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• Thermal properties of a perfect gas 
   - EoS,  Internal Energy,  Entropy,  Enthalpy,  Bernoulli’s Principle 

• Acoustic waves 
   - Small Perturbation,  Linear Perturbation Technique,  Adiabatic 

• Emission of acoustic waves  
   - Acoustic Radiation,  Quadratic Term  

• Steepening into shock waves & Method of characteristic 
   - Large Amplitude,  Characteristic Curve

Abstract



6.1 Thermal properties of a perfect gas

• Equation of state (EoS) for perfect gas

p = R⇢T
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⇢ = mn
<latexit sha1_base64="WzaMPr/itnqclDexIpKu3DNei0Y=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozItSNUHTjsoK9SDuUTJppQ3MZkoxQhj6FGxeKuPVx3Pk2pu0stPWHwMd/ziHn/FHCmbG+/+0V1tY3NreK26Wd3b39g/LhUcuoVBPaJIor3YmwoZxJ2rTMctpJNMUi4rQdjW9n9fYT1YYp+WAnCQ0FHkoWM4Ktsx57eqTQNRKyX674VX8utApBDhXI1eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p16HEgpowmy88RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1bmrjqzBjMkktlWTxUZxyZBWaXY8GTFNi+cQBJpq5XREZYY2JdRmVXAjB8smr0LqoBo7vLyv1mzyOIpzAKZxDADWowx00oAkEBDzDK7x52nvx3r2PRWvBy2eO4Y+8zx/r74/R</latexit><latexit sha1_base64="WzaMPr/itnqclDexIpKu3DNei0Y=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozItSNUHTjsoK9SDuUTJppQ3MZkoxQhj6FGxeKuPVx3Pk2pu0stPWHwMd/ziHn/FHCmbG+/+0V1tY3NreK26Wd3b39g/LhUcuoVBPaJIor3YmwoZxJ2rTMctpJNMUi4rQdjW9n9fYT1YYp+WAnCQ0FHkoWM4Ktsx57eqTQNRKyX674VX8utApBDhXI1eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p16HEgpowmy88RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1bmrjqzBjMkktlWTxUZxyZBWaXY8GTFNi+cQBJpq5XREZYY2JdRmVXAjB8smr0LqoBo7vLyv1mzyOIpzAKZxDADWowx00oAkEBDzDK7x52nvx3r2PRWvBy2eO4Y+8zx/r74/R</latexit><latexit sha1_base64="WzaMPr/itnqclDexIpKu3DNei0Y=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozItSNUHTjsoK9SDuUTJppQ3MZkoxQhj6FGxeKuPVx3Pk2pu0stPWHwMd/ziHn/FHCmbG+/+0V1tY3NreK26Wd3b39g/LhUcuoVBPaJIor3YmwoZxJ2rTMctpJNMUi4rQdjW9n9fYT1YYp+WAnCQ0FHkoWM4Ktsx57eqTQNRKyX674VX8utApBDhXI1eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p16HEgpowmy88RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1bmrjqzBjMkktlWTxUZxyZBWaXY8GTFNi+cQBJpq5XREZYY2JdRmVXAjB8smr0LqoBo7vLyv1mzyOIpzAKZxDADWowx00oAkEBDzDK7x52nvx3r2PRWvBy2eO4Y+8zx/r74/R</latexit><latexit sha1_base64="WzaMPr/itnqclDexIpKu3DNei0Y=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozItSNUHTjsoK9SDuUTJppQ3MZkoxQhj6FGxeKuPVx3Pk2pu0stPWHwMd/ziHn/FHCmbG+/+0V1tY3NreK26Wd3b39g/LhUcuoVBPaJIor3YmwoZxJ2rTMctpJNMUi4rQdjW9n9fYT1YYp+WAnCQ0FHkoWM4Ktsx57eqTQNRKyX674VX8utApBDhXI1eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p16HEgpowmy88RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1bmrjqzBjMkktlWTxUZxyZBWaXY8GTFNi+cQBJpq5XREZYY2JdRmVXAjB8smr0LqoBo7vLyv1mzyOIpzAKZxDADWowx00oAkEBDzDK7x52nvx3r2PRWvBy2eO4Y+8zx/r74/R</latexit>

✏ = cV T
<latexit sha1_base64="ZXZYJvsZoLPE4tYW2f8+022obj8=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYBFdlRgTdCEU3Liv0Bu0wZNLTNjSTDElGKGMXvoobF4q49TXc+Tam7Sy09YfAx3/O4Zz8UcKZNp737RRWVtfWN4qbpa3tnd09d/+gqWWqKDSo5FK1I6KBMwENwwyHdqKAxBGHVjS6ndZbD6A0k6JuxgkEMRkI1meUGGuF7lEXEs24FPgaUxziDDfxBNdDt+xVvJnwMvg5lFGuWuh+dXuSpjEIQznRuuN7iQkyogyjHCalbqohIXREBtCxKEgMOshm90/wqXV6uC+VfcLgmft7IiOx1uM4sp0xMUO9WJua/9U6qelfBRkTSWpA0PmifsqxkXgaBu4xBdTwsQVCFbO3YjokilBjIyvZEPzFLy9D87ziW76/KFdv8jiK6BidoDPko0tURXeohhqIokf0jF7Rm/PkvDjvzse8teDkM4foj5zPH18JlF4=</latexit><latexit sha1_base64="ZXZYJvsZoLPE4tYW2f8+022obj8=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYBFdlRgTdCEU3Liv0Bu0wZNLTNjSTDElGKGMXvoobF4q49TXc+Tam7Sy09YfAx3/O4Zz8UcKZNp737RRWVtfWN4qbpa3tnd09d/+gqWWqKDSo5FK1I6KBMwENwwyHdqKAxBGHVjS6ndZbD6A0k6JuxgkEMRkI1meUGGuF7lEXEs24FPgaUxziDDfxBNdDt+xVvJnwMvg5lFGuWuh+dXuSpjEIQznRuuN7iQkyogyjHCalbqohIXREBtCxKEgMOshm90/wqXV6uC+VfcLgmft7IiOx1uM4sp0xMUO9WJua/9U6qelfBRkTSWpA0PmifsqxkXgaBu4xBdTwsQVCFbO3YjokilBjIyvZEPzFLy9D87ziW76/KFdv8jiK6BidoDPko0tURXeohhqIokf0jF7Rm/PkvDjvzse8teDkM4foj5zPH18JlF4=</latexit><latexit sha1_base64="ZXZYJvsZoLPE4tYW2f8+022obj8=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYBFdlRgTdCEU3Liv0Bu0wZNLTNjSTDElGKGMXvoobF4q49TXc+Tam7Sy09YfAx3/O4Zz8UcKZNp737RRWVtfWN4qbpa3tnd09d/+gqWWqKDSo5FK1I6KBMwENwwyHdqKAxBGHVjS6ndZbD6A0k6JuxgkEMRkI1meUGGuF7lEXEs24FPgaUxziDDfxBNdDt+xVvJnwMvg5lFGuWuh+dXuSpjEIQznRuuN7iQkyogyjHCalbqohIXREBtCxKEgMOshm90/wqXV6uC+VfcLgmft7IiOx1uM4sp0xMUO9WJua/9U6qelfBRkTSWpA0PmifsqxkXgaBu4xBdTwsQVCFbO3YjokilBjIyvZEPzFLy9D87ziW76/KFdv8jiK6BidoDPko0tURXeohhqIokf0jF7Rm/PkvDjvzse8teDkM4foj5zPH18JlF4=</latexit><latexit sha1_base64="ZXZYJvsZoLPE4tYW2f8+022obj8=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYBFdlRgTdCEU3Liv0Bu0wZNLTNjSTDElGKGMXvoobF4q49TXc+Tam7Sy09YfAx3/O4Zz8UcKZNp737RRWVtfWN4qbpa3tnd09d/+gqWWqKDSo5FK1I6KBMwENwwyHdqKAxBGHVjS6ndZbD6A0k6JuxgkEMRkI1meUGGuF7lEXEs24FPgaUxziDDfxBNdDt+xVvJnwMvg5lFGuWuh+dXuSpjEIQznRuuN7iQkyogyjHCalbqohIXREBtCxKEgMOshm90/wqXV6uC+VfcLgmft7IiOx1uM4sp0xMUO9WJua/9U6qelfBRkTSWpA0PmifsqxkXgaBu4xBdTwsQVCFbO3YjokilBjIyvZEPzFLy9D87ziW76/KFdv8jiK6BidoDPko0tURXeohhqIokf0jF7Rm/PkvDjvzse8teDkM4foj5zPH18JlF4=</latexit>

• Internal Energy (6.3)

(6.4)

• Entropy per unit mass

(6.5)

(6.6)



ds

dt
= 0

<latexit sha1_base64="phWx1OkWiQSrldz68hSUDgFM6QM=">AAACAnicbVA9SwNBEJ2LXzF+Ra3EZjEIVuFOBG2EoI1lBBMDyRH29vaSJXsf7M4J4Qg2/hUbC0Vs/RV2/hs3lys08cEyj/dmmJ3nJVJotO1vq7S0vLK6Vl6vbGxube9Ud/faOk4V4y0Wy1h1PKq5FBFvoUDJO4niNPQkv/dG11P//oErLeLoDscJd0M6iEQgGEUj9asHvUBRRjLiE00meUVTL4ndr9bsup2DLBKnIDUo0OxXv3p+zNKQR8gk1brr2Am6GVUomOSTSi/VPKFsRAe8a2hEQ67dLD9hQo6N4pMgVuZFSHL190RGQ63HoWc6Q4pDPe9Nxf+8borBhZuJKEmRR2y2KEglwZhM8yC+UJyhHBtCmRLmr4QNqckETWoVE4Izf/IiaZ/WHcNvz2qNqyKOMhzCEZyAA+fQgBtoQgsYPMIzvMKb9WS9WO/Wx6y1ZBUz+/AH1ucPhKaU6Q==</latexit><latexit sha1_base64="phWx1OkWiQSrldz68hSUDgFM6QM=">AAACAnicbVA9SwNBEJ2LXzF+Ra3EZjEIVuFOBG2EoI1lBBMDyRH29vaSJXsf7M4J4Qg2/hUbC0Vs/RV2/hs3lys08cEyj/dmmJ3nJVJotO1vq7S0vLK6Vl6vbGxube9Ud/faOk4V4y0Wy1h1PKq5FBFvoUDJO4niNPQkv/dG11P//oErLeLoDscJd0M6iEQgGEUj9asHvUBRRjLiE00meUVTL4ndr9bsup2DLBKnIDUo0OxXv3p+zNKQR8gk1brr2Am6GVUomOSTSi/VPKFsRAe8a2hEQ67dLD9hQo6N4pMgVuZFSHL190RGQ63HoWc6Q4pDPe9Nxf+8borBhZuJKEmRR2y2KEglwZhM8yC+UJyhHBtCmRLmr4QNqckETWoVE4Izf/IiaZ/WHcNvz2qNqyKOMhzCEZyAA+fQgBtoQgsYPMIzvMKb9WS9WO/Wx6y1ZBUz+/AH1ucPhKaU6Q==</latexit><latexit sha1_base64="phWx1OkWiQSrldz68hSUDgFM6QM=">AAACAnicbVA9SwNBEJ2LXzF+Ra3EZjEIVuFOBG2EoI1lBBMDyRH29vaSJXsf7M4J4Qg2/hUbC0Vs/RV2/hs3lys08cEyj/dmmJ3nJVJotO1vq7S0vLK6Vl6vbGxube9Ud/faOk4V4y0Wy1h1PKq5FBFvoUDJO4niNPQkv/dG11P//oErLeLoDscJd0M6iEQgGEUj9asHvUBRRjLiE00meUVTL4ndr9bsup2DLBKnIDUo0OxXv3p+zNKQR8gk1brr2Am6GVUomOSTSi/VPKFsRAe8a2hEQ67dLD9hQo6N4pMgVuZFSHL190RGQ63HoWc6Q4pDPe9Nxf+8borBhZuJKEmRR2y2KEglwZhM8yC+UJyhHBtCmRLmr4QNqckETWoVE4Izf/IiaZ/WHcNvz2qNqyKOMhzCEZyAA+fQgBtoQgsYPMIzvMKb9WS9WO/Wx6y1ZBUz+/AH1ucPhKaU6Q==</latexit><latexit sha1_base64="phWx1OkWiQSrldz68hSUDgFM6QM=">AAACAnicbVA9SwNBEJ2LXzF+Ra3EZjEIVuFOBG2EoI1lBBMDyRH29vaSJXsf7M4J4Qg2/hUbC0Vs/RV2/hs3lys08cEyj/dmmJ3nJVJotO1vq7S0vLK6Vl6vbGxube9Ud/faOk4V4y0Wy1h1PKq5FBFvoUDJO4niNPQkv/dG11P//oErLeLoDscJd0M6iEQgGEUj9asHvUBRRjLiE00meUVTL4ndr9bsup2DLBKnIDUo0OxXv3p+zNKQR8gk1brr2Am6GVUomOSTSi/VPKFsRAe8a2hEQ67dLD9hQo6N4pMgVuZFSHL190RGQ63HoWc6Q4pDPe9Nxf+8borBhZuJKEmRR2y2KEglwZhM8yC+UJyhHBtCmRLmr4QNqckETWoVE4Izf/IiaZ/WHcNvz2qNqyKOMhzCEZyAA+fQgBtoQgsYPMIzvMKb9WS9WO/Wx6y1ZBUz+/AH1ucPhKaU6Q==</latexit>

d

dt

✓
p

⇢�

◆
= 0

<latexit sha1_base64="ITf1HSJtJpy6Gb4iERJq7M4fIPU="></latexit><latexit sha1_base64="ITf1HSJtJpy6Gb4iERJq7M4fIPU="></latexit><latexit sha1_base64="ITf1HSJtJpy6Gb4iERJq7M4fIPU="></latexit><latexit sha1_base64="ITf1HSJtJpy6Gb4iERJq7M4fIPU="></latexit>

w =
�

� � 1
RT

<latexit sha1_base64="yRkSKRFArb7TT60OAa/P5wmWuZ8=">AAACEHicbZDLSgMxFIYz9VbrbdSlm2AR3VhmRNCNUHTjskpv0CnlTJppQ5OZIckoZegjuPFV3LhQxK1Ld76NaTugtv4Q+PKfc0jO78ecKe04X1ZuYXFpeSW/Wlhb39jcsrd36ipKJKE1EvFINn1QlLOQ1jTTnDZjSUH4nDb8wdW43rijUrEorOphTNsCeiELGAFtrI59eI8vsBdIIDjFXg+EADz6wWPsmustrnbsolNyJsLz4GZQRJkqHfvT60YkETTUhINSLdeJdTsFqRnhdFTwEkVjIAPo0ZbBEARV7XSy0AgfGKeLg0iaE2o8cX9PpCCUGgrfdArQfTVbG5v/1VqJDs7bKQvjRNOQTB8KEo51hMfp4C6TlGg+NABEMvNXTPpg0tEmw4IJwZ1deR7qJyXX8M1psXyZxZFHe2gfHSEXnaEyukYVVEMEPaAn9IJerUfr2Xqz3qetOSub2UV/ZH18AxSDmg8=</latexit><latexit sha1_base64="yRkSKRFArb7TT60OAa/P5wmWuZ8=">AAACEHicbZDLSgMxFIYz9VbrbdSlm2AR3VhmRNCNUHTjskpv0CnlTJppQ5OZIckoZegjuPFV3LhQxK1Ld76NaTugtv4Q+PKfc0jO78ecKe04X1ZuYXFpeSW/Wlhb39jcsrd36ipKJKE1EvFINn1QlLOQ1jTTnDZjSUH4nDb8wdW43rijUrEorOphTNsCeiELGAFtrI59eI8vsBdIIDjFXg+EADz6wWPsmustrnbsolNyJsLz4GZQRJkqHfvT60YkETTUhINSLdeJdTsFqRnhdFTwEkVjIAPo0ZbBEARV7XSy0AgfGKeLg0iaE2o8cX9PpCCUGgrfdArQfTVbG5v/1VqJDs7bKQvjRNOQTB8KEo51hMfp4C6TlGg+NABEMvNXTPpg0tEmw4IJwZ1deR7qJyXX8M1psXyZxZFHe2gfHSEXnaEyukYVVEMEPaAn9IJerUfr2Xqz3qetOSub2UV/ZH18AxSDmg8=</latexit><latexit sha1_base64="yRkSKRFArb7TT60OAa/P5wmWuZ8=">AAACEHicbZDLSgMxFIYz9VbrbdSlm2AR3VhmRNCNUHTjskpv0CnlTJppQ5OZIckoZegjuPFV3LhQxK1Ld76NaTugtv4Q+PKfc0jO78ecKe04X1ZuYXFpeSW/Wlhb39jcsrd36ipKJKE1EvFINn1QlLOQ1jTTnDZjSUH4nDb8wdW43rijUrEorOphTNsCeiELGAFtrI59eI8vsBdIIDjFXg+EADz6wWPsmustrnbsolNyJsLz4GZQRJkqHfvT60YkETTUhINSLdeJdTsFqRnhdFTwEkVjIAPo0ZbBEARV7XSy0AgfGKeLg0iaE2o8cX9PpCCUGgrfdArQfTVbG5v/1VqJDs7bKQvjRNOQTB8KEo51hMfp4C6TlGg+NABEMvNXTPpg0tEmw4IJwZ1deR7qJyXX8M1psXyZxZFHe2gfHSEXnaEyukYVVEMEPaAn9IJerUfr2Xqz3qetOSub2UV/ZH18AxSDmg8=</latexit><latexit sha1_base64="yRkSKRFArb7TT60OAa/P5wmWuZ8=">AAACEHicbZDLSgMxFIYz9VbrbdSlm2AR3VhmRNCNUHTjskpv0CnlTJppQ5OZIckoZegjuPFV3LhQxK1Ld76NaTugtv4Q+PKfc0jO78ecKe04X1ZuYXFpeSW/Wlhb39jcsrd36ipKJKE1EvFINn1QlLOQ1jTTnDZjSUH4nDb8wdW43rijUrEorOphTNsCeiELGAFtrI59eI8vsBdIIDjFXg+EADz6wWPsmustrnbsolNyJsLz4GZQRJkqHfvT60YkETTUhINSLdeJdTsFqRnhdFTwEkVjIAPo0ZbBEARV7XSy0AgfGKeLg0iaE2o8cX9PpCCUGgrfdArQfTVbG5v/1VqJDs7bKQvjRNOQTB8KEo51hMfp4C6TlGg+NABEMvNXTPpg0tEmw4IJwZ1deR7qJyXX8M1psXyZxZFHe2gfHSEXnaEyukYVVEMEPaAn9IJerUfr2Xqz3qetOSub2UV/ZH18AxSDmg8=</latexit>

dw = Tds+
dp

⇢
<latexit sha1_base64="wJ1AJks9VEysBlKvcEImAXrYAUI=">AAACDXicbVDLSgMxFM3UV62vUZduLlZBEMqMCLoRim5cVugLOkPJZDJtaOZBklHKMD/gxl9x40IRt+7d+Tem7Sy09UDIyTn3cnOPl3AmlWV9G6Wl5ZXVtfJ6ZWNza3vH3N1ryzgVhLZIzGPR9bCknEW0pZjitJsIikOP0443upn4nXsqJIujphon1A3xIGIBI1hpqW8e+fAAV9AEHyScghMITCDTrwRyfTtiGEPeN6tWzZoCFoldkCoq0OibX44fkzSkkSIcS9mzrUS5GRaKEU7zipNKmmAywgPa0zTCIZVuNt0mh2Ot+BDEQp9IwVT93ZHhUMpx6OnKEKuhnPcm4n9eL1XBpZuxKEkVjchsUJByUDFMogGfCUoUH2uCiWD6r0CGWAeidIAVHYI9v/IiaZ/VbM3vzqv16yKOMjpAh+gE2egC1dEtaqAWIugRPaNX9GY8GS/Gu/ExKy0ZRc8++gPj8wdoxZii</latexit><latexit sha1_base64="wJ1AJks9VEysBlKvcEImAXrYAUI=">AAACDXicbVDLSgMxFM3UV62vUZduLlZBEMqMCLoRim5cVugLOkPJZDJtaOZBklHKMD/gxl9x40IRt+7d+Tem7Sy09UDIyTn3cnOPl3AmlWV9G6Wl5ZXVtfJ6ZWNza3vH3N1ryzgVhLZIzGPR9bCknEW0pZjitJsIikOP0443upn4nXsqJIujphon1A3xIGIBI1hpqW8e+fAAV9AEHyScghMITCDTrwRyfTtiGEPeN6tWzZoCFoldkCoq0OibX44fkzSkkSIcS9mzrUS5GRaKEU7zipNKmmAywgPa0zTCIZVuNt0mh2Ot+BDEQp9IwVT93ZHhUMpx6OnKEKuhnPcm4n9eL1XBpZuxKEkVjchsUJByUDFMogGfCUoUH2uCiWD6r0CGWAeidIAVHYI9v/IiaZ/VbM3vzqv16yKOMjpAh+gE2egC1dEtaqAWIugRPaNX9GY8GS/Gu/ExKy0ZRc8++gPj8wdoxZii</latexit><latexit sha1_base64="wJ1AJks9VEysBlKvcEImAXrYAUI=">AAACDXicbVDLSgMxFM3UV62vUZduLlZBEMqMCLoRim5cVugLOkPJZDJtaOZBklHKMD/gxl9x40IRt+7d+Tem7Sy09UDIyTn3cnOPl3AmlWV9G6Wl5ZXVtfJ6ZWNza3vH3N1ryzgVhLZIzGPR9bCknEW0pZjitJsIikOP0443upn4nXsqJIujphon1A3xIGIBI1hpqW8e+fAAV9AEHyScghMITCDTrwRyfTtiGEPeN6tWzZoCFoldkCoq0OibX44fkzSkkSIcS9mzrUS5GRaKEU7zipNKmmAywgPa0zTCIZVuNt0mh2Ot+BDEQp9IwVT93ZHhUMpx6OnKEKuhnPcm4n9eL1XBpZuxKEkVjchsUJByUDFMogGfCUoUH2uCiWD6r0CGWAeidIAVHYI9v/IiaZ/VbM3vzqv16yKOMjpAh+gE2egC1dEtaqAWIugRPaNX9GY8GS/Gu/ExKy0ZRc8++gPj8wdoxZii</latexit><latexit sha1_base64="wJ1AJks9VEysBlKvcEImAXrYAUI=">AAACDXicbVDLSgMxFM3UV62vUZduLlZBEMqMCLoRim5cVugLOkPJZDJtaOZBklHKMD/gxl9x40IRt+7d+Tem7Sy09UDIyTn3cnOPl3AmlWV9G6Wl5ZXVtfJ6ZWNza3vH3N1ryzgVhLZIzGPR9bCknEW0pZjitJsIikOP0443upn4nXsqJIujphon1A3xIGIBI1hpqW8e+fAAV9AEHyScghMITCDTrwRyfTtiGEPeN6tWzZoCFoldkCoq0OibX44fkzSkkSIcS9mzrUS5GRaKEU7zipNKmmAywgPa0zTCIZVuNt0mh2Ot+BDEQp9IwVT93ZHhUMpx6OnKEKuhnPcm4n9eL1XBpZuxKEkVjchsUJByUDFMogGfCUoUH2uCiWD6r0CGWAeidIAVHYI9v/IiaZ/VbM3vzqv16yKOMjpAh+gE2egC1dEtaqAWIugRPaNX9GY8GS/Gu/ExKy0ZRc8++gPj8wdoxZii</latexit>1

2
v2 +

�

� � 1
RT + � = constant

<latexit sha1_base64="in4VQzFXX2N94r1UsnzlPTGXLOY="></latexit><latexit sha1_base64="in4VQzFXX2N94r1UsnzlPTGXLOY="></latexit><latexit sha1_base64="in4VQzFXX2N94r1UsnzlPTGXLOY="></latexit><latexit sha1_base64="in4VQzFXX2N94r1UsnzlPTGXLOY="></latexit>

µ = 0,K = 0
<latexit sha1_base64="LJbL6Eq9w7eaqU/GjwLlgM7w06I=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsggspMyLoRii6EdxUsBdoh5JJ0zY0kxlyEerQJ3HjQhG3Poo738ZMOwttPRDy8f/nkJM/TDhT2vO+ncLK6tr6RnGztLW9s1t29/abKjaS0AaJeSzbIVaUM0EbmmlO24mkOAo5bYXjm8xvPVKpWCwe9CShQYSHgg0YwdpKPbfcjQy6Qh46RXfZ3XMrXtWbFVoGP4cK5FXvuV/dfkxMRIUmHCvV8b1EBymWmhFOp6WuUTTBZIyHtGNR4IiqIJ0tPkXHVumjQSztERrN1N8TKY6UmkSh7YywHqlFLxP/8zpGDy6DlInEaCrI/KGB4UjHKEsB9ZmkRPOJBUwks7siMsISE22zKtkQ/MUvL0PzrOpbvj+v1K7zOIpwCEdwAj5cQA1uoQ4NIGDgGV7hzXlyXpx352PeWnDymQP4U87nD8yAkJA=</latexit><latexit sha1_base64="LJbL6Eq9w7eaqU/GjwLlgM7w06I=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsggspMyLoRii6EdxUsBdoh5JJ0zY0kxlyEerQJ3HjQhG3Poo738ZMOwttPRDy8f/nkJM/TDhT2vO+ncLK6tr6RnGztLW9s1t29/abKjaS0AaJeSzbIVaUM0EbmmlO24mkOAo5bYXjm8xvPVKpWCwe9CShQYSHgg0YwdpKPbfcjQy6Qh46RXfZ3XMrXtWbFVoGP4cK5FXvuV/dfkxMRIUmHCvV8b1EBymWmhFOp6WuUTTBZIyHtGNR4IiqIJ0tPkXHVumjQSztERrN1N8TKY6UmkSh7YywHqlFLxP/8zpGDy6DlInEaCrI/KGB4UjHKEsB9ZmkRPOJBUwks7siMsISE22zKtkQ/MUvL0PzrOpbvj+v1K7zOIpwCEdwAj5cQA1uoQ4NIGDgGV7hzXlyXpx352PeWnDymQP4U87nD8yAkJA=</latexit><latexit sha1_base64="LJbL6Eq9w7eaqU/GjwLlgM7w06I=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsggspMyLoRii6EdxUsBdoh5JJ0zY0kxlyEerQJ3HjQhG3Poo738ZMOwttPRDy8f/nkJM/TDhT2vO+ncLK6tr6RnGztLW9s1t29/abKjaS0AaJeSzbIVaUM0EbmmlO24mkOAo5bYXjm8xvPVKpWCwe9CShQYSHgg0YwdpKPbfcjQy6Qh46RXfZ3XMrXtWbFVoGP4cK5FXvuV/dfkxMRIUmHCvV8b1EBymWmhFOp6WuUTTBZIyHtGNR4IiqIJ0tPkXHVumjQSztERrN1N8TKY6UmkSh7YywHqlFLxP/8zpGDy6DlInEaCrI/KGB4UjHKEsB9ZmkRPOJBUwks7siMsISE22zKtkQ/MUvL0PzrOpbvj+v1K7zOIpwCEdwAj5cQA1uoQ4NIGDgGV7hzXlyXpx352PeWnDymQP4U87nD8yAkJA=</latexit><latexit sha1_base64="LJbL6Eq9w7eaqU/GjwLlgM7w06I=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsggspMyLoRii6EdxUsBdoh5JJ0zY0kxlyEerQJ3HjQhG3Poo738ZMOwttPRDy8f/nkJM/TDhT2vO+ncLK6tr6RnGztLW9s1t29/abKjaS0AaJeSzbIVaUM0EbmmlO24mkOAo5bYXjm8xvPVKpWCwe9CShQYSHgg0YwdpKPbfcjQy6Qh46RXfZ3XMrXtWbFVoGP4cK5FXvuV/dfkxMRIUmHCvV8b1EBymWmhFOp6WuUTTBZIyHtGNR4IiqIJ0tPkXHVumjQSztERrN1N8TKY6UmkSh7YywHqlFLxP/8zpGDy6DlInEaCrI/KGB4UjHKEsB9ZmkRPOJBUwks7siMsISE22zKtkQ/MUvL0PzrOpbvj+v1K7zOIpwCEdwAj5cQA1uoQ4NIGDgGV7hzXlyXpx352PeWnDymQP4U87nD8yAkJA=</latexit>

w = ✏+
p

⇢
<latexit sha1_base64="ndBC/f8tKV1D8cl9hvP1Ll++YhI=">AAACDHicbVDLSgMxFL1TX7W+qi7dBIsgCGVGBN0IRTcuK9gHdErJpJk2NJMMSUYpw3yAG3/FjQtF3PoB7vwb03YW2nog4XDOuST3BDFn2rjut1NYWl5ZXSuulzY2t7Z3yrt7TS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdD3xW/dUaSbFnRnHtBvhgWAhI9hYqVeuPKBL5NNYMy4FOkF+qDBBKYpRZm9fDSXKbMqtulOgReLlpAI56r3yl9+XJImoMIRjrTueG5tuipVhhNOs5CeaxpiM8IB2LBU4orqbTpfJ0JFV+iiUyh5h0FT9PZHiSOtxFNhkhM1Qz3sT8T+vk5jwopsyESeGCjJ7KEw4MhJNmkF9pigxfGwJJorZvyIyxLYOY/sr2RK8+ZUXSfO06ll+e1apXeV1FOEADuEYPDiHGtxAHRpA4BGe4RXenCfnxXl3PmbRgpPP7MMfOJ8/r+CZew==</latexit><latexit sha1_base64="ndBC/f8tKV1D8cl9hvP1Ll++YhI=">AAACDHicbVDLSgMxFL1TX7W+qi7dBIsgCGVGBN0IRTcuK9gHdErJpJk2NJMMSUYpw3yAG3/FjQtF3PoB7vwb03YW2nog4XDOuST3BDFn2rjut1NYWl5ZXSuulzY2t7Z3yrt7TS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdD3xW/dUaSbFnRnHtBvhgWAhI9hYqVeuPKBL5NNYMy4FOkF+qDBBKYpRZm9fDSXKbMqtulOgReLlpAI56r3yl9+XJImoMIRjrTueG5tuipVhhNOs5CeaxpiM8IB2LBU4orqbTpfJ0JFV+iiUyh5h0FT9PZHiSOtxFNhkhM1Qz3sT8T+vk5jwopsyESeGCjJ7KEw4MhJNmkF9pigxfGwJJorZvyIyxLYOY/sr2RK8+ZUXSfO06ll+e1apXeV1FOEADuEYPDiHGtxAHRpA4BGe4RXenCfnxXl3PmbRgpPP7MMfOJ8/r+CZew==</latexit><latexit sha1_base64="ndBC/f8tKV1D8cl9hvP1Ll++YhI=">AAACDHicbVDLSgMxFL1TX7W+qi7dBIsgCGVGBN0IRTcuK9gHdErJpJk2NJMMSUYpw3yAG3/FjQtF3PoB7vwb03YW2nog4XDOuST3BDFn2rjut1NYWl5ZXSuulzY2t7Z3yrt7TS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdD3xW/dUaSbFnRnHtBvhgWAhI9hYqVeuPKBL5NNYMy4FOkF+qDBBKYpRZm9fDSXKbMqtulOgReLlpAI56r3yl9+XJImoMIRjrTueG5tuipVhhNOs5CeaxpiM8IB2LBU4orqbTpfJ0JFV+iiUyh5h0FT9PZHiSOtxFNhkhM1Qz3sT8T+vk5jwopsyESeGCjJ7KEw4MhJNmkF9pigxfGwJJorZvyIyxLYOY/sr2RK8+ZUXSfO06ll+e1apXeV1FOEADuEYPDiHGtxAHRpA4BGe4RXenCfnxXl3PmbRgpPP7MMfOJ8/r+CZew==</latexit><latexit sha1_base64="ndBC/f8tKV1D8cl9hvP1Ll++YhI=">AAACDHicbVDLSgMxFL1TX7W+qi7dBIsgCGVGBN0IRTcuK9gHdErJpJk2NJMMSUYpw3yAG3/FjQtF3PoB7vwb03YW2nog4XDOuST3BDFn2rjut1NYWl5ZXSuulzY2t7Z3yrt7TS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdD3xW/dUaSbFnRnHtBvhgWAhI9hYqVeuPKBL5NNYMy4FOkF+qDBBKYpRZm9fDSXKbMqtulOgReLlpAI56r3yl9+XJImoMIRjrTueG5tuipVhhNOs5CeaxpiM8IB2LBU4orqbTpfJ0JFV+iiUyh5h0FT9PZHiSOtxFNhkhM1Qz3sT8T+vk5jwopsyESeGCjJ7KEw4MhJNmkF9pigxfGwJJorZvyIyxLYOY/sr2RK8+ZUXSfO06ll+e1apXeV1FOEADuEYPDiHGtxAHRpA4BGe4RXenCfnxXl3PmbRgpPP7MMfOJ8/r+CZew==</latexit>

1

2
v2 +

Z
dp

⇢
+ � = constant

<latexit sha1_base64="CPN36+z2YVaSQidU/V8JtCInC/o="></latexit><latexit sha1_base64="CPN36+z2YVaSQidU/V8JtCInC/o="></latexit><latexit sha1_base64="CPN36+z2YVaSQidU/V8JtCInC/o="></latexit><latexit sha1_base64="CPN36+z2YVaSQidU/V8JtCInC/o="></latexit>

• For adiabatic process

6.1 Thermal properties of a perfect gas

(6.7)
(6.6)

(6.8)

• Enthalpy per unit mass

(4.26)
(6.1), (6.3)

(6.9)

• Bernoulli’s Principle for adiabatic, perfect gas

(4.38)

(6.10)

* To focus on compressibility, view



p1 = c2s⇢1
<latexit sha1_base64="kLigBo6MaGTK489y1NlhJe7St6I=">AAACE3icbZBNS8NAEIYn9avWr6hHL4tFEA8lKYJehKIXjxXsB7QxbLbbdukmG3Y3Qgn9D178K148KOLVizf/jds0grYOLPPwzgyz8wYxZ0o7zpdVWFpeWV0rrpc2Nre2d+zdvaYSiSS0QQQXsh1gRTmLaEMzzWk7lhSHAaetYHQ1rbfuqVRMRLd6HFMvxIOI9RnB2ki+fRIjH6XIRRN0gUjGyvCdyVWTu3Iofhp8u+xUnCzQIrg5lCGPum9/dnuCJCGNNOFYqY7rxNpLsdSMcDopdRNFY0xGeEA7BiMcUuWl2U0TdGSUHuoLaV6kUab+nkhxqNQ4DExniPVQzdem4n+1TqL7517KojjRNCKzRf2EIy3Q1CDUY5ISzccGMJHM/BWRIZaYaGNjyZjgzp+8CM1qxTV8c1quXeZ2FOEADuEYXDiDGlxDHRpA4AGe4AVerUfr2Xqz3metBSuf2Yc/YX18A+F5mcY=</latexit><latexit sha1_base64="kLigBo6MaGTK489y1NlhJe7St6I=">AAACE3icbZBNS8NAEIYn9avWr6hHL4tFEA8lKYJehKIXjxXsB7QxbLbbdukmG3Y3Qgn9D178K148KOLVizf/jds0grYOLPPwzgyz8wYxZ0o7zpdVWFpeWV0rrpc2Nre2d+zdvaYSiSS0QQQXsh1gRTmLaEMzzWk7lhSHAaetYHQ1rbfuqVRMRLd6HFMvxIOI9RnB2ki+fRIjH6XIRRN0gUjGyvCdyVWTu3Iofhp8u+xUnCzQIrg5lCGPum9/dnuCJCGNNOFYqY7rxNpLsdSMcDopdRNFY0xGeEA7BiMcUuWl2U0TdGSUHuoLaV6kUab+nkhxqNQ4DExniPVQzdem4n+1TqL7517KojjRNCKzRf2EIy3Q1CDUY5ISzccGMJHM/BWRIZaYaGNjyZjgzp+8CM1qxTV8c1quXeZ2FOEADuEYXDiDGlxDHRpA4AGe4AVerUfr2Xqz3metBSuf2Yc/YX18A+F5mcY=</latexit><latexit sha1_base64="kLigBo6MaGTK489y1NlhJe7St6I=">AAACE3icbZBNS8NAEIYn9avWr6hHL4tFEA8lKYJehKIXjxXsB7QxbLbbdukmG3Y3Qgn9D178K148KOLVizf/jds0grYOLPPwzgyz8wYxZ0o7zpdVWFpeWV0rrpc2Nre2d+zdvaYSiSS0QQQXsh1gRTmLaEMzzWk7lhSHAaetYHQ1rbfuqVRMRLd6HFMvxIOI9RnB2ki+fRIjH6XIRRN0gUjGyvCdyVWTu3Iofhp8u+xUnCzQIrg5lCGPum9/dnuCJCGNNOFYqY7rxNpLsdSMcDopdRNFY0xGeEA7BiMcUuWl2U0TdGSUHuoLaV6kUab+nkhxqNQ4DExniPVQzdem4n+1TqL7517KojjRNCKzRf2EIy3Q1CDUY5ISzccGMJHM/BWRIZaYaGNjyZjgzp+8CM1qxTV8c1quXeZ2FOEADuEYXDiDGlxDHRpA4AGe4AVerUfr2Xqz3metBSuf2Yc/YX18A+F5mcY=</latexit><latexit sha1_base64="kLigBo6MaGTK489y1NlhJe7St6I=">AAACE3icbZBNS8NAEIYn9avWr6hHL4tFEA8lKYJehKIXjxXsB7QxbLbbdukmG3Y3Qgn9D178K148KOLVizf/jds0grYOLPPwzgyz8wYxZ0o7zpdVWFpeWV0rrpc2Nre2d+zdvaYSiSS0QQQXsh1gRTmLaEMzzWk7lhSHAaetYHQ1rbfuqVRMRLd6HFMvxIOI9RnB2ki+fRIjH6XIRRN0gUjGyvCdyVWTu3Iofhp8u+xUnCzQIrg5lCGPum9/dnuCJCGNNOFYqY7rxNpLsdSMcDopdRNFY0xGeEA7BiMcUuWl2U0TdGSUHuoLaV6kUab+nkhxqNQ4DExniPVQzdem4n+1TqL7517KojjRNCKzRf2EIy3Q1CDUY5ISzccGMJHM/BWRIZaYaGNjyZjgzp+8CM1qxTV8c1quXeZ2FOEADuEYXDiDGlxDHRpA4AGe4AVerUfr2Xqz3metBSuf2Yc/YX18A+F5mcY=</latexit>

cs =

s
dp

d⇢
<latexit sha1_base64="SxCrwJouqnduotzFa6LHFKA2lsw=">AAACI3icbVBNS8MwGE7n15xfVY9egkPwNFoRFEEYevE4wX3AWkqapltY0tQkFUbZf/HiX/HiQRlePPhfTLcedPMN4X14nucleZ8wZVRpx/myKiura+sb1c3a1vbO7p69f9BRIpOYtLFgQvZCpAijCWlrqhnppZIgHjLSDUe3hd59IlJRkTzocUp8jgYJjSlG2lCBfYVhAHPocaSHkhuk4MSca+ipR6kLJZYImx7B1PBF9+RQFKbArjsNZ1ZwGbglqIOyWoE99SKBM04SjRlSqu86qfZzJDXFjExqXqZIivAIDUjfwARxovx8tuMEnhgmgrGQ5iYaztjfEzniSo15aJzFLmpRK8j/tH6m40s/p0maaZLg+UNxxqAWsAgMRlQSrNnYAIQlNX+FeIhMKNrEWjMhuIsrL4POWcM1+P683rwp46iCI3AMToELLkAT3IEWaAMMnsEreAcf1ov1Zk2tz7m1YpUzh+BPWd8/UJyhmQ==</latexit><latexit sha1_base64="SxCrwJouqnduotzFa6LHFKA2lsw=">AAACI3icbVBNS8MwGE7n15xfVY9egkPwNFoRFEEYevE4wX3AWkqapltY0tQkFUbZf/HiX/HiQRlePPhfTLcedPMN4X14nucleZ8wZVRpx/myKiura+sb1c3a1vbO7p69f9BRIpOYtLFgQvZCpAijCWlrqhnppZIgHjLSDUe3hd59IlJRkTzocUp8jgYJjSlG2lCBfYVhAHPocaSHkhuk4MSca+ipR6kLJZYImx7B1PBF9+RQFKbArjsNZ1ZwGbglqIOyWoE99SKBM04SjRlSqu86qfZzJDXFjExqXqZIivAIDUjfwARxovx8tuMEnhgmgrGQ5iYaztjfEzniSo15aJzFLmpRK8j/tH6m40s/p0maaZLg+UNxxqAWsAgMRlQSrNnYAIQlNX+FeIhMKNrEWjMhuIsrL4POWcM1+P683rwp46iCI3AMToELLkAT3IEWaAMMnsEreAcf1ov1Zk2tz7m1YpUzh+BPWd8/UJyhmQ==</latexit><latexit sha1_base64="SxCrwJouqnduotzFa6LHFKA2lsw=">AAACI3icbVBNS8MwGE7n15xfVY9egkPwNFoRFEEYevE4wX3AWkqapltY0tQkFUbZf/HiX/HiQRlePPhfTLcedPMN4X14nucleZ8wZVRpx/myKiura+sb1c3a1vbO7p69f9BRIpOYtLFgQvZCpAijCWlrqhnppZIgHjLSDUe3hd59IlJRkTzocUp8jgYJjSlG2lCBfYVhAHPocaSHkhuk4MSca+ipR6kLJZYImx7B1PBF9+RQFKbArjsNZ1ZwGbglqIOyWoE99SKBM04SjRlSqu86qfZzJDXFjExqXqZIivAIDUjfwARxovx8tuMEnhgmgrGQ5iYaztjfEzniSo15aJzFLmpRK8j/tH6m40s/p0maaZLg+UNxxqAWsAgMRlQSrNnYAIQlNX+FeIhMKNrEWjMhuIsrL4POWcM1+P683rwp46iCI3AMToELLkAT3IEWaAMMnsEreAcf1ov1Zk2tz7m1YpUzh+BPWd8/UJyhmQ==</latexit><latexit sha1_base64="SxCrwJouqnduotzFa6LHFKA2lsw=">AAACI3icbVBNS8MwGE7n15xfVY9egkPwNFoRFEEYevE4wX3AWkqapltY0tQkFUbZf/HiX/HiQRlePPhfTLcedPMN4X14nucleZ8wZVRpx/myKiura+sb1c3a1vbO7p69f9BRIpOYtLFgQvZCpAijCWlrqhnppZIgHjLSDUe3hd59IlJRkTzocUp8jgYJjSlG2lCBfYVhAHPocaSHkhuk4MSca+ipR6kLJZYImx7B1PBF9+RQFKbArjsNZ1ZwGbglqIOyWoE99SKBM04SjRlSqu86qfZzJDXFjExqXqZIivAIDUjfwARxovx8tuMEnhgmgrGQ5iYaztjfEzniSo15aJzFLmpRK8j/tH6m40s/p0maaZLg+UNxxqAWsAgMRlQSrNnYAIQlNX+FeIhMKNrEWjMhuIsrL4POWcM1+P683rwp46iCI3AMToELLkAT3IEWaAMMnsEreAcf1ov1Zk2tz7m1YpUzh+BPWd8/UJyhmQ==</latexit>

cs =

r
�p0
⇢0

<latexit sha1_base64="h6owOVeGCC7/r1hdF0RNVRRashg=">AAACNnicbVBNS8MwGE79nPOr6tFLcAieRiuCXoShFy/CBPcBaylplm5hSVOTVBhlv8qLv8PbLh4U8epPMO16mJtvCO/D8zwvyfuECaNKO87UWlldW9/YrGxVt3d29/btg8O2EqnEpIUFE7IbIkUYjUlLU81IN5EE8ZCRTji6zfXOM5GKivhRjxPiczSIaUQx0oYK7HsMA5hBjyM9lNwgBSfmXENPPUmdK5FEOO8DxDmCSWF3CpMh5VDMEZPArjl1pyi4DNwS1EBZzcB+8/oCp5zEGjOkVM91Eu1nSGqKGZlUvVSRBOERGpCegTHiRPlZsfYEnhqmDyMhzY01LNj5iQxxpcY8NM58PbWo5eR/Wi/V0ZWf0ThJNYnx7KEoZVALmGcI+1QSrNnYAIQlNX+FeIhMTtokXTUhuIsrL4P2ed01+OGi1rgp46iAY3ACzoALLkED3IEmaAEMXsAUfIBP69V6t76s75l1xSpnjsCfsn5+AQ+Xp9w=</latexit><latexit sha1_base64="h6owOVeGCC7/r1hdF0RNVRRashg=">AAACNnicbVBNS8MwGE79nPOr6tFLcAieRiuCXoShFy/CBPcBaylplm5hSVOTVBhlv8qLv8PbLh4U8epPMO16mJtvCO/D8zwvyfuECaNKO87UWlldW9/YrGxVt3d29/btg8O2EqnEpIUFE7IbIkUYjUlLU81IN5EE8ZCRTji6zfXOM5GKivhRjxPiczSIaUQx0oYK7HsMA5hBjyM9lNwgBSfmXENPPUmdK5FEOO8DxDmCSWF3CpMh5VDMEZPArjl1pyi4DNwS1EBZzcB+8/oCp5zEGjOkVM91Eu1nSGqKGZlUvVSRBOERGpCegTHiRPlZsfYEnhqmDyMhzY01LNj5iQxxpcY8NM58PbWo5eR/Wi/V0ZWf0ThJNYnx7KEoZVALmGcI+1QSrNnYAIQlNX+FeIhMTtokXTUhuIsrL4P2ed01+OGi1rgp46iAY3ACzoALLkED3IEmaAEMXsAUfIBP69V6t76s75l1xSpnjsCfsn5+AQ+Xp9w=</latexit><latexit sha1_base64="h6owOVeGCC7/r1hdF0RNVRRashg=">AAACNnicbVBNS8MwGE79nPOr6tFLcAieRiuCXoShFy/CBPcBaylplm5hSVOTVBhlv8qLv8PbLh4U8epPMO16mJtvCO/D8zwvyfuECaNKO87UWlldW9/YrGxVt3d29/btg8O2EqnEpIUFE7IbIkUYjUlLU81IN5EE8ZCRTji6zfXOM5GKivhRjxPiczSIaUQx0oYK7HsMA5hBjyM9lNwgBSfmXENPPUmdK5FEOO8DxDmCSWF3CpMh5VDMEZPArjl1pyi4DNwS1EBZzcB+8/oCp5zEGjOkVM91Eu1nSGqKGZlUvVSRBOERGpCegTHiRPlZsfYEnhqmDyMhzY01LNj5iQxxpcY8NM58PbWo5eR/Wi/V0ZWf0ThJNYnx7KEoZVALmGcI+1QSrNnYAIQlNX+FeIhMTtokXTUhuIsrL4P2ed01+OGi1rgp46iAY3ACzoALLkED3IEmaAEMXsAUfIBP69V6t76s75l1xSpnjsCfsn5+AQ+Xp9w=</latexit><latexit sha1_base64="h6owOVeGCC7/r1hdF0RNVRRashg=">AAACNnicbVBNS8MwGE79nPOr6tFLcAieRiuCXoShFy/CBPcBaylplm5hSVOTVBhlv8qLv8PbLh4U8epPMO16mJtvCO/D8zwvyfuECaNKO87UWlldW9/YrGxVt3d29/btg8O2EqnEpIUFE7IbIkUYjUlLU81IN5EE8ZCRTji6zfXOM5GKivhRjxPiczSIaUQx0oYK7HsMA5hBjyM9lNwgBSfmXENPPUmdK5FEOO8DxDmCSWF3CpMh5VDMEZPArjl1pyi4DNwS1EBZzcB+8/oCp5zEGjOkVM91Eu1nSGqKGZlUvVSRBOERGpCegTHiRPlZsfYEnhqmDyMhzY01LNj5iQxxpcY8NM58PbWo5eR/Wi/V0ZWf0ThJNYnx7KEoZVALmGcI+1QSrNnYAIQlNX+FeIhMTtokXTUhuIsrL4P2ed01+OGi1rgp46iAY3ACzoALLkED3IEmaAEMXsAUfIBP69V6t76s75l1xSpnjsCfsn5+AQ+Xp9w=</latexit>

@⇢

@t
+r · (⇢v) = 0

<latexit sha1_base64="cX+lvTJC5QyitL5MOMhRFOva1yE="></latexit><latexit sha1_base64="cX+lvTJC5QyitL5MOMhRFOva1yE="></latexit><latexit sha1_base64="cX+lvTJC5QyitL5MOMhRFOva1yE="></latexit><latexit sha1_base64="cX+lvTJC5QyitL5MOMhRFOva1yE="></latexit>

6.2 Acoustic waves

p0
<latexit sha1_base64="kbpbMXJAyCOrAZijK1LK/cJwuIk=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg66zEhPZIRn0x75Ypf9eciqxDkUIFc9V75q9uPWaq4RiaptZ3ATzDMqEHBJJ+WuqnlCWVjOuQdh5oqbsNsvvCUnDmnTwaxcU8jmbu/JzKqrJ2oyHUqiiO7XJuZ/9U6KQ6uw0zoJEWu2eKjQSoJxmR2PekLwxnKiQPKjHC7EjaihjJ0GZVcCMHyyavQvKgGju8vK7WbPI4inMApnEMAV1CDO6hDAxgoeIZXePOM9+K9ex+L1oKXzxzDH3mfPx5gj0s=</latexit><latexit sha1_base64="kbpbMXJAyCOrAZijK1LK/cJwuIk=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg66zEhPZIRn0x75Ypf9eciqxDkUIFc9V75q9uPWaq4RiaptZ3ATzDMqEHBJJ+WuqnlCWVjOuQdh5oqbsNsvvCUnDmnTwaxcU8jmbu/JzKqrJ2oyHUqiiO7XJuZ/9U6KQ6uw0zoJEWu2eKjQSoJxmR2PekLwxnKiQPKjHC7EjaihjJ0GZVcCMHyyavQvKgGju8vK7WbPI4inMApnEMAV1CDO6hDAxgoeIZXePOM9+K9ex+L1oKXzxzDH3mfPx5gj0s=</latexit><latexit sha1_base64="kbpbMXJAyCOrAZijK1LK/cJwuIk=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg66zEhPZIRn0x75Ypf9eciqxDkUIFc9V75q9uPWaq4RiaptZ3ATzDMqEHBJJ+WuqnlCWVjOuQdh5oqbsNsvvCUnDmnTwaxcU8jmbu/JzKqrJ2oyHUqiiO7XJuZ/9U6KQ6uw0zoJEWu2eKjQSoJxmR2PekLwxnKiQPKjHC7EjaihjJ0GZVcCMHyyavQvKgGju8vK7WbPI4inMApnEMAV1CDO6hDAxgoeIZXePOM9+K9ex+L1oKXzxzDH3mfPx5gj0s=</latexit><latexit sha1_base64="kbpbMXJAyCOrAZijK1LK/cJwuIk=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg66zEhPZIRn0x75Ypf9eciqxDkUIFc9V75q9uPWaq4RiaptZ3ATzDMqEHBJJ+WuqnlCWVjOuQdh5oqbsNsvvCUnDmnTwaxcU8jmbu/JzKqrJ2oyHUqiiO7XJuZ/9U6KQ6uw0zoJEWu2eKjQSoJxmR2PekLwxnKiQPKjHC7EjaihjJ0GZVcCMHyyavQvKgGju8vK7WbPI4inMApnEMAV1CDO6hDAxgoeIZXePOM9+K9ex+L1oKXzxzDH3mfPx5gj0s=</latexit>

⇢0
<latexit sha1_base64="pp32lZyaLddHA2gYUf+Qg5JA4bA=">AAAB83icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYWukvJpmkbmk2WZFYoS/+GFw+KePXPePPfmLZ70NYXAg/vzDCTN06lsOj7315pbX1jc6u8XdnZ3ds/qB4eta3ODOMtpqU2nZhaLoXiLRQoeSc1nCax5I/x+HZWf3zixgqtHnCS8iihQyUGglF0VhiakSY9khOfTHvVml/35yKrEBRQg0LNXvUr7GuWJVwhk9TabuCnGOXUoGCSTythZnlK2ZgOedehogm3UT6/eUrOnNMnA23cU0jm7u+JnCbWTpLYdSYUR3a5NjP/q3UzHFxHuVBphlyxxaJBJglqMguA9IXhDOXEAWVGuFsJG1FDGbqYKi6EYPnLq9C+qAeO7y9rjZsijjKcwCmcQwBX0IA7aEILGKTwDK/w5mXei/fufSxaS14xcwx/5H3+AG28kJ4=</latexit><latexit sha1_base64="pp32lZyaLddHA2gYUf+Qg5JA4bA=">AAAB83icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYWukvJpmkbmk2WZFYoS/+GFw+KePXPePPfmLZ70NYXAg/vzDCTN06lsOj7315pbX1jc6u8XdnZ3ds/qB4eta3ODOMtpqU2nZhaLoXiLRQoeSc1nCax5I/x+HZWf3zixgqtHnCS8iihQyUGglF0VhiakSY9khOfTHvVml/35yKrEBRQg0LNXvUr7GuWJVwhk9TabuCnGOXUoGCSTythZnlK2ZgOedehogm3UT6/eUrOnNMnA23cU0jm7u+JnCbWTpLYdSYUR3a5NjP/q3UzHFxHuVBphlyxxaJBJglqMguA9IXhDOXEAWVGuFsJG1FDGbqYKi6EYPnLq9C+qAeO7y9rjZsijjKcwCmcQwBX0IA7aEILGKTwDK/w5mXei/fufSxaS14xcwx/5H3+AG28kJ4=</latexit><latexit sha1_base64="pp32lZyaLddHA2gYUf+Qg5JA4bA=">AAAB83icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYWukvJpmkbmk2WZFYoS/+GFw+KePXPePPfmLZ70NYXAg/vzDCTN06lsOj7315pbX1jc6u8XdnZ3ds/qB4eta3ODOMtpqU2nZhaLoXiLRQoeSc1nCax5I/x+HZWf3zixgqtHnCS8iihQyUGglF0VhiakSY9khOfTHvVml/35yKrEBRQg0LNXvUr7GuWJVwhk9TabuCnGOXUoGCSTythZnlK2ZgOedehogm3UT6/eUrOnNMnA23cU0jm7u+JnCbWTpLYdSYUR3a5NjP/q3UzHFxHuVBphlyxxaJBJglqMguA9IXhDOXEAWVGuFsJG1FDGbqYKi6EYPnLq9C+qAeO7y9rjZsijjKcwCmcQwBX0IA7aEILGKTwDK/w5mXei/fufSxaS14xcwx/5H3+AG28kJ4=</latexit><latexit sha1_base64="pp32lZyaLddHA2gYUf+Qg5JA4bA=">AAAB83icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYWukvJpmkbmk2WZFYoS/+GFw+KePXPePPfmLZ70NYXAg/vzDCTN06lsOj7315pbX1jc6u8XdnZ3ds/qB4eta3ODOMtpqU2nZhaLoXiLRQoeSc1nCax5I/x+HZWf3zixgqtHnCS8iihQyUGglF0VhiakSY9khOfTHvVml/35yKrEBRQg0LNXvUr7GuWJVwhk9TabuCnGOXUoGCSTythZnlK2ZgOedehogm3UT6/eUrOnNMnA23cU0jm7u+JnCbWTpLYdSYUR3a5NjP/q3UzHFxHuVBphlyxxaJBJglqMguA9IXhDOXEAWVGuFsJG1FDGbqYKi6EYPnLq9C+qAeO7y9rjZsijjKcwCmcQwBX0IA7aEILGKTwDK/w5mXei/fufSxaS14xcwx/5H3+AG28kJ4=</latexit>

p0 + p1(x, t)
<latexit sha1_base64="MDSpW8XbOKK08rau7ns1w/JG1A0=">AAACFHicbZBNS8NAEIY3ftb6VfXoZbAIlUpJRNBj0YvHCvYD2hA22027dLMJuxuxhP4IL/4VLx4U8erBm//GTZuDtg4sPPPODDvz+jFnStv2t7W0vLK6tl7YKG5ube/slvb2WypKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2R9dZvX1PpWKRuNPjmLohHggWMIK1kbxSNQYPUrBhAlWYsWO4Ar0Q66EfmPzB5Keg4cQrle2aPQ1YBCeHMsqj4ZW+ev2IJCEVmnCsVNexY+2mWGpGOJ0Ue4miMSYjPKBdgwKHVLnp9KgJHBulD0EkzRMapurviRSHSo1D33Rmq6r5Wib+V+smOrh0UybiRFNBZh8FCQcdQeYQ9JmkRPOxAUwkM7sCGWKJiTY+Fo0JzvzJi9A6qzmGb8/L9avcjgI6REeoghx0geroBjVQExH0iJ7RK3qznqwX6936mLUuWfnMAfoT1ucPK/SZ4g==</latexit><latexit sha1_base64="MDSpW8XbOKK08rau7ns1w/JG1A0=">AAACFHicbZBNS8NAEIY3ftb6VfXoZbAIlUpJRNBj0YvHCvYD2hA22027dLMJuxuxhP4IL/4VLx4U8erBm//GTZuDtg4sPPPODDvz+jFnStv2t7W0vLK6tl7YKG5ube/slvb2WypKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2R9dZvX1PpWKRuNPjmLohHggWMIK1kbxSNQYPUrBhAlWYsWO4Ar0Q66EfmPzB5Keg4cQrle2aPQ1YBCeHMsqj4ZW+ev2IJCEVmnCsVNexY+2mWGpGOJ0Ue4miMSYjPKBdgwKHVLnp9KgJHBulD0EkzRMapurviRSHSo1D33Rmq6r5Wib+V+smOrh0UybiRFNBZh8FCQcdQeYQ9JmkRPOxAUwkM7sCGWKJiTY+Fo0JzvzJi9A6qzmGb8/L9avcjgI6REeoghx0geroBjVQExH0iJ7RK3qznqwX6936mLUuWfnMAfoT1ucPK/SZ4g==</latexit><latexit sha1_base64="MDSpW8XbOKK08rau7ns1w/JG1A0=">AAACFHicbZBNS8NAEIY3ftb6VfXoZbAIlUpJRNBj0YvHCvYD2hA22027dLMJuxuxhP4IL/4VLx4U8erBm//GTZuDtg4sPPPODDvz+jFnStv2t7W0vLK6tl7YKG5ube/slvb2WypKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2R9dZvX1PpWKRuNPjmLohHggWMIK1kbxSNQYPUrBhAlWYsWO4Ar0Q66EfmPzB5Keg4cQrle2aPQ1YBCeHMsqj4ZW+ev2IJCEVmnCsVNexY+2mWGpGOJ0Ue4miMSYjPKBdgwKHVLnp9KgJHBulD0EkzRMapurviRSHSo1D33Rmq6r5Wib+V+smOrh0UybiRFNBZh8FCQcdQeYQ9JmkRPOxAUwkM7sCGWKJiTY+Fo0JzvzJi9A6qzmGb8/L9avcjgI6REeoghx0geroBjVQExH0iJ7RK3qznqwX6936mLUuWfnMAfoT1ucPK/SZ4g==</latexit><latexit sha1_base64="MDSpW8XbOKK08rau7ns1w/JG1A0=">AAACFHicbZBNS8NAEIY3ftb6VfXoZbAIlUpJRNBj0YvHCvYD2hA22027dLMJuxuxhP4IL/4VLx4U8erBm//GTZuDtg4sPPPODDvz+jFnStv2t7W0vLK6tl7YKG5ube/slvb2WypKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2R9dZvX1PpWKRuNPjmLohHggWMIK1kbxSNQYPUrBhAlWYsWO4Ar0Q66EfmPzB5Keg4cQrle2aPQ1YBCeHMsqj4ZW+ev2IJCEVmnCsVNexY+2mWGpGOJ0Ue4miMSYjPKBdgwKHVLnp9KgJHBulD0EkzRMapurviRSHSo1D33Rmq6r5Wib+V+smOrh0UybiRFNBZh8FCQcdQeYQ9JmkRPOxAUwkM7sCGWKJiTY+Fo0JzvzJi9A6qzmGb8/L9avcjgI6REeoghx0geroBjVQExH0iJ7RK3qznqwX6936mLUuWfnMAfoT1ucPK/SZ4g==</latexit>

⇢0 + ⇢1(x, t)
<latexit sha1_base64="NHuKVXLeno5h+mFgCVNWjq+L1GU=">AAACGnicbVDLSsNAFJ34rPUVdenmYhEqSklE0GXRjcsK9gFNCJPppB06eTAzEUvod7jxV9y4UMSduPFvnLRBtPXAwDnn3svce/yEM6ks68tYWFxaXlktrZXXNza3ts2d3ZaMU0Fok8Q8Fh0fS8pZRJuKKU47iaA49Dlt+8OrvN6+o0KyOLpVo4S6Ie5HLGAEK215pu2IQQweZGDBGI7hR9paVsEJsRr4gdb3Wp+AgiPPrFg1awKYJ3ZBKqhAwzM/nF5M0pBGinAsZde2EuVmWChGOB2XnVTSBJMh7tOuphEOqXSzyWljONROD4JY6BcpmLi/JzIcSjkKfd2Zrypna7n5X62bquDCzViUpIpGZPpRkHJQMeQ5QY8JShQfaYKJYHpXIAMsMFE6zbIOwZ49eZ60Tmu25jdnlfplEUcJ7aMDVEU2Okd1dI0aqIkIekBP6AW9Go/Gs/FmvE9bF4xiZg/9gfH5DRz8nIg=</latexit><latexit sha1_base64="NHuKVXLeno5h+mFgCVNWjq+L1GU=">AAACGnicbVDLSsNAFJ34rPUVdenmYhEqSklE0GXRjcsK9gFNCJPppB06eTAzEUvod7jxV9y4UMSduPFvnLRBtPXAwDnn3svce/yEM6ks68tYWFxaXlktrZXXNza3ts2d3ZaMU0Fok8Q8Fh0fS8pZRJuKKU47iaA49Dlt+8OrvN6+o0KyOLpVo4S6Ie5HLGAEK215pu2IQQweZGDBGI7hR9paVsEJsRr4gdb3Wp+AgiPPrFg1awKYJ3ZBKqhAwzM/nF5M0pBGinAsZde2EuVmWChGOB2XnVTSBJMh7tOuphEOqXSzyWljONROD4JY6BcpmLi/JzIcSjkKfd2Zrypna7n5X62bquDCzViUpIpGZPpRkHJQMeQ5QY8JShQfaYKJYHpXIAMsMFE6zbIOwZ49eZ60Tmu25jdnlfplEUcJ7aMDVEU2Okd1dI0aqIkIekBP6AW9Go/Gs/FmvE9bF4xiZg/9gfH5DRz8nIg=</latexit><latexit sha1_base64="NHuKVXLeno5h+mFgCVNWjq+L1GU=">AAACGnicbVDLSsNAFJ34rPUVdenmYhEqSklE0GXRjcsK9gFNCJPppB06eTAzEUvod7jxV9y4UMSduPFvnLRBtPXAwDnn3svce/yEM6ks68tYWFxaXlktrZXXNza3ts2d3ZaMU0Fok8Q8Fh0fS8pZRJuKKU47iaA49Dlt+8OrvN6+o0KyOLpVo4S6Ie5HLGAEK215pu2IQQweZGDBGI7hR9paVsEJsRr4gdb3Wp+AgiPPrFg1awKYJ3ZBKqhAwzM/nF5M0pBGinAsZde2EuVmWChGOB2XnVTSBJMh7tOuphEOqXSzyWljONROD4JY6BcpmLi/JzIcSjkKfd2Zrypna7n5X62bquDCzViUpIpGZPpRkHJQMeQ5QY8JShQfaYKJYHpXIAMsMFE6zbIOwZ49eZ60Tmu25jdnlfplEUcJ7aMDVEU2Okd1dI0aqIkIekBP6AW9Go/Gs/FmvE9bF4xiZg/9gfH5DRz8nIg=</latexit><latexit sha1_base64="NHuKVXLeno5h+mFgCVNWjq+L1GU=">AAACGnicbVDLSsNAFJ34rPUVdenmYhEqSklE0GXRjcsK9gFNCJPppB06eTAzEUvod7jxV9y4UMSduPFvnLRBtPXAwDnn3svce/yEM6ks68tYWFxaXlktrZXXNza3ts2d3ZaMU0Fok8Q8Fh0fS8pZRJuKKU47iaA49Dlt+8OrvN6+o0KyOLpVo4S6Ie5HLGAEK215pu2IQQweZGDBGI7hR9paVsEJsRr4gdb3Wp+AgiPPrFg1awKYJ3ZBKqhAwzM/nF5M0pBGinAsZde2EuVmWChGOB2XnVTSBJMh7tOuphEOqXSzyWljONROD4JY6BcpmLi/JzIcSjkKfd2Zrypna7n5X62bquDCzViUpIpGZPpRkHJQMeQ5QY8JShQfaYKJYHpXIAMsMFE6zbIOwZ49eZ60Tmu25jdnlfplEUcJ7aMDVEU2Okd1dI0aqIkIekBP6AW9Go/Gs/FmvE9bF4xiZg/9gfH5DRz8nIg=</latexit>

v1(x, t)
<latexit sha1_base64="AuEPiSeL6hNU3XI9VHCAakcUlJ0=">AAACDnicbZDLSsNAFIYn9VbrLerSzcFSqCAlEUGXRTcuK9gLtCFMppN26OTCzKRYQp7Aja/ixoUibl27822cthG09YeBj/+cw5zzezFnUlnWl1FYWV1b3yhulra2d3b3zP2DlowSQWiTRDwSHQ9LyllIm4opTjuxoDjwOG17o+tpvT2mQrIovFOTmDoBHoTMZwQrbblmpRdgNfT8dJyBCynYkEEVfsz7DE5BwYlrlq2aNRMsg51DGeVquOZnrx+RJKChIhxL2bWtWDkpFooRTrNSL5E0xmSEB7SrMcQBlU46OyeDinb64EdCv1DBzP09keJAykng6c7pnnKxNjX/q3UT5V86KQvjRNGQzD/yEw4qgmk20GeCEsUnGjARTO8KZIgFJkonWNIh2IsnL0PrrGZrvj0v16/yOIroCB2jKrLRBaqjG9RATUTQA3pCL+jVeDSejTfjfd5aMPKZQ/RHxsc3FOWaMA==</latexit><latexit sha1_base64="AuEPiSeL6hNU3XI9VHCAakcUlJ0=">AAACDnicbZDLSsNAFIYn9VbrLerSzcFSqCAlEUGXRTcuK9gLtCFMppN26OTCzKRYQp7Aja/ixoUibl27822cthG09YeBj/+cw5zzezFnUlnWl1FYWV1b3yhulra2d3b3zP2DlowSQWiTRDwSHQ9LyllIm4opTjuxoDjwOG17o+tpvT2mQrIovFOTmDoBHoTMZwQrbblmpRdgNfT8dJyBCynYkEEVfsz7DE5BwYlrlq2aNRMsg51DGeVquOZnrx+RJKChIhxL2bWtWDkpFooRTrNSL5E0xmSEB7SrMcQBlU46OyeDinb64EdCv1DBzP09keJAykng6c7pnnKxNjX/q3UT5V86KQvjRNGQzD/yEw4qgmk20GeCEsUnGjARTO8KZIgFJkonWNIh2IsnL0PrrGZrvj0v16/yOIroCB2jKrLRBaqjG9RATUTQA3pCL+jVeDSejTfjfd5aMPKZQ/RHxsc3FOWaMA==</latexit><latexit sha1_base64="AuEPiSeL6hNU3XI9VHCAakcUlJ0=">AAACDnicbZDLSsNAFIYn9VbrLerSzcFSqCAlEUGXRTcuK9gLtCFMppN26OTCzKRYQp7Aja/ixoUibl27822cthG09YeBj/+cw5zzezFnUlnWl1FYWV1b3yhulra2d3b3zP2DlowSQWiTRDwSHQ9LyllIm4opTjuxoDjwOG17o+tpvT2mQrIovFOTmDoBHoTMZwQrbblmpRdgNfT8dJyBCynYkEEVfsz7DE5BwYlrlq2aNRMsg51DGeVquOZnrx+RJKChIhxL2bWtWDkpFooRTrNSL5E0xmSEB7SrMcQBlU46OyeDinb64EdCv1DBzP09keJAykng6c7pnnKxNjX/q3UT5V86KQvjRNGQzD/yEw4qgmk20GeCEsUnGjARTO8KZIgFJkonWNIh2IsnL0PrrGZrvj0v16/yOIroCB2jKrLRBaqjG9RATUTQA3pCL+jVeDSejTfjfd5aMPKZQ/RHxsc3FOWaMA==</latexit><latexit sha1_base64="AuEPiSeL6hNU3XI9VHCAakcUlJ0=">AAACDnicbZDLSsNAFIYn9VbrLerSzcFSqCAlEUGXRTcuK9gLtCFMppN26OTCzKRYQp7Aja/ixoUibl27822cthG09YeBj/+cw5zzezFnUlnWl1FYWV1b3yhulra2d3b3zP2DlowSQWiTRDwSHQ9LyllIm4opTjuxoDjwOG17o+tpvT2mQrIovFOTmDoBHoTMZwQrbblmpRdgNfT8dJyBCynYkEEVfsz7DE5BwYlrlq2aNRMsg51DGeVquOZnrx+RJKChIhxL2bWtWDkpFooRTrNSL5E0xmSEB7SrMcQBlU46OyeDinb64EdCv1DBzP09keJAykng6c7pnnKxNjX/q3UT5V86KQvjRNGQzD/yEw4qgmk20GeCEsUnGjARTO8KZIgFJkonWNIh2IsnL0PrrGZrvj0v16/yOIroCB2jKrLRBaqjG9RATUTQA3pCL+jVeDSejTfjfd5aMPKZQ/RHxsc3FOWaMA==</latexit>

Perturbed

• Homogeneous, perfect process

(6.11)

(6.12)
Adiabatic

(6.8)
(6.13)

• From the Eq. of Continuity 

@⇢1
@t

+r · [(⇢0 + ⇢1)v1] = 0
<latexit sha1_base64="XZD6RFQNZnUELnKUVtEfqvGKGBs="></latexit><latexit sha1_base64="XZD6RFQNZnUELnKUVtEfqvGKGBs="></latexit><latexit sha1_base64="XZD6RFQNZnUELnKUVtEfqvGKGBs="></latexit><latexit sha1_base64="XZD6RFQNZnUELnKUVtEfqvGKGBs="></latexit>

Perturbed
(6.14)

@⇢1
@t

+ ⇢0r · v1 = 0
<latexit sha1_base64="7SjmGikTNSekP97dhXs/Q+PZhik="></latexit><latexit sha1_base64="7SjmGikTNSekP97dhXs/Q+PZhik="></latexit><latexit sha1_base64="7SjmGikTNSekP97dhXs/Q+PZhik="></latexit><latexit sha1_base64="7SjmGikTNSekP97dhXs/Q+PZhik="></latexit>

(6.15)

Linearization



(⇢0 + ⇢1)


@v1

@t
+ (v1 ·r)v1

�
= �rp1

<latexit sha1_base64="Sh5N5FoH5Ygg2dRL/AuPkB7P20o="></latexit><latexit sha1_base64="Sh5N5FoH5Ygg2dRL/AuPkB7P20o="></latexit><latexit sha1_base64="Sh5N5FoH5Ygg2dRL/AuPkB7P20o="></latexit><latexit sha1_base64="Sh5N5FoH5Ygg2dRL/AuPkB7P20o="></latexit>

⇢0
@v1

@t
= �c2sr⇢1

<latexit sha1_base64="eb3AgGfOS/WZYhjr+LWJkF33wlc="></latexit><latexit sha1_base64="eb3AgGfOS/WZYhjr+LWJkF33wlc="></latexit><latexit sha1_base64="eb3AgGfOS/WZYhjr+LWJkF33wlc="></latexit><latexit sha1_base64="eb3AgGfOS/WZYhjr+LWJkF33wlc="></latexit>

✓
@2

@t2
� c2sr2

◆
⇢1 = 0

<latexit sha1_base64="bPe/+XGV1PZ4/X8ZSx36g3yDM/4="></latexit><latexit sha1_base64="bPe/+XGV1PZ4/X8ZSx36g3yDM/4="></latexit><latexit sha1_base64="bPe/+XGV1PZ4/X8ZSx36g3yDM/4="></latexit><latexit sha1_base64="bPe/+XGV1PZ4/X8ZSx36g3yDM/4="></latexit>

@v

@t
+ (v ·r)v = �1

⇢
rp+ F

<latexit sha1_base64="xfcFifCxClBmWWbKeBiUEkEItY0="></latexit><latexit sha1_base64="xfcFifCxClBmWWbKeBiUEkEItY0="></latexit><latexit sha1_base64="xfcFifCxClBmWWbKeBiUEkEItY0="></latexit><latexit sha1_base64="xfcFifCxClBmWWbKeBiUEkEItY0="></latexit>

6.2 Acoustic waves
• From the Euler Eq.

Perturbed

F = 0
<latexit sha1_base64="Qc4HyHVRy9QFvPcvfEMMtiEPq38=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRkRdCMUBXFZwT6grSWTZtrQTGZI7ihl6H+4caGIW//FnX9jpp2Fth4IHM65l3ty/FgKg6777Swtr6yurRc2iptb2zu7pb39hokSzXidRTLSLZ8aLoXidRQoeSvWnIa+5E1/dJ35zUeujYjUPY5j3g3pQIlAMIpWeuiEFId+kN5MyCVxe6WyW3GnIIvEy0kZctR6pa9OP2JJyBUySY1pe26M3ZRqFEzySbGTGB5TNqID3rZU0ZCbbjpNPSHHVumTINL2KSRT9fdGSkNjxqFvJ7OUZt7LxP+8doLBRTcVKk6QKzY7FCSSYESyCkhfaM5Qji2hTAublbAh1ZShLapoS/Dmv7xIGqcVz/K7s3L1Kq+jAIdwBCfgwTlU4RZqUAcGGp7hFd6cJ+fFeXc+ZqNLTr5zAH/gfP4AXKGRvw==</latexit><latexit sha1_base64="Qc4HyHVRy9QFvPcvfEMMtiEPq38=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRkRdCMUBXFZwT6grSWTZtrQTGZI7ihl6H+4caGIW//FnX9jpp2Fth4IHM65l3ty/FgKg6777Swtr6yurRc2iptb2zu7pb39hokSzXidRTLSLZ8aLoXidRQoeSvWnIa+5E1/dJ35zUeujYjUPY5j3g3pQIlAMIpWeuiEFId+kN5MyCVxe6WyW3GnIIvEy0kZctR6pa9OP2JJyBUySY1pe26M3ZRqFEzySbGTGB5TNqID3rZU0ZCbbjpNPSHHVumTINL2KSRT9fdGSkNjxqFvJ7OUZt7LxP+8doLBRTcVKk6QKzY7FCSSYESyCkhfaM5Qji2hTAublbAh1ZShLapoS/Dmv7xIGqcVz/K7s3L1Kq+jAIdwBCfgwTlU4RZqUAcGGp7hFd6cJ+fFeXc+ZqNLTr5zAH/gfP4AXKGRvw==</latexit><latexit sha1_base64="Qc4HyHVRy9QFvPcvfEMMtiEPq38=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRkRdCMUBXFZwT6grSWTZtrQTGZI7ihl6H+4caGIW//FnX9jpp2Fth4IHM65l3ty/FgKg6777Swtr6yurRc2iptb2zu7pb39hokSzXidRTLSLZ8aLoXidRQoeSvWnIa+5E1/dJ35zUeujYjUPY5j3g3pQIlAMIpWeuiEFId+kN5MyCVxe6WyW3GnIIvEy0kZctR6pa9OP2JJyBUySY1pe26M3ZRqFEzySbGTGB5TNqID3rZU0ZCbbjpNPSHHVumTINL2KSRT9fdGSkNjxqFvJ7OUZt7LxP+8doLBRTcVKk6QKzY7FCSSYESyCkhfaM5Qji2hTAublbAh1ZShLapoS/Dmv7xIGqcVz/K7s3L1Kq+jAIdwBCfgwTlU4RZqUAcGGp7hFd6cJ+fFeXc+ZqNLTr5zAH/gfP4AXKGRvw==</latexit><latexit sha1_base64="Qc4HyHVRy9QFvPcvfEMMtiEPq38=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRkRdCMUBXFZwT6grSWTZtrQTGZI7ihl6H+4caGIW//FnX9jpp2Fth4IHM65l3ty/FgKg6777Swtr6yurRc2iptb2zu7pb39hokSzXidRTLSLZ8aLoXidRQoeSvWnIa+5E1/dJ35zUeujYjUPY5j3g3pQIlAMIpWeuiEFId+kN5MyCVxe6WyW3GnIIvEy0kZctR6pa9OP2JJyBUySY1pe26M3ZRqFEzySbGTGB5TNqID3rZU0ZCbbjpNPSHHVumTINL2KSRT9fdGSkNjxqFvJ7OUZt7LxP+8doLBRTcVKk6QKzY7FCSSYESyCkhfaM5Qji2hTAublbAh1ZShLapoS/Dmv7xIGqcVz/K7s3L1Kq+jAIdwBCfgwTlU4RZqUAcGGp7hFd6cJ+fFeXc+ZqNLTr5zAH/gfP4AXKGRvw==</latexit>

(6.16)

Linearization
(6.17)

(6.11)

• Eq. For acoustic wave

(6.18)
(6.15)

(6.17)



⇢1 = ⇢1,0 exp[i(k · x� !t)]
<latexit sha1_base64="hZEVC3rf1LIfMShc+AvHp4UByr8="></latexit><latexit sha1_base64="hZEVC3rf1LIfMShc+AvHp4UByr8="></latexit><latexit sha1_base64="hZEVC3rf1LIfMShc+AvHp4UByr8="></latexit><latexit sha1_base64="hZEVC3rf1LIfMShc+AvHp4UByr8="></latexit>

!2 = c2sk
2

<latexit sha1_base64="tIak16cTO+JSKYBUP1J/fq29h84=">AAACFXicbZDLSgMxFIYzXmu9jbp0EyyCCykzRdCNUHTjsoK9QDsOmTTThuYyJBmhDH0JN76KGxeKuBXc+Tam7RS09YfAx3/O4eT8UcKoNp737Swtr6yurRc2iptb2zu77t5+Q8tUYVLHkknVipAmjApSN9Qw0koUQTxipBkNrsf15gNRmkpxZ4YJCTjqCRpTjIy1Qve0IznpIXgPM1iBI3gJMQwta8szbzCj0C15ZW8iuAh+DiWQqxa6X52uxCknwmCGtG77XmKCDClDMSOjYifVJEF4gHqkbVEgTnSQTa4awWPrdGEslX3CwIn7eyJDXOshj2wnR6av52tj879aOzXxRZBRkaSGCDxdFKcMGgnHEcEuVQQbNrSAsKL2rxD3kULY2CCLNgR//uRFaFTKvuXbs1L1Ko+jAA7BETgBPjgHVXADaqAOMHgEz+AVvDlPzovz7nxMW5ecfOYA/JHz+QN0d5qV</latexit><latexit sha1_base64="tIak16cTO+JSKYBUP1J/fq29h84=">AAACFXicbZDLSgMxFIYzXmu9jbp0EyyCCykzRdCNUHTjsoK9QDsOmTTThuYyJBmhDH0JN76KGxeKuBXc+Tam7RS09YfAx3/O4eT8UcKoNp737Swtr6yurRc2iptb2zu77t5+Q8tUYVLHkknVipAmjApSN9Qw0koUQTxipBkNrsf15gNRmkpxZ4YJCTjqCRpTjIy1Qve0IznpIXgPM1iBI3gJMQwta8szbzCj0C15ZW8iuAh+DiWQqxa6X52uxCknwmCGtG77XmKCDClDMSOjYifVJEF4gHqkbVEgTnSQTa4awWPrdGEslX3CwIn7eyJDXOshj2wnR6av52tj879aOzXxRZBRkaSGCDxdFKcMGgnHEcEuVQQbNrSAsKL2rxD3kULY2CCLNgR//uRFaFTKvuXbs1L1Ko+jAA7BETgBPjgHVXADaqAOMHgEz+AVvDlPzovz7nxMW5ecfOYA/JHz+QN0d5qV</latexit><latexit sha1_base64="tIak16cTO+JSKYBUP1J/fq29h84=">AAACFXicbZDLSgMxFIYzXmu9jbp0EyyCCykzRdCNUHTjsoK9QDsOmTTThuYyJBmhDH0JN76KGxeKuBXc+Tam7RS09YfAx3/O4eT8UcKoNp737Swtr6yurRc2iptb2zu77t5+Q8tUYVLHkknVipAmjApSN9Qw0koUQTxipBkNrsf15gNRmkpxZ4YJCTjqCRpTjIy1Qve0IznpIXgPM1iBI3gJMQwta8szbzCj0C15ZW8iuAh+DiWQqxa6X52uxCknwmCGtG77XmKCDClDMSOjYifVJEF4gHqkbVEgTnSQTa4awWPrdGEslX3CwIn7eyJDXOshj2wnR6av52tj879aOzXxRZBRkaSGCDxdFKcMGgnHEcEuVQQbNrSAsKL2rxD3kULY2CCLNgR//uRFaFTKvuXbs1L1Ko+jAA7BETgBPjgHVXADaqAOMHgEz+AVvDlPzovz7nxMW5ecfOYA/JHz+QN0d5qV</latexit><latexit sha1_base64="tIak16cTO+JSKYBUP1J/fq29h84=">AAACFXicbZDLSgMxFIYzXmu9jbp0EyyCCykzRdCNUHTjsoK9QDsOmTTThuYyJBmhDH0JN76KGxeKuBXc+Tam7RS09YfAx3/O4eT8UcKoNp737Swtr6yurRc2iptb2zu77t5+Q8tUYVLHkknVipAmjApSN9Qw0koUQTxipBkNrsf15gNRmkpxZ4YJCTjqCRpTjIy1Qve0IznpIXgPM1iBI3gJMQwta8szbzCj0C15ZW8iuAh+DiWQqxa6X52uxCknwmCGtG77XmKCDClDMSOjYifVJEF4gHqkbVEgTnSQTa4awWPrdGEslX3CwIn7eyJDXOshj2wnR6av52tj879aOzXxRZBRkaSGCDxdFKcMGgnHEcEuVQQbNrSAsKL2rxD3kULY2CCLNgR//uRFaFTKvuXbs1L1Ko+jAA7BETgBPjgHVXADaqAOMHgEz+AVvDlPzovz7nxMW5ecfOYA/JHz+QN0d5qV</latexit>

vp =
!

k
, vg = rk!

<latexit sha1_base64="hsAgHf8xP5ZW+yTnOz1JpE9Et68="></latexit><latexit sha1_base64="hsAgHf8xP5ZW+yTnOz1JpE9Et68="></latexit><latexit sha1_base64="hsAgHf8xP5ZW+yTnOz1JpE9Et68="></latexit><latexit sha1_base64="hsAgHf8xP5ZW+yTnOz1JpE9Et68="></latexit>

6.2 Acoustic waves
• Fourier components & Dispersion Relation

Perturbation analysis is linear

Principle of superposition holds

Any perturbation Fourier Component

(6.19)

Typical

(6.20)

* Phase velocity & group velocity

(6.21)

Dispersion 
Relation



@

@t
(⇢vi) +

@Tij

@xj
= 0

<latexit sha1_base64="xfM/mdP4+QuC58KdRspc3ryrrEY="></latexit><latexit sha1_base64="xfM/mdP4+QuC58KdRspc3ryrrEY="></latexit><latexit sha1_base64="xfM/mdP4+QuC58KdRspc3ryrrEY="></latexit><latexit sha1_base64="xfM/mdP4+QuC58KdRspc3ryrrEY="></latexit>

Tij = p1�ij + ⇢vivj
<latexit sha1_base64="TpYxzF5f/0ItJ0YENjbv9gG/sEo=">AAACLHicbZDLSgMxFIYz9VbrrerSzcEiCEKZEUE3QrEblxV6g3YYMmnaxmYyQ5IplKEP5MZXEcSFRdz6HKbTWdTWA4Ev/38Oyfn9iDOlbXtm5TY2t7Z38ruFvf2Dw6Pi8UlThbEktEFCHsq2jxXlTNCGZprTdiQpDnxOW/6oOvdbYyoVC0VdTyLqBnggWJ8RrI3kFat18CABBs8whXuI0ptjuNujXOMl8wq6chjCOJOmGRnLK5bssp0WrIOTQQllVfOK791eSOKACk04Vqrj2JF2Eyw1I5xOC91Y0QiTER7QjkGBA6rcJF12ChdG6UE/lOYIDam6PJHgQKlJ4JvOAOuhWvXm4n9eJ9b9OzdhIoo1FWTxUD/moEOYJwc9JinRfGIAE8nMX4EMscREm3wLJgRndeV1aF6XHcNPN6XKQxZHHp2hc3SJHHSLKugR1VADEfSC3tAnmlmv1of1ZX0vWnNWNnOK/pT18wurd6Jp</latexit><latexit sha1_base64="TpYxzF5f/0ItJ0YENjbv9gG/sEo=">AAACLHicbZDLSgMxFIYz9VbrrerSzcEiCEKZEUE3QrEblxV6g3YYMmnaxmYyQ5IplKEP5MZXEcSFRdz6HKbTWdTWA4Ev/38Oyfn9iDOlbXtm5TY2t7Z38ruFvf2Dw6Pi8UlThbEktEFCHsq2jxXlTNCGZprTdiQpDnxOW/6oOvdbYyoVC0VdTyLqBnggWJ8RrI3kFat18CABBs8whXuI0ptjuNujXOMl8wq6chjCOJOmGRnLK5bssp0WrIOTQQllVfOK791eSOKACk04Vqrj2JF2Eyw1I5xOC91Y0QiTER7QjkGBA6rcJF12ChdG6UE/lOYIDam6PJHgQKlJ4JvOAOuhWvXm4n9eJ9b9OzdhIoo1FWTxUD/moEOYJwc9JinRfGIAE8nMX4EMscREm3wLJgRndeV1aF6XHcNPN6XKQxZHHp2hc3SJHHSLKugR1VADEfSC3tAnmlmv1of1ZX0vWnNWNnOK/pT18wurd6Jp</latexit><latexit sha1_base64="TpYxzF5f/0ItJ0YENjbv9gG/sEo=">AAACLHicbZDLSgMxFIYz9VbrrerSzcEiCEKZEUE3QrEblxV6g3YYMmnaxmYyQ5IplKEP5MZXEcSFRdz6HKbTWdTWA4Ev/38Oyfn9iDOlbXtm5TY2t7Z38ruFvf2Dw6Pi8UlThbEktEFCHsq2jxXlTNCGZprTdiQpDnxOW/6oOvdbYyoVC0VdTyLqBnggWJ8RrI3kFat18CABBs8whXuI0ptjuNujXOMl8wq6chjCOJOmGRnLK5bssp0WrIOTQQllVfOK791eSOKACk04Vqrj2JF2Eyw1I5xOC91Y0QiTER7QjkGBA6rcJF12ChdG6UE/lOYIDam6PJHgQKlJ4JvOAOuhWvXm4n9eJ9b9OzdhIoo1FWTxUD/moEOYJwc9JinRfGIAE8nMX4EMscREm3wLJgRndeV1aF6XHcNPN6XKQxZHHp2hc3SJHHSLKugR1VADEfSC3tAnmlmv1of1ZX0vWnNWNnOK/pT18wurd6Jp</latexit><latexit sha1_base64="TpYxzF5f/0ItJ0YENjbv9gG/sEo=">AAACLHicbZDLSgMxFIYz9VbrrerSzcEiCEKZEUE3QrEblxV6g3YYMmnaxmYyQ5IplKEP5MZXEcSFRdz6HKbTWdTWA4Ev/38Oyfn9iDOlbXtm5TY2t7Z38ruFvf2Dw6Pi8UlThbEktEFCHsq2jxXlTNCGZprTdiQpDnxOW/6oOvdbYyoVC0VdTyLqBnggWJ8RrI3kFat18CABBs8whXuI0ptjuNujXOMl8wq6chjCOJOmGRnLK5bssp0WrIOTQQllVfOK791eSOKACk04Vqrj2JF2Eyw1I5xOC91Y0QiTER7QjkGBA6rcJF12ChdG6UE/lOYIDam6PJHgQKlJ4JvOAOuhWvXm4n9eJ9b9OzdhIoo1FWTxUD/moEOYJwc9JinRfGIAE8nMX4EMscREm3wLJgRndeV1aF6XHcNPN6XKQxZHHp2hc3SJHHSLKugR1VADEfSC3tAnmlmv1of1ZX0vWnNWNnOK/pT18wurd6Jp</latexit>

Tij = c2s⇢1�ij +Qij
<latexit sha1_base64="/IUnYBRrleWw3CJr+OQ2KnbBiKE=">AAACNHicbZBdS8MwFIZTP+f8qnrpTXAIgjDaIeiNMPRG8GaDfcFWS5pmW1zalCQVRtmP8sYf4o0IXijirb/BtCs4Nw+EPOc955Cc14sYlcqyXo2l5ZXVtfXCRnFza3tn19zbb0keC0yamDMuOh6ShNGQNBVVjHQiQVDgMdL2Rtdpvf1AhKQ8bKhxRJwADULapxgpLbnmbQO6MIEU3sMJvIQ4y6TmO31X9N0TQ56Jdpr4hCk0M3EK67+Za5asspUFXAQ7hxLIo+aazz2f4zggocIMSdm1rUg5CRKKYkYmxV4sSYTwCA1IV2OIAiKdJFt6Ao+14sM+F/qECmbq7ESCAinHgac7A6SGcr6Wiv/VurHqXzgJDaNYkRBPH+rHDCoOUwehTwXBio01ICyo/ivEQyQQVtrnojbBnl95EVqVsq25flaqXuV2FMAhOAInwAbnoApuQA00AQaP4AW8gw/jyXgzPo2vaeuSkc8cgD9hfP8AMaikjA==</latexit><latexit sha1_base64="/IUnYBRrleWw3CJr+OQ2KnbBiKE=">AAACNHicbZBdS8MwFIZTP+f8qnrpTXAIgjDaIeiNMPRG8GaDfcFWS5pmW1zalCQVRtmP8sYf4o0IXijirb/BtCs4Nw+EPOc955Cc14sYlcqyXo2l5ZXVtfXCRnFza3tn19zbb0keC0yamDMuOh6ShNGQNBVVjHQiQVDgMdL2Rtdpvf1AhKQ8bKhxRJwADULapxgpLbnmbQO6MIEU3sMJvIQ4y6TmO31X9N0TQ56Jdpr4hCk0M3EK67+Za5asspUFXAQ7hxLIo+aazz2f4zggocIMSdm1rUg5CRKKYkYmxV4sSYTwCA1IV2OIAiKdJFt6Ao+14sM+F/qECmbq7ESCAinHgac7A6SGcr6Wiv/VurHqXzgJDaNYkRBPH+rHDCoOUwehTwXBio01ICyo/ivEQyQQVtrnojbBnl95EVqVsq25flaqXuV2FMAhOAInwAbnoApuQA00AQaP4AW8gw/jyXgzPo2vaeuSkc8cgD9hfP8AMaikjA==</latexit><latexit sha1_base64="/IUnYBRrleWw3CJr+OQ2KnbBiKE=">AAACNHicbZBdS8MwFIZTP+f8qnrpTXAIgjDaIeiNMPRG8GaDfcFWS5pmW1zalCQVRtmP8sYf4o0IXijirb/BtCs4Nw+EPOc955Cc14sYlcqyXo2l5ZXVtfXCRnFza3tn19zbb0keC0yamDMuOh6ShNGQNBVVjHQiQVDgMdL2Rtdpvf1AhKQ8bKhxRJwADULapxgpLbnmbQO6MIEU3sMJvIQ4y6TmO31X9N0TQ56Jdpr4hCk0M3EK67+Za5asspUFXAQ7hxLIo+aazz2f4zggocIMSdm1rUg5CRKKYkYmxV4sSYTwCA1IV2OIAiKdJFt6Ao+14sM+F/qECmbq7ESCAinHgac7A6SGcr6Wiv/VurHqXzgJDaNYkRBPH+rHDCoOUwehTwXBio01ICyo/ivEQyQQVtrnojbBnl95EVqVsq25flaqXuV2FMAhOAInwAbnoApuQA00AQaP4AW8gw/jyXgzPo2vaeuSkc8cgD9hfP8AMaikjA==</latexit><latexit sha1_base64="/IUnYBRrleWw3CJr+OQ2KnbBiKE=">AAACNHicbZBdS8MwFIZTP+f8qnrpTXAIgjDaIeiNMPRG8GaDfcFWS5pmW1zalCQVRtmP8sYf4o0IXijirb/BtCs4Nw+EPOc955Cc14sYlcqyXo2l5ZXVtfXCRnFza3tn19zbb0keC0yamDMuOh6ShNGQNBVVjHQiQVDgMdL2Rtdpvf1AhKQ8bKhxRJwADULapxgpLbnmbQO6MIEU3sMJvIQ4y6TmO31X9N0TQ56Jdpr4hCk0M3EK67+Za5asspUFXAQ7hxLIo+aazz2f4zggocIMSdm1rUg5CRKKYkYmxV4sSYTwCA1IV2OIAiKdJFt6Ao+14sM+F/qECmbq7ESCAinHgac7A6SGcr6Wiv/VurHqXzgJDaNYkRBPH+rHDCoOUwehTwXBio01ICyo/ivEQyQQVtrnojbBnl95EVqVsq25flaqXuV2FMAhOAInwAbnoApuQA00AQaP4AW8gw/jyXgzPo2vaeuSkc8cgD9hfP8AMaikjA==</latexit>
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<latexit sha1_base64="wIRx8P+VUd4z55TOLnqL1/+Vidg=">AAACJHicbZDLSsNAFIYn9VbrrerSzcEiCEJJRFAQoejGZYXeoA1hMp22YyeZMDMplJCHceOruHHhBRdufBanbRa19cDAx/+fw5nz+xFnStv2t5VbWV1b38hvFra2d3b3ivsHDSViSWidCC5ky8eKchbSumaa01YkKQ58Tpv+8G7iN0dUKibCmh5H1A1wP2Q9RrA2kle8roEHCTB4hBRuIIJOl3KN58Qz6MiBgFEmpRkZyyuW7LI9LVgGJ4MSyqrqFT86XUHigIaacKxU27Ej7SZYakY4TQudWNEIkyHu07bBEAdUucn0yBROjNKFnpDmhRqm6vxEggOlxoFvOgOsB2rRm4j/ee1Y967chIVRrGlIZot6MQctYJIYdJmkRPOxAUwkM38FMsASE21yLZgQnMWTl6FxXnYMP1yUKrdZHHl0hI7RKXLQJaqge1RFdUTQE3pBb+jderZerU/ra9aas7KZQ/SnrJ9f6tygEQ==</latexit><latexit sha1_base64="wIRx8P+VUd4z55TOLnqL1/+Vidg=">AAACJHicbZDLSsNAFIYn9VbrrerSzcEiCEJJRFAQoejGZYXeoA1hMp22YyeZMDMplJCHceOruHHhBRdufBanbRa19cDAx/+fw5nz+xFnStv2t5VbWV1b38hvFra2d3b3ivsHDSViSWidCC5ky8eKchbSumaa01YkKQ58Tpv+8G7iN0dUKibCmh5H1A1wP2Q9RrA2kle8roEHCTB4hBRuIIJOl3KN58Qz6MiBgFEmpRkZyyuW7LI9LVgGJ4MSyqrqFT86XUHigIaacKxU27Ej7SZYakY4TQudWNEIkyHu07bBEAdUucn0yBROjNKFnpDmhRqm6vxEggOlxoFvOgOsB2rRm4j/ee1Y967chIVRrGlIZot6MQctYJIYdJmkRPOxAUwkM38FMsASE21yLZgQnMWTl6FxXnYMP1yUKrdZHHl0hI7RKXLQJaqge1RFdUTQE3pBb+jderZerU/ra9aas7KZQ/SnrJ9f6tygEQ==</latexit><latexit sha1_base64="wIRx8P+VUd4z55TOLnqL1/+Vidg=">AAACJHicbZDLSsNAFIYn9VbrrerSzcEiCEJJRFAQoejGZYXeoA1hMp22YyeZMDMplJCHceOruHHhBRdufBanbRa19cDAx/+fw5nz+xFnStv2t5VbWV1b38hvFra2d3b3ivsHDSViSWidCC5ky8eKchbSumaa01YkKQ58Tpv+8G7iN0dUKibCmh5H1A1wP2Q9RrA2kle8roEHCTB4hBRuIIJOl3KN58Qz6MiBgFEmpRkZyyuW7LI9LVgGJ4MSyqrqFT86XUHigIaacKxU27Ej7SZYakY4TQudWNEIkyHu07bBEAdUucn0yBROjNKFnpDmhRqm6vxEggOlxoFvOgOsB2rRm4j/ee1Y967chIVRrGlIZot6MQctYJIYdJmkRPOxAUwkM38FMsASE21yLZgQnMWTl6FxXnYMP1yUKrdZHHl0hI7RKXLQJaqge1RFdUTQE3pBb+jderZerU/ra9aas7KZQ/SnrJ9f6tygEQ==</latexit><latexit sha1_base64="wIRx8P+VUd4z55TOLnqL1/+Vidg=">AAACJHicbZDLSsNAFIYn9VbrrerSzcEiCEJJRFAQoejGZYXeoA1hMp22YyeZMDMplJCHceOruHHhBRdufBanbRa19cDAx/+fw5nz+xFnStv2t5VbWV1b38hvFra2d3b3ivsHDSViSWidCC5ky8eKchbSumaa01YkKQ58Tpv+8G7iN0dUKibCmh5H1A1wP2Q9RrA2kle8roEHCTB4hBRuIIJOl3KN58Qz6MiBgFEmpRkZyyuW7LI9LVgGJ4MSyqrqFT86XUHigIaacKxU27Ej7SZYakY4TQudWNEIkyHu07bBEAdUucn0yBROjNKFnpDmhRqm6vxEggOlxoFvOgOsB2rRm4j/ee1Y967chIVRrGlIZot6MQctYJIYdJmkRPOxAUwkM38FMsASE21yLZgQnMWTl6FxXnYMP1yUKrdZHHl0hI7RKXLQJaqge1RFdUTQE3pBb+jderZerU/ra9aas7KZQ/SnrJ9f6tygEQ==</latexit>

6.3 Emission of acoustic waves

• Fluid velocities act as sources of acoustic waves
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<latexit sha1_base64="4xjFNCMkaXeWMZwiBGXUVy0Sqv0="></latexit><latexit sha1_base64="4xjFNCMkaXeWMZwiBGXUVy0Sqv0="></latexit><latexit sha1_base64="4xjFNCMkaXeWMZwiBGXUVy0Sqv0="></latexit><latexit sha1_base64="4xjFNCMkaXeWMZwiBGXUVy0Sqv0="></latexit>

⇢1(x, t) =
1

c23

Z
@2Qij (x0, t� |x� x0| /c3) /@x0

i@x
0
j

4⇡ |x� x0| dV 0

<latexit sha1_base64="dwwhkOBCE4/Fis0ppyb4zQQsNgk="></latexit><latexit sha1_base64="dwwhkOBCE4/Fis0ppyb4zQQsNgk="></latexit><latexit sha1_base64="dwwhkOBCE4/Fis0ppyb4zQQsNgk="></latexit><latexit sha1_base64="dwwhkOBCE4/Fis0ppyb4zQQsNgk="></latexit>
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<latexit sha1_base64="XgOoCYmCFL7+nTIoUI5UPFCChps=">AAACCHicbZDLSsNAFIZP6q3WW9SlCweL4KokIuiy6MZlBXuBJoTJdNIOnVyYmYglZOnGV3HjQhG3PoI738ZJG1Bbfxj4+M85M3N+P+FMKsv6MipLyyura9X12sbm1vaOubvXkXEqCG2TmMei52NJOYtoWzHFaS8RFIc+p11/fFXUu3dUSBZHt2qSUDfEw4gFjGClLc88dAKBCcqcBAvFMM9/EN17LPfMutWwpkKLYJdQh1Itz/x0BjFJQxopwrGUfdtKlJsVVxJO85qTSppgMsZD2tcY4ZBKN5sukqNj7QxQEAt9IoWm7u+JDIdSTkJfd4ZYjeR8rTD/q/VTFVy4GYuSVNGIzB4KUo5UjIpU0IAJShSfaMBEMP1XREZYJ6N0djUdgj2/8iJ0Thu25puzevOyjKMKB3AEJ2DDOTThGlrQBgIP8AQv8Go8Gs/Gm/E+a60Y5cw+/JHx8Q0My5n7</latexit><latexit sha1_base64="XgOoCYmCFL7+nTIoUI5UPFCChps=">AAACCHicbZDLSsNAFIZP6q3WW9SlCweL4KokIuiy6MZlBXuBJoTJdNIOnVyYmYglZOnGV3HjQhG3PoI738ZJG1Bbfxj4+M85M3N+P+FMKsv6MipLyyura9X12sbm1vaOubvXkXEqCG2TmMei52NJOYtoWzHFaS8RFIc+p11/fFXUu3dUSBZHt2qSUDfEw4gFjGClLc88dAKBCcqcBAvFMM9/EN17LPfMutWwpkKLYJdQh1Itz/x0BjFJQxopwrGUfdtKlJsVVxJO85qTSppgMsZD2tcY4ZBKN5sukqNj7QxQEAt9IoWm7u+JDIdSTkJfd4ZYjeR8rTD/q/VTFVy4GYuSVNGIzB4KUo5UjIpU0IAJShSfaMBEMP1XREZYJ6N0djUdgj2/8iJ0Thu25puzevOyjKMKB3AEJ2DDOTThGlrQBgIP8AQv8Go8Gs/Gm/E+a60Y5cw+/JHx8Q0My5n7</latexit><latexit sha1_base64="XgOoCYmCFL7+nTIoUI5UPFCChps=">AAACCHicbZDLSsNAFIZP6q3WW9SlCweL4KokIuiy6MZlBXuBJoTJdNIOnVyYmYglZOnGV3HjQhG3PoI738ZJG1Bbfxj4+M85M3N+P+FMKsv6MipLyyura9X12sbm1vaOubvXkXEqCG2TmMei52NJOYtoWzHFaS8RFIc+p11/fFXUu3dUSBZHt2qSUDfEw4gFjGClLc88dAKBCcqcBAvFMM9/EN17LPfMutWwpkKLYJdQh1Itz/x0BjFJQxopwrGUfdtKlJsVVxJO85qTSppgMsZD2tcY4ZBKN5sukqNj7QxQEAt9IoWm7u+JDIdSTkJfd4ZYjeR8rTD/q/VTFVy4GYuSVNGIzB4KUo5UjIpU0IAJShSfaMBEMP1XREZYJ6N0djUdgj2/8iJ0Thu25puzevOyjKMKB3AEJ2DDOTThGlrQBgIP8AQv8Go8Gs/Gm/E+a60Y5cw+/JHx8Q0My5n7</latexit><latexit sha1_base64="XgOoCYmCFL7+nTIoUI5UPFCChps=">AAACCHicbZDLSsNAFIZP6q3WW9SlCweL4KokIuiy6MZlBXuBJoTJdNIOnVyYmYglZOnGV3HjQhG3PoI738ZJG1Bbfxj4+M85M3N+P+FMKsv6MipLyyura9X12sbm1vaOubvXkXEqCG2TmMei52NJOYtoWzHFaS8RFIc+p11/fFXUu3dUSBZHt2qSUDfEw4gFjGClLc88dAKBCcqcBAvFMM9/EN17LPfMutWwpkKLYJdQh1Itz/x0BjFJQxopwrGUfdtKlJsVVxJO85qTSppgMsZD2tcY4ZBKN5sukqNj7QxQEAt9IoWm7u+JDIdSTkJfd4ZYjeR8rTD/q/VTFVy4GYuSVNGIzB4KUo5UjIpU0IAJShSfaMBEMP1XREZYJ6N0djUdgj2/8iJ0Thu25puzevOyjKMKB3AEJ2DDOTThGlrQBgIP8AQv8Go8Gs/Gm/E+a60Y5cw+/JHx8Q0My5n7</latexit>
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• Fluid velocities act as sources of acoustic waves
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<latexit sha1_base64="s+1TwhUrA4GC9LSU+w+6CtgVg+4="></latexit><latexit sha1_base64="s+1TwhUrA4GC9LSU+w+6CtgVg+4="></latexit><latexit sha1_base64="s+1TwhUrA4GC9LSU+w+6CtgVg+4="></latexit><latexit sha1_base64="s+1TwhUrA4GC9LSU+w+6CtgVg+4="></latexit>

Celebrated Inhomogeneous  
Wave Equation

Solution
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• Acoustic wave radiation type

Quadrupolar radiation

Fluid motion

Monopole radiation

Obj changing 
volume inside

Dipole radiation

Obj oscillation 
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6.3 Emission of acoustic waves
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<latexit sha1_base64="1XaUfCTh7rfhHoKYxb+JoSz4CQQ=">AAACYHichVFdS8MwFE07P+bcXKdv+hIcgiCMVgR9EYa++DjBfcBaRpqmW1j6QZLOjbI/6ZsPvvhLTLvq1AleCPfcc8/lJiduzKiQpvmq6aWt7Z3d8l5lv1o7qBuNw56IEo5JF0cs4gMXCcJoSLqSSkYGMScocBnpu9P7rN+fES5oFD7JRUycAI1D6lOMpKJGxrPtc4RhCj04g8s8S5Vv4Sdvx4hLiljR/ioz1cW/qrkq1xvm6w0jo2m2zDzgJrAK0ARFdEbGi+1FOAlIKDFDQgwtM5ZOmu3BjCwrdiJIjPAUjclQwRAFRDhpbtASninGg37E1QklzNnvEykKhFgErlIGSE7E715G/tUbJtK/cVIaxokkIV4t8hPlTgQzt6FHOcGSLRRAmFN1V4gnSPkh1Z9UlAnW7ydvgt5ly1L48arZvivsKIMTcArOgQWuQRs8gA7oAgzetJJW1Wrau17W63pjJdW1YuYI/Aj9+AMsY7Fi</latexit><latexit sha1_base64="1XaUfCTh7rfhHoKYxb+JoSz4CQQ=">AAACYHichVFdS8MwFE07P+bcXKdv+hIcgiCMVgR9EYa++DjBfcBaRpqmW1j6QZLOjbI/6ZsPvvhLTLvq1AleCPfcc8/lJiduzKiQpvmq6aWt7Z3d8l5lv1o7qBuNw56IEo5JF0cs4gMXCcJoSLqSSkYGMScocBnpu9P7rN+fES5oFD7JRUycAI1D6lOMpKJGxrPtc4RhCj04g8s8S5Vv4Sdvx4hLiljR/ioz1cW/qrkq1xvm6w0jo2m2zDzgJrAK0ARFdEbGi+1FOAlIKDFDQgwtM5ZOmu3BjCwrdiJIjPAUjclQwRAFRDhpbtASninGg37E1QklzNnvEykKhFgErlIGSE7E715G/tUbJtK/cVIaxokkIV4t8hPlTgQzt6FHOcGSLRRAmFN1V4gnSPkh1Z9UlAnW7ydvgt5ly1L48arZvivsKIMTcArOgQWuQRs8gA7oAgzetJJW1Wrau17W63pjJdW1YuYI/Aj9+AMsY7Fi</latexit><latexit sha1_base64="1XaUfCTh7rfhHoKYxb+JoSz4CQQ=">AAACYHichVFdS8MwFE07P+bcXKdv+hIcgiCMVgR9EYa++DjBfcBaRpqmW1j6QZLOjbI/6ZsPvvhLTLvq1AleCPfcc8/lJiduzKiQpvmq6aWt7Z3d8l5lv1o7qBuNw56IEo5JF0cs4gMXCcJoSLqSSkYGMScocBnpu9P7rN+fES5oFD7JRUycAI1D6lOMpKJGxrPtc4RhCj04g8s8S5Vv4Sdvx4hLiljR/ioz1cW/qrkq1xvm6w0jo2m2zDzgJrAK0ARFdEbGi+1FOAlIKDFDQgwtM5ZOmu3BjCwrdiJIjPAUjclQwRAFRDhpbtASninGg37E1QklzNnvEykKhFgErlIGSE7E715G/tUbJtK/cVIaxokkIV4t8hPlTgQzt6FHOcGSLRRAmFN1V4gnSPkh1Z9UlAnW7ydvgt5ly1L48arZvivsKIMTcArOgQWuQRs8gA7oAgzetJJW1Wrau17W63pjJdW1YuYI/Aj9+AMsY7Fi</latexit><latexit sha1_base64="1XaUfCTh7rfhHoKYxb+JoSz4CQQ=">AAACYHichVFdS8MwFE07P+bcXKdv+hIcgiCMVgR9EYa++DjBfcBaRpqmW1j6QZLOjbI/6ZsPvvhLTLvq1AleCPfcc8/lJiduzKiQpvmq6aWt7Z3d8l5lv1o7qBuNw56IEo5JF0cs4gMXCcJoSLqSSkYGMScocBnpu9P7rN+fES5oFD7JRUycAI1D6lOMpKJGxrPtc4RhCj04g8s8S5Vv4Sdvx4hLiljR/ioz1cW/qrkq1xvm6w0jo2m2zDzgJrAK0ARFdEbGi+1FOAlIKDFDQgwtM5ZOmu3BjCwrdiJIjPAUjclQwRAFRDhpbtASninGg37E1QklzNnvEykKhFgErlIGSE7E715G/tUbJtK/cVIaxokkIV4t8hPlTgQzt6FHOcGSLRRAmFN1V4gnSPkh1Z9UlAnW7ydvgt5ly1L48arZvivsKIMTcArOgQWuQRs8gA7oAgzetJJW1Wrau17W63pjJdW1YuYI/Aj9+AMsY7Fi</latexit>

6.4 Steepening into shock waves & Method of characteristic

• Purely longitudinal 1-D wave
Large wave amplitude

Euler Eq. (6.29)

(6.30)

Notice:

(6.32)
dv

dt
= 0

<latexit sha1_base64="W5Ck8L2pFL37lVdC/IXqRy1LnvU=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJCLoRim5cVrAPaEOZTCbt0MkkzEwKJdSNv+LGhSJu/Qt3/o3TNAttPTDcwzn3cuceP+FMacf5tkorq2vrG+XNytb2zu6evX/QUnEqCW2SmMey42NFORO0qZnmtJNIiiOf07Y/up357TGVisXiQU8S6kV4IFjICNZG6ttHvVBigjIUoDGa5lWbeu307apTc3KgZeIWpAoFGn37qxfEJI2o0IRjpbquk2gvw1Izwum00ksVTTAZ4QHtGipwRJWX5RdM0alRAhTG0jyhUa7+nshwpNQk8k1nhPVQLXoz8T+vm+rwysuYSFJNBZkvClOOdIxmcaCASUo0nxiCiWTmr4gMsYlEm9AqJgR38eRl0jqvuYbfX1TrN0UcZTiGEzgDFy6hDnfQgCYQeIRneIU368l6sd6tj3lrySpmDuEPrM8fLJSUwg==</latexit><latexit sha1_base64="W5Ck8L2pFL37lVdC/IXqRy1LnvU=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJCLoRim5cVrAPaEOZTCbt0MkkzEwKJdSNv+LGhSJu/Qt3/o3TNAttPTDcwzn3cuceP+FMacf5tkorq2vrG+XNytb2zu6evX/QUnEqCW2SmMey42NFORO0qZnmtJNIiiOf07Y/up357TGVisXiQU8S6kV4IFjICNZG6ttHvVBigjIUoDGa5lWbeu307apTc3KgZeIWpAoFGn37qxfEJI2o0IRjpbquk2gvw1Izwum00ksVTTAZ4QHtGipwRJWX5RdM0alRAhTG0jyhUa7+nshwpNQk8k1nhPVQLXoz8T+vm+rwysuYSFJNBZkvClOOdIxmcaCASUo0nxiCiWTmr4gMsYlEm9AqJgR38eRl0jqvuYbfX1TrN0UcZTiGEzgDFy6hDnfQgCYQeIRneIU368l6sd6tj3lrySpmDuEPrM8fLJSUwg==</latexit><latexit sha1_base64="W5Ck8L2pFL37lVdC/IXqRy1LnvU=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJCLoRim5cVrAPaEOZTCbt0MkkzEwKJdSNv+LGhSJu/Qt3/o3TNAttPTDcwzn3cuceP+FMacf5tkorq2vrG+XNytb2zu6evX/QUnEqCW2SmMey42NFORO0qZnmtJNIiiOf07Y/up357TGVisXiQU8S6kV4IFjICNZG6ttHvVBigjIUoDGa5lWbeu307apTc3KgZeIWpAoFGn37qxfEJI2o0IRjpbquk2gvw1Izwum00ksVTTAZ4QHtGipwRJWX5RdM0alRAhTG0jyhUa7+nshwpNQk8k1nhPVQLXoz8T+vm+rwysuYSFJNBZkvClOOdIxmcaCASUo0nxiCiWTmr4gMsYlEm9AqJgR38eRl0jqvuYbfX1TrN0UcZTiGEzgDFy6hDnfQgCYQeIRneIU368l6sd6tj3lrySpmDuEPrM8fLJSUwg==</latexit><latexit sha1_base64="W5Ck8L2pFL37lVdC/IXqRy1LnvU=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJCLoRim5cVrAPaEOZTCbt0MkkzEwKJdSNv+LGhSJu/Qt3/o3TNAttPTDcwzn3cuceP+FMacf5tkorq2vrG+XNytb2zu6evX/QUnEqCW2SmMey42NFORO0qZnmtJNIiiOf07Y/up357TGVisXiQU8S6kV4IFjICNZG6ttHvVBigjIUoDGa5lWbeu307apTc3KgZeIWpAoFGn37qxfEJI2o0IRjpbquk2gvw1Izwum00ksVTTAZ4QHtGipwRJWX5RdM0alRAhTG0jyhUa7+nshwpNQk8k1nhPVQLXoz8T+vm+rwysuYSFJNBZkvClOOdIxmcaCASUo0nxiCiWTmr4gMsYlEm9AqJgR38eRl0jqvuYbfX1TrN0UcZTiGEzgDFy6hDnfQgCYQeIRneIU368l6sd6tj3lrySpmDuEPrM8fLJSUwg==</latexit>

Characteristic Curves 

Method of Characteristics
Hyperbolic 

PDE ODE

Steeper -> Shock


