1kBrCc1ClITC1xoabdkYsg1F2RrKtnz/cVjl6FxVvEvKv7debl6nRdRhCM4hlPw4RKqcAs1qIOAMTzDG7w7qfPkvDivP9GCk/85hD9yPr4BnISRWQ==</latexit>

ideal gas
<latexit sha1_base64="nW9t+Ub8kzT+zLVO2h3mAG2GYyU=">AAAB73icbZDNTgIxFIU7/iL+oS7dNBITV2TGGHVJNCYuMcpPAiPplDvQ0JmO7R0imfAcujLqznfxBXwbC7JQ8Ky+3nOa3HODRAqDrvvlLCwuLa+s5tby6xubW9uFnd2aUanmUOVKKt0ImAEpYqiiQAmNRAOLAgn1oH859usD0Eao+A6HCfgR68YiFJyhHd23EB4xG3Tq9ErdjtqFoltyJ6Lz4E2hSKaqtAufrY7iaQQxcsmMaXpugn7GNAouYZRvpQYSxvusC02LMYvA+Nlk6xE9DJWm2AM6ef/OZiwyZhgFNhMx7JlZbzz8z2umGJ77mYiTFCHmNmK9MJUUFR2Xpx2hgaMcWmBcC7sl5T2mGUd7oryt782WnYfacck7LXk3J8XyxfQQObJPDsgR8cgZKZNrUiFVwokmz+SNvDsPzpPz4rz+RBec6Z898kfOxzdOC5AS</latexit>

vdW EoS
<latexit sha1_base64="1Q7gE3fovErLOIOdZWS0/cRm6e0=">AAAB8nicbZDNTsJAFIWn+If4Q9Wlm0Zi4oq0xqhLohuXmAiSQEOmwy1MmGmbmTtG0vAiujLqzkfxBXwbB+xCwbP65p4zyT03ygTX6PtfTmlldW19o7xZ2dre2a26e/ttnRrFoMVSkapORDUInkALOQroZAqojATcR+PrmX//AErzNLnDSQahpMOEx5xRtKO+W+0hPGJOhZE8MXLad2t+3Z/LW4aggBop1Oy7n71ByoyEBJmgWncDP8Mwpwo5EzCt9IyGjLIxHULXYkIl6DCfLz71juNUeTgCb/7+nc2p1HoiI5uRFEd60ZsN//O6BuPLMOdJZhASZiPWi43wMPVm/b0BV8BQTCxQprjd0mMjqihDe6WKrR8sll2G9mk9OK8Ht2e1xlVxiDI5JEfkhATkgjTIDWmSFmHEkGfyRt4ddJ6cF+f1J1pyij8H5I+cj2+H85Fd</latexit>

aluminum
<latexit sha1_base64="NPKGjCf+LfFJM/l+/wI3vcuTtns=">AAAB63icbZDNTgIxFIXv4B/iH+rSzURi4gpnjAobExI3LjGRnwgT0ikXaGg7k7ZjQiY8ha6MuvNtfAHfxoKzUPCsvt5zmtxzw5gzbTzvy8mtrK6tb+Q3C1vbO7t7xf2Dpo4SRbFBIx6pdkg0ciaxYZjh2I4VEhFybIXjm5nfekSlWSTvzSTGQJChZANGibGjh+6QCEGuK2eXvWLJK3tzucvgZ1CCTPVe8bPbj2giUBrKidYd34tNkBJlGOU4LXQTjTGhYzLEjkVJBOognW88dU8GkXLNCN35+3c2JULriQhtRhAz0ovebPif10nMoBqkTMaJQUltxHqDhLsmcmfF3T5TSA2fWCBUMbulS0dEEWrseQq2vr9Ydhma52X/quzfXZRq1ewQeTiCYzgFHypQg1uoQwMoSHiGN3h3hPPkvDivP9Gck/05hD9yPr4BUEONpg==</latexit>

� = 7/5
<latexit sha1_base64="OVNmXtoL4KCMawLRCm5uSKE/0QU=">AAAB5nicbZDNSsNAFIVv/K31r+rSzWARXJWkiHYjFNy4rGDaQhvKZHrTDJ1MwsxEKKWvoCtRdz6QL+DbOK1ZaOtZfXPPGbjnhpng2rjul7O2vrG5tV3aKe/u7R8cVo6O2zrNFUOfpSJV3ZBqFFyib7gR2M0U0iQU2AnHt3O/84hK81Q+mEmGQUJHkkecUWNHfl/mN/VBperW3IXIKngFVKFQa1D57A9TlicoDRNU657nZiaYUmU4Ezgr93ONGWVjOsKeRUkT1MF0seyMnEepIiZGsnj/zk5povUkCW0moSbWy958+J/Xy03UCKZcZrlByWzEelEuiEnJvDMZcoXMiIkFyhS3WxIWU0WZsZcp2/rectlVaNdr3lXNu7+sNhvFIUpwCmdwAR5cQxPuoAU+MODwDG/w7sTOk/PivP5E15zizwn8kfPxDUBVi+s=</latexit>

⌫ = 2
<latexit sha1_base64="0rFb39JFlMuLldbBTCEcjjkyirU=">AAAB5nicbZDNSsNAFIVv6l+tf1WXbgaL4KokKtqNUHDjsoKxhTaUyfSmGTqZhJmJUEpfQVei7nwgX8C3cVqz0Naz+uaeM3DPDTPBtXHdL6e0srq2vlHerGxt7+zuVfcPHnSaK4Y+S0WqOiHVKLhE33AjsJMppEkosB2ObmZ++xGV5qm8N+MMg4QOJY84o8aO/J7Mr8/71Zpbd+ciy+AVUINCrX71szdIWZ6gNExQrbuem5lgQpXhTOC00ss1ZpSN6BC7FiVNUAeT+bJTchKlipgYyfz9OzuhidbjJLSZhJpYL3qz4X9eNzdRI5hwmeUGJbMR60W5ICYls85kwBUyI8YWKFPcbklYTBVlxl6mYut7i2WX4eGs7l3WvbuLWrNRHKIMR3AMp+DBFTThFlrgAwMOz/AG707sPDkvzutPtOQUfw7hj5yPb0HTi+w=</latexit>

⌫ = 3

<latexit sha1_base64="JQ+EIzBZ2jBPHLOCW5yBVP1X3QU=">AAAB7XicbZDNSgMxFIXv1L9a/6ou3QSL4KrMqGg3QsGNyyr2BzpDyaS3bWhmMiQZoQx9DF2JuvNlfAHfxrTOQlvP6ss9J3DPDRPBtXHdL6ewsrq2vlHcLG1t7+zulfcPWlqmimGTSSFVJ6QaBY+xabgR2EkU0igU2A7HNzO//YhKcxk/mEmCQUSHMR9wRo0d+ZnPqCD3056+Pu+VK27VnYssg5dDBXI1euVPvy9ZGmFsmKBadz03MUFGleFM4LTkpxoTysZ0iF2LMY1QB9l85yk5GUhFzAjJ/P07m9FI60kU2kxEzUgverPhf143NYNakPE4SQ3GzEasN0gFMZLMqpM+V8iMmFigTHG7JWEjqigz9kAlW99bLLsMrbOqd1n17i4q9Vp+iCIcwTGcggdXUIdbaEATGCTwDG/w7kjnyXlxXn+iBSf/cwh/5Hx8AyIFjrs=</latexit>Rs = 3
<latexit sha1_base64="m3R077IsUIUVodXeU/ER+fLHFXg=">AAAB7XicbZDNSgMxFIUz9a/Wv6pLN8EiuKozVrQboeDGZQX7A52h3EnvtKHJzJBkhFL6GLoSdefL+AK+jWmdhVbP6ss9J3DPDVPBtXHdT6ewsrq2vlHcLG1t7+zulfcP2jrJFMMWS0SiuiFoFDzGluFGYDdVCDIU2AnHN3O/84BK8yS+N5MUAwnDmEecgbEj3x+ClHBd885qbr9ccavuQvQveDlUSK5mv/zhDxKWSYwNE6B1z3NTE0xBGc4Ezkp+pjEFNoYh9izGIFEH08XOM3oSJYqaEdLF+2d2ClLriQxtRoIZ6WVvPvzP62UmqgdTHqeZwZjZiPWiTFCT0Hl1OuAKmRETC8AUt1tSNgIFzNgDlWx9b7nsX2ifV73Lqnd3UWnU80MUyRE5JqfEI1ekQW5Jk7QIIyl5Iq/kzUmcR+fZefmOFpz8zyH5Jef9CyiJjhU=</latexit>

� = 31/30
<latexit sha1_base64="AtthPzlIpu4bDqastQGIJKyABuo=">AAAB7XicbZDNSgMxFIUz9a/Wv6pLN8EiuKqTItqNUHDjsoL9gc5Q7qSZTmhmMiQZoQx9DF2JuvNlfAHfxrTOQlvP6ss9J3DPDVLBtXHdL6e0tr6xuVXeruzs7u0fVA+PulpmirIOlUKqfgCaCZ6wjuFGsH6qGMSBYL1gcjv3e49MaS6TBzNNmR/DOOEhp2DsyPNApBEMyQ25aAyrNbfuLoRXgRRQQ4Xaw+qnN5I0i1liqACtB8RNjZ+DMpwKNqt4mWYp0AmM2cBiAjHTfr7YeYbPQqmwiRhevH9nc4i1nsaBzcRgIr3szYf/eYPMhE0/50maGZZQG7FemAlsJJ5XxyOuGDViagGo4nZLTCNQQI09UMXWJ8tlV6HbqJOrOrm/rLWaxSHK6ASdonNE0DVqoTvURh1EUYqe0Rt6d6Tz5Lw4rz/RklP8OUZ/5Hx8A2+NjkQ=</latexit>

↵1 = 1/2
<latexit sha1_base64="HzkdJ+Cnn2SDkynxTexEmM1nN+I=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiuKoTEa0LoeDGZQX7A9OhZNLbNjSTDElGKEPfQlei7nwaX8C3Ma2z0Naz+nLPCdxzo0RwY33/yyusrK6tbxQ3S1vbO7t75f2DllGpZtBkSijdiagBwSU0LbcCOokGGkcC2tH4dua3H0EbruSDnSQQxnQo+YAzat0o6EZgaY/ckLPrXrniV/258DKQHCooV6NX/uz2FUtjkJYJakxA/MSGGdWWMwHTUjc1kFA2pkMIHEoagwmz+cpTfDJQGtsR4Pn7dzajsTGTOHKZmNqRWfRmw/+8ILWDWphxmaQWJHMR5w1Sga3Cs+a4zzUwKyYOKNPcbYnZiGrKrLtPydUni2WXoXVeJZdVcn9RqdfyQxTRETpGp4igK1RHd6iBmoghhZ7RG3r3pPfkvXivP9GCl/85RH/kfXwDsk6N1w==</latexit>

�1 = 1/9

<latexit sha1_base64="t3VW5eIPGdRGQLSvlFGj1dZx0MU=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCoTEe1GKLhxWcFeoB1KJj3TxmYuJBmhDn0HXYm683l8Ad/GtM5CW//Vl/P/gfMfP5FCG9f9cgorq2vrG8XN0tb2zu5eef+gpeNUcWzyWMaq4zONUkTYNMJI7CQKWehLbPvj65nffkClRRzdmUmCXsiGkQgEZ8aO2o99ekWrtF+uuFV3LrIMNIcK5Gr0y5+9QczTECPDJdO6S93EeBlTRnCJ01Iv1ZgwPmZD7FqMWIjay+brTslJECtiRkjm79/ZjIVaT0LfZkJmRnrRmw3/87qpCWpeJqIkNRhxG7FekEpiYjJrTQZCITdyYoFxJeyWhI+YYtzY25RsfbpYdhlaZ1V6UaW355V6LT9EEY7gGE6BwiXU4QYa0AQOY3iGN3h37p0n58V5/YkWnPzPIfyR8/ENyjKMKA==</latexit>

z1 = 1.1
<latexit sha1_base64="BK8ZsXWVVxILiebk3brDPvQg7nU=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY5CNCYkbl5hQIIGGTIdbOmH6k5mpCWl4BV0ZdecD+QK+jQN2oeBZfXPPmeSe66eCK23bX1ZpY3Nre6e8W9nbPzg8qh6fdFWSSYYuS0Qi+z5VKHiMruZaYD+VSCNfYM+f3i383iNKxZO4o2cpehGdxDzgjGozcjsj59YeVWt23V6KrINTQA0KtUfVz+E4YVmEsWaCKjVw7FR7OZWaM4HzyjBTmFI2pRMcGIxphMrLl8vOyUWQSKJDJMv372xOI6VmkW8yEdWhWvUWw/+8QaaDppfzOM00xsxEjBdkguiELDqTMZfItJgZoExysyVhIZWUaXOZiqnvrJZdh+5V3WnUnYfrWqtZHKIMZ3AOl+DADbTgHtrgAgMOz/AG71ZoPVkv1utPtGQVf07hj6yPb7Sri44=</latexit>

T1 = 0

<latexit sha1_base64="gk5gINWEiwG3aRI3cXr6rm8IM/w=">AAAB/HicbVDLSsNAFL2pr1pfUVfiZrAIrkoiol0W3Oiugn1AE8JkOmnHziRhZiKUEP0ZXYm68yv8Af/Gae1CW8/q3HvOhXtOmHKmtON8WaWl5ZXVtfJ6ZWNza3vH3t1rqySThLZIwhPZDbGinMW0pZnmtJtKikXIaSccXU70zj2ViiXxrR6n1Bd4ELOIEazNKrAPvH4kMck9xQYCB7knBbouivyuCOyqU3OmQIvEnZEqzNAM7E+vn5BM0FgTjpXquU6q/RxLzQinRcXLFE0xGeEB7RkaY0GVn08jFOg4SiTSQ4qm829vjoVSYxEaj8B6qOa1yfI/rZfpqO7nLE4zTWNiLEaLMo50giZNoD6TlGg+NgQTycyXiAyxKUObviomvjsfdpG0T2vuec29Oas26rMiynAIR3ACLlxAA66gCS0g8AjP8Abv1oP1ZL1Yrz/WkjW72Yc/sD6+AahClVQ=</latexit>�I

j

<latexit sha1_base64="gk5gINWEiwG3aRI3cXr6rm8IM/w=">AAAB/HicbVDLSsNAFL2pr1pfUVfiZrAIrkoiol0W3Oiugn1AE8JkOmnHziRhZiKUEP0ZXYm68yv8Af/Gae1CW8/q3HvOhXtOmHKmtON8WaWl5ZXVtfJ6ZWNza3vH3t1rqySThLZIwhPZDbGinMW0pZnmtJtKikXIaSccXU70zj2ViiXxrR6n1Bd4ELOIEazNKrAPvH4kMck9xQYCB7knBbouivyuCOyqU3OmQIvEnZEqzNAM7E+vn5BM0FgTjpXquU6q/RxLzQinRcXLFE0xGeEB7RkaY0GVn08jFOg4SiTSQ4qm829vjoVSYxEaj8B6qOa1yfI/rZfpqO7nLE4zTWNiLEaLMo50giZNoD6TlGg+NgQTycyXiAyxKUObviomvjsfdpG0T2vuec29Oas26rMiynAIR3ACLlxAA66gCS0g8AjP8Abv1oP1ZL1Yrz/WkjW72Yc/sD6+AahClVQ=</latexit>�I

j

<latexit sha1_base64="gk5gINWEiwG3aRI3cXr6rm8IM/w=">AAAB/HicbVDLSsNAFL2pr1pfUVfiZrAIrkoiol0W3Oiugn1AE8JkOmnHziRhZiKUEP0ZXYm68yv8Af/Gae1CW8/q3HvOhXtOmHKmtON8WaWl5ZXVtfJ6ZWNza3vH3t1rqySThLZIwhPZDbGinMW0pZnmtJtKikXIaSccXU70zj2ViiXxrR6n1Bd4ELOIEazNKrAPvH4kMck9xQYCB7knBbouivyuCOyqU3OmQIvEnZEqzNAM7E+vn5BM0FgTjpXquU6q/RxLzQinRcXLFE0xGeEB7RkaY0GVn08jFOg4SiTSQ4qm829vjoVSYxEaj8B6qOa1yfI/rZfpqO7nLE4zTWNiLEaLMo50giZNoD6TlGg+NgQTycyXiAyxKUObviomvjsfdpG0T2vuec29Oas26rMiynAIR3ACLlxAA66gCS0g8AjP8Abv1oP1ZL1Yrz/WkjW72Yc/sD6+AahClVQ=</latexit>�I

j

<latexit sha1_base64="9SmVz4ZI9cvjnqy9A6dNoVWnc3o=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJeOlGKLhxWcFeoA1lMj1pxk4uzEyEEvoIuhJ15wv5Ar6Nk5qFtv6rb87/D5z/eIngStv2l1VaWV1b3yhvVra2d3b3qvsHHRWnkmGbxSKWPY8qFDzCtuZaYC+RSENPYNeb3OR+9xGl4nF0r6cJuiEdR9znjOp89HDtXAyrNbtuz0WWwSmgBoVaw+rnYBSzNMRIM0GV6jt2ot2MSs2ZwFllkCpMKJvQMfYNRjRE5WbzXWfkxI8l0QGS+ft3NqOhUtPQM5mQ6kAtevnwP6+far/hZjxKUo0RMxHj+akgOiZ5ZTLiEpkWUwOUSW62JCygkjJtDlMx9Z3FssvQOas7l3Xn7rzWbBSHKMMRHMMpOHAFTbiFFrSBQQDP8Abv1th6sl6s159oySr+HMIfWR/fKSyLQA==</latexit>

j = 15
<latexit sha1_base64="QkorTG2Eco8GTfr62o2GvztacKg=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJeOlGKLhxWcFeoA1lMj1pxk4uzEyEEvoIuhJ15wv5Ar6Nk5qFtv6rb87/D5z/eIngStv2l1VaWV1b3yhvVra2d3b3qvsHHRWnkmGbxSKWPY8qFDzCtuZaYC+RSENPYNeb3OR+9xGl4nF0r6cJuiEdR9znjOp89HB9YQ+rNbtuz0WWwSmgBoVaw+rnYBSzNMRIM0GV6jt2ot2MSs2ZwFllkCpMKJvQMfYNRjRE5WbzXWfkxI8l0QGS+ft3NqOhUtPQM5mQ6kAtevnwP6+far/hZjxKUo0RMxHj+akgOiZ5ZTLiEpkWUwOUSW62JCygkjJtDlMx9Z3FssvQOas7l3Xn7rzWbBSHKMMRHMMpOHAFTbiFFrSBQQDP8Abv1th6sl6s159oySr+HMIfWR/fJ7KLPw==</latexit>

j = 50
<latexit sha1_base64="68rS1TJulatBHyuzsxB1dz7N9AY=">AAAB5nicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJeOlGKLhxWcG0hTaUyfSkGTu5MDMRSugr6ErUnQ/kC/g2TmsW2vqvvjn/P3D+46eCK23bX1ZpZXVtfaO8Wdna3tndq+4ftFWSSYYuS0Qiuz5VKHiMruZaYDeVSCNfYMcf38z8ziNKxZP4Xk9S9CI6innAGdVm5D5cOxf2oFqz6/ZcZBmcAmpQqDWofvaHCcsijDUTVKmeY6fay6nUnAmcVvqZwpSyMR1hz2BMI1RePl92Sk6CRBIdIpm/f2dzGik1iXyTiagO1aI3G/7n9TIdNLycx2mmMWYmYrwgE0QnZNaZDLlEpsXEAGWSmy0JC6mkTJvLVEx9Z7HsMrTP6s5l3bk7rzUbxSHKcATHcAoOXEETbqEFLjDg8Axv8G6F1pP1Yr3+REtW8ecQ/sj6+AaWvYt6</latexit>

j = 150
<latexit sha1_base64="iY/60Oe5RUtJ1St0/gVjgZ9tlGE=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaNcrGhMSNS0wskEBDpsMtHZn+ZGZqQhpeQVdG3flAvoBv44BdKHhW39xzJrnn+qngStv2l1VaWV1b3yhvVra2d3b3qvsHbZVkkqHLEpHIrk8VCh6jq7kW2E0l0sgX2PHHNzO/84hS8SS+15MUvYiOYh5wRrUZuQ/X57Y9qNbsuj0XWQangBoUag2qn/1hwrIIY80EVarn2Kn2cio1ZwKnlX6mMKVsTEfYMxjTCJWXz5edkpMgkUSHSObv39mcRkpNIt9kIqpDtejNhv95vUwHDS/ncZppjJmJGC/IBNEJmXUmQy6RaTExQJnkZkvCQiop0+YyFVPfWSy7DO2zunNZd+4uas1GcYgyHMExnIIDV9CEW2iBCww4PMMbvFuh9WS9WK8/0ZJV/DmEP7I+vgGSQot3</latexit>

j = 300

<latexit sha1_base64="fuNLthYdRaIIIe2aoPYiH1pb2yw=">AAAB+3icdVDLSgMxFM3UV62vUTeCm2AR3LRkxj53BTduhAr2Ae1YMmnahmYeJhmhDOPP6ErUnX/hD/g3ZmoFFT2rc+85F+45bsiZVAi9G5ml5ZXVtex6bmNza3vH3N1ryyAShLZIwAPRdbGknPm0pZjitBsKij2X0447PUv1zi0VkgX+lZqF1PHw2GcjRrDSq4F50Jc3QsVxn2AOL5KBvI4LdlKwkoGZR8VSvYLsKkxJuV491aSMULmKoFVEc+TBAs2B+dYfBiTyqK8Ix1L2LBQqJ8ZCMcJpkutHkoaYTPGY9jT1sUelE88TJPB4FAioJhTO5+/eGHtSzjxXezysJvK3li7/0nqRGtWcmPlhpKhPtEVro4hDFcC0CDhkghLFZ5pgIpj+EpIJFpgoXVdOx//KCP8nbbtoVYr2ZSnfqC2KyIJDcAROgAWqoAHOQRO0AAF34AE8gxcjMe6NR+Pp05oxFjf74AeM1w8xmJRz</latexit>p
M�2

s � 1
<latexit sha1_base64="fuNLthYdRaIIIe2aoPYiH1pb2yw=">AAAB+3icdVDLSgMxFM3UV62vUTeCm2AR3LRkxj53BTduhAr2Ae1YMmnahmYeJhmhDOPP6ErUnX/hD/g3ZmoFFT2rc+85F+45bsiZVAi9G5ml5ZXVtex6bmNza3vH3N1ryyAShLZIwAPRdbGknPm0pZjitBsKij2X0447PUv1zi0VkgX+lZqF1PHw2GcjRrDSq4F50Jc3QsVxn2AOL5KBvI4LdlKwkoGZR8VSvYLsKkxJuV491aSMULmKoFVEc+TBAs2B+dYfBiTyqK8Ix1L2LBQqJ8ZCMcJpkutHkoaYTPGY9jT1sUelE88TJPB4FAioJhTO5+/eGHtSzjxXezysJvK3li7/0nqRGtWcmPlhpKhPtEVro4hDFcC0CDhkghLFZ5pgIpj+EpIJFpgoXVdOx//KCP8nbbtoVYr2ZSnfqC2KyIJDcAROgAWqoAHOQRO0AAF34AE8gxcjMe6NR+Pp05oxFjf74AeM1w8xmJRz</latexit>p
M�2

s � 1

<latexit sha1_base64="fuNLthYdRaIIIe2aoPYiH1pb2yw=">AAAB+3icdVDLSgMxFM3UV62vUTeCm2AR3LRkxj53BTduhAr2Ae1YMmnahmYeJhmhDOPP6ErUnX/hD/g3ZmoFFT2rc+85F+45bsiZVAi9G5ml5ZXVtex6bmNza3vH3N1ryyAShLZIwAPRdbGknPm0pZjitBsKij2X0447PUv1zi0VkgX+lZqF1PHw2GcjRrDSq4F50Jc3QsVxn2AOL5KBvI4LdlKwkoGZR8VSvYLsKkxJuV491aSMULmKoFVEc+TBAs2B+dYfBiTyqK8Ix1L2LBQqJ8ZCMcJpkutHkoaYTPGY9jT1sUelE88TJPB4FAioJhTO5+/eGHtSzjxXezysJvK3li7/0nqRGtWcmPlhpKhPtEVro4hDFcC0CDhkghLFZ5pgIpj+EpIJFpgoXVdOx//KCP8nbbtoVYr2ZSnfqC2KyIJDcAROgAWqoAHOQRO0AAF34AE8gxcjMe6NR+Pp05oxFjf74AeM1w8xmJRz</latexit>p
M�2

s � 1

<latexit sha1_base64="0ZL0pYJghqxSCrywE5/nrAjupes=">AAAB/HicdVDLSgMxFM34rPVVdSVugkWomyGtfe4KblxWsQ/o1CGTptPYZGZIMkIZqj+jK1F3foU/4N+Y1goqelbn3nMu3HO8iDOlEXq3FhaXlldWU2vp9Y3Nre3Mzm5LhbEktElCHsqOhxXlLKBNzTSnnUhSLDxO297odKq3b6hULAwu9TiiPYH9gA0Ywdqs3My+o5gvsJs4UsCLyVWSCxzfh9fHEzeTRXaxVkaFCpySUq1yYkgJoVIFwbyNZsiCORpu5s3phyQWNNCEY6W6eRTpXoKlZoTTSdqJFY0wGWGfdg0NsKCql8wiTODRIJRQDymczd+9CRZKjYVnPALrofqtTZd/ad1YD6q9hAVRrGlAjMVog5hDHcJpE7DPJCWajw3BRDLzJSRDLDHRpq+0if+VEf5PWgU7X7YL58VsvTovIgUOwCHIgTyogDo4Aw3QBATcgQfwDF6sW+veerSePq0L1vxmD/yA9foBxP+Uww==</latexit>

�(n�j)
R

<latexit sha1_base64="0ZL0pYJghqxSCrywE5/nrAjupes=">AAAB/HicdVDLSgMxFM34rPVVdSVugkWomyGtfe4KblxWsQ/o1CGTptPYZGZIMkIZqj+jK1F3foU/4N+Y1goqelbn3nMu3HO8iDOlEXq3FhaXlldWU2vp9Y3Nre3Mzm5LhbEktElCHsqOhxXlLKBNzTSnnUhSLDxO297odKq3b6hULAwu9TiiPYH9gA0Ywdqs3My+o5gvsJs4UsCLyVWSCxzfh9fHEzeTRXaxVkaFCpySUq1yYkgJoVIFwbyNZsiCORpu5s3phyQWNNCEY6W6eRTpXoKlZoTTSdqJFY0wGWGfdg0NsKCql8wiTODRIJRQDymczd+9CRZKjYVnPALrofqtTZd/ad1YD6q9hAVRrGlAjMVog5hDHcJpE7DPJCWajw3BRDLzJSRDLDHRpq+0if+VEf5PWgU7X7YL58VsvTovIgUOwCHIgTyogDo4Aw3QBATcgQfwDF6sW+veerSePq0L1vxmD/yA9foBxP+Uww==</latexit>

�(n�j)
R

<latexit sha1_base64="0ZL0pYJghqxSCrywE5/nrAjupes=">AAAB/HicdVDLSgMxFM34rPVVdSVugkWomyGtfe4KblxWsQ/o1CGTptPYZGZIMkIZqj+jK1F3foU/4N+Y1goqelbn3nMu3HO8iDOlEXq3FhaXlldWU2vp9Y3Nre3Mzm5LhbEktElCHsqOhxXlLKBNzTSnnUhSLDxO297odKq3b6hULAwu9TiiPYH9gA0Ywdqs3My+o5gvsJs4UsCLyVWSCxzfh9fHEzeTRXaxVkaFCpySUq1yYkgJoVIFwbyNZsiCORpu5s3phyQWNNCEY6W6eRTpXoKlZoTTSdqJFY0wGWGfdg0NsKCql8wiTODRIJRQDymczd+9CRZKjYVnPALrofqtTZd/ad1YD6q9hAVRrGlAjMVog5hDHcJpE7DPJCWajw3BRDLzJSRDLDHRpq+0if+VEf5PWgU7X7YL58VsvTovIgUOwCHIgTyogDo4Aw3QBATcgQfwDF6sW+veerSePq0L1vxmD/yA9foBxP+Uww==</latexit>

�(n�j)
R

The Noh problem: stability analysis

We can predict the stability threshold for steady expanding shocks
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Summary

The isolated-shock assumption of the classic DK normal-mode Fourier analysis is formally possible 
but possibly inadequate for the whole unstable range they discovered. 

One implicitly assumes that the shock traveled infinitely far from the piston supporting it without 
distortion – which is equivalent to assuming stability. 


We have to solve an initial-value problem – Laplace, not Fourier!


For the Noh problem (coherent supporting mechanism),  being in the DK range                             
implies that the shock is literally unstable, with a growth rate that depends on shock properties.


The proper stability analysis for a planar shock-piston flow with an arbitrary EoS needs to be done. 
The controversies that still exist in the literature must be finally resolved. We are working on it.
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<latexit sha1_base64="fe0P9LP+7l/GJ+84V51jZ6HYezs=">AAAB6HicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LTOSRwITUNAW09DzS3WNCJvyDroy683v8Af/GBmeh4F3drns6qVtBIoU2rvvlFFZW19Y3ipulre2d3b3y/kFTx6ni1OCxjFU7QE1SRNQwwkhqJ4owDCS1gvHNLG89ktIiju7NJCE/xGEkBoKjsaNWV1q0j71yxa26c7Fl4+WmArnqvfJntx/zNKTIcIladzw3MX6GygguaVrqppoS5GMcUsfaCEPSfjZfd8pOBrFiZkRs/v7NZhhqPQkDy4RoRnoxmw3/yzqpGVz5mYiS1FDELWKzQSqZidmsNesLRdzIiTXIlbBbMj5ChdzY25RsfW+x7LJpnlW9i+r53Xmldp0foghHcAyn4MEl1OAW6tAADmN4hjd4dx6cJ+fFef1BC07+5xD+yPn4BibxjRs=</latexit>

�

<latexit sha1_base64="pn8CBwBkwUSvtpRYdB73/1l9EpM=">AAAB4nicbZDNTgIxFIXv4B/iH+rSTSMxcUVmDFGXRF24hER+EpiQTrkDDZ3ppO2YkAkvoCuj7nwkX8C3seAsFDyrr/ecJvfcIBFcG9f9cgpr6xubW8Xt0s7u3v5B+fCorWWqGLaYFFJ1A6pR8BhbhhuB3UQhjQKBnWByO/c7j6g0l/GDmSboR3QU85AzauyoeTcoV9yquxBZBS+HCuRqDMqf/aFkaYSxYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZjGmE2s8Wi87IWSgVMWMki/fvbEYjradRYDMRNWO97M2H/3m91ITXfsbjJDUYMxuxXpgKYiSZ9yVDrpAZMbVAmeJ2S8LGVFFm7FVKtr63XHYV2hdV77Jaa9Yq9Zv8EEU4gVM4Bw+uoA730IAWMEB4hjd4d4bOk/PivP5EC07+5xj+yPn4BpCPimY=</latexit>

D
<latexit sha1_base64="vsgQETKJUURAdx53X/Sq3Dc2OBg=">AAAB5HicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY9Ql0Y1LjBZIoCHT4RYmTNvJzNSENLyBroy684l8Ad/GAbtQ8Ky+uedMcs8NpeDauO6XU1pZXVvfKG9WtrZ3dveq+wctnWaKoc9SkapOSDUKnqBvuBHYkQppHApsh+Obmd9+RKV5mjyYicQgpsOER5xRY0f3fl/2qzW37s5FlsEroAaFmv3qZ2+QsizGxDBBte56rjRBTpXhTOC00ss0SsrGdIhdiwmNUQf5fNUpOYlSRcwIyfz9O5vTWOtJHNpMTM1IL3qz4X9eNzPRVZDzRGYGE2Yj1osyQUxKZo3JgCtkRkwsUKa43ZKwEVWUGXuXiq3vLZZdhtZZ3buon9+d1xrXxSHKcATHcAoeXEIDbqEJPjAYwjO8wbsTOU/Oi/P6Ey05xZ9D+CPn4xsptIta</latexit>

Up

<latexit sha1_base64="TRnbYw9X7b/afpCF2f5lgOuJmZI=">AAAB6nicbZDNTgIxFIU7/iL+oS7dNBIT3JAZQ9Ql0Y1LTOTHwIR0yh1oaGcm7R0TMuEldGXUnY/jC/g2FpyFgmf19Z7T5J4bJFIYdN0vZ2V1bX1js7BV3N7Z3dsvHRy2TJxqDk0ey1h3AmZAigiaKFBCJ9HAVCChHYxvZn77EbQRcXSPkwR8xYaRCAVnaEcPvcSIvqngWb9UdqvuXHQZvBzKJFejX/rsDWKeKoiQS2ZM13MT9DOmUXAJ02IvNZAwPmZD6FqMmALjZ/OFp/Q0jDXFEdD5+3c2Y8qYiQpsRjEcmUVvNvzP66YYXvmZiJIUIeI2Yr0wlRRjOutNB0IDRzmxwLgWdkvKR0wzjvY6RVvfWyy7DK3zqndRrd3VyvXr/BAFckxOSIV45JLUyS1pkCbhRJFn8kbeHek8OS/O6090xcn/HJE/cj6+ATjjjbE=</latexit>

 s(t)
<latexit sha1_base64="jrnP3Ac75lGGGdM0buXVtXqdoPQ=">AAAB53icbZDNTgIxFIXv4B/iH+rSTSMxcUVmDEGXRDcuMZGfBCakU+5ApTPTtB0TMuEZdGXUne/jC/g2FpyFgmf19Z7T5J4bSMG1cd0vp7C2vrG5Vdwu7ezu7R+UD4/aOkkVwxZLRKK6AdUoeIwtw43ArlRIo0BgJ5jczP3OIyrNk/jeTCX6ER3FPOSMGjtq96XmAzkoV9yquxBZBS+HCuRqDsqf/WHC0ghjwwTVuue50vgZVYYzgbNSP9UoKZvQEfYsxjRC7WeLbWfkLEwUMWMki/fvbEYjradRYDMRNWO97M2H/3m91IRXfsZjmRqMmY1YL0wFMQmZlyZDrpAZMbVAmeJ2S8LGVFFm7GlKtr63XHYV2hdVr16t3dUqjev8EEU4gVM4Bw8uoQG30IQWMHiAZ3iDd4c7T86L8/oTLTj5n2P4I+fjG5dljMs=</latexit>

 p

<latexit sha1_base64="KvkRmuemtgPy+wyeg3pyuyaSazs=">AAAB5HicbZDNTgIxFIXv4B/iH+rSTSMxcUVmDFGXRDcuMcpPAhPSKXegoZ2ZtB0jmfAGujLqzifyBXwbC85CwbP6es9pcs8NEsG1cd0vp7Cyura+UdwsbW3v7O6V9w9aOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxhfz/z2AyrN4+jeTBL0JR1GPOSMGju6e+yLfrniVt25yDJ4OVQgV6Nf/uwNYpZKjAwTVOuu5ybGz6gynAmclnqpxoSyMR1i12JEJWo/m686JSdhrIgZIZm/f2czKrWeyMBmJDUjvejNhv953dSEl37GoyQ1GDEbsV6YCmJiMmtMBlwhM2JigTLF7ZaEjaiizNi7lGx9b7HsMrTOqt55tXZbq9Sv8kMU4QiO4RQ8uIA63EADmsBgCM/wBu9O6Dw5L87rT7Tg5H8O4Y+cj29YPIt5</latexit>xl

<latexit sha1_base64="pKsbF2t7/sfcy2vLACjTo5WxYEQ=">AAAB4nicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuqy6MZlC/YH2lAm05t26GQSZiZCCH0BXYm685F8Ad/Gac1CW8/qm3vOwD03SATXxnW/nNLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WB6N/e7j6g0j+WDyRL0IzqWPOSMGjtqZcNqza27C5FV8AqoQaHmsPo5GMUsjVAaJqjWfc9NjJ9TZTgTOKsMUo0JZVM6xr5FSSPUfr5YdEbOwlgRM0GyeP/O5jTSOosCm4momehlbz78z+unJrzxcy6T1KBkNmK9MBXExGTel4y4QmZEZoEyxe2WhE2ooszYq1RsfW+57Cp0LureVf2ydVlr3BaHKMMJnMI5eHANDbiHJrSBAcIzvMG7M3KenBfn9Sdacoo/x/BHzsc336WKmw==</latexit>y

<latexit sha1_base64="zYZE+nbWeSohg3nigeVlI/RfDoI=">AAAB53icbZDNTsJAFIVv8Q/xD3XpZiIxcUVaQ9Ql0Y1LTARJoCHT4ZaOTDvNzNSENDyDroy68318Ad/GAbtQ8Ky+uedMcs8NUsG1cd0vp7Syura+Ud6sbG3v7O5V9w86WmaKYZtJIVU3oBoFT7BtuBHYTRXSOBB4H4yvZ/79IyrNZXJnJin6MR0lPOSMGjvq9FUkB96gWnPr7lxkGbwCalCoNah+9oeSZTEmhgmqdc9zU+PnVBnOBE4r/UxjStmYjrBnMaExaj+fbzslJ6FUxERI5u/f2ZzGWk/iwGZiaiK96M2G/3m9zISXfs6TNDOYMBuxXpgJYiSZlSZDrpAZMbFAmeJ2S8Iiqigz9jQVW99bLLsMnbO6d15v3DZqzaviEGU4gmM4BQ8uoAk30II2MHiAZ3iDd4c7T86L8/oTLTnFn0P4I+fjGzTcjIk=</latexit>⇢1
<latexit sha1_base64="8bUlFKNqX2WYZa+CNaXE51g5iIo=">AAAB5HicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LjPJIYEJ6mhro0PNId40JIfyBroy684v8Af/GBmeh4F2drns7qVtBqqQh1/1yCiura+sbxc3S1vbO7l55/6BpkkwLbIhEJbodcINKxtggSQrbqUYeBQpbwehm5rceURuZxA80TtGP+CCWoRSc7Og+7Xm9csWtunOxZfByqECueq/82e0nIoswJqG4MR3PTcmfcE1SKJyWupnBlIsRH2DHYswjNP5kvuqUnYSJZjRENn//zk54ZMw4Cmwm4jQ0i95s+J/XySi88icyTjPCWNiI9cJMMUrYrDHrS42C1NgCF1raLZkYcs0F2buUbH1vsewyNM+q3kX1/O68UrvOD1GEIziGU/DgEmpwC3VogIABPMMbvDuh8+S8OK8/0YKT/zmEP3I+vgH0I4s2</latexit>p1

<latexit sha1_base64="t2Xj7keu6V8PMsP+h7MjAtMmNkE=">AAAB63icbZDNTgIxFIU7+If4h7p000hMMDFkhhB1SXTjEhP5iTCZdEqBhrYzae8YyYSn0JVRd76NL+DbWHAWCp7V13tOk3tuGAtuwHW/nNzK6tr6Rn6zsLW9s7tX3D9omSjRlDVpJCLdCYlhgivWBA6CdWLNiAwFa4fj65nffmDa8EjdwSRmviRDxQecErCj+ziolh8DcQanQbHkVty58DJ4GZRQpkZQ/Oz1I5pIpoAKYkzXc2PwU6KBU8GmhV5iWEzomAxZ16Iikhk/nW88xSeDSGMYMTx//86mRBozkaHNSAIjs+jNhv953QQGl37KVZwAU9RGrDdIBIYIz4rjPteMgphYIFRzuyWmI6IJBXuegq3vLZZdhla14p1Xare1Uv0qO0QeHaFjVEYeukB1dIMaqIkoUugZvaF3RzpPzovz+hPNOdmfQ/RHzsc3T7eNsQ==</latexit>

p2(xl, t)

<latexit sha1_base64="x3cq5EE2+LZ6fi7kSW/yjIqb+hU=">AAAB7nicbZDNSsNAFIVv6l+tf1WXbgaLUEFKUoq6LLpxWcH+QBvCZDpphk4ycWYiltDX0JWoOx/GF/BtnNYstPWsvrnnDNxz/YQzpW37yyqsrK6tbxQ3S1vbO7t75f2DjhKpJLRNBBey52NFOYtpWzPNaS+RFEc+p11/fD3zuw9UKibiOz1JqBvhUcwCRrA2I3cgQ+HVq48eP9OnXrli1+y50DI4OVQgV8srfw6GgqQRjTXhWKm+YyfazbDUjHA6LQ1SRRNMxnhE+wZjHFHlZvOlp+gkEBLpkKL5+3c2w5FSk8g3mQjrUC16s+F/Xj/VwaWbsThJNY2JiRgvSDnSAs26oyGTlGg+MYCJZGZLREIsMdHmQiVT31ksuwydes05rzVuG5XmVX6IIhzBMVTBgQtowg20oA0E7uEZ3uDdSqwn68V6/YkWrPzPIfyR9fENmP6PBA==</latexit>

⇢2(xl, t)

Range of h Perturbation behavior Source
Growth (power-law) [1, 2]

Non-decaying 
oscillations

[3]
Linear growth [4]

<latexit sha1_base64="ZNnldj4gkUpyfuML8jbFYSU64Mw=">AAAB7XicbZDNSsNAFIVv/K31r+rSTbAIglCSUtRFF0U3boQK9gfaECbTm2boJBNmJkIpfQxdibrzZXwB38ZpzUJbz+qbe87APTdIOVPacb6sldW19Y3NwlZxe2d3b790cNhWIpMUW1RwIbsBUchZgi3NNMduKpHEAcdOMLqZ+Z1HlIqJ5EGPU/RiMkxYyCjRZtSPfFqP6u559c6v+qWyU3HmspfBzaEMuZp+6bM/EDSLMdGUE6V6rpNqb0KkZpTjtNjPFKaEjsgQewYTEqPyJvOdp/ZpKKStI7Tn79/ZCYmVGseBycRER2rRmw3/83qZDq+8CUvSTGNCTcR4YcZtLexZdXvAJFLNxwYIlcxsadOISEK1OVDR1HcXyy5Du1pxLyq1+1q5cZ0fogDHcAJn4MIlNOAWmtACCik8wxu8W8J6sl6s15/oipX/OYI/sj6+AQCFjgY=</latexit>

hc < h < 1 + 2M2

<latexit sha1_base64="k//Dbgp/bd6RFBc3m1u6wf8E5Bk=">AAAB73icbZC7TsMwFIZPyq2UW4GRxaJCYqFKogoYOlSwsCAViV6kNo0c12msOhdsB6mK+hwwIWDjXXgB3ga3ZICWf/p8/t/S+Y+XcCaVaX4ZhZXVtfWN4mZpa3tnd6+8f9CWcSoIbZGYx6LrYUk5i2hLMcVpNxEUhx6nHW98PfM7j1RIFkf3apJQJ8SjiPmMYKVHg8Al9aBundm3rj2w3XLFrJpzoWWwcqhArqZb/uwPY5KGNFKEYyl7lpkoJ8NCMcLptNRPJU0wGeMR7WmMcEilk823nqITPxZIBRTN37+zGQ6lnISezoRYBXLRmw3/83qp8i+djEVJqmhEdER7fsqRitGsPBoyQYniEw2YCKa3RCTAAhOlT1TS9a3FssvQtqvWebV2V6s0rvJDFOEIjuEULLiABtxAE1pAQMAzvMG78WA8GS/G60+0YOR/DuGPjI9vK7COrA==</latexit>

hc < h < 1� 2M2
2

<latexit sha1_base64="A5CG5eS2T+2AfkZLbD9Da+0mANs=">AAAB63icbZDNSgMxFIUz9a/Wv6pLN8EiCEKZKUVddFF040aoYH+wHUomvdOGJpkhyQhl6FPoStSdb+ML+DamdRbaelZf7jmBe24Qc6aN6345uZXVtfWN/GZha3tnd6+4f9DSUaIoNGnEI9UJiAbOJDQNMxw6sQIiAg7tYHw989uPoDSL5L2ZxOALMpQsZJQYO3rwaqOad1a57Vf6xZJbdufCy+BlUEKZGv3iZ28Q0USANJQTrbueGxs/JcowymFa6CUaYkLHZAhdi5II0H4633iKT8JIYTMCPH//zqZEaD0Rgc0IYkZ60ZsN//O6iQkv/ZTJODEgqY1YL0w4NhGeFccDpoAaPrFAqGJ2S0xHRBFq7HkKtr63WHYZWpWyd16u3lVL9avsEHl0hI7RKfLQBaqjG9RATUSRRM/oDb07wnlyXpzXn2jOyf4coj9yPr4BOQeM+Q==</latexit>

1 < h < 1 + 2M2

[1] G. R. Fowles and G. W. Swan, Phys. Rev. Lett. 30, 1023 (1973).

[2] N. M. Kuznetsov, Sov. Phys. Dokl. 29, 532 (1984).

[3] J. G. Wouchuk and J. L. Cavada, Phys. Rev. E 70, 046303 (2004).
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No consensus in the literature about the DK instability of a piston-supported 
shock for a planar geometry.
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COMPRESSIBLE FLOWS WITH APPLICATION TO HYPERSONICS AND HEDP

Piston-driven shocks

<latexit sha1_base64="fe0P9LP+7l/GJ+84V51jZ6HYezs=">AAAB6HicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LTOSRwITUNAW09DzS3WNCJvyDroy683v8Af/GBmeh4F3drns6qVtBIoU2rvvlFFZW19Y3ipulre2d3b3y/kFTx6ni1OCxjFU7QE1SRNQwwkhqJ4owDCS1gvHNLG89ktIiju7NJCE/xGEkBoKjsaNWV1q0j71yxa26c7Fl4+WmArnqvfJntx/zNKTIcIladzw3MX6GygguaVrqppoS5GMcUsfaCEPSfjZfd8pOBrFiZkRs/v7NZhhqPQkDy4RoRnoxmw3/yzqpGVz5mYiS1FDELWKzQSqZidmsNesLRdzIiTXIlbBbMj5ChdzY25RsfW+x7LJpnlW9i+r53Xmldp0foghHcAyn4MEl1OAW6tAADmN4hjd4dx6cJ+fFef1BC07+5xD+yPn4BibxjRs=</latexit>

�

<latexit sha1_base64="pn8CBwBkwUSvtpRYdB73/1l9EpM=">AAAB4nicbZDNTgIxFIXv4B/iH+rSTSMxcUVmDFGXRF24hER+EpiQTrkDDZ3ppO2YkAkvoCuj7nwkX8C3seAsFDyrr/ecJvfcIBFcG9f9cgpr6xubW8Xt0s7u3v5B+fCorWWqGLaYFFJ1A6pR8BhbhhuB3UQhjQKBnWByO/c7j6g0l/GDmSboR3QU85AzauyoeTcoV9yquxBZBS+HCuRqDMqf/aFkaYSxYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZjGmE2s8Wi87IWSgVMWMki/fvbEYjradRYDMRNWO97M2H/3m91ITXfsbjJDUYMxuxXpgKYiSZ9yVDrpAZMbVAmeJ2S8LGVFFm7FVKtr63XHYV2hdV77Jaa9Yq9Zv8EEU4gVM4Bw+uoA730IAWMEB4hjd4d4bOk/PivP5EC07+5xj+yPn4BpCPimY=</latexit>

D
<latexit sha1_base64="vsgQETKJUURAdx53X/Sq3Dc2OBg=">AAAB5HicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY9Ql0Y1LjBZIoCHT4RYmTNvJzNSENLyBroy684l8Ad/GAbtQ8Ky+uedMcs8NpeDauO6XU1pZXVvfKG9WtrZ3dveq+wctnWaKoc9SkapOSDUKnqBvuBHYkQppHApsh+Obmd9+RKV5mjyYicQgpsOER5xRY0f3fl/2qzW37s5FlsEroAaFmv3qZ2+QsizGxDBBte56rjRBTpXhTOC00ss0SsrGdIhdiwmNUQf5fNUpOYlSRcwIyfz9O5vTWOtJHNpMTM1IL3qz4X9eNzPRVZDzRGYGE2Yj1osyQUxKZo3JgCtkRkwsUKa43ZKwEVWUGXuXiq3vLZZdhtZZ3buon9+d1xrXxSHKcATHcAoeXEIDbqEJPjAYwjO8wbsTOU/Oi/P6Ey05xZ9D+CPn4xsptIta</latexit>

Up

<latexit sha1_base64="TRnbYw9X7b/afpCF2f5lgOuJmZI=">AAAB6nicbZDNTgIxFIU7/iL+oS7dNBIT3JAZQ9Ql0Y1LTOTHwIR0yh1oaGcm7R0TMuEldGXUnY/jC/g2FpyFgmf19Z7T5J4bJFIYdN0vZ2V1bX1js7BV3N7Z3dsvHRy2TJxqDk0ey1h3AmZAigiaKFBCJ9HAVCChHYxvZn77EbQRcXSPkwR8xYaRCAVnaEcPvcSIvqngWb9UdqvuXHQZvBzKJFejX/rsDWKeKoiQS2ZM13MT9DOmUXAJ02IvNZAwPmZD6FqMmALjZ/OFp/Q0jDXFEdD5+3c2Y8qYiQpsRjEcmUVvNvzP66YYXvmZiJIUIeI2Yr0wlRRjOutNB0IDRzmxwLgWdkvKR0wzjvY6RVvfWyy7DK3zqndRrd3VyvXr/BAFckxOSIV45JLUyS1pkCbhRJFn8kbeHek8OS/O6090xcn/HJE/cj6+ATjjjbE=</latexit>

 s(t)
<latexit sha1_base64="jrnP3Ac75lGGGdM0buXVtXqdoPQ=">AAAB53icbZDNTgIxFIXv4B/iH+rSTSMxcUVmDEGXRDcuMZGfBCakU+5ApTPTtB0TMuEZdGXUne/jC/g2FpyFgmf19Z7T5J4bSMG1cd0vp7C2vrG5Vdwu7ezu7R+UD4/aOkkVwxZLRKK6AdUoeIwtw43ArlRIo0BgJ5jczP3OIyrNk/jeTCX6ER3FPOSMGjtq96XmAzkoV9yquxBZBS+HCuRqDsqf/WHC0ghjwwTVuue50vgZVYYzgbNSP9UoKZvQEfYsxjRC7WeLbWfkLEwUMWMki/fvbEYjradRYDMRNWO97M2H/3m91IRXfsZjmRqMmY1YL0wFMQmZlyZDrpAZMbVAmeJ2S8LGVFFm7GlKtr63XHYV2hdVr16t3dUqjev8EEU4gVM4Bw8uoQG30IQWMHiAZ3iDd4c7T86L8/oTLTj5n2P4I+fjG5dljMs=</latexit>

 p

<latexit sha1_base64="KvkRmuemtgPy+wyeg3pyuyaSazs=">AAAB5HicbZDNTgIxFIXv4B/iH+rSTSMxcUVmDFGXRDcuMcpPAhPSKXegoZ2ZtB0jmfAGujLqzifyBXwbC85CwbP6es9pcs8NEsG1cd0vp7Cyura+UdwsbW3v7O6V9w9aOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxhfz/z2AyrN4+jeTBL0JR1GPOSMGju6e+yLfrniVt25yDJ4OVQgV6Nf/uwNYpZKjAwTVOuu5ybGz6gynAmclnqpxoSyMR1i12JEJWo/m686JSdhrIgZIZm/f2czKrWeyMBmJDUjvejNhv953dSEl37GoyQ1GDEbsV6YCmJiMmtMBlwhM2JigTLF7ZaEjaiizNi7lGx9b7HsMrTOqt55tXZbq9Sv8kMU4QiO4RQ8uIA63EADmsBgCM/wBu9O6Dw5L87rT7Tg5H8O4Y+cj29YPIt5</latexit>xl

<latexit sha1_base64="pKsbF2t7/sfcy2vLACjTo5WxYEQ=">AAAB4nicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuqy6MZlC/YH2lAm05t26GQSZiZCCH0BXYm685F8Ad/Gac1CW8/qm3vOwD03SATXxnW/nNLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WB6N/e7j6g0j+WDyRL0IzqWPOSMGjtqZcNqza27C5FV8AqoQaHmsPo5GMUsjVAaJqjWfc9NjJ9TZTgTOKsMUo0JZVM6xr5FSSPUfr5YdEbOwlgRM0GyeP/O5jTSOosCm4momehlbz78z+unJrzxcy6T1KBkNmK9MBXExGTel4y4QmZEZoEyxe2WhE2ooszYq1RsfW+57Cp0LureVf2ydVlr3BaHKMMJnMI5eHANDbiHJrSBAcIzvMG7M3KenBfn9Sdacoo/x/BHzsc336WKmw==</latexit>y

<latexit sha1_base64="zYZE+nbWeSohg3nigeVlI/RfDoI=">AAAB53icbZDNTsJAFIVv8Q/xD3XpZiIxcUVaQ9Ql0Y1LTARJoCHT4ZaOTDvNzNSENDyDroy68318Ad/GAbtQ8Ky+uedMcs8NUsG1cd0vp7Syura+Ud6sbG3v7O5V9w86WmaKYZtJIVU3oBoFT7BtuBHYTRXSOBB4H4yvZ/79IyrNZXJnJin6MR0lPOSMGjvq9FUkB96gWnPr7lxkGbwCalCoNah+9oeSZTEmhgmqdc9zU+PnVBnOBE4r/UxjStmYjrBnMaExaj+fbzslJ6FUxERI5u/f2ZzGWk/iwGZiaiK96M2G/3m9zISXfs6TNDOYMBuxXpgJYiSZlSZDrpAZMbFAmeJ2S8Iiqigz9jQVW99bLLsMnbO6d15v3DZqzaviEGU4gmM4BQ8uoAk30II2MHiAZ3iDd4c7T86L8/oTLTnFn0P4I+fjGzTcjIk=</latexit>⇢1
<latexit sha1_base64="8bUlFKNqX2WYZa+CNaXE51g5iIo=">AAAB5HicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LjPJIYEJ6mhro0PNId40JIfyBroy684v8Af/GBmeh4F2drns7qVtBqqQh1/1yCiura+sbxc3S1vbO7l55/6BpkkwLbIhEJbodcINKxtggSQrbqUYeBQpbwehm5rceURuZxA80TtGP+CCWoRSc7Og+7Xm9csWtunOxZfByqECueq/82e0nIoswJqG4MR3PTcmfcE1SKJyWupnBlIsRH2DHYswjNP5kvuqUnYSJZjRENn//zk54ZMw4Cmwm4jQ0i95s+J/XySi88icyTjPCWNiI9cJMMUrYrDHrS42C1NgCF1raLZkYcs0F2buUbH1vsewyNM+q3kX1/O68UrvOD1GEIziGU/DgEmpwC3VogIABPMMbvDuh8+S8OK8/0YKT/zmEP3I+vgH0I4s2</latexit>p1

<latexit sha1_base64="t2Xj7keu6V8PMsP+h7MjAtMmNkE=">AAAB63icbZDNTgIxFIU7+If4h7p000hMMDFkhhB1SXTjEhP5iTCZdEqBhrYzae8YyYSn0JVRd76NL+DbWHAWCp7V13tOk3tuGAtuwHW/nNzK6tr6Rn6zsLW9s7tX3D9omSjRlDVpJCLdCYlhgivWBA6CdWLNiAwFa4fj65nffmDa8EjdwSRmviRDxQecErCj+ziolh8DcQanQbHkVty58DJ4GZRQpkZQ/Oz1I5pIpoAKYkzXc2PwU6KBU8GmhV5iWEzomAxZ16Iikhk/nW88xSeDSGMYMTx//86mRBozkaHNSAIjs+jNhv953QQGl37KVZwAU9RGrDdIBIYIz4rjPteMgphYIFRzuyWmI6IJBXuegq3vLZZdhla14p1Xare1Uv0qO0QeHaFjVEYeukB1dIMaqIkoUugZvaF3RzpPzovz+hPNOdmfQ/RHzsc3T7eNsQ==</latexit>

p2(xl, t)

<latexit sha1_base64="x3cq5EE2+LZ6fi7kSW/yjIqb+hU=">AAAB7nicbZDNSsNAFIVv6l+tf1WXbgaLUEFKUoq6LLpxWcH+QBvCZDpphk4ycWYiltDX0JWoOx/GF/BtnNYstPWsvrnnDNxz/YQzpW37yyqsrK6tbxQ3S1vbO7t75f2DjhKpJLRNBBey52NFOYtpWzPNaS+RFEc+p11/fD3zuw9UKibiOz1JqBvhUcwCRrA2I3cgQ+HVq48eP9OnXrli1+y50DI4OVQgV8srfw6GgqQRjTXhWKm+YyfazbDUjHA6LQ1SRRNMxnhE+wZjHFHlZvOlp+gkEBLpkKL5+3c2w5FSk8g3mQjrUC16s+F/Xj/VwaWbsThJNY2JiRgvSDnSAs26oyGTlGg+MYCJZGZLREIsMdHmQiVT31ksuwydes05rzVuG5XmVX6IIhzBMVTBgQtowg20oA0E7uEZ3uDdSqwn68V6/YkWrPzPIfyR9fENmP6PBA==</latexit>

⇢2(xl, t)

<latexit sha1_base64="i64A8c1cHoroC59uxJgn1fZbuXA=">AAAB63icbZDNTgIxFIXv4B/iH+rSTSMxcUVmlCgbExI3LtHIT4QJ6ZQLNHQ6k7ZjQiY8ha6MuvNtfAHfxoKzUPCsvt5zmtxzg1hwbVz3y8mtrK6tb+Q3C1vbO7t7xf2Dpo4SxbDBIhGpdkA1Ci6xYbgR2I4V0jAQ2ArG1zO/9YhK80jem0mMfkiHkg84o8aOHtIuo4LcTa/Oe8WSW3bnIsvgZVCCTPVe8bPbj1gSojRMUK07nhsbP6XKcCZwWugmGmPKxnSIHYuShqj9dL7xlJwMIkXMCMn8/Tub0lDrSRjYTEjNSC96s+F/Xicxg6qfchknBiWzEesNEkFMRGbFSZ8rZEZMLFCmuN2SsBFVlBl7noKt7y2WXYbmWdm7KFduK6VaNTtEHo7gGE7Bg0uowQ3UoQEMJDzDG7w7ofPkvDivP9Gck/05hD9yPr4Bl7CN2A==</latexit>

R = 3
<latexit sha1_base64="koQlsuXEnLut106cEKKUnCP10+4=">AAAB73icbZDLSgMxFIbP1Futt6pLN8EiuBpmStVuhIIbN0IFe4F2LJn0tA3NXEwyQhn6HLoSdee7+AK+jWmdhbb+qy/n/wPnP34suNKO82XlVlbX1jfym4Wt7Z3dveL+QVNFiWTYYJGIZNunCgUPsaG5FtiOJdLAF9jyx1czv/WIUvEovNOTGL2ADkM+4IxqM7pPu4wKcjPtlS8d+6xXLDm2MxdZBjeDEmSq94qf3X7EkgBDzQRVquM6sfZSKjVnAqeFbqIwpmxMh9gxGNIAlZfOt56Sk0EkiR4hmb9/Z1MaKDUJfJMJqB6pRW82/M/rJHpQ9VIexonGkJmI8QaJIDois/KkzyUyLSYGKJPcbEnYiErKtDlRwdR3F8suQ7Nsu+d25bZSqlWzQ+ThCI7hFFy4gBpcQx0awEDCM7zBu/VgPVkv1utPNGdlfw7hj6yPb5sijuw=</latexit>

M2 = 0.5
<latexit sha1_base64="iu+MKtXVrKtc4xe9ETvYvUvp5IY=">AAAB63icbZDNTgIxFIXv4B/iH+rSTSMxcUVmDEE2JiRuXKKRnwgT0ikXaOh0Jm3HhEx4Cl0Zdefb+AK+jQVnoeBZfb3nNLnnBrHg2rjul5NbW9/Y3MpvF3Z29/YPiodHLR0limGTRSJSnYBqFFxi03AjsBMrpGEgsB1Mrud++xGV5pG8N9MY/ZCOJB9yRo0dPaQ9RgW5m11V+8WSW3YXIqvgZVCCTI1+8bM3iFgSojRMUK27nhsbP6XKcCZwVuglGmPKJnSEXYuShqj9dLHxjJwNI0XMGMni/Tub0lDraRjYTEjNWC978+F/Xjcxw5qfchknBiWzEesNE0FMRObFyYArZEZMLVCmuN2SsDFVlBl7noKt7y2XXYXWRdmrliu3lVK9lh0iDydwCufgwSXU4QYa0AQGEp7hDd6d0HlyXpzXn2jOyf4cwx85H9+cKo3b</latexit>

R = 6
<latexit sha1_base64="QB9cS3Wy5mf0yBNeGLBM7HHjT2I=">AAAB83icbZDLSgMxFIbP1Futt1GXboJFcFVmarHdCAU3boQK9gLtUDLpaRuauZBkCmXok+hK1J1v4gv4NqZ1Ftr6r76c/w+c8/ux4Eo7zpeV29jc2t7J7xb29g8Oj+zjk5aKEsmwySIRyY5PFQoeYlNzLbATS6SBL7DtT24XfnuKUvEofNSzGL2AjkI+5IxqM+rbdtpjVJD7eb9845SuqrW+XXRKzlJkHdwMipCp0bc/e4OIJQGGmgmqVNd1Yu2lVGrOBM4LvURhTNmEjrBrMKQBKi9dbj4nF8NIEj1Gsnz/zqY0UGoW+CYTUD1Wq95i+J/XTfSw5qU8jBONITMR4w0TQXREFgWQAZfItJgZoExysyVhYyop06amgjnfXT12HVrlkntdqjxUivVaVkQezuAcLsGFKtThDhrQBAZTeIY3eLcS68l6sV5/ojkr+3MKf2R9fAMHyY+e</latexit>

M2 = 0.378
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<latexit sha1_base64="YapjUZ98uTzA5Dm1rHDHi0zK3Hw=">AAAB53icbZDLSsNAFIZP6q3WW9Wlm8EiuApJqdqNUHDjsoK9QBvKZHrSjJ1cmJkIpfQZdCXqzvfxBXwbpzULbf1X35z/Hzj/8VPBlXacL6uwtr6xuVXcLu3s7u0flA+P2irJJMMWS0Qiuz5VKHiMLc21wG4qkUa+wI4/vpn7nUeUiifxvZ6k6EV0FPOAM6rNqB1eO3b1YlCuOLazEFkFN4cK5GoOyp/9YcKyCGPNBFWq5zqp9qZUas4Ezkr9TGFK2ZiOsGcwphEqb7rYdkbOgkQSHSJZvH9npzRSahL5JhNRHaplbz78z+tlOqh7Ux6nmcaYmYjxgkwQnZB5aTLkEpkWEwOUSW62JCykkjJtTlMy9d3lsqvQrtrupV27q1Ua9fwQRTiBUzgHF66gAbfQhBYweIBneIN3i1tP1ov1+hMtWPmfY/gj6+MbAPKLtA==</latexit>

h = 0.25
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<latexit sha1_base64="VVtmMmAHAxAXWJKAvBTipHbQD+s=">AAAB53icbZDLSsNAFIZP6q3WW9Wlm8EiuAqJVNuNUHDjsoK9QBvKZHrSjp1cmJkIJfQZdCXqzvfxBXwbpzULbf1X35z/Hzj/8RPBlXacL6uwtr6xuVXcLu3s7u0flA+P2ipOJcMWi0Usuz5VKHiELc21wG4ikYa+wI4/uZn7nUeUisfRvZ4m6IV0FPGAM6rNqD2+duza5aBccWxnIbIKbg4VyNUclD/7w5ilIUaaCapUz3US7WVUas4Ezkr9VGFC2YSOsGcwoiEqL1tsOyNnQSyJHiNZvH9nMxoqNQ19kwmpHqtlbz78z+ulOqh7GY+SVGPETMR4QSqIjsm8NBlyiUyLqQHKJDdbEjamkjJtTlMy9d3lsqvQvrDdK7t6V6006vkhinACp3AOLtSgAbfQhBYweIBneIN3i1tP1ov1+hMtWPmfY/gj6+MbCG2LuQ==</latexit>

h = 0.75
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<latexit sha1_base64="Ly1NTg5lYyZF9PB6UPErqos6qZg=">AAAB53icbZDLSsNAFIZP6q3WW9Wlm8EiuApJqdqNUHDjsoK9QBvKZHrSjJ1cmJkIpfQZdCXqzvfxBXwbpzULbf1X35z/Hzj/8VPBlXacL6uwtr6xuVXcLu3s7u0flA+P2irJJMMWS0Qiuz5VKHiMLc21wG4qkUa+wI4/vpn7nUeUiifxvZ6k6EV0FPOAM6rNqB1eu3b1YlCuOLazEFkFN4cK5GoOyp/9YcKyCGPNBFWq5zqp9qZUas4Ezkr9TGFK2ZiOsGcwphEqb7rYdkbOgkQSHSJZvH9npzRSahL5JhNRHaplbz78z+tlOqh7Ux6nmcaYmYjxgkwQnZB5aTLkEpkWEwOUSW62JCykkjJtTlMy9d3lsqvQrtrupV27q1Ua9fwQRTiBUzgHF66gAbfQhBYweIBneIN3i1tP1ov1+hMtWPmfY/gj6+MbAnOLtQ==</latexit>

h = 1.25

20 40 60 80 100
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<latexit sha1_base64="q8SULZr7VMzorSuUzSoACsQGny4=">AAAB5nicbZDNSsNAFIVv/K31r+rSzWARXIVEinYjFNy4rGDaQhvKZHrTDJ38MDMRSugr6ErUnQ/kC/g2TmsW2npW39xzBu65QSa40o7zZa2tb2xubVd2qrt7+weHtaPjjkpzydBjqUhlL6AKBU/Q01wL7GUSaRwI7AaT27nffUSpeJo86GmGfkzHCQ85o9qMvOjGsRvDWt2xnYXIKrgl1KFUe1j7HIxSlseYaCaoUn3XybRfUKk5EzirDnKFGWUTOsa+wYTGqPxiseyMnIepJDpCsnj/zhY0VmoaByYTUx2pZW8+/M/r5zps+gVPslxjwkzEeGEuiE7JvDMZcYlMi6kByiQ3WxIWUUmZNpepmvructlV6Fza7pXduG/UW83yEBU4hTO4ABeuoQV30AYPGHB4hjd4tyLryXqxXn+ia1b55wT+yPr4Bo6ui3c=</latexit>

h = 0.4
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<latexit sha1_base64="oJs3HURy6S/pOgaS+NktsFYA+nw=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaQ4SNCYkbl5hYIIGGTIdbOmH6k5mpCWl4BV0ZdecD+QK+jQN2oeBZfXPPmeSe66eCK23bX1ZpY3Nre6e8W9nbPzg8qh6fdFWSSYYuS0Qi+z5VKHiMruZaYD+VSCNfYM+f3i783iNKxZP4Qc9S9CI6iXnAGdVm5IY3dr05qtbsur0UWQengBoU6oyqn8NxwrIIY80EVWrg2Kn2cio1ZwLnlWGmMKVsSic4MBjTCJWXL5edk4sgkUSHSJbv39mcRkrNIt9kIqpDteothv95g0wHLS/ncZppjJmJGC/IBNEJWXQmYy6RaTEzQJnkZkvCQiop0+YyFVPfWS27Dt2runNdb9w3au1WcYgynME5XIIDTWjDHXTABQYcnuEN3q3QerJerNefaMkq/pzCH1kf35Moi3o=</latexit>

h = 0.7

<latexit sha1_base64="hmdxDweuo/Sqww3xcQcEmTLF1SM=">AAAB8nicbZDLSsNAFIYnXmu9NOrSTbAIdVMSKeqy6MZlBXuBJpST6aQdOrkwc0YooS+iK1F3Poov4Ns4rVlo67/65vz/wPlPmAmu0HW/rLX1jc2t7dJOeXdv/6BiHx51VKolZW2ailT2QlBM8IS1kaNgvUwyiEPBuuHkdu53H5lUPE0ecJqxIIZRwiNOAc1oYFf8EGSezQaq5iPo84FddevuQs4qeAVUSaHWwP70hynVMUuQClCq77kZBjlI5FSwWdnXimVAJzBifYMJxEwF+WLxmXMWpdLBMXMW79/ZHGKlpnFoMjHgWC178+F/Xl9jdB3kPMk0soSaiPEiLRxMnXl/Z8gloyimBoBKbrZ06BgkUDRXKpv63nLZVehc1L3LeuO+UW3eFIcokRNySmrEI1ekSe5Ii7QJJZo8kzfybqH1ZL1Yrz/RNav4c0z+yPr4Bmk9kKE=</latexit>

p̄s(⌧)

<latexit sha1_base64="hmdxDweuo/Sqww3xcQcEmTLF1SM=">AAAB8nicbZDLSsNAFIYnXmu9NOrSTbAIdVMSKeqy6MZlBXuBJpST6aQdOrkwc0YooS+iK1F3Poov4Ns4rVlo67/65vz/wPlPmAmu0HW/rLX1jc2t7dJOeXdv/6BiHx51VKolZW2ailT2QlBM8IS1kaNgvUwyiEPBuuHkdu53H5lUPE0ecJqxIIZRwiNOAc1oYFf8EGSezQaq5iPo84FddevuQs4qeAVUSaHWwP70hynVMUuQClCq77kZBjlI5FSwWdnXimVAJzBifYMJxEwF+WLxmXMWpdLBMXMW79/ZHGKlpnFoMjHgWC178+F/Xl9jdB3kPMk0soSaiPEiLRxMnXl/Z8gloyimBoBKbrZ06BgkUDRXKpv63nLZVehc1L3LeuO+UW3eFIcokRNySmrEI1ekSe5Ii7QJJZo8kzfybqH1ZL1Yrz/RNav4c0z+yPr4Bmk9kKE=</latexit>

p̄s(⌧)

<latexit sha1_base64="hmdxDweuo/Sqww3xcQcEmTLF1SM=">AAAB8nicbZDLSsNAFIYnXmu9NOrSTbAIdVMSKeqy6MZlBXuBJpST6aQdOrkwc0YooS+iK1F3Poov4Ns4rVlo67/65vz/wPlPmAmu0HW/rLX1jc2t7dJOeXdv/6BiHx51VKolZW2ailT2QlBM8IS1kaNgvUwyiEPBuuHkdu53H5lUPE0ecJqxIIZRwiNOAc1oYFf8EGSezQaq5iPo84FddevuQs4qeAVUSaHWwP70hynVMUuQClCq77kZBjlI5FSwWdnXimVAJzBifYMJxEwF+WLxmXMWpdLBMXMW79/ZHGKlpnFoMjHgWC178+F/Xl9jdB3kPMk0soSaiPEiLRxMnXl/Z8gloyimBoBKbrZ06BgkUDRXKpv63nLZVehc1L3LeuO+UW3eFIcokRNySmrEI1ekSe5Ii7QJJZo8kzfybqH1ZL1Yrz/RNav4c0z+yPr4Bmk9kKE=</latexit>

p̄s(⌧)

<latexit sha1_base64="hmdxDweuo/Sqww3xcQcEmTLF1SM=">AAAB8nicbZDLSsNAFIYnXmu9NOrSTbAIdVMSKeqy6MZlBXuBJpST6aQdOrkwc0YooS+iK1F3Poov4Ns4rVlo67/65vz/wPlPmAmu0HW/rLX1jc2t7dJOeXdv/6BiHx51VKolZW2ailT2QlBM8IS1kaNgvUwyiEPBuuHkdu53H5lUPE0ecJqxIIZRwiNOAc1oYFf8EGSezQaq5iPo84FddevuQs4qeAVUSaHWwP70hynVMUuQClCq77kZBjlI5FSwWdnXimVAJzBifYMJxEwF+WLxmXMWpdLBMXMW79/ZHGKlpnFoMjHgWC178+F/Xl9jdB3kPMk0soSaiPEiLRxMnXl/Z8gloyimBoBKbrZ06BgkUDRXKpv63nLZVehc1L3LeuO+UW3eFIcokRNySmrEI1ekSe5Ii7QJJZo8kzfybqH1ZL1Yrz/RNav4c0z+yPr4Bmk9kKE=</latexit>

p̄s(⌧)

<latexit sha1_base64="hmdxDweuo/Sqww3xcQcEmTLF1SM=">AAAB8nicbZDLSsNAFIYnXmu9NOrSTbAIdVMSKeqy6MZlBXuBJpST6aQdOrkwc0YooS+iK1F3Poov4Ns4rVlo67/65vz/wPlPmAmu0HW/rLX1jc2t7dJOeXdv/6BiHx51VKolZW2ailT2QlBM8IS1kaNgvUwyiEPBuuHkdu53H5lUPE0ecJqxIIZRwiNOAc1oYFf8EGSezQaq5iPo84FddevuQs4qeAVUSaHWwP70hynVMUuQClCq77kZBjlI5FSwWdnXimVAJzBifYMJxEwF+WLxmXMWpdLBMXMW79/ZHGKlpnFoMjHgWC178+F/Xl9jdB3kPMk0soSaiPEiLRxMnXl/Z8gloyimBoBKbrZ06BgkUDRXKpv63nLZVehc1L3LeuO+UW3eFIcokRNySmrEI1ekSe5Ii7QJJZo8kzfybqH1ZL1Yrz/RNav4c0z+yPr4Bmk9kKE=</latexit>

p̄s(⌧)

<latexit sha1_base64="hmdxDweuo/Sqww3xcQcEmTLF1SM=">AAAB8nicbZDLSsNAFIYnXmu9NOrSTbAIdVMSKeqy6MZlBXuBJpST6aQdOrkwc0YooS+iK1F3Poov4Ns4rVlo67/65vz/wPlPmAmu0HW/rLX1jc2t7dJOeXdv/6BiHx51VKolZW2ailT2QlBM8IS1kaNgvUwyiEPBuuHkdu53H5lUPE0ecJqxIIZRwiNOAc1oYFf8EGSezQaq5iPo84FddevuQs4qeAVUSaHWwP70hynVMUuQClCq77kZBjlI5FSwWdnXimVAJzBifYMJxEwF+WLxmXMWpdLBMXMW79/ZHGKlpnFoMjHgWC178+F/Xl9jdB3kPMk0soSaiPEiLRxMnXl/Z8gloyimBoBKbrZ06BgkUDRXKpv63nLZVehc1L3LeuO+UW3eFIcokRNySmrEI1ekSe5Ii7QJJZo8kzfybqH1ZL1Yrz/RNav4c0z+yPr4Bmk9kKE=</latexit>

p̄s(⌧)

<latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧ <latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧

<latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧ <latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧

<latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧ <latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧

<latexit sha1_base64="Q9xwTNnMphDNjjtqy5VnSJY2Ntw=">AAAB5HicbZDNTgIxFIXv4B/iH+rSTSMxwQ2ZMURdkrhxiVF+EpiQTrkDDe3MpO2YkAlvoCuj7nwiX8C3seAsFDyrr/ecJvfcIBFcG9f9cgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqG1CNgkfYMtwI7CYKqQwEdoLJzdzvPKLSPI4ezDRBX9JRxEPOqLGj+yo9H5Qrbs1diKyCl0MFcjUH5c/+MGapxMgwQbXueW5i/Iwqw5nAWamfakwom9AR9ixGVKL2s8WqM3IWxoqYMZLF+3c2o1LrqQxsRlIz1svefPif10tNeO1nPEpSgxGzEeuFqSAmJvPGZMgVMiOmFihT3G5J2Jgqyoy9S8nW95bLrkL7ouZd1up39Uqjnh+iCCdwClXw4AoacAtNaAGDETzDG7w7ofPkvDivP9GCk/85hj9yPr4BevuK2g==</latexit>

(a)
<latexit sha1_base64="UQbPA860nuLLzO6HjH+7dX7u7SA=">AAAB5HicbZDNTgIxFIXv4B/iH+rSTSMxwQ2ZMURdkrhxiVF+EpiQTrkDDe3MpO2YkAlvoCuj7nwiX8C3seAsFDyrr/ecJvfcIBFcG9f9cgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqG1CNgkfYMtwI7CYKqQwEdoLJzdzvPKLSPI4ezDRBX9JRxEPOqLGj+2pwPihX3Jq7EFkFL4cK5GoOyp/9YcxSiZFhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FmMqETtZ4tVZ+QsjBUxYySL9+9sRqXWUxnYjKRmrJe9+fA/r5ea8NrPeJSkBiNmI9YLU0FMTOaNyZArZEZMLVCmuN2SsDFVlBl7l5Kt7y2XXYX2Rc27rNXv6pVGPT9EEU7gFKrgwRU04Baa0AIGI3iGN3h3QufJeXFef6IFJ/9zDH/kfHwDfHqK2w==</latexit>

(b)

<latexit sha1_base64="pTeKpQcx6x0jwdGuyrshWDhNNnw=">AAAB5HicbZDNTgIxFIXv4B/iH+rSTSMxwQ2ZMURdkrhxiVF+EpiQTrkDDe3MpO2YkAlvoCuj7nwiX8C3seAsFDyrr/ecJvfcIBFcG9f9cgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqG1CNgkfYMtwI7CYKqQwEdoLJzdzvPKLSPI4ezDRBX9JRxEPOqLGj+yo7H5Qrbs1diKyCl0MFcjUH5c/+MGapxMgwQbXueW5i/Iwqw5nAWamfakwom9AR9ixGVKL2s8WqM3IWxoqYMZLF+3c2o1LrqQxsRlIz1svefPif10tNeO1nPEpSgxGzEeuFqSAmJvPGZMgVMiOmFihT3G5J2Jgqyoy9S8nW95bLrkL7ouZd1up39Uqjnh+iCCdwClXw4AoacAtNaAGDETzDG7w7ofPkvDivP9GCk/85hj9yPr4BffmK3A==</latexit>

(c)
<latexit sha1_base64="Q0x9QimgthXvMyi+aVvKsiSIbsc=">AAAB5HicbZDNTgIxFIXv4B/iH+rSTSMxwQ2ZMURdkrhxiVF+EpiQTrkDDe3MpO2YkAlvoCuj7nwiX8C3seAsFDyrr/ecJvfcIBFcG9f9cgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqG1CNgkfYMtwI7CYKqQwEdoLJzdzvPKLSPI4ezDRBX9JRxEPOqLGj++rwfFCuuDV3IbIKXg4VyNUclD/7w5ilEiPDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LMYUYnazxarzshZGCtixkgW79/ZjEqtpzKwGUnNWC978+F/Xi814bWf8ShJDUbMRqwXpoKYmMwbkyFXyIyYWqBMcbslYWOqKDP2LiVb31suuwrti5p3Wavf1SuNen6IIpzAKVTBgytowC00oQUMRvAMb/DuhM6T8+K8/kQLTv7nGP7I+fgGf3iK3Q==</latexit>

(d)

<latexit sha1_base64="Hn93QWAxPIrOyTtLXy9ezRuj17Q=">AAAB5HicbZDNTgIxFIXv4B/iH+rSTSMxwQ2ZMURdkrhxiVF+EpiQTrkDDe3MpO2YkAlvoCuj7nwiX8C3seAsFDyrr/ecJvfcIBFcG9f9cgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqG1CNgkfYMtwI7CYKqQwEdoLJzdzvPKLSPI4ezDRBX9JRxEPOqLGj+yqeD8oVt+YuRFbBy6ECuZqD8md/GLNUYmSYoFr3PDcxfkaV4UzgrNRPNSaUTegIexYjKlH72WLVGTkLY0XMGMni/TubUan1VAY2I6kZ62VvPvzP66UmvPYzHiWpwYjZiPXCVBATk3ljMuQKmRFTC5QpbrckbEwVZcbepWTre8tlV6F9UfMua/W7eqVRzw9RhBM4hSp4cAUNuIUmtIDBCJ7hDd6d0HlyXpzXn2jByf8cwx85H9+A94re</latexit>

(e)
<latexit sha1_base64="LAq/comUK4l8mfImXhMmpdSdujo=">AAAB5HicbZDNTgIxFIXv4B/iH+rSTSMxwQ2ZMURdkrhxiVF+EpiQTrkDDe3MpO2YkAlvoCuj7nwiX8C3seAsFDyrr/ecJvfcIBFcG9f9cgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqG1CNgkfYMtwI7CYKqQwEdoLJzdzvPKLSPI4ezDRBX9JRxEPOqLGj+2p4PihX3Jq7EFkFL4cK5GoOyp/9YcxSiZFhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FmMqETtZ4tVZ+QsjBUxYySL9+9sRqXWUxnYjKRmrJe9+fA/r5ea8NrPeJSkBiNmI9YLU0FMTOaNyZArZEZMLVCmuN2SsDFVlBl7l5Kt7y2XXYX2Rc27rNXv6pVGPT9EEU7gFKrgwRU04Baa0AIGI3iGN3h3QufJeXFef6IFJ/9zDH/kfHwDgnaK3w==</latexit>

(f)
<latexit sha1_base64="9Y5rqj2G6TH09wIwaT5GZ6Quxyw=">AAAB5nicbZDNSsNAFIVv6l+tf1WXbgaL4CokIupGKLpxWcG0hTaUyfSmGTr5YWYilNBX0JWoOx/IF/BtnNYstPWsvrnnDNxzg0xwpR3ny6qsrK6tb1Q3a1vbO7t79f2DtkpzydBjqUhlN6AKBU/Q01wL7GYSaRwI7ATj25nfeUSpeJo86EmGfkxHCQ85o9qMvOjatd1BveHYzlxkGdwSGlCqNah/9ocpy2NMNBNUqZ7rZNovqNScCZzW+rnCjLIxHWHPYEJjVH4xX3ZKTsJUEh0hmb9/ZwsaKzWJA5OJqY7Uojcb/uf1ch1e+QVPslxjwkzEeGEuiE7JrDMZcolMi4kByiQ3WxIWUUmZNpepmfruYtllaJ/Z7oV9fn/eaN6Uh6jCERzDKbhwCU24gxZ4wIDDM7zBuxVZT9aL9foTrVjln0P4I+vjG462i38=</latexit>

h = 1.1
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<latexit sha1_base64="T3xzHtiOuN+3eBogXRO79BkzcqU=">AAACAHicbVDLSgNBEJz1GeNr1aMIg0HwFHYlaI4BLwoeIhgVkhB6x44ZnJ1dZnqDYclFf0ZPot78Bn/Av3ESc/BVp+quamaqolRJS0Hw4U1Nz8zOzRcWiotLyyur/tr6uU0yI7AhEpWYywgsKqmxQZIUXqYGIY4UXkQ3hyP9oo/GykSf0SDFdgzXWnalAHKrjr/VIryl/Fj3y/wEUgUCORnQtpuYeNjxS0E5GIP/JeGElNgE9Y7/3rpKRBajJqHA2mYYpNTOwZAUCofFVmYxBXED19h0VEOMtp2PYwz5jnuTUw/5eP7uzSG2dhBHzhMD9exvbbT8T2tm1K22c6nTjFALZ3FaN1OcEj5qg19Jg4LUwBEQRrpfctEDA4JcZ0UXP/wd9i853yuH++XKaaVUq06KKLBNts12WcgOWI0dsTprMMHu2SN7Ya/enffgPXnPX9Ypb3KzwX7Ae/sEFDWWow==</latexit>

Inv. Laplace transform
<latexit sha1_base64="aW1MBD22N59YdoJLwnCHnEEV0tg=">AAAB/nicbVDLTgJBEJzFF+Jr1SOXicTEE9k1RjkSvXjERB4JbMjs0AsTZh+Z6TWSDYn+jJ6MevMj/AH/xgH3oGCdqruqJ1PlJ1JodJwvq7Cyura+UdwsbW3v7O7Z+wctHaeKQ5PHMlYdn2mQIoImCpTQSRSw0JfQ9sdXM719B0qLOLrFSQJeyIaRCARnaFZ9u9xDuMfsErR5g2pQAjQNAUfxYNq3K07VmYMuEzcnFZKj0bc/e4OYpyFEyCXTuus6CXoZUyi4hGmpl2pIGB+zIXQNjVgI2svmIab0OIgVxRHQ+fzbm7FQ60noG0/IcKQXtdnyP62bYlDzMhElKULEjcVoQSopxnTWBR0IBRzlxBDGlTC/pHzEFONoGiuZ+O5i2GXSOq2659Wzm7NKvZYXUSRlckROiEsuSJ1ckwZpEk4eyTN5I+/Wg/VkvVivP9aCld8ckj+wPr4B/eiWEA==</latexit>

Bessel series method
<latexit sha1_base64="Wvh4WxtBn45Us6rYovGylx1pVN8=">AAAB/3icbVBLSwMxGMz6rPW16lEPwSJ4KrtStMeCF09SwT6gXUo2/dqGZh8k34pl6UH/jJ5Evfkf/AP+G9N1D9o6p8nMJGTGj6XQ6Dhf1tLyyuraemGjuLm1vbNr7+03dZQoDg0eyUi1faZBihAaKFBCO1bAAl9Cyx9fzvzWHSgtovAWJzF4ARuGYiA4QyP17KMuwj2m10kAyoiSihBhqDJ32rNLTtnJQBeJm5MSyVHv2Z/dfsTNWyFyybTuuE6MXsoUCi5hWuwmGmLGx2wIHUNDFoD20qzFlJ4MIkVxBDQ7/86mLNB6EvgmEzAc6XlvJv7ndRIcVL1UhHGCEHITMd4gkRQjOhuD9oUCjnJiCONKmF9SPmKKcTSTFU19d77sImmeld3zcuWmUqpV8yEK5JAck1PikgtSI1ekThqEk0fyTN7Iu/VgPVkv1utPdMnK7xyQP7A+vgFG6pbU</latexit>

Numerical integration
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Global summary

<latexit sha1_base64="/79czDn6UOrHJy9NK6PiHm4l9FM=">AAAB+XicbZC9TsMwFIUdfkv5CyCxsFhUSCxUCQLBwFCJhbEg+iO1IXJcp7VqJ5F9g1SleRiYELDxGrwAb4NbMkDLmT7fcyzde4JEcA2O82UtLC4tr6yW1srrG5tb2/bOblPHqaKsQWMRq3ZANBM8Yg3gIFg7UYzIQLBWMLye+K1HpjSPo3sYJcyTpB/xkFMCZuTb+13NJYaH7GRsqC+Jn93l49y3K07VmQrPg1tABRWq+/ZntxfTVLIIqCBad1wnAS8jCjgVLC93U80SQoekzzoGIyKZ9rLp/jk+CmOFYcDw9P07mxGp9UgGJiMJDPSsNxn+53VSCC+9jEdJCiyiJmK8MBUYYjypAfe4YhTEyAChipstMR0QRSiYssrmfHf22Hlonlbd86pze1apXRVFlNABOkTHyEUXqIZuUB01EEVj9Ize0LuVWU/Wi/X6E12wij976I+sj28eR5Pk</latexit>

⇠ t�|�R|

<latexit sha1_base64="NCNWsbkO0cgWlXMuETVwEP9HQFY=">AAAB8nicbZDNSsNAFIUn9a/Wn0ZduhksgquSiKjLghuXFewPtKFMpjft0EkmzNyIJfRFdCXqzkfxBXwbpzULbT2rb+45A/fcMJXCoOd9OaW19Y3NrfJ2ZWd3b7/qHhy2jco0hxZXUuluyAxIkUALBUrophpYHErohJObud95AG2ESu5xmkIQs1EiIsEZ2tHArfYRHjEXRkmGMJwN3JpX9xaiq+AXUCOFmgP3sz9UPIshQS6ZMT3fSzHImUbBJcwq/cxAyviEjaBnMWExmCBfLD6jp5HSFMdAF+/f2ZzFxkzj0GZihmOz7M2H/3m9DKPrIBdJmiEk3EasF2WSoqLz/nQoNHCUUwuMa2G3pHzMNONor1Sx9f3lsqvQPq/7l3Xv7qLWuCgOUSbH5IScEZ9ckQa5JU3SIpxk5Jm8kXcHnSfnxXn9iZac4s8R+SPn4xtnIpE7</latexit>

isolated
<latexit sha1_base64="UN5Ik1dEOjKBoIyRFDeVjSGygW8=">AAAB7nicbZDNTgIxFIU7+If4h7p000hMXJEZY9QliRuXmMhPAhPSKRdo6HRqe8dIJryGroy682F8Ad/GgrNQ8Ky+3nOa3HMjLYVF3//yCiura+sbxc3S1vbO7l55/6Bpk9RwaPBEJqYdMQtSKGigQAltbYDFkYRWNL6e+a0HMFYk6g4nGsKYDZUYCM7QjcIuwiNmWjLFzLRXrvhVfy66DEEOFZKr3it/dvsJT2NQyCWzthP4GsOMGRRcwrTUTS1oxsdsCB2HisVgw2y+9JSeDBJDcQR0/v6dzVhs7SSOXCZmOLKL3mz4n9dJcXAVZkLpFEFxF3HeIJUUEzrrTvvCAEc5ccC4EW5LykfMMI7uQiVXP1gsuwzNs2pwUfVvzyu18/wQRXJEjskpCcglqZEbUicNwsk9eSZv5N3T3pP34r3+RAte/ueQ/JH38Q1ZnpAf</latexit>

planar
<latexit sha1_base64="cRJMgCasADadJxz/p/TgDU5h8XA=">AAAB7XicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSKeqy4MZlBfsDTSiT6U07dJIJMzdiCX0MXYm682V8Ad/Gac1CW8/qm3vOwD03TKUw6LpfTmltfWNzq7xd2dnd2z+oHh51jMo0hzZXUuleyAxIkUAbBUropRpYHErohpObud99AG2ESu5xmkIQs1EiIsEZ2pHvIzxibsaKT2aDas2tuwvRVfAKqJFCrUH10x8qnsWQIJfMmL7nphjkTKPgEmYVPzOQMj5hI+hbTFgMJsgXO8/oWaQ0xTHQxft3NmexMdM4tJmY4dgse/Phf14/w+g6yEWSZggJtxHrRZmkqOi8Oh0KDRzl1ALjWtgtKR8zzTjaA1VsfW+57Cp0LureZd29a9SajeIQZXJCTsk58cgVaZJb0iJtwklKnskbeXeU8+S8OK8/0ZJT/Dkmf+R8fAOXao+v</latexit>

shock

<latexit sha1_base64="cRJMgCasADadJxz/p/TgDU5h8XA=">AAAB7XicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSKeqy4MZlBfsDTSiT6U07dJIJMzdiCX0MXYm682V8Ad/Gac1CW8/qm3vOwD03TKUw6LpfTmltfWNzq7xd2dnd2z+oHh51jMo0hzZXUuleyAxIkUAbBUropRpYHErohpObud99AG2ESu5xmkIQs1EiIsEZ2pHvIzxibsaKT2aDas2tuwvRVfAKqJFCrUH10x8qnsWQIJfMmL7nphjkTKPgEmYVPzOQMj5hI+hbTFgMJsgXO8/oWaQ0xTHQxft3NmexMdM4tJmY4dgse/Phf14/w+g6yEWSZggJtxHrRZmkqOi8Oh0KDRzl1ALjWtgtKR8zzTjaA1VsfW+57Cp0LureZd29a9SajeIQZXJCTsk58cgVaZJb0iJtwklKnskbeXeU8+S8OK8/0ZJT/Dkmf+R8fAOXao+v</latexit>

shock
<latexit sha1_base64="bBNWxLgXaFXghIGCbt0g0aE2wWI=">AAAB4nicbZDNSsNAFIVv6l+tf1WXbgaL4KokUtRlwY3LFuwPtKFMpjfN0JkkzEyEEvoCuhJ15yP5Ar6N05qFtp7VN/ecgXtukAqujet+OaWNza3tnfJuZW//4PCoenzS1UmmGHZYIhLVD6hGwWPsGG4E9lOFVAYCe8H0buH3HlFpnsQPZpaiL+kk5iFn1NhROxpVa27dXYqsg1dADQq1RtXP4ThhmcTYMEG1HnhuavycKsOZwHllmGlMKZvSCQ4sxlSi9vPlonNyESaKmAjJ8v07m1Op9UwGNiOpifSqtxj+5w0yE976OY/TzGDMbMR6YSaISciiLxlzhcyImQXKFLdbEhZRRZmxV6nY+t5q2XXoXtW967rbbtSajeIQZTiDc7gED26gCffQgg4wQHiGN3h3xs6T8+K8/kRLTvHnFP7I+fgGwMmKeA==</latexit>

h

<latexit sha1_base64="Jh+Ttqs9spvSeXq8IH/mhj8dEB0=">AAAB6HicbZDNSgMxFIXv+FvrX9Wlm2ARBKHMFMUuC27cCBXsD7RDyaR32tjMZEgyQhn6DroSdefz+AK+jWmdhbae1Zd7TuCeGySCa+O6X87K6tr6xmZhq7i9s7u3Xzo4bGmZKoZNJoVUnYBqFDzGpuFGYCdRSKNAYDsYX8/89iMqzWV8byYJ+hEdxjzkjBo7anvnVXLbr/ZLZbfizkWWwcuhDLka/dJnbyBZGmFsmKBadz03MX5GleFM4LTYSzUmlI3pELsWYxqh9rP5ulNyGkpFzAjJ/P07m9FI60kU2ExEzUgverPhf143NWHNz3icpAZjZiPWC1NBjCSz1mTAFTIjJhYoU9xuSdiIKsqMvU3R1vcWyy5Dq1rxLivu3UW5XssPUYBjOIEz8OAK6nADDWgCgzE8wxu8Ow/Ok/PivP5EV5z8zxH8kfPxDVb+i9s=</latexit>

1 + 2M2

<latexit sha1_base64="pQiGs9YlSKP33kqjeDaBGKKVj5g=">AAAB5HicbZDNSsNAFIVv6l+tf1WXbgaL4KokothlwY3LivYH2lAm05tm6GQSZiZCCX0DXYm684l8Ad/Gac1CW8/qm3vOwD03SAXXxnW/nNLa+sbmVnm7srO7t39QPTzq6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByM/e7j6g0T+SDmabox3QsecgZNXZ0Hw3ZsFpz6+5CZBW8AmpQqDWsfg5GCctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6xb1HSGLWfL1adkbMwUcRESBbv39mcxlpP48BmYmoivezNh/95/cyEDT/nMs0MSmYj1gszQUxC5o3JiCtkRkwtUKa43ZKwiCrKjL1Lxdb3lsuuQuei7l3V3bvLWrNRHKIMJ3AK5+DBNTThFlrQBgZjeIY3eHdC58l5cV5/oiWn+HMMf+R8fAMuMItR</latexit>

hc
<latexit sha1_base64="o9yMnRTSsh6H8hmK1NUZSTRaMvc=">AAAB43icbZDLTgJBEEVr8IX4Ql266UhM3EhmjEaWJG5cohEhgQnpaWqgQ88j3TUmhPAFujLqzj/yB/wbG5yFgnd1uu7tpG4FqZKGXPfLKaysrq1vFDdLW9s7u3vl/YMHk2RaYFMkKtHtgBtUMsYmSVLYTjXyKFDYCkbXM7/1iNrIJL6ncYp+xAexDKXgZEd3Z16vXHGr7lxsGbwcKpCr0St/dvuJyCKMSShuTMdzU/InXJMUCqelbmYw5WLEB9ixGPMIjT+ZbzplJ2GiGQ2Rzd+/sxMeGTOOApuJOA3Nojcb/ud1Mgpr/kTGaUYYCxuxXpgpRgmbFWZ9qVGQGlvgQku7JRNDrrkge5aSre8tll2Gh/Oqd1l1by8q9Vp+iCIcwTGcggdXUIcbaEATBITwDG/w7qDz5Lw4rz/RgpP/OYQ/cj6+AdfIins=</latexit>�1

<latexit sha1_base64="0wGbov4AFtzxpGC+TtuosrW03x0=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZo9El0Y1LSOSRwIT0NDXQoeeR7hoTQvgBXRl15yf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/Hd3G8/ojYyiR9okqIf8WEsQyk42VHD65crbtVdiK2Cl0MFctX75c/eIBFZhDEJxY3pem5K/pRrkkLhrNTLDKZcjPkQuxZjHqHxp4tFZ+wsTDSjEbLF+3d2yiNjJlFgMxGnkVn25sP/vG5G4Y0/lXGaEcbCRqwXZopRwuZ92UBqFKQmFrjQ0m7JxIhrLshepWTre8tlV6F1UfWuqm7jslK7zQ9RhBM4hXPw4BpqcA91aIIAhGd4g3dn4Dw5L87rT7Tg5H+O4Y+cj29ymYpO</latexit>

1

<latexit sha1_base64="cD9mJWlEAhervGD4R4kkCyKTBZU=">AAAB+nicbVC7TsMwFHV4lvIKMDCwWFRITFWCEDBWsDAWRB9SEyLHvWmt2klkO0hVyM/AhICNz+AH+BvckgFaznLPvedY8jlhypnSjvNlLSwuLa+sVtaq6xubW9v2zm5bJZmk0KIJT2Q3JAo4i6GlmebQTSUQEXLohKOrid55AKlYEt/pcQq+IIOYRYwSbU6Bve8pJrC+z80cCBLknhT4tigCu+bUnSnwPHFLUkMlmoH96fUTmgmINeVEqZ7rpNrPidSMciiqXqYgJXREBtAzNCYClJ9PAxT4KEok1kPA0/23NydCqbEIjUcQPVSz2uT4n9bLdHTh5yxOMw0xNRajRRnHOsGTHnCfSaCajw0hVDLzS0yHRBKqTVtVE9+dDTtP2id196zu3JzWGpdlERV0gA7RMXLROWqga9RELURRgZ7RG3q3Hq0n68V6/bEuWOWbPfQH1sc3oB2UKw==</latexit>

⇠ t�R

<latexit sha1_base64="NmS9LKZeKP/EOsZc4dI7vN8xHkI=">AAAB83icbZDNTgIxFIU7+If4N+rSTSMxcUVmjFGXRDcuMZGfBCakUy7Q0OlM2jsEMuFJdGXUnW/iC/g2FpyFgmf19Z7T5N4TJlIY9Lwvp7C2vrG5Vdwu7ezu7R+4h0cNE6eaQ53HMtatkBmQQkEdBUpoJRpYFEpohqO7ud8cgzYiVo84TSCI2ECJvuAM7ajruh2ECWYwSZjqCTWYdd2yV/EWoqvg51AmuWpd97PTi3kagUIumTFt30swyJhGwSXMSp3UQML4iA2gbVGxCEyQLTaf0bN+rCkOgS7ev7MZi4yZRqHNRAyHZtmbD//z2in2b4JMqCRFUNxGrNdPJcWYzgugPaGBo5xaYFwLuyXlQ6YZR1tTyZ7vLx+7Co2Lin9V8R4uy9XbvIgiOSGn5Jz45JpUyT2pkTrhZEyeyRt5d1LnyXlxXn+iBSf/c0z+yPn4BjNwkbw=</latexit>

expanding

<latexit sha1_base64="fvZSScsixQtSQtX71hRVcG7YCgA=">AAAB7nicbZDNTgIxFIU7/iL+oS7dNBITN+IMamRJ4sYlJvKTwEg65Q40tDNje8eETHgNXRl158P4Ar6NBVkoeFZf7zlN7rlBIoVB1/1ylpZXVtfWcxv5za3tnd3C3n7DxKnmUOexjHUrYAakiKCOAiW0Eg1MBRKawfB64jcfQRsRR3c4SsBXrB+JUHCGduR3jFAU77PT87PyuFsouiV3KroI3gyKZKZat/DZ6cU8VRAhl8yYtucm6GdMo+ASxvlOaiBhfMj60LYYMQXGz6ZLj+lxGGuKA6DT9+9sxpQxIxXYjGI4MPPeZPif104xrPiZiJIUIeI2Yr0wlRRjOulOe0IDRzmywLgWdkvKB0wzjvZCeVvfmy+7CI1yybssubcXxWpldogcOSRH5IR45IpUyQ2pkTrh5IE8kzfy7iTOk/PivP5El5zZnwPyR87HN20Rjts=</latexit>

⇠ t�3/2

<latexit sha1_base64="4dGnbm2NFxd6dAujqBmvT56uPrM=">AAAB63icbZDNTgIxFIXv+Iv4h7p000hMXJEZo5EliRuXmMhPhJF0ygUa2s6k7ZiQCU+hK6PufBtfwLex4CwUPKuv95wm99woEdxY3//yVlbX1jc2C1vF7Z3dvf3SwWHTxKlm2GCxiHU7ogYFV9iw3ApsJxqpjAS2ovH1zG89ojY8Vnd2kmAo6VDxAWfUutF913BJ7EPmT3ulsl/x5yLLEORQhlz1Xumz249ZKlFZJqgxncBPbJhRbTkTOC12U4MJZWM6xI5DRSWaMJtvPCWng1gTO0Iyf//OZlQaM5GRy0hqR2bRmw3/8zqpHVTDjKsktaiYizhvkApiYzIrTvpcI7Ni4oAyzd2WhI2opsy68xRd/WCx7DI0zyvBZcW/vSjXqvkhCnAMJ3AGAVxBDW6gDg1goOAZ3uDdk96T9+K9/kRXvPzPEfyR9/ENGuuOLA==</latexit>

⇠ t0

<latexit sha1_base64="fvZSScsixQtSQtX71hRVcG7YCgA=">AAAB7nicbZDNTgIxFIU7/iL+oS7dNBITN+IMamRJ4sYlJvKTwEg65Q40tDNje8eETHgNXRl158P4Ar6NBVkoeFZf7zlN7rlBIoVB1/1ylpZXVtfWcxv5za3tnd3C3n7DxKnmUOexjHUrYAakiKCOAiW0Eg1MBRKawfB64jcfQRsRR3c4SsBXrB+JUHCGduR3jFAU77PT87PyuFsouiV3KroI3gyKZKZat/DZ6cU8VRAhl8yYtucm6GdMo+ASxvlOaiBhfMj60LYYMQXGz6ZLj+lxGGuKA6DT9+9sxpQxIxXYjGI4MPPeZPif104xrPiZiJIUIeI2Yr0wlRRjOulOe0IDRzmywLgWdkvKB0wzjvZCeVvfmy+7CI1yybssubcXxWpldogcOSRH5IR45IpUyQ2pkTrh5IE8kzfy7iTOk/PivP5El5zZnwPyR87HN20Rjts=</latexit>

⇠ t�3/2

<latexit sha1_base64="Jh+Ttqs9spvSeXq8IH/mhj8dEB0=">AAAB6HicbZDNSgMxFIXv+FvrX9Wlm2ARBKHMFMUuC27cCBXsD7RDyaR32tjMZEgyQhn6DroSdefz+AK+jWmdhbae1Zd7TuCeGySCa+O6X87K6tr6xmZhq7i9s7u3Xzo4bGmZKoZNJoVUnYBqFDzGpuFGYCdRSKNAYDsYX8/89iMqzWV8byYJ+hEdxjzkjBo7anvnVXLbr/ZLZbfizkWWwcuhDLka/dJnbyBZGmFsmKBadz03MX5GleFM4LTYSzUmlI3pELsWYxqh9rP5ulNyGkpFzAjJ/P07m9FI60kU2ExEzUgverPhf143NWHNz3icpAZjZiPWC1NBjCSz1mTAFTIjJhYoU9xuSdiIKsqMvU3R1vcWyy5Dq1rxLivu3UW5XssPUYBjOIEz8OAK6nADDWgCgzE8wxu8Ow/Ok/PivP5EV5z8zxH8kfPxDVb+i9s=</latexit>

1 + 2M2

<latexit sha1_base64="pQiGs9YlSKP33kqjeDaBGKKVj5g=">AAAB5HicbZDNSsNAFIVv6l+tf1WXbgaL4KokothlwY3LivYH2lAm05tm6GQSZiZCCX0DXYm684l8Ad/Gac1CW8/qm3vOwD03SAXXxnW/nNLa+sbmVnm7srO7t39QPTzq6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByM/e7j6g0T+SDmabox3QsecgZNXZ0Hw3ZsFpz6+5CZBW8AmpQqDWsfg5GCctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6xb1HSGLWfL1adkbMwUcRESBbv39mcxlpP48BmYmoivezNh/95/cyEDT/nMs0MSmYj1gszQUxC5o3JiCtkRkwtUKa43ZKwiCrKjL1Lxdb3lsuuQuei7l3V3bvLWrNRHKIMJ3AK5+DBNTThFlrQBgZjeIY3eHdC58l5cV5/oiWn+HMMf+R8fAMuMItR</latexit>

hc
<latexit sha1_base64="o9yMnRTSsh6H8hmK1NUZSTRaMvc=">AAAB43icbZDLTgJBEEVr8IX4Ql266UhM3EhmjEaWJG5cohEhgQnpaWqgQ88j3TUmhPAFujLqzj/yB/wbG5yFgnd1uu7tpG4FqZKGXPfLKaysrq1vFDdLW9s7u3vl/YMHk2RaYFMkKtHtgBtUMsYmSVLYTjXyKFDYCkbXM7/1iNrIJL6ncYp+xAexDKXgZEd3Z16vXHGr7lxsGbwcKpCr0St/dvuJyCKMSShuTMdzU/InXJMUCqelbmYw5WLEB9ixGPMIjT+ZbzplJ2GiGQ2Rzd+/sxMeGTOOApuJOA3Nojcb/ud1Mgpr/kTGaUYYCxuxXpgpRgmbFWZ9qVGQGlvgQku7JRNDrrkge5aSre8tll2Gh/Oqd1l1by8q9Vp+iCIcwTGcggdXUIcbaEATBITwDG/w7qDz5Lw4rz/RgpP/OYQ/cj6+AdfIins=</latexit>�1

<latexit sha1_base64="0wGbov4AFtzxpGC+TtuosrW03x0=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZo9El0Y1LSOSRwIT0NDXQoeeR7hoTQvgBXRl15yf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/Hd3G8/ojYyiR9okqIf8WEsQyk42VHD65crbtVdiK2Cl0MFctX75c/eIBFZhDEJxY3pem5K/pRrkkLhrNTLDKZcjPkQuxZjHqHxp4tFZ+wsTDSjEbLF+3d2yiNjJlFgMxGnkVn25sP/vG5G4Y0/lXGaEcbCRqwXZopRwuZ92UBqFKQmFrjQ0m7JxIhrLshepWTre8tlV6F1UfWuqm7jslK7zQ9RhBM4hXPw4BpqcA91aIIAhGd4g3dn4Dw5L87rT7Tg5H+O4Y+cj29ymYpO</latexit>

1

<latexit sha1_base64="fvZSScsixQtSQtX71hRVcG7YCgA=">AAAB7nicbZDNTgIxFIU7/iL+oS7dNBITN+IMamRJ4sYlJvKTwEg65Q40tDNje8eETHgNXRl158P4Ar6NBVkoeFZf7zlN7rlBIoVB1/1ylpZXVtfWcxv5za3tnd3C3n7DxKnmUOexjHUrYAakiKCOAiW0Eg1MBRKawfB64jcfQRsRR3c4SsBXrB+JUHCGduR3jFAU77PT87PyuFsouiV3KroI3gyKZKZat/DZ6cU8VRAhl8yYtucm6GdMo+ASxvlOaiBhfMj60LYYMQXGz6ZLj+lxGGuKA6DT9+9sxpQxIxXYjGI4MPPeZPif104xrPiZiJIUIeI2Yr0wlRRjOulOe0IDRzmywLgWdkvKB0wzjvZCeVvfmy+7CI1yybssubcXxWpldogcOSRH5IR45IpUyQ2pkTrh5IE8kzfy7iTOk/PivP5El5zZnwPyR87HN20Rjts=</latexit>

⇠ t�3/2

<latexit sha1_base64="L8gJFsPNHXPQLwAlpuFFovTpAHU=">AAAB53icbZDLSsNAFIZP6q3WW9Wlm8EiuCpJKeqy6MZlBXuBNpTJ9KQZO7kwMxFK6DPoStSd7+ML+DZOYxba+q++Of8/cP7jJYIrbdtfVmltfWNzq7xd2dnd2z+oHh51VZxKhh0Wi1j2PapQ8Ag7mmuB/UQiDT2BPW96s/B7jygVj6N7PUvQDekk4j5nVJtRNxhlrDEfVWt23c5FVsEpoAaF2qPq53AcszTESDNBlRo4dqLdjErNmcB5ZZgqTCib0gkODEY0ROVm+bZzcubHkugASf7+nc1oqNQs9EwmpDpQy95i+J83SLV/5WY8SlKNETMR4/mpIDomi9JkzCUyLWYGKJPcbElYQCVl2pymYuo7y2VXoduoOxf15l2z1rouDlGGEziFc3DgElpwC23oAIMHeIY3eLe49WS9WK8/0ZJV/DmGP7I+vgFjAoyo</latexit>

hc2
<latexit sha1_base64="aU6nETH0MxH0w+ZBH32WHqiIfek=">AAAB53icbZDNTsJAFIVv8Q/xD3XpZiIxcUVaQ9Ql0Y1LTARJoCHT4ZaOTKfNzNSENDyDroy68318Ad/GAbtQ8Ky+uedMcs8NUsG1cd0vp7Syura+Ud6sbG3v7O5V9w86OskUwzZLRKK6AdUouMS24UZgN1VI40DgfTC+nvn3j6g0T+SdmaTox3QkecgZNXbUiQY5k9NBtebW3bnIMngF1KBQa1D97A8TlsUoDRNU657npsbPqTKcCZxW+pnGlLIxHWHPoqQxaj+fbzslJ2GiiImQzN+/szmNtZ7Egc3E1ER60ZsN//N6mQkv/ZzLNDMomY1YL8wEMQmZlSZDrpAZMbFAmeJ2S8Iiqigz9jQVW99bLLsMnbO6d15v3DZqzaviEGU4gmM4BQ8uoAk30II2MHiAZ3iDd4c7T86L8/oTLTnFn0P4I+fjG7zGjOQ=</latexit>

hcn
<latexit sha1_base64="W14qxPc6R5nTkAY+fUZfN2smlDM=">AAAB5nicbVDLTgJBEOzFF+IL9ehlIzHxRHYNUY9ELx4xcYEENmR26GUnzD4y02tCCL+gJ6Pe/CB/wL9xwD0oWKfqruqkqoNMCk2O82WV1tY3NrfK25Wd3b39g+rhUVunueLo8VSmqhswjVIk6JEgid1MIYsDiZ1gfDvXO4+otEiTB5pk6MdslIhQcEZm5fWHKelBtebUnQXsVeIWpAYFWoPqp7njeYwJccm07rlORv6UKRJc4qzSzzVmjI/ZCHuGJixG7U8XYWf2WZgqmyK0F/Nv75TFWk/iwHhiRpFe1ubL/7ReTuG1PxVJlhMm3FiMFubSptSed7aHQiEnOTGEcSVMSptHTDFO5jMVU99dLrtK2hd197LeuG/UmjfFI8pwAqdwDi5cQRPuoAUecBDwDG/wbkXWk/Vivf5YS1Zxcwx/YH18A9+KjGA=</latexit>. . .

<latexit sha1_base64="Jh+Ttqs9spvSeXq8IH/mhj8dEB0=">AAAB6HicbZDNSgMxFIXv+FvrX9Wlm2ARBKHMFMUuC27cCBXsD7RDyaR32tjMZEgyQhn6DroSdefz+AK+jWmdhbae1Zd7TuCeGySCa+O6X87K6tr6xmZhq7i9s7u3Xzo4bGmZKoZNJoVUnYBqFDzGpuFGYCdRSKNAYDsYX8/89iMqzWV8byYJ+hEdxjzkjBo7anvnVXLbr/ZLZbfizkWWwcuhDLka/dJnbyBZGmFsmKBadz03MX5GleFM4LTYSzUmlI3pELsWYxqh9rP5ulNyGkpFzAjJ/P07m9FI60kU2ExEzUgverPhf143NWHNz3icpAZjZiPWC1NBjCSz1mTAFTIjJhYoU9xuSdiIKsqMvU3R1vcWyy5Dq1rxLivu3UW5XssPUYBjOIEz8OAK6nADDWgCgzE8wxu8Ow/Ok/PivP5EV5z8zxH8kfPxDVb+i9s=</latexit>

1 + 2M2

<latexit sha1_base64="pQiGs9YlSKP33kqjeDaBGKKVj5g=">AAAB5HicbZDNSsNAFIVv6l+tf1WXbgaL4KokothlwY3LivYH2lAm05tm6GQSZiZCCX0DXYm684l8Ad/Gac1CW8/qm3vOwD03SAXXxnW/nNLa+sbmVnm7srO7t39QPTzq6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByM/e7j6g0T+SDmabox3QsecgZNXZ0Hw3ZsFpz6+5CZBW8AmpQqDWsfg5GCctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6xb1HSGLWfL1adkbMwUcRESBbv39mcxlpP48BmYmoivezNh/95/cyEDT/nMs0MSmYj1gszQUxC5o3JiCtkRkwtUKa43ZKwiCrKjL1Lxdb3lsuuQuei7l3V3bvLWrNRHKIMJ3AK5+DBNTThFlrQBgZjeIY3eHdC58l5cV5/oiWn+HMMf+R8fAMuMItR</latexit>

hc
<latexit sha1_base64="o9yMnRTSsh6H8hmK1NUZSTRaMvc=">AAAB43icbZDLTgJBEEVr8IX4Ql266UhM3EhmjEaWJG5cohEhgQnpaWqgQ88j3TUmhPAFujLqzj/yB/wbG5yFgnd1uu7tpG4FqZKGXPfLKaysrq1vFDdLW9s7u3vl/YMHk2RaYFMkKtHtgBtUMsYmSVLYTjXyKFDYCkbXM7/1iNrIJL6ncYp+xAexDKXgZEd3Z16vXHGr7lxsGbwcKpCr0St/dvuJyCKMSShuTMdzU/InXJMUCqelbmYw5WLEB9ixGPMIjT+ZbzplJ2GiGQ2Rzd+/sxMeGTOOApuJOA3Nojcb/ud1Mgpr/kTGaUYYCxuxXpgpRgmbFWZ9qVGQGlvgQku7JRNDrrkge5aSre8tll2Gh/Oqd1l1by8q9Vp+iCIcwTGcggdXUIcbaEATBITwDG/w7qDz5Lw4rz/RgpP/OYQ/cj6+AdfIins=</latexit>�1

<latexit sha1_base64="0wGbov4AFtzxpGC+TtuosrW03x0=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZo9El0Y1LSOSRwIT0NDXQoeeR7hoTQvgBXRl15yf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/Hd3G8/ojYyiR9okqIf8WEsQyk42VHD65crbtVdiK2Cl0MFctX75c/eIBFZhDEJxY3pem5K/pRrkkLhrNTLDKZcjPkQuxZjHqHxp4tFZ+wsTDSjEbLF+3d2yiNjJlFgMxGnkVn25sP/vG5G4Y0/lXGaEcbCRqwXZopRwuZ92UBqFKQmFrjQ0m7JxIhrLshepWTre8tlV6F1UfWuqm7jslK7zQ9RhBM4hXPw4BpqcA91aIIAhGd4g3dn4Dw5L87rT7Tg5H+O4Y+cj29ymYpO</latexit>

1

<latexit sha1_base64="Jh+Ttqs9spvSeXq8IH/mhj8dEB0=">AAAB6HicbZDNSgMxFIXv+FvrX9Wlm2ARBKHMFMUuC27cCBXsD7RDyaR32tjMZEgyQhn6DroSdefz+AK+jWmdhbae1Zd7TuCeGySCa+O6X87K6tr6xmZhq7i9s7u3Xzo4bGmZKoZNJoVUnYBqFDzGpuFGYCdRSKNAYDsYX8/89iMqzWV8byYJ+hEdxjzkjBo7anvnVXLbr/ZLZbfizkWWwcuhDLka/dJnbyBZGmFsmKBadz03MX5GleFM4LTYSzUmlI3pELsWYxqh9rP5ulNyGkpFzAjJ/P07m9FI60kU2ExEzUgverPhf143NWHNz3icpAZjZiPWC1NBjCSz1mTAFTIjJhYoU9xuSdiIKsqMvU3R1vcWyy5Dq1rxLivu3UW5XssPUYBjOIEz8OAK6nADDWgCgzE8wxu8Ow/Ok/PivP5EV5z8zxH8kfPxDVb+i9s=</latexit>

1 + 2M2

<latexit sha1_base64="pQiGs9YlSKP33kqjeDaBGKKVj5g=">AAAB5HicbZDNSsNAFIVv6l+tf1WXbgaL4KokothlwY3LivYH2lAm05tm6GQSZiZCCX0DXYm684l8Ad/Gac1CW8/qm3vOwD03SAXXxnW/nNLa+sbmVnm7srO7t39QPTzq6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByM/e7j6g0T+SDmabox3QsecgZNXZ0Hw3ZsFpz6+5CZBW8AmpQqDWsfg5GCctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6xb1HSGLWfL1adkbMwUcRESBbv39mcxlpP48BmYmoivezNh/95/cyEDT/nMs0MSmYj1gszQUxC5o3JiCtkRkwtUKa43ZKwiCrKjL1Lxdb3lsuuQuei7l3V3bvLWrNRHKIMJ3AK5+DBNTThFlrQBgZjeIY3eHdC58l5cV5/oiWn+HMMf+R8fAMuMItR</latexit>

hc
<latexit sha1_base64="o9yMnRTSsh6H8hmK1NUZSTRaMvc=">AAAB43icbZDLTgJBEEVr8IX4Ql266UhM3EhmjEaWJG5cohEhgQnpaWqgQ88j3TUmhPAFujLqzj/yB/wbG5yFgnd1uu7tpG4FqZKGXPfLKaysrq1vFDdLW9s7u3vl/YMHk2RaYFMkKtHtgBtUMsYmSVLYTjXyKFDYCkbXM7/1iNrIJL6ncYp+xAexDKXgZEd3Z16vXHGr7lxsGbwcKpCr0St/dvuJyCKMSShuTMdzU/InXJMUCqelbmYw5WLEB9ixGPMIjT+ZbzplJ2GiGQ2Rzd+/sxMeGTOOApuJOA3Nojcb/ud1Mgpr/kTGaUYYCxuxXpgpRgmbFWZ9qVGQGlvgQku7JRNDrrkge5aSre8tll2Gh/Oqd1l1by8q9Vp+iCIcwTGcggdXUIcbaEATBITwDG/w7qDz5Lw4rz/RgpP/OYQ/cj6+AdfIins=</latexit>�1

<latexit sha1_base64="0wGbov4AFtzxpGC+TtuosrW03x0=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZo9El0Y1LSOSRwIT0NDXQoeeR7hoTQvgBXRl15yf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/Hd3G8/ojYyiR9okqIf8WEsQyk42VHD65crbtVdiK2Cl0MFctX75c/eIBFZhDEJxY3pem5K/pRrkkLhrNTLDKZcjPkQuxZjHqHxp4tFZ+wsTDSjEbLF+3d2yiNjJlFgMxGnkVn25sP/vG5G4Y0/lXGaEcbCRqwXZopRwuZ92UBqFKQmFrjQ0m7JxIhrLshepWTre8tlV6F1UfWuqm7jslK7zQ9RhBM4hXPw4BpqcA91aIIAhGd4g3dn4Dw5L87rT7Tg5H+O4Y+cj29ymYpO</latexit>

1

<latexit sha1_base64="L8gJFsPNHXPQLwAlpuFFovTpAHU=">AAAB53icbZDLSsNAFIZP6q3WW9Wlm8EiuCpJKeqy6MZlBXuBNpTJ9KQZO7kwMxFK6DPoStSd7+ML+DZOYxba+q++Of8/cP7jJYIrbdtfVmltfWNzq7xd2dnd2z+oHh51VZxKhh0Wi1j2PapQ8Ag7mmuB/UQiDT2BPW96s/B7jygVj6N7PUvQDekk4j5nVJtRNxhlrDEfVWt23c5FVsEpoAaF2qPq53AcszTESDNBlRo4dqLdjErNmcB5ZZgqTCib0gkODEY0ROVm+bZzcubHkugASf7+nc1oqNQs9EwmpDpQy95i+J83SLV/5WY8SlKNETMR4/mpIDomi9JkzCUyLWYGKJPcbElYQCVl2pymYuo7y2VXoduoOxf15l2z1rouDlGGEziFc3DgElpwC23oAIMHeIY3eLe49WS9WK8/0ZJV/DmGP7I+vgFjAoyo</latexit>

hc2
<latexit sha1_base64="aU6nETH0MxH0w+ZBH32WHqiIfek=">AAAB53icbZDNTsJAFIVv8Q/xD3XpZiIxcUVaQ9Ql0Y1LTARJoCHT4ZaOTKfNzNSENDyDroy68318Ad/GAbtQ8Ky+uedMcs8NUsG1cd0vp7Syura+Ud6sbG3v7O5V9w86OskUwzZLRKK6AdUouMS24UZgN1VI40DgfTC+nvn3j6g0T+SdmaTox3QkecgZNXbUiQY5k9NBtebW3bnIMngF1KBQa1D97A8TlsUoDRNU657npsbPqTKcCZxW+pnGlLIxHWHPoqQxaj+fbzslJ2GiiImQzN+/szmNtZ7Egc3E1ER60ZsN//N6mQkv/ZzLNDMomY1YL8wEMQmZlSZDrpAZMbFAmeJ2S8Iiqigz9jQVW99bLLsMnbO6d15v3DZqzaviEGU4gmM4BQ8uoAk30II2MHiAZ3iDd4c7T86L8/oTLTnFn0P4I+fjG7zGjOQ=</latexit>

hcn<latexit sha1_base64="W14qxPc6R5nTkAY+fUZfN2smlDM=">AAAB5nicbVDLTgJBEOzFF+IL9ehlIzHxRHYNUY9ELx4xcYEENmR26GUnzD4y02tCCL+gJ6Pe/CB/wL9xwD0oWKfqruqkqoNMCk2O82WV1tY3NrfK25Wd3b39g+rhUVunueLo8VSmqhswjVIk6JEgid1MIYsDiZ1gfDvXO4+otEiTB5pk6MdslIhQcEZm5fWHKelBtebUnQXsVeIWpAYFWoPqp7njeYwJccm07rlORv6UKRJc4qzSzzVmjI/ZCHuGJixG7U8XYWf2WZgqmyK0F/Nv75TFWk/iwHhiRpFe1ubL/7ReTuG1PxVJlhMm3FiMFubSptSed7aHQiEnOTGEcSVMSptHTDFO5jMVU99dLrtK2hd197LeuG/UmjfFI8pwAqdwDi5cQRPuoAUecBDwDG/wbkXWk/Vivf5YS1Zxcwx/YH18A9+KjGA=</latexit>. . .

<latexit sha1_base64="6VzzGEoho8srQM4ugehNcN9gLD0=">AAAB6XicbZDLTgJBEEVr8IX4Ql266UhMXJEZQ9Ql0Y1LTARJYCQ9TQ106Hmku8aEED5CV0bd+Tv+gH9jg7NQ8K5O172d1K0gVdKQ6345hZXVtfWN4mZpa3tnd6+8f9AySaYFNkWiEt0OuEElY2ySJIXtVCOPAoX3weh65t8/ojYyie9onKIf8UEsQyk42VG7a2TE6MHrlStu1Z2LLYOXQwVyNXrlz24/EVmEMQnFjel4bkr+hGuSQuG01M0MplyM+AA7FmMeofEn832n7CRMNKMhsvn7d3bCI2PGUWAzEaehWfRmw/+8TkbhpT+RcZoRxsJGrBdmilHCZrVZX2oUpMYWuNDSbsnEkGsuyB6nZOt7i2WXoXVW9c6rtdtapX6VH6IIR3AMp+DBBdThBhrQBAEKnuEN3p2R8+S8OK8/0YKT/zmEP3I+vgFeq40w</latexit>

⇠ t1
<latexit sha1_base64="p/tLSd1RPEGO8RpxAK5favpt9co=">AAAB83icbZDNTgIxFIU7+If4N+rSTSMxcUVmDFGXRDcuMZGfBCakUy7Q0OlM2jtEMuFJdGXUnW/iC/g2FpyFgmf19Z7T5N4TJlIY9Lwvp7C2vrG5Vdwu7ezu7R+4h0dNE6eaQ4PHMtbtkBmQQkEDBUpoJxpYFEpohePbud+agDYiVg84TSCI2FCJgeAM7ajnul2ER8w0mFgxxWHWc8texVuIroKfQ5nkqvfcz24/5mkECrlkxnR8L8EgYxoFlzArdVMDCeNjNoSORcUiMEG22HxGzwaxpjgCunj/zmYsMmYahTYTMRyZZW8+/M/rpDi4DjKhkhRBcRux3iCVFGM6L4D2hQaOcmqBcS3slpSPmGYcbU0le76/fOwqNC8q/mWlel8t127yIorkhJySc+KTK1Ijd6ROGoSTCXkmb+TdSZ0n58V5/YkWnPzPMfkj5+MbNOmRwA==</latexit>resonance

<latexit sha1_base64="hSdwoIjxRcgWGzoUEIPyEB+AH6o=">AAAB+HicbZDNTsJAFIWn+If4hxpXbiYSE1ekNURdEt24xESQBBoyHW5hwrTTzNwaseFddGXUnc/hC/g2DtiFgmf1zT1nkntPkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rGZVqDk2upNLtgBmQIoYmCpTQTjSwKJBwF4yupv7dPWgjVHyL4wT8iA1iEQrO0I565YMuwgNmiTJGBEIKHFMVTnrlilt1Z6KL4OVQIbkavfJnt694GkGMXDJjOp6boJ8xjYJLmJS6qYGE8REbQMdizCIwfjZbf0KPQ6UpDoHO3r+zGYuMGUeBzUQMh2bemw7/8zophhd+JuIkRYi5jVgvTCVFRact0L7QwFGOLTCuhd2S8iHTjKPtqmTP9+aPXYTWadU7q9ZuapX6ZV5EkRySI3JCPHJO6uSaNEiTcJKRZ/JG3p1H58l5cV5/ogUn/7NP/sj5+Ab785Pk</latexit>

possibility of

<latexit sha1_base64="hAaxiJoyCzKt+HFLoobFe5PNsuI=">AAAB+XicbVDLSgNBEJz1GeNrVfDiZTEIXgy7EtRj0IvHCOYBSQizk95kyOzDmR5xWfMxehL15m/4A/6Nk7gHTaxTdVc1dJWfCK7Qdb+shcWl5ZXVwlpxfWNza9ve2W2oWEsGdRaLWLZ8qkDwCOrIUUArkUBDX0DTH11N9OY9SMXj6BbTBLohHUQ84IyiWfXs/Q7CA2ahFshPAgl3GiKWjnt2yS27UzjzxMtJieSo9ezPTj9mOoQImaBKtT03wW5GJXImYFzsaAUJZSM6gLahEQ1BdbPp/2PnKIilg0NwpvNvb0ZDpdLQN56Q4lDNapPlf1pbY3DRzXiUaDSBjMVogRYOxs6kBqfPJTAUqSGUSW6+dNiQSsrQlFU08b3ZsPOkcVr2zsqVm0qpepkXUSAH5JAcE4+ckyq5JjVSJ4w8kmfyRt6tzHqyXqzXH+uCld/skT+wPr4B3pyUaA==</latexit>

multi-frequency
<latexit sha1_base64="IaKJ0T3XM3U/HnpEKNVpegf9UD4=">AAAB+nicbVC7TsNAEDzzDOFloKCgsYiQaIhsFAFlBA1lkMhDSqzofFknp5wf3K0RlvHPQIWAjs/gB/gbLsEFJEw1uzMr7YwXC67Qtr+MhcWl5ZXV0lp5fWNza9vc2W2pKJEMmiwSkex4VIHgITSRo4BOLIEGnoC2N76a6O17kIpH4S2mMbgBHYbc54yiXvXN/R7CA2aKh0MBJ76EuwRCluZ9s2JX7SmseeIUpEIKNPrmZ28QsSSAEJmgSnUdO0Y3oxI5E5CXe4mCmLIxHUJX05AGoNxsGiC3jvxIWjgCazr/9mY0UCoNPO0JKI7UrDZZ/qd1E/Qv3IyHcYI6kLZozU+EhZE16cEacAkMRaoJZZLrLy02opIy1G2VdXxnNuw8aZ1WnbNq7aZWqV8WRZTIATkkx8Qh56ROrkmDNAkjOXkmb+TdeDSejBfj9ce6YBQ3e+QPjI9vjgWUyQ==</latexit>

single-frequency

<latexit sha1_base64="Jh+Ttqs9spvSeXq8IH/mhj8dEB0=">AAAB6HicbZDNSgMxFIXv+FvrX9Wlm2ARBKHMFMUuC27cCBXsD7RDyaR32tjMZEgyQhn6DroSdefz+AK+jWmdhbae1Zd7TuCeGySCa+O6X87K6tr6xmZhq7i9s7u3Xzo4bGmZKoZNJoVUnYBqFDzGpuFGYCdRSKNAYDsYX8/89iMqzWV8byYJ+hEdxjzkjBo7anvnVXLbr/ZLZbfizkWWwcuhDLka/dJnbyBZGmFsmKBadz03MX5GleFM4LTYSzUmlI3pELsWYxqh9rP5ulNyGkpFzAjJ/P07m9FI60kU2ExEzUgverPhf143NWHNz3icpAZjZiPWC1NBjCSz1mTAFTIjJhYoU9xuSdiIKsqMvU3R1vcWyy5Dq1rxLivu3UW5XssPUYBjOIEz8OAK6nADDWgCgzE8wxu8Ow/Ok/PivP5EV5z8zxH8kfPxDVb+i9s=</latexit>

1 + 2M2

<latexit sha1_base64="pQiGs9YlSKP33kqjeDaBGKKVj5g=">AAAB5HicbZDNSsNAFIVv6l+tf1WXbgaL4KokothlwY3LivYH2lAm05tm6GQSZiZCCX0DXYm684l8Ad/Gac1CW8/qm3vOwD03SAXXxnW/nNLa+sbmVnm7srO7t39QPTzq6CRTDNssEYnqBVSj4BLbhhuBvVQhjQOB3WByM/e7j6g0T+SDmabox3QsecgZNXZ0Hw3ZsFpz6+5CZBW8AmpQqDWsfg5GCctilIYJqnXfc1Pj51QZzgTOKoNMY0rZhI6xb1HSGLWfL1adkbMwUcRESBbv39mcxlpP48BmYmoivezNh/95/cyEDT/nMs0MSmYj1gszQUxC5o3JiCtkRkwtUKa43ZKwiCrKjL1Lxdb3lsuuQuei7l3V3bvLWrNRHKIMJ3AK5+DBNTThFlrQBgZjeIY3eHdC58l5cV5/oiWn+HMMf+R8fAMuMItR</latexit>

hc
<latexit sha1_base64="o9yMnRTSsh6H8hmK1NUZSTRaMvc=">AAAB43icbZDLTgJBEEVr8IX4Ql266UhM3EhmjEaWJG5cohEhgQnpaWqgQ88j3TUmhPAFujLqzj/yB/wbG5yFgnd1uu7tpG4FqZKGXPfLKaysrq1vFDdLW9s7u3vl/YMHk2RaYFMkKtHtgBtUMsYmSVLYTjXyKFDYCkbXM7/1iNrIJL6ncYp+xAexDKXgZEd3Z16vXHGr7lxsGbwcKpCr0St/dvuJyCKMSShuTMdzU/InXJMUCqelbmYw5WLEB9ixGPMIjT+ZbzplJ2GiGQ2Rzd+/sxMeGTOOApuJOA3Nojcb/ud1Mgpr/kTGaUYYCxuxXpgpRgmbFWZ9qVGQGlvgQku7JRNDrrkge5aSre8tll2Gh/Oqd1l1by8q9Vp+iCIcwTGcggdXUIcbaEATBITwDG/w7qDz5Lw4rz/RgpP/OYQ/cj6+AdfIins=</latexit>�1

<latexit sha1_base64="0wGbov4AFtzxpGC+TtuosrW03x0=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZo9El0Y1LSOSRwIT0NDXQoeeR7hoTQvgBXRl15yf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/Hd3G8/ojYyiR9okqIf8WEsQyk42VHD65crbtVdiK2Cl0MFctX75c/eIBFZhDEJxY3pem5K/pRrkkLhrNTLDKZcjPkQuxZjHqHxp4tFZ+wsTDSjEbLF+3d2yiNjJlFgMxGnkVn25sP/vG5G4Y0/lXGaEcbCRqwXZopRwuZ92UBqFKQmFrjQ0m7JxIhrLshepWTre8tlV6F1UfWuqm7jslK7zQ9RhBM4hXPw4BpqcA91aIIAhGd4g3dn4Dw5L87rT7Tg5H+O4Y+cj29ymYpO</latexit>

1

<latexit sha1_base64="2EepMjSoyvxdD7sn2n1fMCL3myc=">AAAB93icbVC7TsNAEDzzDOFlHh2NRYREQ2SjCCgjaCiDRB5SYkXnyyY55Xy27tYRxsq3QIWAjv/gB/gbLsEFJEw1uzOr3Z0gFlyj635ZS8srq2vrhY3i5tb2zq69t9/QUaIY1FkkItUKqAbBJdSRo4BWrICGgYBmMLqZ6s0xKM0jeY9pDH5IB5L3OaNoWl37sIPwgFlsNkXyrKf4GOSka5fcsjuDs0i8nJRIjlrX/uz0IpaEIJEJqnXbc2P0M6qQMwGTYifREFM2ogNoGyppCNrPZtdPnJN+pBwcgjOrf3szGmqdhoHxhBSHel6bNv/T2gn2r/yMyzhBkMxYjNZPhIORMw3B6XEFDEVqCGWKmysdNqSKMjRRFc373vyzi6RxXvYuypW7Sql6nQdRIEfkmJwSj1ySKrklNVInjDySZ/JG3q3UerJerNcf65KVzxyQP7A+vgFBRZN8</latexit>

piston-driven
<latexit sha1_base64="UN5Ik1dEOjKBoIyRFDeVjSGygW8=">AAAB7nicbZDNTgIxFIU7+If4h7p000hMXJEZY9QliRuXmMhPAhPSKRdo6HRqe8dIJryGroy682F8Ad/GgrNQ8Ky+3nOa3HMjLYVF3//yCiura+sbxc3S1vbO7l55/6Bpk9RwaPBEJqYdMQtSKGigQAltbYDFkYRWNL6e+a0HMFYk6g4nGsKYDZUYCM7QjcIuwiNmWjLFzLRXrvhVfy66DEEOFZKr3it/dvsJT2NQyCWzthP4GsOMGRRcwrTUTS1oxsdsCB2HisVgw2y+9JSeDBJDcQR0/v6dzVhs7SSOXCZmOLKL3mz4n9dJcXAVZkLpFEFxF3HeIJUUEzrrTvvCAEc5ccC4EW5LykfMMI7uQiVXP1gsuwzNs2pwUfVvzyu18/wQRXJEjskpCcglqZEbUicNwsk9eSZv5N3T3pP34r3+RAte/ueQ/JH38Q1ZnpAf</latexit>

planar
<latexit sha1_base64="cRJMgCasADadJxz/p/TgDU5h8XA=">AAAB7XicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSKeqy4MZlBfsDTSiT6U07dJIJMzdiCX0MXYm682V8Ad/Gac1CW8/qm3vOwD03TKUw6LpfTmltfWNzq7xd2dnd2z+oHh51jMo0hzZXUuleyAxIkUAbBUropRpYHErohpObud99AG2ESu5xmkIQs1EiIsEZ2pHvIzxibsaKT2aDas2tuwvRVfAKqJFCrUH10x8qnsWQIJfMmL7nphjkTKPgEmYVPzOQMj5hI+hbTFgMJsgXO8/oWaQ0xTHQxft3NmexMdM4tJmY4dgse/Phf14/w+g6yEWSZggJtxHrRZmkqOi8Oh0KDRzl1ALjWtgtKR8zzTjaA1VsfW+57Cp0LureZd29a9SajeIQZXJCTsk58cgVaZJb0iJtwklKnskbeXeU8+S8OK8/0ZJT/Dkmf+R8fAOXao+v</latexit>

shock

<latexit sha1_base64="LjK67+n1WitkqnT6IE6VFYAgsHc=">AAAB9XicbVDLTgJBEJzFF+JrxaOXicTEE9k1RD0SvXjERB4JbMjs0AsTZh+Z6VXIhk/Rk1Fv/og/4N844B4UrFN1VXXSXX4ihUbH+bIKa+sbm1vF7dLO7t7+gX1Ybuk4VRyaPJax6vhMgxQRNFGghE6igIW+hLY/vpn77QdQWsTRPU4T8EI2jEQgOEMj9e1yD2GCWay5kNJo0XDWtytO1VmArhI3JxWSo9G3P3uDmKchRMgl07rrOgl6GVMouIRZqZdqSBgfsyF0DY1YCNrLFrfP6GkQK4ojoIv5dzZjodbT0DeZkOFIL3tz8T+vm2Jw5WUiSlKEiJuI8YJUUozpvAI6EAo4yqkhjCthrqR8xBTjaIoqmffd5WdXSeu86l5Ua3e1Sv06L6JIjskJOSMuuSR1cksapEk4mZBn8kberUfryXqxXn+iBSvfOSJ/YH18A9Pfkq8=</latexit>

oscillating
<latexit sha1_base64="2EepMjSoyvxdD7sn2n1fMCL3myc=">AAAB93icbVC7TsNAEDzzDOFlHh2NRYREQ2SjCCgjaCiDRB5SYkXnyyY55Xy27tYRxsq3QIWAjv/gB/gbLsEFJEw1uzOr3Z0gFlyj635ZS8srq2vrhY3i5tb2zq69t9/QUaIY1FkkItUKqAbBJdSRo4BWrICGgYBmMLqZ6s0xKM0jeY9pDH5IB5L3OaNoWl37sIPwgFlsNkXyrKf4GOSka5fcsjuDs0i8nJRIjlrX/uz0IpaEIJEJqnXbc2P0M6qQMwGTYifREFM2ogNoGyppCNrPZtdPnJN+pBwcgjOrf3szGmqdhoHxhBSHel6bNv/T2gn2r/yMyzhBkMxYjNZPhIORMw3B6XEFDEVqCGWKmysdNqSKMjRRFc373vyzi6RxXvYuypW7Sql6nQdRIEfkmJwSj1ySKrklNVInjDySZ/JG3q3UerJerNcf65KVzxyQP7A+vgFBRZN8</latexit>

piston-driven
<latexit sha1_base64="UN5Ik1dEOjKBoIyRFDeVjSGygW8=">AAAB7nicbZDNTgIxFIU7+If4h7p000hMXJEZY9QliRuXmMhPAhPSKRdo6HRqe8dIJryGroy682F8Ad/GgrNQ8Ky+3nOa3HMjLYVF3//yCiura+sbxc3S1vbO7l55/6Bpk9RwaPBEJqYdMQtSKGigQAltbYDFkYRWNL6e+a0HMFYk6g4nGsKYDZUYCM7QjcIuwiNmWjLFzLRXrvhVfy66DEEOFZKr3it/dvsJT2NQyCWzthP4GsOMGRRcwrTUTS1oxsdsCB2HisVgw2y+9JSeDBJDcQR0/v6dzVhs7SSOXCZmOLKL3mz4n9dJcXAVZkLpFEFxF3HeIJUUEzrrTvvCAEc5ccC4EW5LykfMMI7uQiVXP1gsuwzNs2pwUfVvzyu18/wQRXJEjskpCcglqZEbUicNwsk9eSZv5N3T3pP34r3+RAte/ueQ/JH38Q1ZnpAf</latexit>

planar
<latexit sha1_base64="cRJMgCasADadJxz/p/TgDU5h8XA=">AAAB7XicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSKeqy4MZlBfsDTSiT6U07dJIJMzdiCX0MXYm682V8Ad/Gac1CW8/qm3vOwD03TKUw6LpfTmltfWNzq7xd2dnd2z+oHh51jMo0hzZXUuleyAxIkUAbBUropRpYHErohpObud99AG2ESu5xmkIQs1EiIsEZ2pHvIzxibsaKT2aDas2tuwvRVfAKqJFCrUH10x8qnsWQIJfMmL7nphjkTKPgEmYVPzOQMj5hI+hbTFgMJsgXO8/oWaQ0xTHQxft3NmexMdM4tJmY4dgse/Phf14/w+g6yEWSZggJtxHrRZmkqOi8Oh0KDRzl1ALjWtgtKR8zzTjaA1VsfW+57Cp0LureZd29a9SajeIQZXJCTsk58cgVaZJb0iJtwklKnskbeXeU8+S8OK8/0ZJT/Dkmf+R8fAOXao+v</latexit>

shock

<latexit sha1_base64="2EepMjSoyvxdD7sn2n1fMCL3myc=">AAAB93icbVC7TsNAEDzzDOFlHh2NRYREQ2SjCCgjaCiDRB5SYkXnyyY55Xy27tYRxsq3QIWAjv/gB/gbLsEFJEw1uzOr3Z0gFlyj635ZS8srq2vrhY3i5tb2zq69t9/QUaIY1FkkItUKqAbBJdSRo4BWrICGgYBmMLqZ6s0xKM0jeY9pDH5IB5L3OaNoWl37sIPwgFlsNkXyrKf4GOSka5fcsjuDs0i8nJRIjlrX/uz0IpaEIJEJqnXbc2P0M6qQMwGTYifREFM2ogNoGyppCNrPZtdPnJN+pBwcgjOrf3szGmqdhoHxhBSHel6bNv/T2gn2r/yMyzhBkMxYjNZPhIORMw3B6XEFDEVqCGWKmysdNqSKMjRRFc373vyzi6RxXvYuypW7Sql6nQdRIEfkmJwSj1ySKrklNVInjDySZ/JG3q3UerJerNcf65KVzxyQP7A+vgFBRZN8</latexit>

piston-driven
<latexit sha1_base64="UN5Ik1dEOjKBoIyRFDeVjSGygW8=">AAAB7nicbZDNTgIxFIU7+If4h7p000hMXJEZY9QliRuXmMhPAhPSKRdo6HRqe8dIJryGroy682F8Ad/GgrNQ8Ky+3nOa3HMjLYVF3//yCiura+sbxc3S1vbO7l55/6Bpk9RwaPBEJqYdMQtSKGigQAltbYDFkYRWNL6e+a0HMFYk6g4nGsKYDZUYCM7QjcIuwiNmWjLFzLRXrvhVfy66DEEOFZKr3it/dvsJT2NQyCWzthP4GsOMGRRcwrTUTS1oxsdsCB2HisVgw2y+9JSeDBJDcQR0/v6dzVhs7SSOXCZmOLKL3mz4n9dJcXAVZkLpFEFxF3HeIJUUEzrrTvvCAEc5ccC4EW5LykfMMI7uQiVXP1gsuwzNs2pwUfVvzyu18/wQRXJEjskpCcglqZEbUicNwsk9eSZv5N3T3pP34r3+RAte/ueQ/JH38Q1ZnpAf</latexit>

planar
<latexit sha1_base64="cRJMgCasADadJxz/p/TgDU5h8XA=">AAAB7XicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSKeqy4MZlBfsDTSiT6U07dJIJMzdiCX0MXYm682V8Ad/Gac1CW8/qm3vOwD03TKUw6LpfTmltfWNzq7xd2dnd2z+oHh51jMo0hzZXUuleyAxIkUAbBUropRpYHErohpObud99AG2ESu5xmkIQs1EiIsEZ2pHvIzxibsaKT2aDas2tuwvRVfAKqJFCrUH10x8qnsWQIJfMmL7nphjkTKPgEmYVPzOQMj5hI+hbTFgMJsgXO8/oWaQ0xTHQxft3NmexMdM4tJmY4dgse/Phf14/w+g6yEWSZggJtxHrRZmkqOi8Oh0KDRzl1ALjWtgtKR8zzTjaA1VsfW+57Cp0LureZd29a9SajeIQZXJCTsk58cgVaZJb0iJtwklKnskbeXeU8+S8OK8/0ZJT/Dkmf+R8fAOXao+v</latexit>

shock

<latexit sha1_base64="5XMU24HT6C7nzivTuei+aQLD5Dg=">AAAB7HicbZC9TsMwFIWd8lfKX4GRxaJCYqoShICxgoWxSPRHSqPKcW9aq44T2TeIKupbwISAjafhBXgb3JIBWs70+Z5j6Z4bplIYdN0vp7Syura+Ud6sbG3v7O5V9w/aJsk0hxZPZKK7ITMghYIWCpTQTTWwOJTQCcc3M7/zANqIRN3jJIUgZkMlIsEZ2pHfQ3jEPJIMp/1qza27c9Fl8AqokULNfvWzN0h4FoNCLpkxvuemGORMo+ASppVeZiBlfMyG4FtULAYT5POVp/QkSjTFEdD5+3c2Z7Exkzi0mZjhyCx6s+F/np9hdBXkQqUZguI2Yr0okxQTOmtOB0IDRzmxwLgWdkvKR0wzjvY+FVvfWyy7DO2zundRP787rzWui0OUyRE5JqfEI5ekQW5Jk7QIJwl5Jm/k3VHOk/PivP5ES07x55D8kfPxDcpij0Y=</latexit>

flat

<latexit sha1_base64="/79czDn6UOrHJy9NK6PiHm4l9FM=">AAAB+XicbZC9TsMwFIUdfkv5CyCxsFhUSCxUCQLBwFCJhbEg+iO1IXJcp7VqJ5F9g1SleRiYELDxGrwAb4NbMkDLmT7fcyzde4JEcA2O82UtLC4tr6yW1srrG5tb2/bOblPHqaKsQWMRq3ZANBM8Yg3gIFg7UYzIQLBWMLye+K1HpjSPo3sYJcyTpB/xkFMCZuTb+13NJYaH7GRsqC+Jn93l49y3K07VmQrPg1tABRWq+/ZntxfTVLIIqCBad1wnAS8jCjgVLC93U80SQoekzzoGIyKZ9rLp/jk+CmOFYcDw9P07mxGp9UgGJiMJDPSsNxn+53VSCC+9jEdJCiyiJmK8MBUYYjypAfe4YhTEyAChipstMR0QRSiYssrmfHf22Hlonlbd86pze1apXRVFlNABOkTHyEUXqIZuUB01EEVj9Ize0LuVWU/Wi/X6E12wij976I+sj28eR5Pk</latexit>

⇠ t�|�R|

<latexit sha1_base64="/79czDn6UOrHJy9NK6PiHm4l9FM=">AAAB+XicbZC9TsMwFIUdfkv5CyCxsFhUSCxUCQLBwFCJhbEg+iO1IXJcp7VqJ5F9g1SleRiYELDxGrwAb4NbMkDLmT7fcyzde4JEcA2O82UtLC4tr6yW1srrG5tb2/bOblPHqaKsQWMRq3ZANBM8Yg3gIFg7UYzIQLBWMLye+K1HpjSPo3sYJcyTpB/xkFMCZuTb+13NJYaH7GRsqC+Jn93l49y3K07VmQrPg1tABRWq+/ZntxfTVLIIqCBad1wnAS8jCjgVLC93U80SQoekzzoGIyKZ9rLp/jk+CmOFYcDw9P07mxGp9UgGJiMJDPSsNxn+53VSCC+9jEdJCiyiJmK8MBUYYjypAfe4YhTEyAChipstMR0QRSiYssrmfHf22Hlonlbd86pze1apXRVFlNABOkTHyEUXqIZuUB01EEVj9Ize0LuVWU/Wi/X6E12wij976I+sj28eR5Pk</latexit>

⇠ t�|�R| <latexit sha1_base64="cD9mJWlEAhervGD4R4kkCyKTBZU=">AAAB+nicbVC7TsMwFHV4lvIKMDCwWFRITFWCEDBWsDAWRB9SEyLHvWmt2klkO0hVyM/AhICNz+AH+BvckgFaznLPvedY8jlhypnSjvNlLSwuLa+sVtaq6xubW9v2zm5bJZmk0KIJT2Q3JAo4i6GlmebQTSUQEXLohKOrid55AKlYEt/pcQq+IIOYRYwSbU6Bve8pJrC+z80cCBLknhT4tigCu+bUnSnwPHFLUkMlmoH96fUTmgmINeVEqZ7rpNrPidSMciiqXqYgJXREBtAzNCYClJ9PAxT4KEok1kPA0/23NydCqbEIjUcQPVSz2uT4n9bLdHTh5yxOMw0xNRajRRnHOsGTHnCfSaCajw0hVDLzS0yHRBKqTVtVE9+dDTtP2id196zu3JzWGpdlERV0gA7RMXLROWqga9RELURRgZ7RG3q3Hq0n68V6/bEuWOWbPfQH1sc3oB2UKw==</latexit>

⇠ t�R

<latexit sha1_base64="JuTeJxey8/qwKrFKh58HIKaBDTY=">AAAB6XicbZDLTsJAFIZP8YZ4Q126mUhMcENaQ9Al0Y1LTOSSQEOmw2kZmV4yMzUhDQ+hK6PufB1fwLdxwC4U/FffnP+f5PzHSwRX2ra/rMLa+sbmVnG7tLO7t39QPjzqqDiVDNssFrHseVSh4BG2NdcCe4lEGnoCu97kZu53H1EqHkf3epqgG9Ig4j5nVJtRr/owCALinA/LFbtmL0RWwcmhArlaw/LnYBSzNMRIM0GV6jt2ot2MSs2ZwFlpkCpMKJvQAPsGIxqicrPFvjNy5seS6DGSxft3NqOhUtPQM5mQ6rFa9ubD/7x+qv0rN+NRkmqMmIkYz08F0TGZ1yYjLpFpMTVAmeRmS8LGVFKmzXFKpr6zXHYVOhc1p1Gr39Urzev8EEU4gVOoggOX0IRbaEEbGAh4hjd4tybWk/Vivf5EC1b+5xj+yPr4BoLFjJ4=</latexit>

(j � 1)

<latexit sha1_base64="4pms5exfvcU/pGqzKR1VqU4+nEA=">AAAB83icbVC7TsNAEDyHVwgvAyXNiQiJKrJRBJQRNJRBIg8psaLzZZ2ccn7obh0RWfkSqBDQ8Sf8AH/DObiAhKlmZ2al3fETKTQ6zpdVWlvf2Nwqb1d2dvf2D+zDo7aOU8WhxWMZq67PNEgRQQsFSugmCljoS+j4k9vc70xBaRFHDzhLwAvZKBKB4AyNNLDtPsIjZoxzBbkyH9hVp+YsQFeJW5AqKdAc2J/9YczTECLkkmndc50EvYwpFFzCvNJPNSSMT9gIeoZGLATtZYvL5/QsiBXFMdDF/DubsVDrWeibTMhwrJe9XPzP66UYXHuZiJIUIeImYrwglRRjmhdAh0IBRzkzhHElzJWUj5liHE1NFfO+u/zsKmlf1NzLWv2+Xm3cFEWUyQk5JefEJVekQe5Ik7QIJ1PyTN7Iu5VaT9aL9foTLVnFzjH5A+vjGysfkbo=</latexit>

accretion

<latexit sha1_base64="8VYJFF8fykmjwbyZYUN15VcnFg0=">AAAB9XicbZDLTsJAFIaneEO8VVy6mUhMXJHWEHVJdOMSE7kk0JDpcAoTppfMnCqk4VF0ZdSdL+IL+DYO2IWC/+qb8/+TnPP7iRQaHefLKqytb2xuFbdLO7t7+wf2Ybml41RxaPJYxqrjMw1SRNBEgRI6iQIW+hLa/vhm7rcfQGkRR/c4TcAL2TASgeAMzahvl3sIE8y0CIVkivopzvp2xak6C9FVcHOokFyNvv3ZG8Q8DSFCLpnWXddJ0MuYQsElzEq9VEPC+JgNoWswYiFoL1vsPqOnQawojoAu3r+zGQu1noa+yYQMR3rZmw//87opBldeJqIkRYi4iRgvSCXFmM4roAOhgKOcGmBcCbMl5SOmGEdTVMmc7y4fuwqt86p7Ua3d1Sr167yIIjkmJ+SMuOSS1MktaZAm4WRCnskbebcerSfrxXr9iRas/M8R+SPr4xt3xJJy</latexit>

similar but

<latexit sha1_base64="cCFJ23ZcixnWyLwZGnFWo8V65ic=">AAAB+nicbVDLTgIxFO3gC/GFunDhppGYuCIzhqhLohuXmAiSwIR0yh1o6HQm7R0jGfkZXRl152f4A/6NBWeh4Fmd3nPuTc8JEikMuu6XU1haXlldK66XNja3tnfKu3stE6eaQ5PHMtbtgBmQQkETBUpoJxpYFEi4C0ZXU/3uHrQRsbrFcQJ+xAZKhIIztKNe+aCL8ICZghQ1k3JMDTK7O+mVK27VnYEuEi8nFZKj0St/dvsxTyNQyCUzpuO5CfoZ0yi4vVfqpgYSxkdsAB1LFYvA+NkswIQeh7GmOAQ6e//2ZiwyZhwF1hMxHJp5bTr8T+ukGF74mVBJiqC4tVgtTCXFmE57oH2hgaMN3BeMa2F/SfmQacbRtlWy8b35sIukdVr1zqq1m1qlfpkXUSSH5IicEI+ckzq5Jg3SJJxMyDN5I+/Oo/PkvDivP9aCk+/skz9wPr4Bhn6Uww==</latexit>

neutrally stable

<latexit sha1_base64="3XpWbmdGXxSNRjhEERp3lM4h1Dc=">AAAB+XicdVDLTgJBEJz1Lb5QEy9eJhITL25mERRuRi8eNZFHAoTMDg1MmH1kptdIVj5GT0a9+Rv+gH/jgJio0TpVd1V3usuPlTTI2LszMzs3v7C4tJxZWV1b38hublVNlGgBFRGpSNd9bkDJECooUUE91sADX0HNH5yP9doNaCOj8BqHMbQC3gtlVwqOttXO7jQRbjGNQjjsyADCsZGrUTubY265zApemTK3yFi+dGwJO8qXikXquWyCHJnisp19a3YikdgNKBQ3puGxGFsp1yiFglGmmRiIuRjwHjQsDXkAppVO7h/R/W6kKfaBTurv3pQHxgwD33oCjn3zWxs3/9IaCXZLrVSGcYIQCmuxWjdRFCM6joF2pAaBamgJF1raK6noc80F2rAy9v2vH+n/pJp3vWO3cFXInZ5Ng1giu2SPHBCPnJBTckEuSYUIckceyDN5cVLn3nl0nj6tM850Zpv8gPP6AQ2VlIw=</latexit>

one-dimensional
<latexit sha1_base64="JxvxW/tD+r6lgq3qiUR8Y6H72eg=">AAAB9HicdVDLTgJBEJz1Lb5Aj14mEhMvbmYREG5GLx41ETEBQmaHXpk4+8hML0o2/ImejHrzS/wB/8YBMVGjdaruqk6qy0+UNMjYuzMzOze/sLi0nFtZXVvfyBc2L02cagENEatYX/ncgJIRNFCigqtEAw99BU3/5mSsNwegjYyjCxwm0An5dSQDKTjaVTdfaCPcYWYEV7AfaIBRN19kbr3Oyl6dMrfCWKlWtYQdlGqVCvVcNkGRTHHWzb+1e7FIQ4hQKG5My2MJdjKuUQoFo1w7NZBwccOvoWVpxEMwnWwSfUR3g1hT7AOdzN+9GQ+NGYa+9YQc++a3Nl7+pbVSDGqdTEZJihAJa7FakCqKMR03QHtSg0A1tIQLLW1KKvpcc4G2p5x9/+tH+j+5LLle1S2fl4tHx9Milsg22SF7xCOH5IickjPSIILckgfyTF6cgXPvPDpPn9YZZ3qzRX7Aef0A8KaSLw==</latexit>

scale-free

<latexit sha1_base64="JxvxW/tD+r6lgq3qiUR8Y6H72eg=">AAAB9HicdVDLTgJBEJz1Lb5Aj14mEhMvbmYREG5GLx41ETEBQmaHXpk4+8hML0o2/ImejHrzS/wB/8YBMVGjdaruqk6qy0+UNMjYuzMzOze/sLi0nFtZXVvfyBc2L02cagENEatYX/ncgJIRNFCigqtEAw99BU3/5mSsNwegjYyjCxwm0An5dSQDKTjaVTdfaCPcYWYEV7AfaIBRN19kbr3Oyl6dMrfCWKlWtYQdlGqVCvVcNkGRTHHWzb+1e7FIQ4hQKG5My2MJdjKuUQoFo1w7NZBwccOvoWVpxEMwnWwSfUR3g1hT7AOdzN+9GQ+NGYa+9YQc++a3Nl7+pbVSDGqdTEZJihAJa7FakCqKMR03QHtSg0A1tIQLLW1KKvpcc4G2p5x9/+tH+j+5LLle1S2fl4tHx9Milsg22SF7xCOH5IickjPSIILckgfyTF6cgXPvPDpPn9YZZ3qzRX7Aef0A8KaSLw==</latexit>

scale-free

<latexit sha1_base64="FA6Pc69DQjDMD3GlTUBrbKLbqQ0=">AAAB+3icdVDLSgMxFM34tr6qbgQ3wSK4ccjUVtud6Malgn1AW0omvW1DMw+SO2IZ6s/oStSdf+EP+DemtYKKntW595wbco4fK2mQsXdnZnZufmFxaTmzsrq2vpHd3KqaKNECKiJSka773ICSIVRQooJ6rIEHvoKaPzgf67Ub0EZG4TUOY2gFvBfKrhQc7aqd3Wki3GIaJArlYUcGEI6tXI3a2Rxzy2VW8MqUuUXG8qVjS9hRvlQsUs9lE+TIFJft7FuzE4nEvoBCcWMaHouxlXKNUigYZZqJgZiLAe9Bw9KQB2Ba6STBiO53I02xD3Qyf/emPDBmGPjWE3Dsm9/aePmX1kiwW2qlMowThFBYi9W6iaIY0XERtCM1CFRDS7jQ0v6Sij7XXKCtK2Pjf2Wk/5Nq3vWO3cJVIXd6Ni1iieySPXJAPHJCTskFuSQVIsgdeSDP5MUZOffOo/P0aZ1xpjfb5Aec1w/HwpWJ</latexit>

multi-dimensional

<latexit sha1_base64="cCFJ23ZcixnWyLwZGnFWo8V65ic=">AAAB+nicbVDLTgIxFO3gC/GFunDhppGYuCIzhqhLohuXmAiSwIR0yh1o6HQm7R0jGfkZXRl152f4A/6NBWeh4Fmd3nPuTc8JEikMuu6XU1haXlldK66XNja3tnfKu3stE6eaQ5PHMtbtgBmQQkETBUpoJxpYFEi4C0ZXU/3uHrQRsbrFcQJ+xAZKhIIztKNe+aCL8ICZghQ1k3JMDTK7O+mVK27VnYEuEi8nFZKj0St/dvsxTyNQyCUzpuO5CfoZ0yi4vVfqpgYSxkdsAB1LFYvA+NkswIQeh7GmOAQ6e//2ZiwyZhwF1hMxHJp5bTr8T+ukGF74mVBJiqC4tVgtTCXFmE57oH2hgaMN3BeMa2F/SfmQacbRtlWy8b35sIukdVr1zqq1m1qlfpkXUSSH5IicEI+ckzq5Jg3SJJxMyDN5I+/Oo/PkvDivP9aCk+/skz9wPr4Bhn6Uww==</latexit>

neutrally stable

<latexit sha1_base64="IaKJ0T3XM3U/HnpEKNVpegf9UD4=">AAAB+nicbVC7TsNAEDzzDOFloKCgsYiQaIhsFAFlBA1lkMhDSqzofFknp5wf3K0RlvHPQIWAjs/gB/gbLsEFJEw1uzMr7YwXC67Qtr+MhcWl5ZXV0lp5fWNza9vc2W2pKJEMmiwSkex4VIHgITSRo4BOLIEGnoC2N76a6O17kIpH4S2mMbgBHYbc54yiXvXN/R7CA2aKh0MBJ76EuwRCluZ9s2JX7SmseeIUpEIKNPrmZ28QsSSAEJmgSnUdO0Y3oxI5E5CXe4mCmLIxHUJX05AGoNxsGiC3jvxIWjgCazr/9mY0UCoNPO0JKI7UrDZZ/qd1E/Qv3IyHcYI6kLZozU+EhZE16cEacAkMRaoJZZLrLy02opIy1G2VdXxnNuw8aZ1WnbNq7aZWqV8WRZTIATkkx8Qh56ROrkmDNAkjOXkmb+TdeDSejBfj9ce6YBQ3e+QPjI9vjgWUyQ==</latexit>

single-frequency

<latexit sha1_base64="cCFJ23ZcixnWyLwZGnFWo8V65ic=">AAAB+nicbVDLTgIxFO3gC/GFunDhppGYuCIzhqhLohuXmAiSwIR0yh1o6HQm7R0jGfkZXRl152f4A/6NBWeh4Fmd3nPuTc8JEikMuu6XU1haXlldK66XNja3tnfKu3stE6eaQ5PHMtbtgBmQQkETBUpoJxpYFEi4C0ZXU/3uHrQRsbrFcQJ+xAZKhIIztKNe+aCL8ICZghQ1k3JMDTK7O+mVK27VnYEuEi8nFZKj0St/dvsxTyNQyCUzpuO5CfoZ0yi4vVfqpgYSxkdsAB1LFYvA+NkswIQeh7GmOAQ6e//2ZiwyZhwF1hMxHJp5bTr8T+ukGF74mVBJiqC4tVgtTCXFmE57oH2hgaMN3BeMa2F/SfmQacbRtlWy8b35sIukdVr1zqq1m1qlfpkXUSSH5IicEI+ckzq5Jg3SJJxMyDN5I+/Oo/PkvDivP9aCk+/skz9wPr4Bhn6Uww==</latexit>

neutrally stable

<latexit sha1_base64="vq0z5JfFQ7Fua/4m+AXfl215R7Q=">AAAB83icbZC9TsMwFIWd8lfKX4CRxaJCKkuVoAoYK1jYKBL9kZooctyb1qoTR7ZTqYr6JDAhYONNeAHeBrdkgJYzfb7nWLr3hClnSjvOl1VaW9/Y3CpvV3Z29/YP7MOjjhKZpNCmggvZC4kCzhJoa6Y59FIJJA45dMPx7dzvTkAqJpJHPU3Bj8kwYRGjRJtRYNseFarm3ccwJEGK9XlgV526sxBeBbeAKirUCuxPbyBoFkOiKSdK9V0n1X5OpGaUw6ziZQpSQsdkCH2DCYlB+fli8xk+i4TEegR48f6dzUms1DQOTSYmeqSWvfnwP6+f6ejaz1mSZhoSaiLGizKOtcDzAvCASaCaTw0QKpnZEtMRkYRqU1PFnO8uH7sKnYu6e1lvPDSqzZuiiDI6Qaeohlx0hZroDrVQG1E0Qc/oDb1bmfVkvVivP9GSVfw5Rn9kfXwDVFyQgw==</latexit>

cos(⌦pt)

The stability of steady shocks has been 
resolved in a great variety of conditions: 
 
- influence of high-temperature effects 
- influence of the equation of state

- influence of magnetic fields (only perp.)

- influence of the supporting mechanism: 
       - isolated / Noh / piston-driven 

Future works include a generalization of 
the magnetic field and the supporting 
mechanism to non-cannonical conditions 


