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Applications 
Perfect Fermi gas

Consider a gas of N electrons in a cubic box of side L at a temperature T 

Treating this system like the ideal gas we have
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~2k2
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Further each electron can be in one of two spin states � = +1/2,�1/2
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<latexit sha1_base64="4+q1BMflBwaizFJJgsYyRj8HxDo="></latexit><latexit sha1_base64="4+q1BMflBwaizFJJgsYyRj8HxDo="></latexit><latexit sha1_base64="4+q1BMflBwaizFJJgsYyRj8HxDo="></latexit><latexit sha1_base64="4+q1BMflBwaizFJJgsYyRj8HxDo="></latexit>

 Therefore, the average number of electrons in the system is

N =
X
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⇣
1 + e��(µ�✏(~k))

⌘�1
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✓
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⇣
1 + e��(µ�✏(~k))

⌘�1

<latexit sha1_base64="+woUmMD5neTovDBJpHo6+YAkPGY="></latexit><latexit sha1_base64="+woUmMD5neTovDBJpHo6+YAkPGY="></latexit><latexit sha1_base64="+woUmMD5neTovDBJpHo6+YAkPGY="></latexit><latexit sha1_base64="+woUmMD5neTovDBJpHo6+YAkPGY="></latexit>



Applications 
Perfect Fermi gas

Transforming the integral to energy as a continuous variable and using the 
density of states

g(✏) = 4⇡

✓
2m
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◆ 3
2

V ✏
1
2

<latexit sha1_base64="gWAgSt6JjIBJz/zxztru1yFw2Dc="></latexit><latexit sha1_base64="gWAgSt6JjIBJz/zxztru1yFw2Dc="></latexit><latexit sha1_base64="gWAgSt6JjIBJz/zxztru1yFw2Dc="></latexit><latexit sha1_base64="gWAgSt6JjIBJz/zxztru1yFw2Dc="></latexit>

N = 2

1Z

0

d✏ g(✏)
⇣
1 + e��(µ�✏)

⌘�1

<latexit sha1_base64="MaPxHPOyH/P9QC1OJE7CoAUuKII="></latexit><latexit sha1_base64="MaPxHPOyH/P9QC1OJE7CoAUuKII="></latexit><latexit sha1_base64="MaPxHPOyH/P9QC1OJE7CoAUuKII="></latexit><latexit sha1_base64="MaPxHPOyH/P9QC1OJE7CoAUuKII="></latexit>

f(✏) =
1

1 + e��(µ�✏)
<latexit sha1_base64="p9tEt1UbATzZl9UMaXFoWXI4xl8=">AAACG3icbVDLSgMxFM3UV62vqks3wSJUpGWmCLoRim5cVrAP6NSSSe+0oZnMkGSEMsx/uPFX3LhQxJXgwr8xfSDaeiBwOOdcbu7xIs6Utu0vK7O0vLK6ll3PbWxube/kd/caKowlhToNeShbHlHAmYC6ZppDK5JAAo9D0xtejf3mPUjFQnGrRxF0AtIXzGeUaCN18xW/6EKkGA/FMb7Ari8JTZw0cU7gLim5HmhSdIO49BNK026+YJftCfAicWakgGaodfMfbi+kcQBCU06Uajt2pDsJkZpRDmnOjRVEhA5JH9qGChKA6iST21J8ZJQe9kNpntB4ov6eSEig1CjwTDIgeqDmvbH4n9eOtX/eSZiIYg2CThf5Mcc6xOOicI9JoJqPDCFUMvNXTAfE1KNNnTlTgjN/8iJpVMqOXXZuTgvVy1kdWXSADlEROegMVdE1qqE6ougBPaEX9Go9Ws/Wm/U+jWas2cw++gPr8xujY6CQ</latexit><latexit sha1_base64="p9tEt1UbATzZl9UMaXFoWXI4xl8=">AAACG3icbVDLSgMxFM3UV62vqks3wSJUpGWmCLoRim5cVrAP6NSSSe+0oZnMkGSEMsx/uPFX3LhQxJXgwr8xfSDaeiBwOOdcbu7xIs6Utu0vK7O0vLK6ll3PbWxube/kd/caKowlhToNeShbHlHAmYC6ZppDK5JAAo9D0xtejf3mPUjFQnGrRxF0AtIXzGeUaCN18xW/6EKkGA/FMb7Ari8JTZw0cU7gLim5HmhSdIO49BNK026+YJftCfAicWakgGaodfMfbi+kcQBCU06Uajt2pDsJkZpRDmnOjRVEhA5JH9qGChKA6iST21J8ZJQe9kNpntB4ov6eSEig1CjwTDIgeqDmvbH4n9eOtX/eSZiIYg2CThf5Mcc6xOOicI9JoJqPDCFUMvNXTAfE1KNNnTlTgjN/8iJpVMqOXXZuTgvVy1kdWXSADlEROegMVdE1qqE6ougBPaEX9Go9Ws/Wm/U+jWas2cw++gPr8xujY6CQ</latexit><latexit sha1_base64="p9tEt1UbATzZl9UMaXFoWXI4xl8=">AAACG3icbVDLSgMxFM3UV62vqks3wSJUpGWmCLoRim5cVrAP6NSSSe+0oZnMkGSEMsx/uPFX3LhQxJXgwr8xfSDaeiBwOOdcbu7xIs6Utu0vK7O0vLK6ll3PbWxube/kd/caKowlhToNeShbHlHAmYC6ZppDK5JAAo9D0xtejf3mPUjFQnGrRxF0AtIXzGeUaCN18xW/6EKkGA/FMb7Ari8JTZw0cU7gLim5HmhSdIO49BNK026+YJftCfAicWakgGaodfMfbi+kcQBCU06Uajt2pDsJkZpRDmnOjRVEhA5JH9qGChKA6iST21J8ZJQe9kNpntB4ov6eSEig1CjwTDIgeqDmvbH4n9eOtX/eSZiIYg2CThf5Mcc6xOOicI9JoJqPDCFUMvNXTAfE1KNNnTlTgjN/8iJpVMqOXXZuTgvVy1kdWXSADlEROegMVdE1qqE6ougBPaEX9Go9Ws/Wm/U+jWas2cw++gPr8xujY6CQ</latexit><latexit sha1_base64="p9tEt1UbATzZl9UMaXFoWXI4xl8=">AAACG3icbVDLSgMxFM3UV62vqks3wSJUpGWmCLoRim5cVrAP6NSSSe+0oZnMkGSEMsx/uPFX3LhQxJXgwr8xfSDaeiBwOOdcbu7xIs6Utu0vK7O0vLK6ll3PbWxube/kd/caKowlhToNeShbHlHAmYC6ZppDK5JAAo9D0xtejf3mPUjFQnGrRxF0AtIXzGeUaCN18xW/6EKkGA/FMb7Ari8JTZw0cU7gLim5HmhSdIO49BNK026+YJftCfAicWakgGaodfMfbi+kcQBCU06Uajt2pDsJkZpRDmnOjRVEhA5JH9qGChKA6iST21J8ZJQe9kNpntB4ov6eSEig1CjwTDIgeqDmvbH4n9eOtX/eSZiIYg2CThf5Mcc6xOOicI9JoJqPDCFUMvNXTAfE1KNNnTlTgjN/8iJpVMqOXXZuTgvVy1kdWXSADlEROegMVdE1qqE6ougBPaEX9Go9Ws/Wm/U+jWas2cw++gPr8xujY6CQ</latexit>

Fermi-Dirac distribution function

f(✏)
<latexit sha1_base64="RK2bnIa5llUzWm3RWh/9vpsuji0=">AAAB8nicbVBNS8NAEN34WetX1aOXYBHqpSQi6LHoxWMF+wFpKJvtpF262Q27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36Hnfztr6xubWdmmnvLu3f3BYOTpuG5VpBi2mhNLdiBoQXEILOQrophpoEgnoROO7md95Am24ko84SSFM6FDymDOKVgriWg9Sw4WSF/1K1at7c7irxC9IlRRo9itfvYFiWQISmaDGBL6XYphTjZwJmJZ7mYGUsjEdQmCppAmYMJ+fPHXPrTJwY6VtSXTn6u+JnCbGTJLIdiYUR2bZm4n/eUGG8U2Yc5lmCJItFsWZcFG5s//dAdfAUEwsoUxze6vLRlRThjalsg3BX355lbQv675X9x+uqo3bIo4SOSVnpEZ8ck0a5J40SYswosgzeSVvDjovzrvzsWhdc4qZE/IHzucP2dKQ9Q==</latexit><latexit sha1_base64="RK2bnIa5llUzWm3RWh/9vpsuji0=">AAAB8nicbVBNS8NAEN34WetX1aOXYBHqpSQi6LHoxWMF+wFpKJvtpF262Q27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36Hnfztr6xubWdmmnvLu3f3BYOTpuG5VpBi2mhNLdiBoQXEILOQrophpoEgnoROO7md95Am24ko84SSFM6FDymDOKVgriWg9Sw4WSF/1K1at7c7irxC9IlRRo9itfvYFiWQISmaDGBL6XYphTjZwJmJZ7mYGUsjEdQmCppAmYMJ+fPHXPrTJwY6VtSXTn6u+JnCbGTJLIdiYUR2bZm4n/eUGG8U2Yc5lmCJItFsWZcFG5s//dAdfAUEwsoUxze6vLRlRThjalsg3BX355lbQv675X9x+uqo3bIo4SOSVnpEZ8ck0a5J40SYswosgzeSVvDjovzrvzsWhdc4qZE/IHzucP2dKQ9Q==</latexit><latexit sha1_base64="RK2bnIa5llUzWm3RWh/9vpsuji0=">AAAB8nicbVBNS8NAEN34WetX1aOXYBHqpSQi6LHoxWMF+wFpKJvtpF262Q27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36Hnfztr6xubWdmmnvLu3f3BYOTpuG5VpBi2mhNLdiBoQXEILOQrophpoEgnoROO7md95Am24ko84SSFM6FDymDOKVgriWg9Sw4WSF/1K1at7c7irxC9IlRRo9itfvYFiWQISmaDGBL6XYphTjZwJmJZ7mYGUsjEdQmCppAmYMJ+fPHXPrTJwY6VtSXTn6u+JnCbGTJLIdiYUR2bZm4n/eUGG8U2Yc5lmCJItFsWZcFG5s//dAdfAUEwsoUxze6vLRlRThjalsg3BX355lbQv675X9x+uqo3bIo4SOSVnpEZ8ck0a5J40SYswosgzeSVvDjovzrvzsWhdc4qZE/IHzucP2dKQ9Q==</latexit><latexit sha1_base64="RK2bnIa5llUzWm3RWh/9vpsuji0=">AAAB8nicbVBNS8NAEN34WetX1aOXYBHqpSQi6LHoxWMF+wFpKJvtpF262Q27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36Hnfztr6xubWdmmnvLu3f3BYOTpuG5VpBi2mhNLdiBoQXEILOQrophpoEgnoROO7md95Am24ko84SSFM6FDymDOKVgriWg9Sw4WSF/1K1at7c7irxC9IlRRo9itfvYFiWQISmaDGBL6XYphTjZwJmJZ7mYGUsjEdQmCppAmYMJ+fPHXPrTJwY6VtSXTn6u+JnCbGTJLIdiYUR2bZm4n/eUGG8U2Yc5lmCJItFsWZcFG5s//dAdfAUEwsoUxze6vLRlRThjalsg3BX355lbQv675X9x+uqo3bIo4SOSVnpEZ8ck0a5J40SYswosgzeSVvDjovzrvzsWhdc4qZE/IHzucP2dKQ9Q==</latexit>

✏/µ
<latexit sha1_base64="jj3T3d+1UROiT3SaKptugzCAG/Q=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4ijMi6DHoxWMEs0BmCD2dnqRJb/QihCG/4cWDIl79GW/+jZ1kDpr4oODxXhVV9VLFqLFh+B2U1tY3NrfK25Wd3b39g+rhUdtIpzFpYcmk7qbIEEYFaVlqGekqTRBPGemk47uZ33ki2lApHu1EkYSjoaAZxch6KY6JMpRJcRFz16/Wwno4B1wlUUFqoECzX/2KBxI7ToTFDBnTi0JlkxxpSzEj00rsDFEIj9GQ9DwViBOT5PObp/DMKwOYSe1LWDhXf0/kiBsz4anv5MiOzLI3E//zes5mN0lOhXKWCLxYlDkGrYSzAOCAaoItm3iCsKb+VohHSCNsfUwVH0K0/PIqaV/Wo7AePVzVGrdFHGVwAk7BOYjANWiAe9AELYCBAs/gFbwFLngJ3oOPRWspKGaOwR8Enz8ZEJG1</latexit><latexit sha1_base64="jj3T3d+1UROiT3SaKptugzCAG/Q=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4ijMi6DHoxWMEs0BmCD2dnqRJb/QihCG/4cWDIl79GW/+jZ1kDpr4oODxXhVV9VLFqLFh+B2U1tY3NrfK25Wd3b39g+rhUdtIpzFpYcmk7qbIEEYFaVlqGekqTRBPGemk47uZ33ki2lApHu1EkYSjoaAZxch6KY6JMpRJcRFz16/Wwno4B1wlUUFqoECzX/2KBxI7ToTFDBnTi0JlkxxpSzEj00rsDFEIj9GQ9DwViBOT5PObp/DMKwOYSe1LWDhXf0/kiBsz4anv5MiOzLI3E//zes5mN0lOhXKWCLxYlDkGrYSzAOCAaoItm3iCsKb+VohHSCNsfUwVH0K0/PIqaV/Wo7AePVzVGrdFHGVwAk7BOYjANWiAe9AELYCBAs/gFbwFLngJ3oOPRWspKGaOwR8Enz8ZEJG1</latexit><latexit sha1_base64="jj3T3d+1UROiT3SaKptugzCAG/Q=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4ijMi6DHoxWMEs0BmCD2dnqRJb/QihCG/4cWDIl79GW/+jZ1kDpr4oODxXhVV9VLFqLFh+B2U1tY3NrfK25Wd3b39g+rhUdtIpzFpYcmk7qbIEEYFaVlqGekqTRBPGemk47uZ33ki2lApHu1EkYSjoaAZxch6KY6JMpRJcRFz16/Wwno4B1wlUUFqoECzX/2KBxI7ToTFDBnTi0JlkxxpSzEj00rsDFEIj9GQ9DwViBOT5PObp/DMKwOYSe1LWDhXf0/kiBsz4anv5MiOzLI3E//zes5mN0lOhXKWCLxYlDkGrYSzAOCAaoItm3iCsKb+VohHSCNsfUwVH0K0/PIqaV/Wo7AePVzVGrdFHGVwAk7BOYjANWiAe9AELYCBAs/gFbwFLngJ3oOPRWspKGaOwR8Enz8ZEJG1</latexit><latexit sha1_base64="jj3T3d+1UROiT3SaKptugzCAG/Q=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4ijMi6DHoxWMEs0BmCD2dnqRJb/QihCG/4cWDIl79GW/+jZ1kDpr4oODxXhVV9VLFqLFh+B2U1tY3NrfK25Wd3b39g+rhUdtIpzFpYcmk7qbIEEYFaVlqGekqTRBPGemk47uZ33ki2lApHu1EkYSjoaAZxch6KY6JMpRJcRFz16/Wwno4B1wlUUFqoECzX/2KBxI7ToTFDBnTi0JlkxxpSzEj00rsDFEIj9GQ9DwViBOT5PObp/DMKwOYSe1LWDhXf0/kiBsz4anv5MiOzLI3E//zes5mN0lOhXKWCLxYlDkGrYSzAOCAaoItm3iCsKb+VohHSCNsfUwVH0K0/PIqaV/Wo7AePVzVGrdFHGVwAk7BOYjANWiAe9AELYCBAs/gFbwFLngJ3oOPRWspKGaOwR8Enz8ZEJG1</latexit>
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f(x)
g(x)

�µ = 10
<latexit sha1_base64="WuEKEXh+8/tgWHK1VulArHSDHq8=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2AJpTNdtIu3Wzi7qRQSn+HFw+KePXHePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6ewtr6xuVXcLu3s7u0flA+PmibJNIcGT2Si2yEzIIWCBgqU0E41sDiU0AqHdzO/NQJtRKIecZxCELO+EpHgDK0U+CEg8+OM3lDP7ZYrbtWdg64SLycVkqPeLX/5vYRnMSjkkhnT8dwUgwnTKLiEacnPDKSMD1kfOpYqFoMJJvOjp/TMKj0aJdqWQjpXf09MWGzMOA5tZ8xwYJa9mfif18kwug4mQqUZguKLRVEmKSZ0lgDtCQ0c5dgSxrWwt1I+YJpxtDmVbAje8surpHlR9dyq93BZqd3mcRTJCTkl58QjV6RG7kmdNAgnT+SZvJI3Z+S8OO/Ox6K14OQzx+QPnM8fNuyREA==</latexit><latexit sha1_base64="WuEKEXh+8/tgWHK1VulArHSDHq8=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2AJpTNdtIu3Wzi7qRQSn+HFw+KePXHePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6ewtr6xuVXcLu3s7u0flA+PmibJNIcGT2Si2yEzIIWCBgqU0E41sDiU0AqHdzO/NQJtRKIecZxCELO+EpHgDK0U+CEg8+OM3lDP7ZYrbtWdg64SLycVkqPeLX/5vYRnMSjkkhnT8dwUgwnTKLiEacnPDKSMD1kfOpYqFoMJJvOjp/TMKj0aJdqWQjpXf09MWGzMOA5tZ8xwYJa9mfif18kwug4mQqUZguKLRVEmKSZ0lgDtCQ0c5dgSxrWwt1I+YJpxtDmVbAje8surpHlR9dyq93BZqd3mcRTJCTkl58QjV6RG7kmdNAgnT+SZvJI3Z+S8OO/Ox6K14OQzx+QPnM8fNuyREA==</latexit><latexit sha1_base64="WuEKEXh+8/tgWHK1VulArHSDHq8=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2AJpTNdtIu3Wzi7qRQSn+HFw+KePXHePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6ewtr6xuVXcLu3s7u0flA+PmibJNIcGT2Si2yEzIIWCBgqU0E41sDiU0AqHdzO/NQJtRKIecZxCELO+EpHgDK0U+CEg8+OM3lDP7ZYrbtWdg64SLycVkqPeLX/5vYRnMSjkkhnT8dwUgwnTKLiEacnPDKSMD1kfOpYqFoMJJvOjp/TMKj0aJdqWQjpXf09MWGzMOA5tZ8xwYJa9mfif18kwug4mQqUZguKLRVEmKSZ0lgDtCQ0c5dgSxrWwt1I+YJpxtDmVbAje8surpHlR9dyq93BZqd3mcRTJCTkl58QjV6RG7kmdNAgnT+SZvJI3Z+S8OO/Ox6K14OQzx+QPnM8fNuyREA==</latexit><latexit sha1_base64="WuEKEXh+8/tgWHK1VulArHSDHq8=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2AJpTNdtIu3Wzi7qRQSn+HFw+KePXHePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6ewtr6xuVXcLu3s7u0flA+PmibJNIcGT2Si2yEzIIWCBgqU0E41sDiU0AqHdzO/NQJtRKIecZxCELO+EpHgDK0U+CEg8+OM3lDP7ZYrbtWdg64SLycVkqPeLX/5vYRnMSjkkhnT8dwUgwnTKLiEacnPDKSMD1kfOpYqFoMJJvOjp/TMKj0aJdqWQjpXf09MWGzMOA5tZ8xwYJa9mfif18kwug4mQqUZguKLRVEmKSZ0lgDtCQ0c5dgSxrWwt1I+YJpxtDmVbAje8surpHlR9dyq93BZqd3mcRTJCTkl58QjV6RG7kmdNAgnT+SZvJI3Z+S8OO/Ox6K14OQzx+QPnM8fNuyREA==</latexit>

�µ = 1000
<latexit sha1_base64="5Eup5qsy7MMOZvPUbx+8AetEAgM=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyyCq5IRQTdC0Y3LCvYBnaFk0kwbmmSGPIQ69EvcuFDErZ/izr8xbWehrQcuHM65l3vviTPOtEHo2yutrW9sbpW3Kzu7e/tV/+CwrVOrCG2RlKeqG2NNOZO0ZZjhtJspikXMaSce3878ziNVmqXywUwyGgk8lCxhBBsn9f1qGFODQ2HhNQwQQn2/hupoDrhKgoLUQIFm3/8KBymxgkpDONa6F6DMRDlWhhFOp5XQapphMsZD2nNUYkF1lM8Pn8JTpwxgkipX0sC5+nsix0LriYhdp8BmpJe9mfif17MmuYpyJjNrqCSLRYnl0KRwlgIcMEWJ4RNHMFHM3QrJCCtMjMuq4kIIll9eJe3zeoDqwf1FrXFTxFEGx+AEnIEAXIIGuANN0AIEWPAMXsGb9+S9eO/ex6K15BUzR+APvM8fkoKRtQ==</latexit><latexit sha1_base64="5Eup5qsy7MMOZvPUbx+8AetEAgM=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyyCq5IRQTdC0Y3LCvYBnaFk0kwbmmSGPIQ69EvcuFDErZ/izr8xbWehrQcuHM65l3vviTPOtEHo2yutrW9sbpW3Kzu7e/tV/+CwrVOrCG2RlKeqG2NNOZO0ZZjhtJspikXMaSce3878ziNVmqXywUwyGgk8lCxhBBsn9f1qGFODQ2HhNQwQQn2/hupoDrhKgoLUQIFm3/8KBymxgkpDONa6F6DMRDlWhhFOp5XQapphMsZD2nNUYkF1lM8Pn8JTpwxgkipX0sC5+nsix0LriYhdp8BmpJe9mfif17MmuYpyJjNrqCSLRYnl0KRwlgIcMEWJ4RNHMFHM3QrJCCtMjMuq4kIIll9eJe3zeoDqwf1FrXFTxFEGx+AEnIEAXIIGuANN0AIEWPAMXsGb9+S9eO/ex6K15BUzR+APvM8fkoKRtQ==</latexit><latexit sha1_base64="5Eup5qsy7MMOZvPUbx+8AetEAgM=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyyCq5IRQTdC0Y3LCvYBnaFk0kwbmmSGPIQ69EvcuFDErZ/izr8xbWehrQcuHM65l3vviTPOtEHo2yutrW9sbpW3Kzu7e/tV/+CwrVOrCG2RlKeqG2NNOZO0ZZjhtJspikXMaSce3878ziNVmqXywUwyGgk8lCxhBBsn9f1qGFODQ2HhNQwQQn2/hupoDrhKgoLUQIFm3/8KBymxgkpDONa6F6DMRDlWhhFOp5XQapphMsZD2nNUYkF1lM8Pn8JTpwxgkipX0sC5+nsix0LriYhdp8BmpJe9mfif17MmuYpyJjNrqCSLRYnl0KRwlgIcMEWJ4RNHMFHM3QrJCCtMjMuq4kIIll9eJe3zeoDqwf1FrXFTxFEGx+AEnIEAXIIGuANN0AIEWPAMXsGb9+S9eO/ex6K15BUzR+APvM8fkoKRtQ==</latexit><latexit sha1_base64="5Eup5qsy7MMOZvPUbx+8AetEAgM=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyyCq5IRQTdC0Y3LCvYBnaFk0kwbmmSGPIQ69EvcuFDErZ/izr8xbWehrQcuHM65l3vviTPOtEHo2yutrW9sbpW3Kzu7e/tV/+CwrVOrCG2RlKeqG2NNOZO0ZZjhtJspikXMaSce3878ziNVmqXywUwyGgk8lCxhBBsn9f1qGFODQ2HhNQwQQn2/hupoDrhKgoLUQIFm3/8KBymxgkpDONa6F6DMRDlWhhFOp5XQapphMsZD2nNUYkF1lM8Pn8JTpwxgkipX0sC5+nsix0LriYhdp8BmpJe9mfif17MmuYpyJjNrqCSLRYnl0KRwlgIcMEWJ4RNHMFHM3QrJCCtMjMuq4kIIll9eJe3zeoDqwf1FrXFTxFEGx+AEnIEAXIIGuANN0AIEWPAMXsGb9+S9eO/ex6K15BUzR+APvM8fkoKRtQ==</latexit>



Applications 
Perfect Fermi gas

For T -> 0 all states below a certain energy     are occupied while others are 
vacant

N =

µ0Z

0

d✏ g(✏)

<latexit sha1_base64="rwiq0K+u0hJBenmbANnu96r4mZU=">AAACJHicbVDJSgNBFOxxjXGLevTSGAS9hBkRFEQIevEkEYwKmXHo6enExl6G7jdCGOK/ePFXvHhwwYMXv8XOIrgVNBRVr3j9KskEt+D7797Y+MTk1HRppjw7N7+wWFlaPrM6N5Q1qRbaXCTEMsEVawIHwS4yw4hMBDtPrg/7/vkNM5ZrdQrdjEWSdBRvc0rASXFlL9TO7qeL4x7exyFXEAouOdjYvyxCmcd+D6chyywXWt12Nr7oJo4rVb/mD4D/kmBEqmiERlx5CVNNc8kUUEGsbQV+BlFBDHAqWK8c5pZlhF6TDms5qohkNioGR/bwulNS3NbGPQV4oH5PFERa25WJm5QEruxvry/+57VyaO9GBVdZDkzR4aJ2LjBo3G8Mp9wwCqLrCKGGu79iekUMoeB6LbsSgt8n/yVnW7XArwUn29X6waiOElpFa2gDBWgH1dERaqAmougOPaAn9Ozde4/eq/c2HB3zRpkV9APexyd50aVJ</latexit><latexit sha1_base64="rwiq0K+u0hJBenmbANnu96r4mZU=">AAACJHicbVDJSgNBFOxxjXGLevTSGAS9hBkRFEQIevEkEYwKmXHo6enExl6G7jdCGOK/ePFXvHhwwYMXv8XOIrgVNBRVr3j9KskEt+D7797Y+MTk1HRppjw7N7+wWFlaPrM6N5Q1qRbaXCTEMsEVawIHwS4yw4hMBDtPrg/7/vkNM5ZrdQrdjEWSdBRvc0rASXFlL9TO7qeL4x7exyFXEAouOdjYvyxCmcd+D6chyywXWt12Nr7oJo4rVb/mD4D/kmBEqmiERlx5CVNNc8kUUEGsbQV+BlFBDHAqWK8c5pZlhF6TDms5qohkNioGR/bwulNS3NbGPQV4oH5PFERa25WJm5QEruxvry/+57VyaO9GBVdZDkzR4aJ2LjBo3G8Mp9wwCqLrCKGGu79iekUMoeB6LbsSgt8n/yVnW7XArwUn29X6waiOElpFa2gDBWgH1dERaqAmougOPaAn9Ozde4/eq/c2HB3zRpkV9APexyd50aVJ</latexit><latexit sha1_base64="rwiq0K+u0hJBenmbANnu96r4mZU=">AAACJHicbVDJSgNBFOxxjXGLevTSGAS9hBkRFEQIevEkEYwKmXHo6enExl6G7jdCGOK/ePFXvHhwwYMXv8XOIrgVNBRVr3j9KskEt+D7797Y+MTk1HRppjw7N7+wWFlaPrM6N5Q1qRbaXCTEMsEVawIHwS4yw4hMBDtPrg/7/vkNM5ZrdQrdjEWSdBRvc0rASXFlL9TO7qeL4x7exyFXEAouOdjYvyxCmcd+D6chyywXWt12Nr7oJo4rVb/mD4D/kmBEqmiERlx5CVNNc8kUUEGsbQV+BlFBDHAqWK8c5pZlhF6TDms5qohkNioGR/bwulNS3NbGPQV4oH5PFERa25WJm5QEruxvry/+57VyaO9GBVdZDkzR4aJ2LjBo3G8Mp9wwCqLrCKGGu79iekUMoeB6LbsSgt8n/yVnW7XArwUn29X6waiOElpFa2gDBWgH1dERaqAmougOPaAn9Ozde4/eq/c2HB3zRpkV9APexyd50aVJ</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="kOff2PxwzArUzH9Em85wEKR2ntI=">AAACGXicbZBLSwMxFIXv+Kz1Vd26CYqgm5JxoyCC4MaVKFgVOnXIpGkN5jEkd4Qy1P/ixr/ixoUPXPhvTGsFXwcCH+fkktyT5Up6pPQ9GhufmJyarsxUZ+fmFxZrS3Nn3haOiwa3yrqLjHmhpBENlKjERe4E05kS59n1wSA/vxHOS2tOsZeLlmZdIzuSMwxWWttNbIgH0+VRn+yRRBpMlNQSfUovy0QXKe2TdiJyL5U1t92NL9wkaW2N1ulQ5C/EI1iDkY7T2kvStrzQwiBXzPtmTHNslcyh5Er0q0nhRc74NeuKZkDDtPCtcrhkn6wHp0061oVjkAzd7xMl0973dBZuaoZX/nc2MP/LmgV2dlqlNHmBwvDPhzqFImjJoDHSlk5wVL0AjDsZ/kr4FXOMY+i1GkqIf6/8F8626jGtxycUKrACq7ABMWzDPhzCMTSAwx08wBM8R/fRY/T6WddYNOptGX4oevsAZJWjug==</latexit><latexit sha1_base64="kOff2PxwzArUzH9Em85wEKR2ntI=">AAACGXicbZBLSwMxFIXv+Kz1Vd26CYqgm5JxoyCC4MaVKFgVOnXIpGkN5jEkd4Qy1P/ixr/ixoUPXPhvTGsFXwcCH+fkktyT5Up6pPQ9GhufmJyarsxUZ+fmFxZrS3Nn3haOiwa3yrqLjHmhpBENlKjERe4E05kS59n1wSA/vxHOS2tOsZeLlmZdIzuSMwxWWttNbIgH0+VRn+yRRBpMlNQSfUovy0QXKe2TdiJyL5U1t92NL9wkaW2N1ulQ5C/EI1iDkY7T2kvStrzQwiBXzPtmTHNslcyh5Er0q0nhRc74NeuKZkDDtPCtcrhkn6wHp0061oVjkAzd7xMl0973dBZuaoZX/nc2MP/LmgV2dlqlNHmBwvDPhzqFImjJoDHSlk5wVL0AjDsZ/kr4FXOMY+i1GkqIf6/8F8626jGtxycUKrACq7ABMWzDPhzCMTSAwx08wBM8R/fRY/T6WddYNOptGX4oevsAZJWjug==</latexit><latexit sha1_base64="LiN2+3cIW3BaABI/ly2x7H3TyI4=">AAACJHicbVDLSgMxFM34rPVVdekmWATdlIwbBRGKblxJBatCpw6ZNK3BPIbkjlCG+i9u/BU3Lnzgwo3fYloraOuBwOGce7i5J0mlcEDIRzAxOTU9M1uYK84vLC4tl1ZWz53JLON1ZqSxlwl1XArN6yBA8svUcqoSyS+Sm6O+f3HLrRNGn0E35U1FO1q0BaPgpbi0Hxlv99P5SQ8f4EhoiKRQAlxMrvJIZTHp4VbEUyek0XedrR+6jeNSmVTIAHichENSRkPU4tJr1DIsU1wDk9S5RkhSaObUgmCS94pR5nhK2Q3t8IanmirumvngyB7e9EoLt431TwMeqL8TOVXOdVXiJxWFazfq9cX/vEYG7b1mLnSaAdfse1E7kxgM7jeGW8JyBrLrCWVW+L9idk0tZeB7LfoSwtGTx8n5TiUklfCUlKuHwzoKaB1toC0Uol1URceohuqIoXv0iJ7RS/AQPAVvwfv36EQwzKyhPwg+vwB4kaVF</latexit><latexit sha1_base64="rwiq0K+u0hJBenmbANnu96r4mZU=">AAACJHicbVDJSgNBFOxxjXGLevTSGAS9hBkRFEQIevEkEYwKmXHo6enExl6G7jdCGOK/ePFXvHhwwYMXv8XOIrgVNBRVr3j9KskEt+D7797Y+MTk1HRppjw7N7+wWFlaPrM6N5Q1qRbaXCTEMsEVawIHwS4yw4hMBDtPrg/7/vkNM5ZrdQrdjEWSdBRvc0rASXFlL9TO7qeL4x7exyFXEAouOdjYvyxCmcd+D6chyywXWt12Nr7oJo4rVb/mD4D/kmBEqmiERlx5CVNNc8kUUEGsbQV+BlFBDHAqWK8c5pZlhF6TDms5qohkNioGR/bwulNS3NbGPQV4oH5PFERa25WJm5QEruxvry/+57VyaO9GBVdZDkzR4aJ2LjBo3G8Mp9wwCqLrCKGGu79iekUMoeB6LbsSgt8n/yVnW7XArwUn29X6waiOElpFa2gDBWgH1dERaqAmougOPaAn9Ozde4/eq/c2HB3zRpkV9APexyd50aVJ</latexit><latexit sha1_base64="rwiq0K+u0hJBenmbANnu96r4mZU=">AAACJHicbVDJSgNBFOxxjXGLevTSGAS9hBkRFEQIevEkEYwKmXHo6enExl6G7jdCGOK/ePFXvHhwwYMXv8XOIrgVNBRVr3j9KskEt+D7797Y+MTk1HRppjw7N7+wWFlaPrM6N5Q1qRbaXCTEMsEVawIHwS4yw4hMBDtPrg/7/vkNM5ZrdQrdjEWSdBRvc0rASXFlL9TO7qeL4x7exyFXEAouOdjYvyxCmcd+D6chyywXWt12Nr7oJo4rVb/mD4D/kmBEqmiERlx5CVNNc8kUUEGsbQV+BlFBDHAqWK8c5pZlhF6TDms5qohkNioGR/bwulNS3NbGPQV4oH5PFERa25WJm5QEruxvry/+57VyaO9GBVdZDkzR4aJ2LjBo3G8Mp9wwCqLrCKGGu79iekUMoeB6LbsSgt8n/yVnW7XArwUn29X6waiOElpFa2gDBWgH1dERaqAmougOPaAn9Ozde4/eq/c2HB3zRpkV9APexyd50aVJ</latexit><latexit sha1_base64="rwiq0K+u0hJBenmbANnu96r4mZU=">AAACJHicbVDJSgNBFOxxjXGLevTSGAS9hBkRFEQIevEkEYwKmXHo6enExl6G7jdCGOK/ePFXvHhwwYMXv8XOIrgVNBRVr3j9KskEt+D7797Y+MTk1HRppjw7N7+wWFlaPrM6N5Q1qRbaXCTEMsEVawIHwS4yw4hMBDtPrg/7/vkNM5ZrdQrdjEWSdBRvc0rASXFlL9TO7qeL4x7exyFXEAouOdjYvyxCmcd+D6chyywXWt12Nr7oJo4rVb/mD4D/kmBEqmiERlx5CVNNc8kUUEGsbQV+BlFBDHAqWK8c5pZlhF6TDms5qohkNioGR/bwulNS3NbGPQV4oH5PFERa25WJm5QEruxvry/+57VyaO9GBVdZDkzR4aJ2LjBo3G8Mp9wwCqLrCKGGu79iekUMoeB6LbsSgt8n/yVnW7XArwUn29X6waiOElpFa2gDBWgH1dERaqAmougOPaAn9Ozde4/eq/c2HB3zRpkV9APexyd50aVJ</latexit><latexit sha1_base64="rwiq0K+u0hJBenmbANnu96r4mZU=">AAACJHicbVDJSgNBFOxxjXGLevTSGAS9hBkRFEQIevEkEYwKmXHo6enExl6G7jdCGOK/ePFXvHhwwYMXv8XOIrgVNBRVr3j9KskEt+D7797Y+MTk1HRppjw7N7+wWFlaPrM6N5Q1qRbaXCTEMsEVawIHwS4yw4hMBDtPrg/7/vkNM5ZrdQrdjEWSdBRvc0rASXFlL9TO7qeL4x7exyFXEAouOdjYvyxCmcd+D6chyywXWt12Nr7oJo4rVb/mD4D/kmBEqmiERlx5CVNNc8kUUEGsbQV+BlFBDHAqWK8c5pZlhF6TDms5qohkNioGR/bwulNS3NbGPQV4oH5PFERa25WJm5QEruxvry/+57VyaO9GBVdZDkzR4aJ2LjBo3G8Mp9wwCqLrCKGGu79iekUMoeB6LbsSgt8n/yVnW7XArwUn29X6waiOElpFa2gDBWgH1dERaqAmougOPaAn9Ozde4/eq/c2HB3zRpkV9APexyd50aVJ</latexit><latexit sha1_base64="rwiq0K+u0hJBenmbANnu96r4mZU=">AAACJHicbVDJSgNBFOxxjXGLevTSGAS9hBkRFEQIevEkEYwKmXHo6enExl6G7jdCGOK/ePFXvHhwwYMXv8XOIrgVNBRVr3j9KskEt+D7797Y+MTk1HRppjw7N7+wWFlaPrM6N5Q1qRbaXCTEMsEVawIHwS4yw4hMBDtPrg/7/vkNM5ZrdQrdjEWSdBRvc0rASXFlL9TO7qeL4x7exyFXEAouOdjYvyxCmcd+D6chyywXWt12Nr7oJo4rVb/mD4D/kmBEqmiERlx5CVNNc8kUUEGsbQV+BlFBDHAqWK8c5pZlhF6TDms5qohkNioGR/bwulNS3NbGPQV4oH5PFERa25WJm5QEruxvry/+57VyaO9GBVdZDkzR4aJ2LjBo3G8Mp9wwCqLrCKGGu79iekUMoeB6LbsSgt8n/yVnW7XArwUn29X6waiOElpFa2gDBWgH1dERaqAmougOPaAn9Ozde4/eq/c2HB3zRpkV9APexyd50aVJ</latexit><latexit sha1_base64="rwiq0K+u0hJBenmbANnu96r4mZU=">AAACJHicbVDJSgNBFOxxjXGLevTSGAS9hBkRFEQIevEkEYwKmXHo6enExl6G7jdCGOK/ePFXvHhwwYMXv8XOIrgVNBRVr3j9KskEt+D7797Y+MTk1HRppjw7N7+wWFlaPrM6N5Q1qRbaXCTEMsEVawIHwS4yw4hMBDtPrg/7/vkNM5ZrdQrdjEWSdBRvc0rASXFlL9TO7qeL4x7exyFXEAouOdjYvyxCmcd+D6chyywXWt12Nr7oJo4rVb/mD4D/kmBEqmiERlx5CVNNc8kUUEGsbQV+BlFBDHAqWK8c5pZlhF6TDms5qohkNioGR/bwulNS3NbGPQV4oH5PFERa25WJm5QEruxvry/+57VyaO9GBVdZDkzR4aJ2LjBo3G8Mp9wwCqLrCKGGu79iekUMoeB6LbsSgt8n/yVnW7XArwUn29X6waiOElpFa2gDBWgH1dERaqAmougOPaAn9Ozde4/eq/c2HB3zRpkV9APexyd50aVJ</latexit>
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<latexit sha1_base64="fSukyBQQaQhKIM+C7YWto2TYKxs="></latexit><latexit sha1_base64="fSukyBQQaQhKIM+C7YWto2TYKxs="></latexit><latexit sha1_base64="fSukyBQQaQhKIM+C7YWto2TYKxs="></latexit><latexit sha1_base64="fSukyBQQaQhKIM+C7YWto2TYKxs="></latexit>

Fermi energy

µ0
<latexit sha1_base64="mwkTpMRuVgKa7fv3Siz9HzArIxU=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq85/eqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOC1o55</latexit><latexit sha1_base64="mwkTpMRuVgKa7fv3Siz9HzArIxU=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq85/eqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOC1o55</latexit><latexit sha1_base64="mwkTpMRuVgKa7fv3Siz9HzArIxU=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq85/eqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOC1o55</latexit><latexit sha1_base64="mwkTpMRuVgKa7fv3Siz9HzArIxU=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq85/eqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOC1o55</latexit>

<latexit sha1_base64="ap/YWBRRllKIwzG2eTvCTU9Q38Y="></latexit>
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Applications 
Perfect Fermi gas

Average energy of system
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<latexit sha1_base64="K+KRIiP86MJ0+MXK+ZO/xouZOXg="></latexit><latexit sha1_base64="K+KRIiP86MJ0+MXK+ZO/xouZOXg="></latexit><latexit sha1_base64="K+KRIiP86MJ0+MXK+ZO/xouZOXg="></latexit><latexit sha1_base64="K+KRIiP86MJ0+MXK+ZO/xouZOXg="></latexit>

Clearly, there is no 
equipartition of energy 
here

Pressure in system

Zero-point pressure is O(106) atm. This is 
completely quantum effect.

<latexit sha1_base64="bnLuklFqXa2rFpIqtWqTOcBS7pI="></latexit>
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�! 2kBT
1

⇡3

Z
d3k ln(1 + �e��✏(~k))

P = 4⇡kBT

✓
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2
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0
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1
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1
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5
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Applications 
Perfect Fermi Gas
All average properties on the Fermi gas can be expressed as

I =

1Z

0

f(✏)h(✏)

= �
1Z

0

f
0(✏)H(✏)

<latexit sha1_base64="o84XA9AGgVvG54WY55WR7AKPnso="></latexit><latexit sha1_base64="o84XA9AGgVvG54WY55WR7AKPnso="></latexit><latexit sha1_base64="o84XA9AGgVvG54WY55WR7AKPnso="></latexit><latexit sha1_base64="o84XA9AGgVvG54WY55WR7AKPnso="></latexit>

H(✏) =

✏Z

0

d✏ h(✏)

<latexit sha1_base64="+0DIFg3XbyYf5n4cbGpAY/Cq9e4=">AAACI3icbVDLSgMxFM34rPU16tJNsAh1U2ZEUASh6KbLCvYBnbFk0rQNzWSG5I5QhvotbvwVNy6U4saF/2L6Qm09EDiccy439wSx4Boc59NaWl5ZXVvPbGQ3t7Z3du29/aqOEkVZhUYiUvWAaCa4ZBXgIFg9VoyEgWC1oHcz8msPTGkeyTvox8wPSUfyNqcEjNS0L0t5j8Wai0ie4CvscQme4CEH3XTuZw5uzdhj9yfetHNOwRkDLxJ3SnJoinLTHnqtiCYhk0AF0brhOjH4KVHAqWCDrJdoFhPaIx3WMFSSkGk/Hd84wMdGaeF2pMyTgMfq74mUhFr3w8AkQwJdPe+NxP+8RgLtCz/lMk6ASTpZ1E4EhgiPCsMtrhgF0TeEUMXNXzHtEkUomFqzpgR3/uRFUj0tuE7BvT3LFa+ndWTQITpCeeSic1REJVRGFUTRE3pBb+jderZeraH1MYkuWdOZA/QH1tc3In6kmg==</latexit><latexit sha1_base64="+0DIFg3XbyYf5n4cbGpAY/Cq9e4=">AAACI3icbVDLSgMxFM34rPU16tJNsAh1U2ZEUASh6KbLCvYBnbFk0rQNzWSG5I5QhvotbvwVNy6U4saF/2L6Qm09EDiccy439wSx4Boc59NaWl5ZXVvPbGQ3t7Z3du29/aqOEkVZhUYiUvWAaCa4ZBXgIFg9VoyEgWC1oHcz8msPTGkeyTvox8wPSUfyNqcEjNS0L0t5j8Wai0ie4CvscQme4CEH3XTuZw5uzdhj9yfetHNOwRkDLxJ3SnJoinLTHnqtiCYhk0AF0brhOjH4KVHAqWCDrJdoFhPaIx3WMFSSkGk/Hd84wMdGaeF2pMyTgMfq74mUhFr3w8AkQwJdPe+NxP+8RgLtCz/lMk6ASTpZ1E4EhgiPCsMtrhgF0TeEUMXNXzHtEkUomFqzpgR3/uRFUj0tuE7BvT3LFa+ndWTQITpCeeSic1REJVRGFUTRE3pBb+jderZeraH1MYkuWdOZA/QH1tc3In6kmg==</latexit><latexit sha1_base64="+0DIFg3XbyYf5n4cbGpAY/Cq9e4=">AAACI3icbVDLSgMxFM34rPU16tJNsAh1U2ZEUASh6KbLCvYBnbFk0rQNzWSG5I5QhvotbvwVNy6U4saF/2L6Qm09EDiccy439wSx4Boc59NaWl5ZXVvPbGQ3t7Z3du29/aqOEkVZhUYiUvWAaCa4ZBXgIFg9VoyEgWC1oHcz8msPTGkeyTvox8wPSUfyNqcEjNS0L0t5j8Wai0ie4CvscQme4CEH3XTuZw5uzdhj9yfetHNOwRkDLxJ3SnJoinLTHnqtiCYhk0AF0brhOjH4KVHAqWCDrJdoFhPaIx3WMFSSkGk/Hd84wMdGaeF2pMyTgMfq74mUhFr3w8AkQwJdPe+NxP+8RgLtCz/lMk6ASTpZ1E4EhgiPCsMtrhgF0TeEUMXNXzHtEkUomFqzpgR3/uRFUj0tuE7BvT3LFa+ndWTQITpCeeSic1REJVRGFUTRE3pBb+jderZeraH1MYkuWdOZA/QH1tc3In6kmg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="j994p2J8Oa6ZUi/dvQSx0dY0sxE=">AAACGHicbZBLSwMxFIXv+Ky16ujWTbAIdVNm3CiCILjpsoJ9QKeWTJq2oZnMkNwRSqm/xY1/xY0Lpbjx35i+UFsPBD7OuSG5J0ykMOh5X87a+sbm1nZmJ7ub29s/cA9zVROnmvEKi2Ws6yE1XArFKyhQ8nqiOY1CyWth/3aS1x65NiJW9zhIeDOiXSU6glG0Vsu9KhUCnhghY3VGrkkgFAZSRAJNy3tYJKS9oKfez3jLzXtFbyqyCv4c8jBXueWOg3bM0ogrZJIa0/C9BJtDqlEwyUfZIDU8oaxPu7xhUdGIm+ZwuuOInFqnTTqxtkchmbq/bwxpZMwgCu1kRLFnlrOJ+V/WSLFz2RwKlaTIFZs91EklwZhMCiNtoTlDObBAmRb2r4T1qKYMba1ZW4K/vPIqVM+Lvlf07zzIwDGcQAF8uIAbKEEZKsDgGV7hHT6cF+fNGc/qWnPmvR3BHzmf3xSZoww=</latexit><latexit sha1_base64="j994p2J8Oa6ZUi/dvQSx0dY0sxE=">AAACGHicbZBLSwMxFIXv+Ky16ujWTbAIdVNm3CiCILjpsoJ9QKeWTJq2oZnMkNwRSqm/xY1/xY0Lpbjx35i+UFsPBD7OuSG5J0ykMOh5X87a+sbm1nZmJ7ub29s/cA9zVROnmvEKi2Ws6yE1XArFKyhQ8nqiOY1CyWth/3aS1x65NiJW9zhIeDOiXSU6glG0Vsu9KhUCnhghY3VGrkkgFAZSRAJNy3tYJKS9oKfez3jLzXtFbyqyCv4c8jBXueWOg3bM0ogrZJIa0/C9BJtDqlEwyUfZIDU8oaxPu7xhUdGIm+ZwuuOInFqnTTqxtkchmbq/bwxpZMwgCu1kRLFnlrOJ+V/WSLFz2RwKlaTIFZs91EklwZhMCiNtoTlDObBAmRb2r4T1qKYMba1ZW4K/vPIqVM+Lvlf07zzIwDGcQAF8uIAbKEEZKsDgGV7hHT6cF+fNGc/qWnPmvR3BHzmf3xSZoww=</latexit><latexit sha1_base64="fw0zQIEH3uM5iKenYbXWO0+sD44=">AAACI3icbVDLSgMxFM3UV62vqks3wSLUTZlxowhC0U2XFewDOnXIZNI2NJMZkjtCKfVb3PgrblwoxY0L/8W0naK2HggczjmXm3v8WHANtv1pZVZW19Y3spu5re2d3b38/kFdR4mirEYjEammTzQTXLIacBCsGStGQl+wht+/mfiNB6Y0j+QdDGLWDklX8g6nBIzk5S8rRZfFmotInuIr7HIJruAhB+3Z93MHB3P22PuJe/mCXbKnwMvESUkBpah6+bEbRDQJmQQqiNYtx46hPSQKOBVslHMTzWJC+6TLWoZKEjLdHk5vHOETowS4EynzJOCp+ntiSEKtB6FvkiGBnl70JuJ/XiuBzkV7yGWcAJN0tqiTCAwRnhSGA64YBTEwhFDFzV8x7RFFKJhac6YEZ/HkZVI/Kzl2ybm1C+XrtI4sOkLHqIgcdI7KqIKqqIYoekIv6A29W8/WqzW2PmbRjJXOHKI/sL6+ASE+pJY=</latexit><latexit sha1_base64="+0DIFg3XbyYf5n4cbGpAY/Cq9e4=">AAACI3icbVDLSgMxFM34rPU16tJNsAh1U2ZEUASh6KbLCvYBnbFk0rQNzWSG5I5QhvotbvwVNy6U4saF/2L6Qm09EDiccy439wSx4Boc59NaWl5ZXVvPbGQ3t7Z3du29/aqOEkVZhUYiUvWAaCa4ZBXgIFg9VoyEgWC1oHcz8msPTGkeyTvox8wPSUfyNqcEjNS0L0t5j8Wai0ie4CvscQme4CEH3XTuZw5uzdhj9yfetHNOwRkDLxJ3SnJoinLTHnqtiCYhk0AF0brhOjH4KVHAqWCDrJdoFhPaIx3WMFSSkGk/Hd84wMdGaeF2pMyTgMfq74mUhFr3w8AkQwJdPe+NxP+8RgLtCz/lMk6ASTpZ1E4EhgiPCsMtrhgF0TeEUMXNXzHtEkUomFqzpgR3/uRFUj0tuE7BvT3LFa+ndWTQITpCeeSic1REJVRGFUTRE3pBb+jderZeraH1MYkuWdOZA/QH1tc3In6kmg==</latexit><latexit sha1_base64="+0DIFg3XbyYf5n4cbGpAY/Cq9e4=">AAACI3icbVDLSgMxFM34rPU16tJNsAh1U2ZEUASh6KbLCvYBnbFk0rQNzWSG5I5QhvotbvwVNy6U4saF/2L6Qm09EDiccy439wSx4Boc59NaWl5ZXVvPbGQ3t7Z3du29/aqOEkVZhUYiUvWAaCa4ZBXgIFg9VoyEgWC1oHcz8msPTGkeyTvox8wPSUfyNqcEjNS0L0t5j8Wai0ie4CvscQme4CEH3XTuZw5uzdhj9yfetHNOwRkDLxJ3SnJoinLTHnqtiCYhk0AF0brhOjH4KVHAqWCDrJdoFhPaIx3WMFSSkGk/Hd84wMdGaeF2pMyTgMfq74mUhFr3w8AkQwJdPe+NxP+8RgLtCz/lMk6ASTpZ1E4EhgiPCsMtrhgF0TeEUMXNXzHtEkUomFqzpgR3/uRFUj0tuE7BvT3LFa+ndWTQITpCeeSic1REJVRGFUTRE3pBb+jderZeraH1MYkuWdOZA/QH1tc3In6kmg==</latexit><latexit sha1_base64="+0DIFg3XbyYf5n4cbGpAY/Cq9e4=">AAACI3icbVDLSgMxFM34rPU16tJNsAh1U2ZEUASh6KbLCvYBnbFk0rQNzWSG5I5QhvotbvwVNy6U4saF/2L6Qm09EDiccy439wSx4Boc59NaWl5ZXVvPbGQ3t7Z3du29/aqOEkVZhUYiUvWAaCa4ZBXgIFg9VoyEgWC1oHcz8msPTGkeyTvox8wPSUfyNqcEjNS0L0t5j8Wai0ie4CvscQme4CEH3XTuZw5uzdhj9yfetHNOwRkDLxJ3SnJoinLTHnqtiCYhk0AF0brhOjH4KVHAqWCDrJdoFhPaIx3WMFSSkGk/Hd84wMdGaeF2pMyTgMfq74mUhFr3w8AkQwJdPe+NxP+8RgLtCz/lMk6ASTpZ1E4EhgiPCsMtrhgF0TeEUMXNXzHtEkUomFqzpgR3/uRFUj0tuE7BvT3LFa+ndWTQITpCeeSic1REJVRGFUTRE3pBb+jderZeraH1MYkuWdOZA/QH1tc3In6kmg==</latexit><latexit sha1_base64="+0DIFg3XbyYf5n4cbGpAY/Cq9e4=">AAACI3icbVDLSgMxFM34rPU16tJNsAh1U2ZEUASh6KbLCvYBnbFk0rQNzWSG5I5QhvotbvwVNy6U4saF/2L6Qm09EDiccy439wSx4Boc59NaWl5ZXVvPbGQ3t7Z3du29/aqOEkVZhUYiUvWAaCa4ZBXgIFg9VoyEgWC1oHcz8msPTGkeyTvox8wPSUfyNqcEjNS0L0t5j8Wai0ie4CvscQme4CEH3XTuZw5uzdhj9yfetHNOwRkDLxJ3SnJoinLTHnqtiCYhk0AF0brhOjH4KVHAqWCDrJdoFhPaIx3WMFSSkGk/Hd84wMdGaeF2pMyTgMfq74mUhFr3w8AkQwJdPe+NxP+8RgLtCz/lMk6ASTpZ1E4EhgiPCsMtrhgF0TeEUMXNXzHtEkUomFqzpgR3/uRFUj0tuE7BvT3LFa+ndWTQITpCeeSic1REJVRGFUTRE3pBb+jderZeraH1MYkuWdOZA/QH1tc3In6kmg==</latexit><latexit sha1_base64="+0DIFg3XbyYf5n4cbGpAY/Cq9e4=">AAACI3icbVDLSgMxFM34rPU16tJNsAh1U2ZEUASh6KbLCvYBnbFk0rQNzWSG5I5QhvotbvwVNy6U4saF/2L6Qm09EDiccy439wSx4Boc59NaWl5ZXVvPbGQ3t7Z3du29/aqOEkVZhUYiUvWAaCa4ZBXgIFg9VoyEgWC1oHcz8msPTGkeyTvox8wPSUfyNqcEjNS0L0t5j8Wai0ie4CvscQme4CEH3XTuZw5uzdhj9yfetHNOwRkDLxJ3SnJoinLTHnqtiCYhk0AF0brhOjH4KVHAqWCDrJdoFhPaIx3WMFSSkGk/Hd84wMdGaeF2pMyTgMfq74mUhFr3w8AkQwJdPe+NxP+8RgLtCz/lMk6ASTpZ1E4EhgiPCsMtrhgF0TeEUMXNXzHtEkUomFqzpgR3/uRFUj0tuE7BvT3LFa+ndWTQITpCeeSic1REJVRGFUTRE3pBb+jderZeraH1MYkuWdOZA/QH1tc3In6kmg==</latexit><latexit sha1_base64="+0DIFg3XbyYf5n4cbGpAY/Cq9e4=">AAACI3icbVDLSgMxFM34rPU16tJNsAh1U2ZEUASh6KbLCvYBnbFk0rQNzWSG5I5QhvotbvwVNy6U4saF/2L6Qm09EDiccy439wSx4Boc59NaWl5ZXVvPbGQ3t7Z3du29/aqOEkVZhUYiUvWAaCa4ZBXgIFg9VoyEgWC1oHcz8msPTGkeyTvox8wPSUfyNqcEjNS0L0t5j8Wai0ie4CvscQme4CEH3XTuZw5uzdhj9yfetHNOwRkDLxJ3SnJoinLTHnqtiCYhk0AF0brhOjH4KVHAqWCDrJdoFhPaIx3WMFSSkGk/Hd84wMdGaeF2pMyTgMfq74mUhFr3w8AkQwJdPe+NxP+8RgLtCz/lMk6ASTpZ1E4EhgiPCsMtrhgF0TeEUMXNXzHtEkUomFqzpgR3/uRFUj0tuE7BvT3LFa+ndWTQITpCeeSic1REJVRGFUTRE3pBb+jderZeraH1MYkuWdOZA/QH1tc3In6kmg==</latexit>

Integration by parts where

Sharply peaked around     . So we can Taylor expand H around it.      µ
<latexit sha1_base64="UFOX4zita877+Ikq+M6IENXmVh0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ300FVZr1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AV1ejdY=</latexit><latexit sha1_base64="UFOX4zita877+Ikq+M6IENXmVh0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ300FVZr1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AV1ejdY=</latexit><latexit sha1_base64="UFOX4zita877+Ikq+M6IENXmVh0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ300FVZr1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AV1ejdY=</latexit><latexit sha1_base64="UFOX4zita877+Ikq+M6IENXmVh0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ300FVZr1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AV1ejdY=</latexit>

H(✏) = H(µ) + (✏� µ)

✓
@H

@✏

◆

✏=µ

+
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2
(✏� µ)2

✓
@
2
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◆

✏=µ

+ · · ·
<latexit sha1_base64="+X5sUSsdOmYzZUMewV0CQxBYkwo="></latexit><latexit sha1_base64="+X5sUSsdOmYzZUMewV0CQxBYkwo="></latexit><latexit sha1_base64="+X5sUSsdOmYzZUMewV0CQxBYkwo="></latexit><latexit sha1_base64="+X5sUSsdOmYzZUMewV0CQxBYkwo="></latexit>



Applications 
Perfect Fermi Gas

Integrand in Lj  is an even function of j. => L1=L3=L5=…=0

Substitution gives

I = H(µ)L0 +

✓
@H

@✏

◆

✏=µ

L1 +
1

2

✓
@
2
H

@✏2

◆

✏=µ

L2 + · · ·
<latexit sha1_base64="dWy9/ZtAAtyUXp2BKc7GSdgaEpc="></latexit><latexit sha1_base64="dWy9/ZtAAtyUXp2BKc7GSdgaEpc="></latexit><latexit sha1_base64="dWy9/ZtAAtyUXp2BKc7GSdgaEpc="></latexit><latexit sha1_base64="dWy9/ZtAAtyUXp2BKc7GSdgaEpc="></latexit>

where

<latexit sha1_base64="wfXJiqawTUpJtYdy4vxpKF5CBe4="></latexit>

Lj =
1

�j

1Z

�1

xjex

(1 + ex)2
dx

<latexit sha1_base64="fxcKEsQMNmVg5JhylQw65Y9ZRN0=">AAACEnicbZC7TsMwFIadcivhFmBksahAsFRJQcCCVMHC0KFI9CI1JXJcp7XqOJHtIFVRn4GFV2FhACFWJjbeBqfNAC2/ZOnTf87R8fn9mFGpbPvbKCwsLi2vFFfNtfWNzS1re6cpo0Rg0sARi0TbR5IwyklDUcVIOxYEhT4jLX94ndVbD0RIGvE7NYpJN0R9TgOKkdKWZx3XPBseXkIHuq5Z8yoZu4FAOHVjel8ZpyeuTxTS5Fklu2xPBOfByaEEctU968vtRTgJCVeYISk7jh2rboqEopiRsekmksQID1GfdDRyFBLZTScnjeGBdnowiIR+XMGJ+3siRaGUo9DXnSFSAzlby8z/ap1EBRfdlPI4UYTj6aIgYVBFMMsH9qggWLGRBoQF1X+FeIB0IEqnaOoQnNmT56FZKTtnZef2tFS9yuMogj2wD46AA85BFdyAOmgADB7BM3gFb8aT8WK8Gx/T1oKRz+yCPzI+fwA5dprE</latexit>

L0 = 1

L2 =
⇡2

3�2



Applications 
Perfect Fermi Gas

Average number of particles

N =
8⇡

3

✓
2m

h2

◆ 3
2

V µ
3
2


1 +

⇡2

8
(�µ)�2 + · · ·

�

<latexit sha1_base64="vsbKf9+q5+A3aEJF5o4hWESR7FU="></latexit><latexit sha1_base64="vsbKf9+q5+A3aEJF5o4hWESR7FU="></latexit><latexit sha1_base64="vsbKf9+q5+A3aEJF5o4hWESR7FU="></latexit><latexit sha1_base64="vsbKf9+q5+A3aEJF5o4hWESR7FU="></latexit>

⌘ = (�µ0)
�1

<latexit sha1_base64="Yb/qDkAwH7mR2itIge+UqVcLgok=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhLqwJCLoRii6cVnBXqCJYTKdtENnkjBzIpRQN76KGxeKuPUt3Pk2Ti8Lrf4w8PGfczhz/jAVXIPjfFmFhcWl5ZXiamltfWNzy97eaeokU5Q1aCIS1Q6JZoLHrAEcBGunihEZCtYKB1fjeuueKc2T+BaGKfMl6cU84pSAsQJ7z2NA8AWueKEBT2aBc3SXH7ujwC47VWci/BfcGZTRTPXA/vS6Cc0ki4EKonXHdVLwc6KAU8FGJS/TLCV0QHqsYzAmkmk/n1wwwofG6eIoUebFgCfuz4mcSK2HMjSdkkBfz9fG5n +1TgbRuZ/zOM2AxXS6KMoEhgSP48BdrhgFMTRAqOLmr5j2iSIUTGglE4I7f/JfaJ5UXafq3pyWa5ezOIpoHx2gCnLRGaqha1RHDUTRA3pCL+jVerSerTfrfdpasGYzu+iXrI9vQV6VeA==</latexit><latexit sha1_base64="Yb/qDkAwH7mR2itIge+UqVcLgok=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhLqwJCLoRii6cVnBXqCJYTKdtENnkjBzIpRQN76KGxeKuPUt3Pk2Ti8Lrf4w8PGfczhz/jAVXIPjfFmFhcWl5ZXiamltfWNzy97eaeokU5Q1aCIS1Q6JZoLHrAEcBGunihEZCtYKB1fjeuueKc2T+BaGKfMl6cU84pSAsQJ7z2NA8AWueKEBT2aBc3SXH7ujwC47VWci/BfcGZTRTPXA/vS6Cc0ki4EKonXHdVLwc6KAU8FGJS/TLCV0QHqsYzAmkmk/n1wwwofG6eIoUebFgCfuz4mcSK2HMjSdkkBfz9fG5n +1TgbRuZ/zOM2AxXS6KMoEhgSP48BdrhgFMTRAqOLmr5j2iSIUTGglE4I7f/JfaJ5UXafq3pyWa5ezOIpoHx2gCnLRGaqha1RHDUTRA3pCL+jVerSerTfrfdpasGYzu+iXrI9vQV6VeA==</latexit><latexit sha1_base64="Yb/qDkAwH7mR2itIge+UqVcLgok=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhLqwJCLoRii6cVnBXqCJYTKdtENnkjBzIpRQN76KGxeKuPUt3Pk2Ti8Lrf4w8PGfczhz/jAVXIPjfFmFhcWl5ZXiamltfWNzy97eaeokU5Q1aCIS1Q6JZoLHrAEcBGunihEZCtYKB1fjeuueKc2T+BaGKfMl6cU84pSAsQJ7z2NA8AWueKEBT2aBc3SXH7ujwC47VWci/BfcGZTRTPXA/vS6Cc0ki4EKonXHdVLwc6KAU8FGJS/TLCV0QHqsYzAmkmk/n1wwwofG6eIoUebFgCfuz4mcSK2HMjSdkkBfz9fG5n +1TgbRuZ/zOM2AxXS6KMoEhgSP48BdrhgFMTRAqOLmr5j2iSIUTGglE4I7f/JfaJ5UXafq3pyWa5ezOIpoHx2gCnLRGaqha1RHDUTRA3pCL+jVerSerTfrfdpasGYzu+iXrI9vQV6VeA==</latexit><latexit sha1_base64="Yb/qDkAwH7mR2itIge+UqVcLgok=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhLqwJCLoRii6cVnBXqCJYTKdtENnkjBzIpRQN76KGxeKuPUt3Pk2Ti8Lrf4w8PGfczhz/jAVXIPjfFmFhcWl5ZXiamltfWNzy97eaeokU5Q1aCIS1Q6JZoLHrAEcBGunihEZCtYKB1fjeuueKc2T+BaGKfMl6cU84pSAsQJ7z2NA8AWueKEBT2aBc3SXH7ujwC47VWci/BfcGZTRTPXA/vS6Cc0ki4EKonXHdVLwc6KAU8FGJS/TLCV0QHqsYzAmkmk/n1wwwofG6eIoUebFgCfuz4mcSK2HMjSdkkBfz9fG5n +1TgbRuZ/zOM2AxXS6KMoEhgSP48BdrhgFMTRAqOLmr5j2iSIUTGglE4I7f/JfaJ5UXafq3pyWa5ezOIpoHx2gCnLRGaqha1RHDUTRA3pCL+jVerSerTfrfdpasGYzu+iXrI9vQV6VeA==</latexit>

Let

=) µ = µ0


1� ⇡2

12
⌘2 + · · ·

�

<latexit sha1_base64="vaL3PzkydWc3mIEeCQL5OLVUZfg="></latexit><latexit sha1_base64="vaL3PzkydWc3mIEeCQL5OLVUZfg="></latexit><latexit sha1_base64="vaL3PzkydWc3mIEeCQL5OLVUZfg="></latexit><latexit sha1_base64="vaL3PzkydWc3mIEeCQL5OLVUZfg="></latexit>

<latexit sha1_base64="adtsm4t1seMqKaobvEJ6G7sRe68=">AAACJnicbVDLSgMxFM3UV62vqks3wSK0mzpTi7opFN24rGAf0GlLJs20oZnMkGSEMszXuPFX3LioiLjzU8y0I2jrgcDhnHO5uccJGJXKND+NzNr6xuZWdju3s7u3f5A/PGpJPxSYNLHPfNFxkCSMctJUVDHSCQRBnsNI25ncJn77kQhJff6gpgHpeWjEqUsxUloa5Gvjok0CSZnPS7AGq3ZAixXvfNyvlPq2KxCOLuKoEsMW/ImlspXIg3zBLJtzwFVipaQAUjQG+Zk99HHoEa4wQ1J2LTNQvQgJRTEjcc4OJQkQnqAR6WrKkUdkL5qfGcMzrQyh6wv9uIJz9fdEhDwpp56jkx5SY7nsJeJ/XjdU7nUvojwIFeF4scgNGVQ+TDqDQyoIVmyqCcKC6r9CPEa6BaWbzekSrOWTV0mrUrYuy9Z9tVC/SevIghNwCorAAlegDu5AAzQBBk/gBczAm/FsvBrvxscimjHSmWPwB8bXNxAwpF8=</latexit>

h(✏) = 4⇡(2m/h2)
3
2V ✏

1
2

=) µ0 = µ


1 +

⇡2

8
(�µ)�2 + · · ·

� 2
3

<latexit sha1_base64="T0mKfhVgzdYqIMYGWOkB99jIcII="></latexit><latexit sha1_base64="T0mKfhVgzdYqIMYGWOkB99jIcII="></latexit><latexit sha1_base64="T0mKfhVgzdYqIMYGWOkB99jIcII="></latexit><latexit sha1_base64="T0mKfhVgzdYqIMYGWOkB99jIcII="></latexit>

µ0 =
h2

2m

✓
3

8⇡

◆ 2
3
✓
N

V

◆ 2
3

<latexit sha1_base64="fSukyBQQaQhKIM+C7YWto2TYKxs="></latexit><latexit sha1_base64="fSukyBQQaQhKIM+C7YWto2TYKxs="></latexit><latexit sha1_base64="fSukyBQQaQhKIM+C7YWto2TYKxs="></latexit><latexit sha1_base64="fSukyBQQaQhKIM+C7YWto2TYKxs="></latexit>

Using
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Perfect Fermi Gas

E = E0

✓
µ

µ0

◆ 5
2

1 +

5

8
⇡2(�µ)�2 + · · ·

�

<latexit sha1_base64="q/1zgkXoAMVFWKBBA7/tr6eMwpo="></latexit><latexit sha1_base64="q/1zgkXoAMVFWKBBA7/tr6eMwpo="></latexit><latexit sha1_base64="q/1zgkXoAMVFWKBBA7/tr6eMwpo="></latexit><latexit sha1_base64="q/1zgkXoAMVFWKBBA7/tr6eMwpo="></latexit>

Average energy of particles

= E0


1 +

5⇡2

12
⌘2 + · · ·

�

<latexit sha1_base64="gCgzPry+nRPNJzW9c0cVCb4RH3Q=">AAACIHicbVBNS8NAEN34WetX1aOXxSIIQkmKUi9CUQSPFawKTQyb7aRd3HywOxFK6E/x4l/x4kERvemvcVNz8OvBwOO9GWbmBakUGm373Zqanpmdm68sVBeXlldWa2vrFzrJFIcuT2SirgKmQYoYuihQwlWqgEWBhMvg5rjwL29BaZHE5zhKwYvYIBah4AyN5Ndah/TEt10JIfYcukvdUDGe77upuG6Oc6c5dgHZdbNweD9BTV0lBkP0/FrdbtgT0L/EKUmdlOj4tTe3n/Asghi5ZFr3HDtFL2cKBZcwrrqZhpTxGzaAnqExi0B7+eTBMd02Sp+GiTIVI52o3ydyFmk9igLTGTEc6t9eIf7n9TIMD7xcxGmGEPOvRWEmKSa0SIv2hQKOcmQI40qYWykfMhMRmkyrJgTn98t/yUWz4dgN52yv3j4q46iQTbJFdohDWqRNTkmHdAknd+SBPJFn6956tF6s16/WKauc2SA/YH18AlkloUY=</latexit><latexit sha1_base64="gCgzPry+nRPNJzW9c0cVCb4RH3Q=">AAACIHicbVBNS8NAEN34WetX1aOXxSIIQkmKUi9CUQSPFawKTQyb7aRd3HywOxFK6E/x4l/x4kERvemvcVNz8OvBwOO9GWbmBakUGm373Zqanpmdm68sVBeXlldWa2vrFzrJFIcuT2SirgKmQYoYuihQwlWqgEWBhMvg5rjwL29BaZHE5zhKwYvYIBah4AyN5Ndah/TEt10JIfYcukvdUDGe77upuG6Oc6c5dgHZdbNweD9BTV0lBkP0/FrdbtgT0L/EKUmdlOj4tTe3n/Asghi5ZFr3HDtFL2cKBZcwrrqZhpTxGzaAnqExi0B7+eTBMd02Sp+GiTIVI52o3ydyFmk9igLTGTEc6t9eIf7n9TIMD7xcxGmGEPOvRWEmKSa0SIv2hQKOcmQI40qYWykfMhMRmkyrJgTn98t/yUWz4dgN52yv3j4q46iQTbJFdohDWqRNTkmHdAknd+SBPJFn6956tF6s16/WKauc2SA/YH18AlkloUY=</latexit><latexit sha1_base64="gCgzPry+nRPNJzW9c0cVCb4RH3Q=">AAACIHicbVBNS8NAEN34WetX1aOXxSIIQkmKUi9CUQSPFawKTQyb7aRd3HywOxFK6E/x4l/x4kERvemvcVNz8OvBwOO9GWbmBakUGm373Zqanpmdm68sVBeXlldWa2vrFzrJFIcuT2SirgKmQYoYuihQwlWqgEWBhMvg5rjwL29BaZHE5zhKwYvYIBah4AyN5Ndah/TEt10JIfYcukvdUDGe77upuG6Oc6c5dgHZdbNweD9BTV0lBkP0/FrdbtgT0L/EKUmdlOj4tTe3n/Asghi5ZFr3HDtFL2cKBZcwrrqZhpTxGzaAnqExi0B7+eTBMd02Sp+GiTIVI52o3ydyFmk9igLTGTEc6t9eIf7n9TIMD7xcxGmGEPOvRWEmKSa0SIv2hQKOcmQI40qYWykfMhMRmkyrJgTn98t/yUWz4dgN52yv3j4q46iQTbJFdohDWqRNTkmHdAknd+SBPJFn6956tF6s16/WKauc2SA/YH18AlkloUY=</latexit><latexit sha1_base64="gCgzPry+nRPNJzW9c0cVCb4RH3Q=">AAACIHicbVBNS8NAEN34WetX1aOXxSIIQkmKUi9CUQSPFawKTQyb7aRd3HywOxFK6E/x4l/x4kERvemvcVNz8OvBwOO9GWbmBakUGm373Zqanpmdm68sVBeXlldWa2vrFzrJFIcuT2SirgKmQYoYuihQwlWqgEWBhMvg5rjwL29BaZHE5zhKwYvYIBah4AyN5Ndah/TEt10JIfYcukvdUDGe77upuG6Oc6c5dgHZdbNweD9BTV0lBkP0/FrdbtgT0L/EKUmdlOj4tTe3n/Asghi5ZFr3HDtFL2cKBZcwrrqZhpTxGzaAnqExi0B7+eTBMd02Sp+GiTIVI52o3ydyFmk9igLTGTEc6t9eIf7n9TIMD7xcxGmGEPOvRWEmKSa0SIv2hQKOcmQI40qYWykfMhMRmkyrJgTn98t/yUWz4dgN52yv3j4q46iQTbJFdohDWqRNTkmHdAknd+SBPJFn6956tF6s16/WKauc2SA/YH18AlkloUY=</latexit>

Specific heat

CV =
⇡2NkBT

2(µ0/k)
=

⇡2

2
NkB

✓
T

TF

◆

TF = µ0/kb
<latexit sha1_base64="FBgzDM1WkbjqcD+R7TaOtiKyrCE="></latexit><latexit sha1_base64="FBgzDM1WkbjqcD+R7TaOtiKyrCE="></latexit><latexit sha1_base64="FBgzDM1WkbjqcD+R7TaOtiKyrCE="></latexit><latexit sha1_base64="FBgzDM1WkbjqcD+R7TaOtiKyrCE="></latexit>

Fermi temperature

~ 10-4 T cal/deg-mole for many metals

CV ⇠ T
<latexit sha1_base64="CxURvxSFvIROwVkDi72iLwSMwqk=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMdiLx4r9AvbpWTTbBuaZJckK5Sl/8KLB0W8+m+8+W9M2z1o64OBx3szzMwLE8GN9bxvVNjY3NreKe6W9vYPDo/KxydtE6eashaNRay7ITFMcMVallvBuolmRIaCdcJJfe53npg2PFZNO01YIMlI8YhTYp30WB+0+4ZL3MSDcsWregvgdeLnpAI5GoPyV38Y01QyZakgxvR8L7FBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLS6e4QunDHEUa1fK4oX6eyIj0pipDF2nJHZsVr25+J/XS210G2RcJallii4XRanANsbz9/GQa0atmDpCqObuVkzHRBNqXUglF4K/+vI6aV9Vfa/qP1xXand5HEU4g3O4BB9uoAb30IAWUFDwDK/whgx6Qe/oY9laQPnMKfwB+vwBYtaQDw==</latexit><latexit sha1_base64="CxURvxSFvIROwVkDi72iLwSMwqk=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMdiLx4r9AvbpWTTbBuaZJckK5Sl/8KLB0W8+m+8+W9M2z1o64OBx3szzMwLE8GN9bxvVNjY3NreKe6W9vYPDo/KxydtE6eashaNRay7ITFMcMVallvBuolmRIaCdcJJfe53npg2PFZNO01YIMlI8YhTYp30WB+0+4ZL3MSDcsWregvgdeLnpAI5GoPyV38Y01QyZakgxvR8L7FBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLS6e4QunDHEUa1fK4oX6eyIj0pipDF2nJHZsVr25+J/XS210G2RcJallii4XRanANsbz9/GQa0atmDpCqObuVkzHRBNqXUglF4K/+vI6aV9Vfa/qP1xXand5HEU4g3O4BB9uoAb30IAWUFDwDK/whgx6Qe/oY9laQPnMKfwB+vwBYtaQDw==</latexit><latexit sha1_base64="CxURvxSFvIROwVkDi72iLwSMwqk=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMdiLx4r9AvbpWTTbBuaZJckK5Sl/8KLB0W8+m+8+W9M2z1o64OBx3szzMwLE8GN9bxvVNjY3NreKe6W9vYPDo/KxydtE6eashaNRay7ITFMcMVallvBuolmRIaCdcJJfe53npg2PFZNO01YIMlI8YhTYp30WB+0+4ZL3MSDcsWregvgdeLnpAI5GoPyV38Y01QyZakgxvR8L7FBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLS6e4QunDHEUa1fK4oX6eyIj0pipDF2nJHZsVr25+J/XS210G2RcJallii4XRanANsbz9/GQa0atmDpCqObuVkzHRBNqXUglF4K/+vI6aV9Vfa/qP1xXand5HEU4g3O4BB9uoAb30IAWUFDwDK/whgx6Qe/oY9laQPnMKfwB+vwBYtaQDw==</latexit><latexit sha1_base64="CxURvxSFvIROwVkDi72iLwSMwqk=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMdiLx4r9AvbpWTTbBuaZJckK5Sl/8KLB0W8+m+8+W9M2z1o64OBx3szzMwLE8GN9bxvVNjY3NreKe6W9vYPDo/KxydtE6eashaNRay7ITFMcMVallvBuolmRIaCdcJJfe53npg2PFZNO01YIMlI8YhTYp30WB+0+4ZL3MSDcsWregvgdeLnpAI5GoPyV38Y01QyZakgxvR8L7FBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLS6e4QunDHEUa1fK4oX6eyIj0pipDF2nJHZsVr25+J/XS210G2RcJallii4XRanANsbz9/GQa0atmDpCqObuVkzHRBNqXUglF4K/+vI6aV9Vfa/qP1xXand5HEU4g3O4BB9uoAb30IAWUFDwDK/whgx6Qe/oY9laQPnMKfwB+vwBYtaQDw==</latexit>

For electrons in a metal


