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Probabilità e disordine

Il primo principio è legato alla conservazione dell’energia.

Studiando l’energia media dei costituenti microscopici abbiamo dato una 
interpretazione dei parametri termodinamici macroscopici.

Il secondo principio è legato invece all’evoluzione dei sistemi isolati 
(compatibile con una data energia fissata).

Un sistema isolato evolve verso una configurazione in cui l’entropia è massima.

È possibile dare una interpretazione statistica del secondo principio: 

a parità di energia, ogni sistema tende a raggiungere spontaneamente quella 
configurazione cui corrisponde il massimo disordine.



Probabilità e disordine

Ordine e disordine:

Di solito  con “ordine” si intende una configurazione eccezionale, 
poco probabile…
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Per un mazzo di 52 carte:

e noi chiamiamo “ordinata” solo una di queste…



Palline e gas (espansione libera di Joule)

La configurazione con tutte 
le palline (molecole) in una 
metà della scatola si può 
realizzare in un solo modo.
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Dopo l’espansione libera, 
entrambi gli spazi sono 
occupati e ci aspettiamo N/2 
molecole per parte.
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Se assumiamo le molecole identiche ma distinguibili, allora il numero di modi in 
cui le molecole si possono dividere in due gruppi di N/2 è data da:
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Dopo l’espansione libera, 
entrambi gli spazi sono 
occupati e ci aspettiamo N/2 
molecole per parte.



Combinazioni semplici

Consideriamo un insieme di N oggetti: se ne disponiamo n < N scelti a caso, il 
numero di possibilità e dato da:

N(N � 1)(N � 2) · · · (N � n+ 1) =
N !

(N � n)!
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Così facendo, però, ogni disposizione compare n! volte, ovvero il numero di 
disposizioni con gli stessi elementi ma con ordine differente.

Il numero effettivo di combinazioni differenti è:
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Combinazioni semplici

Il numero effettivo di combinazioni differenti è:
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<latexit sha1_base64="ixE4eN0pL95CxCGxQ4AQ85fAguc=">AAAB53icdVBNS8NAEN3Ur1q/qh69LBbBU9i00ba3ghePLRhbaEPZbDft2s0m7G6EEvoLvHhQ8epf8ua/cdNWUNEHA4/3ZpiZFyScKY3Qh1VYW9/Y3Cpul3Z29/YPyodHtypOJaEeiXksewFWlDNBPc00p71EUhwFnHaD6VXud++pVCwWN3qWUD/CY8FCRrA2UkcMyxVku7Vm1bmEhrg1p1bPyQVqNhB0bLRABazQHpbfB6OYpBEVmnCsVN9BifYzLDUjnM5Lg1TRBJMpHtO+oQJHVPnZ4tA5PDPKCIaxNCU0XKjfJzIcKTWLAtMZYT1Rv71c/Mvrpzps+BkTSaqpIMtFYcqhjmH+NRwxSYnmM0MwkczcCskES0y0yaZkQvj6FP5PvKrdtFHHrbTcVRpFcAJOwTlwQB20wDVoAw8QQMEDeALP1p31aL1Yr8vWgrWaOQY/YL19AqpLjQA=</latexit><latexit sha1_base64="ixE4eN0pL95CxCGxQ4AQ85fAguc=">AAAB53icdVBNS8NAEN3Ur1q/qh69LBbBU9i00ba3ghePLRhbaEPZbDft2s0m7G6EEvoLvHhQ8epf8ua/cdNWUNEHA4/3ZpiZFyScKY3Qh1VYW9/Y3Cpul3Z29/YPyodHtypOJaEeiXksewFWlDNBPc00p71EUhwFnHaD6VXud++pVCwWN3qWUD/CY8FCRrA2UkcMyxVku7Vm1bmEhrg1p1bPyQVqNhB0bLRABazQHpbfB6OYpBEVmnCsVN9BifYzLDUjnM5Lg1TRBJMpHtO+oQJHVPnZ4tA5PDPKCIaxNCU0XKjfJzIcKTWLAtMZYT1Rv71c/Mvrpzps+BkTSaqpIMtFYcqhjmH+NRwxSYnmM0MwkczcCskES0y0yaZkQvj6FP5PvKrdtFHHrbTcVRpFcAJOwTlwQB20wDVoAw8QQMEDeALP1p31aL1Yr8vWgrWaOQY/YL19AqpLjQA=</latexit><latexit sha1_base64="ixE4eN0pL95CxCGxQ4AQ85fAguc=">AAAB53icdVBNS8NAEN3Ur1q/qh69LBbBU9i00ba3ghePLRhbaEPZbDft2s0m7G6EEvoLvHhQ8epf8ua/cdNWUNEHA4/3ZpiZFyScKY3Qh1VYW9/Y3Cpul3Z29/YPyodHtypOJaEeiXksewFWlDNBPc00p71EUhwFnHaD6VXud++pVCwWN3qWUD/CY8FCRrA2UkcMyxVku7Vm1bmEhrg1p1bPyQVqNhB0bLRABazQHpbfB6OYpBEVmnCsVN9BifYzLDUjnM5Lg1TRBJMpHtO+oQJHVPnZ4tA5PDPKCIaxNCU0XKjfJzIcKTWLAtMZYT1Rv71c/Mvrpzps+BkTSaqpIMtFYcqhjmH+NRwxSYnmM0MwkczcCskES0y0yaZkQvj6FP5PvKrdtFHHrbTcVRpFcAJOwTlwQB20wDVoAw8QQMEDeALP1p31aL1Yr8vWgrWaOQY/YL19AqpLjQA=</latexit>

W
<latexit sha1_base64="Pd6sic81sHemDTmoO0tAxnqAh/A=">AAAB53icdVBNS8NAEN3Ur1q/qh69LBbBU9i00ba3ghePLRhbaEPZbDft2s0m7G6EEvoLvHhQ8epf8ua/cdNWUNEHA4/3ZpiZFyScKY3Qh1VYW9/Y3Cpul3Z29/YPyodHtypOJaEeiXksewFWlDNBPc00p71EUhwFnHaD6VXud++pVCwWN3qWUD/CY8FCRrA2Uqc7LFeQ7daaVecSGuLWnFo9Jxeo2UDQsdECFbBCe1h+H4xikkZUaMKxUn0HJdrPsNSMcDovDVJFE0ymeEz7hgocUeVni0Pn8MwoIxjG0pTQcKF+n8hwpNQsCkxnhPVE/fZy8S+vn+qw4WdMJKmmgiwXhSmHOob513DEJCWazwzBRDJzKyQTLDHRJpuSCeHrU/g/8ap200Ydt9JyV2kUwQk4BefAAXXQAtegDTxAAAUP4Ak8W3fWo/VivS5bC9Zq5hj8gPX2CYeGjOk=</latexit><latexit sha1_base64="Pd6sic81sHemDTmoO0tAxnqAh/A=">AAAB53icdVBNS8NAEN3Ur1q/qh69LBbBU9i00ba3ghePLRhbaEPZbDft2s0m7G6EEvoLvHhQ8epf8ua/cdNWUNEHA4/3ZpiZFyScKY3Qh1VYW9/Y3Cpul3Z29/YPyodHtypOJaEeiXksewFWlDNBPc00p71EUhwFnHaD6VXud++pVCwWN3qWUD/CY8FCRrA2Uqc7LFeQ7daaVecSGuLWnFo9Jxeo2UDQsdECFbBCe1h+H4xikkZUaMKxUn0HJdrPsNSMcDovDVJFE0ymeEz7hgocUeVni0Pn8MwoIxjG0pTQcKF+n8hwpNQsCkxnhPVE/fZy8S+vn+qw4WdMJKmmgiwXhSmHOob513DEJCWazwzBRDJzKyQTLDHRJpuSCeHrU/g/8ap200Ydt9JyV2kUwQk4BefAAXXQAtegDTxAAAUP4Ak8W3fWo/VivS5bC9Zq5hj8gPX2CYeGjOk=</latexit><latexit sha1_base64="Pd6sic81sHemDTmoO0tAxnqAh/A=">AAAB53icdVBNS8NAEN3Ur1q/qh69LBbBU9i00ba3ghePLRhbaEPZbDft2s0m7G6EEvoLvHhQ8epf8ua/cdNWUNEHA4/3ZpiZFyScKY3Qh1VYW9/Y3Cpul3Z29/YPyodHtypOJaEeiXksewFWlDNBPc00p71EUhwFnHaD6VXud++pVCwWN3qWUD/CY8FCRrA2Uqc7LFeQ7daaVecSGuLWnFo9Jxeo2UDQsdECFbBCe1h+H4xikkZUaMKxUn0HJdrPsNSMcDovDVJFE0ymeEz7hgocUeVni0Pn8MwoIxjG0pTQcKF+n8hwpNQsCkxnhPVE/fZy8S+vn+qw4WdMJKmmgiwXhSmHOob513DEJCWazwzBRDJzKyQTLDHRJpuSCeHrU/g/8ap200Ydt9JyV2kUwQk4BefAAXXQAtegDTxAAAUP4Ak8W3fWo/VivS5bC9Zq5hj8gPX2CYeGjOk=</latexit>

N = 12
<latexit sha1_base64="yASO9lDInacCgSeuetpY1lJCgWM=">AAAB6nicdVBNS8NAEN3Ur1q/qh69LBbBU0jaaNuDUPDiSSoYW2hD2Ww37dLdTdjdCCX0L3jxoOLVX+TNf+OmraCiDwYe780wMy9MGFXacT6swsrq2vpGcbO0tb2zu1feP7hTcSox8XHMYtkNkSKMCuJrqhnpJpIgHjLSCSeXud+5J1LRWNzqaUICjkaCRhQjnUvXF251UK44tldrVt1zaIhXc2v1nJw5zYYDXduZowKWaA/K7/1hjFNOhMYMKdVznUQHGZKaYkZmpX6qSILwBI1Iz1CBOFFBNr91Bk+MMoRRLE0JDefq94kMcaWmPDSdHOmx+u3l4l9eL9VRI8ioSFJNBF4silIGdQzzx+GQSoI1mxqCsKTmVojHSCKsTTwlE8LXp/B/4lftpu3ceJWWt0yjCI7AMTgFLqiDFrgCbeADDMbgATyBZ4tbj9aL9bpoLVjLmUPwA9bbJ9wejZ4=</latexit><latexit sha1_base64="yASO9lDInacCgSeuetpY1lJCgWM=">AAAB6nicdVBNS8NAEN3Ur1q/qh69LBbBU0jaaNuDUPDiSSoYW2hD2Ww37dLdTdjdCCX0L3jxoOLVX+TNf+OmraCiDwYe780wMy9MGFXacT6swsrq2vpGcbO0tb2zu1feP7hTcSox8XHMYtkNkSKMCuJrqhnpJpIgHjLSCSeXud+5J1LRWNzqaUICjkaCRhQjnUvXF251UK44tldrVt1zaIhXc2v1nJw5zYYDXduZowKWaA/K7/1hjFNOhMYMKdVznUQHGZKaYkZmpX6qSILwBI1Iz1CBOFFBNr91Bk+MMoRRLE0JDefq94kMcaWmPDSdHOmx+u3l4l9eL9VRI8ioSFJNBF4silIGdQzzx+GQSoI1mxqCsKTmVojHSCKsTTwlE8LXp/B/4lftpu3ceJWWt0yjCI7AMTgFLqiDFrgCbeADDMbgATyBZ4tbj9aL9bpoLVjLmUPwA9bbJ9wejZ4=</latexit><latexit sha1_base64="yASO9lDInacCgSeuetpY1lJCgWM=">AAAB6nicdVBNS8NAEN3Ur1q/qh69LBbBU0jaaNuDUPDiSSoYW2hD2Ww37dLdTdjdCCX0L3jxoOLVX+TNf+OmraCiDwYe780wMy9MGFXacT6swsrq2vpGcbO0tb2zu1feP7hTcSox8XHMYtkNkSKMCuJrqhnpJpIgHjLSCSeXud+5J1LRWNzqaUICjkaCRhQjnUvXF251UK44tldrVt1zaIhXc2v1nJw5zYYDXduZowKWaA/K7/1hjFNOhMYMKdVznUQHGZKaYkZmpX6qSILwBI1Iz1CBOFFBNr91Bk+MMoRRLE0JDefq94kMcaWmPDSdHOmx+u3l4l9eL9VRI8ioSFJNBF4silIGdQzzx+GQSoI1mxqCsKTmVojHSCKsTTwlE8LXp/B/4lftpu3ceJWWt0yjCI7AMTgFLqiDFrgCbeADDMbgATyBZ4tbj9aL9bpoLVjLmUPwA9bbJ9wejZ4=</latexit>



Equilibrio, entropia e probabilità

Un sistema isolato evolve 
spontaneamente verso stati a 
entropia maggiore: raggiunto il 
massimo dell’entropia si ha 
l’equilibrio termodinamico.

Dall’esempio studiato possiamo 
anche affermare che lo stato di 
equilibrio corrisponde allo 
stato con massima probabilità.

Possiamo supporre che lo stato di equilibrio di un 
sistema sia quello con probabilità massima 
(assegnata una data energia).

Deve esistere una relazione funzionale tra S e W…



Ludwig Boltzmann

Boltzmann ha mostrato che la probabilità di uno stato di 
un sistema termodinamico è connessa alla sua entropia 
tramite una semplice relazione.

Assumiamo che tale relazione esista:

S = S(W )
<latexit sha1_base64="W/x86BKFonevPjH7QrLu5360bHY=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBahXkLSVtschIIXj5UaW2hD2Ww37dLNJu5uhBL6J7x4UPHq7/Hmv3HTVlDRBwOP92aYmefHjEplWR9GbmV1bX0jv1nY2t7Z3SvuH9zKKBGYuDhikej6SBJGOXEVVYx0Y0FQ6DPS8SeXmd+5J0LSiN+oaUy8EI04DShGSkvdNryA7XLndFAsWWat6lTsc6hJrWpX6xk5s5yGBW3TmqMElmgNiu/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeun83hk80coQBpHQxRWcq98nUhRKOQ193RkiNZa/vUz8y+slKmh4KeVxogjHi0VBwqCKYPY8HFJBsGJTTRAWVN8K8RgJhJWOqKBD+PoU/k/ciumY1nWt1HSWaeTBETgGZWCDOmiCK9ACLsCAgQfwBJ6NO+PReDFeF605YzlzCH7AePsExEWOqA==</latexit><latexit sha1_base64="W/x86BKFonevPjH7QrLu5360bHY=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBahXkLSVtschIIXj5UaW2hD2Ww37dLNJu5uhBL6J7x4UPHq7/Hmv3HTVlDRBwOP92aYmefHjEplWR9GbmV1bX0jv1nY2t7Z3SvuH9zKKBGYuDhikej6SBJGOXEVVYx0Y0FQ6DPS8SeXmd+5J0LSiN+oaUy8EI04DShGSkvdNryA7XLndFAsWWat6lTsc6hJrWpX6xk5s5yGBW3TmqMElmgNiu/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeun83hk80coQBpHQxRWcq98nUhRKOQ193RkiNZa/vUz8y+slKmh4KeVxogjHi0VBwqCKYPY8HFJBsGJTTRAWVN8K8RgJhJWOqKBD+PoU/k/ciumY1nWt1HSWaeTBETgGZWCDOmiCK9ACLsCAgQfwBJ6NO+PReDFeF605YzlzCH7AePsExEWOqA==</latexit><latexit sha1_base64="W/x86BKFonevPjH7QrLu5360bHY=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBahXkLSVtschIIXj5UaW2hD2Ww37dLNJu5uhBL6J7x4UPHq7/Hmv3HTVlDRBwOP92aYmefHjEplWR9GbmV1bX0jv1nY2t7Z3SvuH9zKKBGYuDhikej6SBJGOXEVVYx0Y0FQ6DPS8SeXmd+5J0LSiN+oaUy8EI04DShGSkvdNryA7XLndFAsWWat6lTsc6hJrWpX6xk5s5yGBW3TmqMElmgNiu/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeun83hk80coQBpHQxRWcq98nUhRKOQ193RkiNZa/vUz8y+slKmh4KeVxogjHi0VBwqCKYPY8HFJBsGJTTRAWVN8K8RgJhJWOqKBD+PoU/k/ciumY1nWt1HSWaeTBETgGZWCDOmiCK9ACLsCAgQfwBJ6NO+PReDFeF605YzlzCH7AePsExEWOqA==</latexit>

e ricaviamone l’espressione analitica.

A tal fine utilizzeremo l’additività dell’entropia.

L’equazione di Boltzmann



Assumiamo che tale relazione esista:

S = S(W )
<latexit sha1_base64="W/x86BKFonevPjH7QrLu5360bHY=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBahXkLSVtschIIXj5UaW2hD2Ww37dLNJu5uhBL6J7x4UPHq7/Hmv3HTVlDRBwOP92aYmefHjEplWR9GbmV1bX0jv1nY2t7Z3SvuH9zKKBGYuDhikej6SBJGOXEVVYx0Y0FQ6DPS8SeXmd+5J0LSiN+oaUy8EI04DShGSkvdNryA7XLndFAsWWat6lTsc6hJrWpX6xk5s5yGBW3TmqMElmgNiu/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeun83hk80coQBpHQxRWcq98nUhRKOQ193RkiNZa/vUz8y+slKmh4KeVxogjHi0VBwqCKYPY8HFJBsGJTTRAWVN8K8RgJhJWOqKBD+PoU/k/ciumY1nWt1HSWaeTBETgGZWCDOmiCK9ACLsCAgQfwBJ6NO+PReDFeF605YzlzCH7AePsExEWOqA==</latexit><latexit sha1_base64="W/x86BKFonevPjH7QrLu5360bHY=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBahXkLSVtschIIXj5UaW2hD2Ww37dLNJu5uhBL6J7x4UPHq7/Hmv3HTVlDRBwOP92aYmefHjEplWR9GbmV1bX0jv1nY2t7Z3SvuH9zKKBGYuDhikej6SBJGOXEVVYx0Y0FQ6DPS8SeXmd+5J0LSiN+oaUy8EI04DShGSkvdNryA7XLndFAsWWat6lTsc6hJrWpX6xk5s5yGBW3TmqMElmgNiu/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeun83hk80coQBpHQxRWcq98nUhRKOQ193RkiNZa/vUz8y+slKmh4KeVxogjHi0VBwqCKYPY8HFJBsGJTTRAWVN8K8RgJhJWOqKBD+PoU/k/ciumY1nWt1HSWaeTBETgGZWCDOmiCK9ACLsCAgQfwBJ6NO+PReDFeF605YzlzCH7AePsExEWOqA==</latexit><latexit sha1_base64="W/x86BKFonevPjH7QrLu5360bHY=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBahXkLSVtschIIXj5UaW2hD2Ww37dLNJu5uhBL6J7x4UPHq7/Hmv3HTVlDRBwOP92aYmefHjEplWR9GbmV1bX0jv1nY2t7Z3SvuH9zKKBGYuDhikej6SBJGOXEVVYx0Y0FQ6DPS8SeXmd+5J0LSiN+oaUy8EI04DShGSkvdNryA7XLndFAsWWat6lTsc6hJrWpX6xk5s5yGBW3TmqMElmgNiu/9YYSTkHCFGZKyZ1ux8lIkFMWMzAr9RJIY4QkakZ6mHIVEeun83hk80coQBpHQxRWcq98nUhRKOQ193RkiNZa/vUz8y+slKmh4KeVxogjHi0VBwqCKYPY8HFJBsGJTTRAWVN8K8RgJhJWOqKBD+PoU/k/ciumY1nWt1HSWaeTBETgGZWCDOmiCK9ACLsCAgQfwBJ6NO+PReDFeF605YzlzCH7AePsExEWOqA==</latexit>

S1 = S(W1)
<latexit sha1_base64="QeSj7lVdZaPbpavXc1Evo+k6Mtw=">AAAB8nicdVBNS8NAEN34WetX1aOXxSLUS0jaapuDUPDisVJjC20Im+2mXbrZhN2NUEL/hhcPKl79Nd78N27aCir6YODx3gwz84KEUaks68NYWV1b39gsbBW3d3b39ksHh3cyTgUmLo5ZLHoBkoRRTlxFFSO9RBAUBYx0g8lV7nfviZA05rdqmhAvQiNOQ4qR0tKg49vwEnYqXd8+80tly6zXnKp9ATWp1+xaIyfnltO0oG1ac5TBEm2/9D4YxjiNCFeYISn7tpUoL0NCUczIrDhIJUkQnqAR6WvKUUSkl81vnsFTrQxhGAtdXMG5+n0iQ5GU0yjQnRFSY/nby8W/vH6qwqaXUZ6kinC8WBSmDKoY5gHAIRUEKzbVBGFB9a0Qj5FAWOmYijqEr0/h/8Stmo5p3dTLLWeZRgEcgxNQATZogBa4Bm3gAgwS8ACewLORGo/Gi/G6aF0xljNH4AeMt08V6o/w</latexit><latexit sha1_base64="QeSj7lVdZaPbpavXc1Evo+k6Mtw=">AAAB8nicdVBNS8NAEN34WetX1aOXxSLUS0jaapuDUPDisVJjC20Im+2mXbrZhN2NUEL/hhcPKl79Nd78N27aCir6YODx3gwz84KEUaks68NYWV1b39gsbBW3d3b39ksHh3cyTgUmLo5ZLHoBkoRRTlxFFSO9RBAUBYx0g8lV7nfviZA05rdqmhAvQiNOQ4qR0tKg49vwEnYqXd8+80tly6zXnKp9ATWp1+xaIyfnltO0oG1ac5TBEm2/9D4YxjiNCFeYISn7tpUoL0NCUczIrDhIJUkQnqAR6WvKUUSkl81vnsFTrQxhGAtdXMG5+n0iQ5GU0yjQnRFSY/nby8W/vH6qwqaXUZ6kinC8WBSmDKoY5gHAIRUEKzbVBGFB9a0Qj5FAWOmYijqEr0/h/8Stmo5p3dTLLWeZRgEcgxNQATZogBa4Bm3gAgwS8ACewLORGo/Gi/G6aF0xljNH4AeMt08V6o/w</latexit><latexit sha1_base64="QeSj7lVdZaPbpavXc1Evo+k6Mtw=">AAAB8nicdVBNS8NAEN34WetX1aOXxSLUS0jaapuDUPDisVJjC20Im+2mXbrZhN2NUEL/hhcPKl79Nd78N27aCir6YODx3gwz84KEUaks68NYWV1b39gsbBW3d3b39ksHh3cyTgUmLo5ZLHoBkoRRTlxFFSO9RBAUBYx0g8lV7nfviZA05rdqmhAvQiNOQ4qR0tKg49vwEnYqXd8+80tly6zXnKp9ATWp1+xaIyfnltO0oG1ac5TBEm2/9D4YxjiNCFeYISn7tpUoL0NCUczIrDhIJUkQnqAR6WvKUUSkl81vnsFTrQxhGAtdXMG5+n0iQ5GU0yjQnRFSY/nby8W/vH6qwqaXUZ6kinC8WBSmDKoY5gHAIRUEKzbVBGFB9a0Qj5FAWOmYijqEr0/h/8Stmo5p3dTLLWeZRgEcgxNQATZogBa4Bm3gAgwS8ACewLORGo/Gi/G6aF0xljNH4AeMt08V6o/w</latexit>

S2 = S(W2)
<latexit sha1_base64="dtP0xGkZD/loSrOsI2pAi6SAUTo=">AAAB8nicdVBNS8NAEN34WetX1aOXxSLUS0jaapuDUPDisVJjC20Im+2mXbrZhN2NUEL/hhcPKl79Nd78N27aCir6YODx3gwz84KEUaks68NYWV1b39gsbBW3d3b39ksHh3cyTgUmLo5ZLHoBkoRRTlxFFSO9RBAUBYx0g8lV7nfviZA05rdqmhAvQiNOQ4qR0tKg41fhJexUun71zC+VLbNec6r2BdSkXrNrjZycW07TgrZpzVEGS7T90vtgGOM0IlxhhqTs21aivAwJRTEjs+IglSRBeIJGpK8pRxGRXja/eQZPtTKEYSx0cQXn6veJDEVSTqNAd0ZIjeVvLxf/8vqpCpteRnmSKsLxYlGYMqhimAcAh1QQrNhUE4QF1bdCPEYCYaVjKuoQvj6F/xO3ajqmdVMvt5xlGgVwDE5ABdigAVrgGrSBCzBIwAN4As9GajwaL8bronXFWM4cgR8w3j4BGPqP8g==</latexit><latexit sha1_base64="dtP0xGkZD/loSrOsI2pAi6SAUTo=">AAAB8nicdVBNS8NAEN34WetX1aOXxSLUS0jaapuDUPDisVJjC20Im+2mXbrZhN2NUEL/hhcPKl79Nd78N27aCir6YODx3gwz84KEUaks68NYWV1b39gsbBW3d3b39ksHh3cyTgUmLo5ZLHoBkoRRTlxFFSO9RBAUBYx0g8lV7nfviZA05rdqmhAvQiNOQ4qR0tKg41fhJexUun71zC+VLbNec6r2BdSkXrNrjZycW07TgrZpzVEGS7T90vtgGOM0IlxhhqTs21aivAwJRTEjs+IglSRBeIJGpK8pRxGRXja/eQZPtTKEYSx0cQXn6veJDEVSTqNAd0ZIjeVvLxf/8vqpCpteRnmSKsLxYlGYMqhimAcAh1QQrNhUE4QF1bdCPEYCYaVjKuoQvj6F/xO3ajqmdVMvt5xlGgVwDE5ABdigAVrgGrSBCzBIwAN4As9GajwaL8bronXFWM4cgR8w3j4BGPqP8g==</latexit><latexit sha1_base64="dtP0xGkZD/loSrOsI2pAi6SAUTo=">AAAB8nicdVBNS8NAEN34WetX1aOXxSLUS0jaapuDUPDisVJjC20Im+2mXbrZhN2NUEL/hhcPKl79Nd78N27aCir6YODx3gwz84KEUaks68NYWV1b39gsbBW3d3b39ksHh3cyTgUmLo5ZLHoBkoRRTlxFFSO9RBAUBYx0g8lV7nfviZA05rdqmhAvQiNOQ4qR0tKg41fhJexUun71zC+VLbNec6r2BdSkXrNrjZycW07TgrZpzVEGS7T90vtgGOM0IlxhhqTs21aivAwJRTEjs+IglSRBeIJGpK8pRxGRXja/eQZPtTKEYSx0cQXn6veJDEVSTqNAd0ZIjeVvLxf/8vqpCpteRnmSKsLxYlGYMqhimAcAh1QQrNhUE4QF1bdCPEYCYaVjKuoQvj6F/xO3ajqmdVMvt5xlGgVwDE5ABdigAVrgGrSBCzBIwAN4As9GajwaL8bronXFWM4cgR8w3j4BGPqP8g==</latexit>

Stot = S1 + S2
<latexit sha1_base64="4UFofVvxUsX1bc2uN19lHFTiBAg=">AAAB/3icdVDNS8MwHE3n15xfVQ8evASHIAil3aZbD8LAi8fJrBtspaRZtoWlHySpMEov/itePKh49d/w5n9juk1Q0QcJj/d+P5L3/JhRIU3zQyssLa+srhXXSxubW9s7+u7erYgSjomDIxbxro8EYTQkjqSSkW7MCQp8Rjr+5DL3O3eECxqFN3IaEzdAo5AOKUZSSZ5+0PbSPg+gjGQGL2Dbs+CpuiueXjaNWtWuWOdQkVrVqtZzcmbaDRNahjlDGSzQ8vT3/iDCSUBCiRkSomeZsXRTxCXFjGSlfiJIjPAEjUhP0RAFRLjpLEAGj5UygMOIqxNKOFO/b6QoEGIa+GoyQHIsfnu5+JfXS+Sw4aY0jBNJQjx/aJgwFRfmbcAB5QRLNlUEYU7VXyEeI46wVJ2VVAlfSeH/xKkYtmFe18pNe9FGERyCI3ACLFAHTXAFWsABGGTgATyBZ+1ee9RetNf5aEFb7OyDH9DePgGo+ZSv</latexit><latexit sha1_base64="4UFofVvxUsX1bc2uN19lHFTiBAg=">AAAB/3icdVDNS8MwHE3n15xfVQ8evASHIAil3aZbD8LAi8fJrBtspaRZtoWlHySpMEov/itePKh49d/w5n9juk1Q0QcJj/d+P5L3/JhRIU3zQyssLa+srhXXSxubW9s7+u7erYgSjomDIxbxro8EYTQkjqSSkW7MCQp8Rjr+5DL3O3eECxqFN3IaEzdAo5AOKUZSSZ5+0PbSPg+gjGQGL2Dbs+CpuiueXjaNWtWuWOdQkVrVqtZzcmbaDRNahjlDGSzQ8vT3/iDCSUBCiRkSomeZsXRTxCXFjGSlfiJIjPAEjUhP0RAFRLjpLEAGj5UygMOIqxNKOFO/b6QoEGIa+GoyQHIsfnu5+JfXS+Sw4aY0jBNJQjx/aJgwFRfmbcAB5QRLNlUEYU7VXyEeI46wVJ2VVAlfSeH/xKkYtmFe18pNe9FGERyCI3ACLFAHTXAFWsABGGTgATyBZ+1ee9RetNf5aEFb7OyDH9DePgGo+ZSv</latexit><latexit sha1_base64="4UFofVvxUsX1bc2uN19lHFTiBAg=">AAAB/3icdVDNS8MwHE3n15xfVQ8evASHIAil3aZbD8LAi8fJrBtspaRZtoWlHySpMEov/itePKh49d/w5n9juk1Q0QcJj/d+P5L3/JhRIU3zQyssLa+srhXXSxubW9s7+u7erYgSjomDIxbxro8EYTQkjqSSkW7MCQp8Rjr+5DL3O3eECxqFN3IaEzdAo5AOKUZSSZ5+0PbSPg+gjGQGL2Dbs+CpuiueXjaNWtWuWOdQkVrVqtZzcmbaDRNahjlDGSzQ8vT3/iDCSUBCiRkSomeZsXRTxCXFjGSlfiJIjPAEjUhP0RAFRLjpLEAGj5UygMOIqxNKOFO/b6QoEGIa+GoyQHIsfnu5+JfXS+Sw4aY0jBNJQjx/aJgwFRfmbcAB5QRLNlUEYU7VXyEeI46wVJ2VVAlfSeH/xKkYtmFe18pNe9FGERyCI3ACLFAHTXAFWsABGGTgATyBZ+1ee9RetNf5aEFb7OyDH9DePgGo+ZSv</latexit>

entropia 
totale

Wtot = W1W2
<latexit sha1_base64="wrNsXJ6DDHL7mF9/h51lPez9ymk=">AAAB/nicdVDLSsNAFJ3UV62vqODGzWARXIWkrbZZCAU3LisYU2hDmEwn7dDJg5mJUGIX/oobFypu/Q53/o2TtoKKHpjhcM693HtPkDIqpGl+aKWl5ZXVtfJ6ZWNza3tH3927EUnGMXFwwhLeDZAgjMbEkVQy0k05QVHAiBuMLwrfvSVc0CS+lpOUeBEaxjSkGEkl+fqB6+d9HkGZyCk8h65vQfXVfL1qGo26XbPOoCKNulVvFuTUtFsmtAxzhipYoOPr7/1BgrOIxBIzJETPMlPp5YhLihmZVvqZICnCYzQkPUVjFBHh5bP9p/BYKQMYJly9WMKZ+r0jR5EQkyhQlRGSI/HbK8S/vF4mw5aX0zjNJInxfFCYMXUtLMKAA8oJlmyiCMKcql0hHiGOsFSRVVQIX5fC/4lTM2zDvGpU2/YijTI4BEfgBFigCdrgEnSAAzC4Aw/gCTxr99qj9qK9zktL2qJnH/yA9vYJTuCUhg==</latexit><latexit sha1_base64="wrNsXJ6DDHL7mF9/h51lPez9ymk=">AAAB/nicdVDLSsNAFJ3UV62vqODGzWARXIWkrbZZCAU3LisYU2hDmEwn7dDJg5mJUGIX/oobFypu/Q53/o2TtoKKHpjhcM693HtPkDIqpGl+aKWl5ZXVtfJ6ZWNza3tH3927EUnGMXFwwhLeDZAgjMbEkVQy0k05QVHAiBuMLwrfvSVc0CS+lpOUeBEaxjSkGEkl+fqB6+d9HkGZyCk8h65vQfXVfL1qGo26XbPOoCKNulVvFuTUtFsmtAxzhipYoOPr7/1BgrOIxBIzJETPMlPp5YhLihmZVvqZICnCYzQkPUVjFBHh5bP9p/BYKQMYJly9WMKZ+r0jR5EQkyhQlRGSI/HbK8S/vF4mw5aX0zjNJInxfFCYMXUtLMKAA8oJlmyiCMKcql0hHiGOsFSRVVQIX5fC/4lTM2zDvGpU2/YijTI4BEfgBFigCdrgEnSAAzC4Aw/gCTxr99qj9qK9zktL2qJnH/yA9vYJTuCUhg==</latexit><latexit sha1_base64="wrNsXJ6DDHL7mF9/h51lPez9ymk=">AAAB/nicdVDLSsNAFJ3UV62vqODGzWARXIWkrbZZCAU3LisYU2hDmEwn7dDJg5mJUGIX/oobFypu/Q53/o2TtoKKHpjhcM693HtPkDIqpGl+aKWl5ZXVtfJ6ZWNza3tH3927EUnGMXFwwhLeDZAgjMbEkVQy0k05QVHAiBuMLwrfvSVc0CS+lpOUeBEaxjSkGEkl+fqB6+d9HkGZyCk8h65vQfXVfL1qGo26XbPOoCKNulVvFuTUtFsmtAxzhipYoOPr7/1BgrOIxBIzJETPMlPp5YhLihmZVvqZICnCYzQkPUVjFBHh5bP9p/BYKQMYJly9WMKZ+r0jR5EQkyhQlRGSI/HbK8S/vF4mw5aX0zjNJInxfFCYMXUtLMKAA8oJlmyiCMKcql0hHiGOsFSRVVQIX5fC/4lTM2zDvGpU2/YijTI4BEfgBFigCdrgEnSAAzC4Aw/gCTxr99qj9qK9zktL2qJnH/yA9vYJTuCUhg==</latexit>

probabilità 
totale

Stot = S(Wtot) ) S(W1W2) = S(W1) + S(W2)
<latexit sha1_base64="vDshh5qp268VpkbmMzHZn3QCR7o="></latexit><latexit sha1_base64="vDshh5qp268VpkbmMzHZn3QCR7o="></latexit><latexit sha1_base64="vDshh5qp268VpkbmMzHZn3QCR7o="></latexit>

L’equazione di Boltzmann



S(xy) = S(x) + S(y)
<latexit sha1_base64="wwL5WCSIEi8KzBy37g28l0bYOy0=">AAAB+3icdVDLSsNAFJ34rPUV7dLNYBFahJC01TYLoeDGZUVjC20ok+mkHTp5MDMRQ6m/4saFilt/xJ1/46StoKIHhns4517unePFjAppmh/a0vLK6tp6biO/ubW9s6vv7d+IKOGYODhiEe94SBBGQ+JIKhnpxJygwGOk7Y3PM799S7igUXgt05i4ARqG1KcYSSX19cJV6S4twzOoahkeq5KW+3rRNGpVu2KdQkVqVataz8iJaTdMaBnmDEWwQKuvv/cGEU4CEkrMkBBdy4ylO0FcUszINN9LBIkRHqMh6SoaooAIdzI7fgqPlDKAfsTVCyWcqd8nJigQIg081RkgORK/vUz8y+sm0m+4ExrGiSQhni/yEwZlBLMk4IBygiVLFUGYU3UrxCPEEZYqr7wK4eun8H/iVAzbMC9rxaa9SCMHDsAhKAEL1EETXIAWcAAGKXgAT+BZu9cetRftdd66pC1mCuAHtLdPYwGSMg==</latexit><latexit sha1_base64="wwL5WCSIEi8KzBy37g28l0bYOy0=">AAAB+3icdVDLSsNAFJ34rPUV7dLNYBFahJC01TYLoeDGZUVjC20ok+mkHTp5MDMRQ6m/4saFilt/xJ1/46StoKIHhns4517unePFjAppmh/a0vLK6tp6biO/ubW9s6vv7d+IKOGYODhiEe94SBBGQ+JIKhnpxJygwGOk7Y3PM799S7igUXgt05i4ARqG1KcYSSX19cJV6S4twzOoahkeq5KW+3rRNGpVu2KdQkVqVataz8iJaTdMaBnmDEWwQKuvv/cGEU4CEkrMkBBdy4ylO0FcUszINN9LBIkRHqMh6SoaooAIdzI7fgqPlDKAfsTVCyWcqd8nJigQIg081RkgORK/vUz8y+sm0m+4ExrGiSQhni/yEwZlBLMk4IBygiVLFUGYU3UrxCPEEZYqr7wK4eun8H/iVAzbMC9rxaa9SCMHDsAhKAEL1EETXIAWcAAGKXgAT+BZu9cetRftdd66pC1mCuAHtLdPYwGSMg==</latexit><latexit sha1_base64="wwL5WCSIEi8KzBy37g28l0bYOy0=">AAAB+3icdVDLSsNAFJ34rPUV7dLNYBFahJC01TYLoeDGZUVjC20ok+mkHTp5MDMRQ6m/4saFilt/xJ1/46StoKIHhns4517unePFjAppmh/a0vLK6tp6biO/ubW9s6vv7d+IKOGYODhiEe94SBBGQ+JIKhnpxJygwGOk7Y3PM799S7igUXgt05i4ARqG1KcYSSX19cJV6S4twzOoahkeq5KW+3rRNGpVu2KdQkVqVataz8iJaTdMaBnmDEWwQKuvv/cGEU4CEkrMkBBdy4ylO0FcUszINN9LBIkRHqMh6SoaooAIdzI7fgqPlDKAfsTVCyWcqd8nJigQIg081RkgORK/vUz8y+sm0m+4ExrGiSQhni/yEwZlBLMk4IBygiVLFUGYU3UrxCPEEZYqr7wK4eun8H/iVAzbMC9rxaa9SCMHDsAhKAEL1EETXIAWcAAGKXgAT+BZu9cetRftdd66pC1mCuAHtLdPYwGSMg==</latexit>

La funzione cercata è quindi tale che:

e, ponendo,  :y = 1 + ε

S(x+ x") = S(x) + S(1 + ")
<latexit sha1_base64="L6k7r/GirkxU3vhcjgd5LAtwq1I="></latexit><latexit sha1_base64="L6k7r/GirkxU3vhcjgd5LAtwq1I="></latexit><latexit sha1_base64="L6k7r/GirkxU3vhcjgd5LAtwq1I="></latexit>

Ora sviluppiamo in serie di Taylor fermandoci al primo ordine in :ε

S(x) + S0(x)x" = S(x) + S(1) + S0(1) " S0(x) =
dS(x)

dx
<latexit sha1_base64="5ETVCUKILpnNLcT7KufBiSWg4KM="></latexit><latexit sha1_base64="5ETVCUKILpnNLcT7KufBiSWg4KM="></latexit><latexit sha1_base64="5ETVCUKILpnNLcT7KufBiSWg4KM="></latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="EDfxcC80OnSp8QfhTU5Oi8Y2OUY="></latexit><latexit sha1_base64="UmK3uvOqSuYomPO4jpH1nLnHZus="></latexit><latexit sha1_base64="636oREZQy54qcXU9fbYgp8xgWVQ="></latexit><latexit sha1_base64="5ETVCUKILpnNLcT7KufBiSWg4KM="></latexit><latexit sha1_base64="5ETVCUKILpnNLcT7KufBiSWg4KM="></latexit><latexit sha1_base64="5ETVCUKILpnNLcT7KufBiSWg4KM="></latexit><latexit sha1_base64="5ETVCUKILpnNLcT7KufBiSWg4KM="></latexit><latexit sha1_base64="5ETVCUKILpnNLcT7KufBiSWg4KM="></latexit>

S(1) = 0 (" = 0)
<latexit sha1_base64="qN2F1yBTogQtEnjgv17UUpuYFfE=">AAACA3icdVBNTwIxEO3iF+IX6pFLIzGBC+kCChxISLx4xOiKCUtItxRo6HbXtktCCAcv/hUvHtR49U9489/YBUzU6EsmeXlvJjPzvJAzpRH6sBIrq2vrG8nN1Nb2zu5eev/gWgWRJNQhAQ/kjYcV5UxQRzPN6U0oKfY9Tlve6Cz2W2MqFQvElZ6EtOPjgWB9RrA2UjeduczZ+TpybyPcgzl3jCUNFeOBqKN8N51FhXKpVrRPoSHlkl2qxOQE1aoI2gU0RxYs0eym391eQCKfCk04Vqpto1B3plhqRjidpdxI0RCTER7QtqEC+1R1pvMnZvDYKD3YD6QpoeFc/T4xxb5SE98znT7WQ/Xbi8W/vHak+9XOlIkw0lSQxaJ+xKEOYJwI7DFJieYTQzCRzNwKyRBLTLTJLWVC+PoU/k+cYqFWQBflbKO2TCMJMuAI5IANKqABzkETOICAO/AAnsCzdW89Wi/W66I1YS1nDsEPWG+f8BWWkg==</latexit><latexit sha1_base64="qN2F1yBTogQtEnjgv17UUpuYFfE=">AAACA3icdVBNTwIxEO3iF+IX6pFLIzGBC+kCChxISLx4xOiKCUtItxRo6HbXtktCCAcv/hUvHtR49U9489/YBUzU6EsmeXlvJjPzvJAzpRH6sBIrq2vrG8nN1Nb2zu5eev/gWgWRJNQhAQ/kjYcV5UxQRzPN6U0oKfY9Tlve6Cz2W2MqFQvElZ6EtOPjgWB9RrA2UjeduczZ+TpybyPcgzl3jCUNFeOBqKN8N51FhXKpVrRPoSHlkl2qxOQE1aoI2gU0RxYs0eym391eQCKfCk04Vqpto1B3plhqRjidpdxI0RCTER7QtqEC+1R1pvMnZvDYKD3YD6QpoeFc/T4xxb5SE98znT7WQ/Xbi8W/vHak+9XOlIkw0lSQxaJ+xKEOYJwI7DFJieYTQzCRzNwKyRBLTLTJLWVC+PoU/k+cYqFWQBflbKO2TCMJMuAI5IANKqABzkETOICAO/AAnsCzdW89Wi/W66I1YS1nDsEPWG+f8BWWkg==</latexit><latexit sha1_base64="qN2F1yBTogQtEnjgv17UUpuYFfE=">AAACA3icdVBNTwIxEO3iF+IX6pFLIzGBC+kCChxISLx4xOiKCUtItxRo6HbXtktCCAcv/hUvHtR49U9489/YBUzU6EsmeXlvJjPzvJAzpRH6sBIrq2vrG8nN1Nb2zu5eev/gWgWRJNQhAQ/kjYcV5UxQRzPN6U0oKfY9Tlve6Cz2W2MqFQvElZ6EtOPjgWB9RrA2UjeduczZ+TpybyPcgzl3jCUNFeOBqKN8N51FhXKpVrRPoSHlkl2qxOQE1aoI2gU0RxYs0eym391eQCKfCk04Vqpto1B3plhqRjidpdxI0RCTER7QtqEC+1R1pvMnZvDYKD3YD6QpoeFc/T4xxb5SE98znT7WQ/Xbi8W/vHak+9XOlIkw0lSQxaJ+xKEOYJwI7DFJieYTQzCRzNwKyRBLTLTJLWVC+PoU/k+cYqFWQBflbKO2TCMJMuAI5IANKqABzkETOICAO/AAnsCzdW89Wi/W66I1YS1nDsEPWG+f8BWWkg==</latexit>

S0(x) =
C

x
) S(x) = C lnx+ C1

<latexit sha1_base64="5lcm/aO7bmAWcTwWGL2oOyMFEQk="></latexit><latexit sha1_base64="5lcm/aO7bmAWcTwWGL2oOyMFEQk="></latexit><latexit sha1_base64="5lcm/aO7bmAWcTwWGL2oOyMFEQk="></latexit>

Quindi abbiamo ottenuto:

S0(x)x = S0(1) = C
<latexit sha1_base64="2IiW9dB3HzETFISL7qSg0OlnwNc=">AAAB/nicdZDLSgMxFIYzXmu9jQpu3ASL2IKUTFttZyEUunFZ0dpCO5RMmrahmQtJRlrGLnwVNy5U3Poc7nwb04ugoj8EPv5zDufkd0POpELow1hYXFpeWU2sJdc3Nre2zZ3dGxlEgtAaCXggGi6WlDOf1hRTnDZCQbHnclp3B5VJvX5LhWSBf61GIXU83PNZlxGstNU296+O08NM62QIzyHUbGU0VGDbTKFsIW/nrDOooZC38sUJnCK7hKCVRVOlwFzVtvne6gQk8qivCMdSNi0UKifGQjHC6TjZiiQNMRngHm1q9LFHpRNP7x/DI+10YDcQ+vkKTt3vEzH2pBx5ru70sOrL37WJ+VetGaluyYmZH0aK+mS2qBtxqAI4CQN2mKBE8ZEGTATTt0LSxwITpSNL6hC+fgr/h1oua2fRZSFVtudpJMABOARpYIEiKIMLUAU1QMAdeABP4Nm4Nx6NF+N11rpgzGf2wA8Zb5/l4pJW</latexit><latexit sha1_base64="2IiW9dB3HzETFISL7qSg0OlnwNc=">AAAB/nicdZDLSgMxFIYzXmu9jQpu3ASL2IKUTFttZyEUunFZ0dpCO5RMmrahmQtJRlrGLnwVNy5U3Poc7nwb04ugoj8EPv5zDufkd0POpELow1hYXFpeWU2sJdc3Nre2zZ3dGxlEgtAaCXggGi6WlDOf1hRTnDZCQbHnclp3B5VJvX5LhWSBf61GIXU83PNZlxGstNU296+O08NM62QIzyHUbGU0VGDbTKFsIW/nrDOooZC38sUJnCK7hKCVRVOlwFzVtvne6gQk8qivCMdSNi0UKifGQjHC6TjZiiQNMRngHm1q9LFHpRNP7x/DI+10YDcQ+vkKTt3vEzH2pBx5ru70sOrL37WJ+VetGaluyYmZH0aK+mS2qBtxqAI4CQN2mKBE8ZEGTATTt0LSxwITpSNL6hC+fgr/h1oua2fRZSFVtudpJMABOARpYIEiKIMLUAU1QMAdeABP4Nm4Nx6NF+N11rpgzGf2wA8Zb5/l4pJW</latexit><latexit sha1_base64="2IiW9dB3HzETFISL7qSg0OlnwNc=">AAAB/nicdZDLSgMxFIYzXmu9jQpu3ASL2IKUTFttZyEUunFZ0dpCO5RMmrahmQtJRlrGLnwVNy5U3Poc7nwb04ugoj8EPv5zDufkd0POpELow1hYXFpeWU2sJdc3Nre2zZ3dGxlEgtAaCXggGi6WlDOf1hRTnDZCQbHnclp3B5VJvX5LhWSBf61GIXU83PNZlxGstNU296+O08NM62QIzyHUbGU0VGDbTKFsIW/nrDOooZC38sUJnCK7hKCVRVOlwFzVtvne6gQk8qivCMdSNi0UKifGQjHC6TjZiiQNMRngHm1q9LFHpRNP7x/DI+10YDcQ+vkKTt3vEzH2pBx5ru70sOrL37WJ+VetGaluyYmZH0aK+mS2qBtxqAI4CQN2mKBE8ZEGTATTt0LSxwITpSNL6hC+fgr/h1oua2fRZSFVtudpJMABOARpYIEiKIMLUAU1QMAdeABP4Nm4Nx6NF+N11rpgzGf2wA8Zb5/l4pJW</latexit>

costante

L’equazione di Boltzmann



Riassumendo:

S(W ) = C lnW + C1
<latexit sha1_base64="Kbh5oBa1Z6Jf2ALeaJH9IXEXyRk=">AAAB/HicdVBdSwJBFJ21L7Ov7eOtlyEJjEB21VIfCsGXHo0yBV2W2XHUwdnZZWY2sEX6K730UNFrP6S3/k2zalBRBy4czrmXe+/xQkalsqwPI7WwuLS8kl7NrK1vbG6Z2zs3MogEJk0csEC0PSQJo5w0FVWMtENBkO8x0vJG9cRv3RIhacCv1Tgkjo8GnPYpRkpLrrl3lWsdwTNYh13GYQsew7pru2bWypeK1YJ9CjUpFe1iOSEnVrViQTtvTZEFczRc873bC3DkE64wQ1J2bCtUToyEopiRSaYbSRIiPEID0tGUI59IJ55eP4GHWunBfiB0cQWn6veJGPlSjn1Pd/pIDeVvLxH/8jqR6lecmPIwUoTj2aJ+xKAKYBIF7FFBsGJjTRAWVN8K8RAJhJUOLKND+PoU/k+ahXw1b12WsrXzeRppsA8OQA7YoAxq4AI0QBNgcAcewBN4Nu6NR+PFeJ21poz5zC74AePtE6JEklE=</latexit><latexit sha1_base64="Kbh5oBa1Z6Jf2ALeaJH9IXEXyRk=">AAAB/HicdVBdSwJBFJ21L7Ov7eOtlyEJjEB21VIfCsGXHo0yBV2W2XHUwdnZZWY2sEX6K730UNFrP6S3/k2zalBRBy4czrmXe+/xQkalsqwPI7WwuLS8kl7NrK1vbG6Z2zs3MogEJk0csEC0PSQJo5w0FVWMtENBkO8x0vJG9cRv3RIhacCv1Tgkjo8GnPYpRkpLrrl3lWsdwTNYh13GYQsew7pru2bWypeK1YJ9CjUpFe1iOSEnVrViQTtvTZEFczRc873bC3DkE64wQ1J2bCtUToyEopiRSaYbSRIiPEID0tGUI59IJ55eP4GHWunBfiB0cQWn6veJGPlSjn1Pd/pIDeVvLxH/8jqR6lecmPIwUoTj2aJ+xKAKYBIF7FFBsGJjTRAWVN8K8RAJhJUOLKND+PoU/k+ahXw1b12WsrXzeRppsA8OQA7YoAxq4AI0QBNgcAcewBN4Nu6NR+PFeJ21poz5zC74AePtE6JEklE=</latexit><latexit sha1_base64="Kbh5oBa1Z6Jf2ALeaJH9IXEXyRk=">AAAB/HicdVBdSwJBFJ21L7Ov7eOtlyEJjEB21VIfCsGXHo0yBV2W2XHUwdnZZWY2sEX6K730UNFrP6S3/k2zalBRBy4czrmXe+/xQkalsqwPI7WwuLS8kl7NrK1vbG6Z2zs3MogEJk0csEC0PSQJo5w0FVWMtENBkO8x0vJG9cRv3RIhacCv1Tgkjo8GnPYpRkpLrrl3lWsdwTNYh13GYQsew7pru2bWypeK1YJ9CjUpFe1iOSEnVrViQTtvTZEFczRc873bC3DkE64wQ1J2bCtUToyEopiRSaYbSRIiPEID0tGUI59IJ55eP4GHWunBfiB0cQWn6veJGPlSjn1Pd/pIDeVvLxH/8jqR6lecmPIwUoTj2aJ+xKAKYBIF7FFBsGJjTRAWVN8K8RAJhJUOLKND+PoU/k+ahXw1b12WsrXzeRppsA8OQA7YoAxq4AI0QBNgcAcewBN4Nu6NR+PFeJ21poz5zC74AePtE6JEklE=</latexit>

Vedremo, infatti, che il terzo principio della 
termodinamica postula che per T  0 l’entropia 
si annulla: allo zero assoluto esiste un solo stato 
dinamico, W = 1 (Teorema di Nernst).

→

La costante di integrazione può (e deve) essere posta uguale a zero.

Per dirla alla Kelvin: allo zero assoluto i gradi di 
libertà di tutte le molecole sono “congelati”.

Lord Kelvin

L’equazione di Boltzmann



Riassumendo:

S(W ) = C lnW
<latexit sha1_base64="QuSuiBs4pudyhyAYCWSoJCdk9IQ=">AAAB9HicdVBNT8JAEN3iF+IX6tHLRmKCl6YFFDhoSLh4xGiFBCrZLlvYsN02u1sNafgfXjyo8eqP8ea/cQuYqNGXTPLy3kxm5nkRo1JZ1oeRWVpeWV3Lruc2Nre2d/K7ezcyjAUmDg5ZKDoekoRRThxFFSOdSBAUeIy0vXEz9dt3REga8ms1iYgboCGnPsVIaen2qtg+hmewCXuMw3Y/X7DMSrlesk+hJpWyXa6m5MSq1yxom9YMBbBAq59/7w1CHAeEK8yQlF3bipSbIKEoZmSa68WSRAiP0ZB0NeUoINJNZldP4ZFWBtAPhS6u4Ez9PpGgQMpJ4OnOAKmR/O2l4l9eN1Z+zU0oj2JFOJ4v8mMGVQjTCOCACoIVm2iCsKD6VohHSCCsdFA5HcLXp/B/4pTMumldVgqN80UaWXAADkER2KAKGuACtIADMBDgATyBZ+PeeDRejNd5a8ZYzOyDHzDePgFTX5Cm</latexit><latexit sha1_base64="QuSuiBs4pudyhyAYCWSoJCdk9IQ=">AAAB9HicdVBNT8JAEN3iF+IX6tHLRmKCl6YFFDhoSLh4xGiFBCrZLlvYsN02u1sNafgfXjyo8eqP8ea/cQuYqNGXTPLy3kxm5nkRo1JZ1oeRWVpeWV3Lruc2Nre2d/K7ezcyjAUmDg5ZKDoekoRRThxFFSOdSBAUeIy0vXEz9dt3REga8ms1iYgboCGnPsVIaen2qtg+hmewCXuMw3Y/X7DMSrlesk+hJpWyXa6m5MSq1yxom9YMBbBAq59/7w1CHAeEK8yQlF3bipSbIKEoZmSa68WSRAiP0ZB0NeUoINJNZldP4ZFWBtAPhS6u4Ez9PpGgQMpJ4OnOAKmR/O2l4l9eN1Z+zU0oj2JFOJ4v8mMGVQjTCOCACoIVm2iCsKD6VohHSCCsdFA5HcLXp/B/4pTMumldVgqN80UaWXAADkER2KAKGuACtIADMBDgATyBZ+PeeDRejNd5a8ZYzOyDHzDePgFTX5Cm</latexit><latexit sha1_base64="QuSuiBs4pudyhyAYCWSoJCdk9IQ=">AAAB9HicdVBNT8JAEN3iF+IX6tHLRmKCl6YFFDhoSLh4xGiFBCrZLlvYsN02u1sNafgfXjyo8eqP8ea/cQuYqNGXTPLy3kxm5nkRo1JZ1oeRWVpeWV3Lruc2Nre2d/K7ezcyjAUmDg5ZKDoekoRRThxFFSOdSBAUeIy0vXEz9dt3REga8ms1iYgboCGnPsVIaen2qtg+hmewCXuMw3Y/X7DMSrlesk+hJpWyXa6m5MSq1yxom9YMBbBAq59/7w1CHAeEK8yQlF3bipSbIKEoZmSa68WSRAiP0ZB0NeUoINJNZldP4ZFWBtAPhS6u4Ez9PpGgQMpJ4OnOAKmR/O2l4l9eN1Z+zU0oj2JFOJ4v8mMGVQjTCOCACoIVm2iCsKD6VohHSCCsdFA5HcLXp/B/4pTMumldVgqN80UaWXAADkER2KAKGuACtIADMBDgATyBZ+PeeDRejNd5a8ZYzOyDHzDePgFTX5Cm</latexit>

Per trovare C utilizziamo una trasformazione di cui sappiamo calcolare sia la 
variazione di entropia sia il rapporto tra le probabilità: l’espansione libera.

�S = S(WB)� S(WA) = C ln

✓
WB

WA

◆

<latexit sha1_base64="asuuizM6AHQq+FoW8uWRp/oXDhI="></latexit><latexit sha1_base64="asuuizM6AHQq+FoW8uWRp/oXDhI="></latexit><latexit sha1_base64="asuuizM6AHQq+FoW8uWRp/oXDhI="></latexit>

Infatti:

Per comodità assumiamo VB = 2 VA e la variazione di entropia diventa:

�S = nR ln
VB

VA
= N kB ln 2

<latexit sha1_base64="dpLZ9W9per81OYhFVj+rrMIC3nU="></latexit><latexit sha1_base64="dpLZ9W9per81OYhFVj+rrMIC3nU="></latexit><latexit sha1_base64="dpLZ9W9per81OYhFVj+rrMIC3nU="></latexit>

NA = 6.022⇥ 1023 mol�1
<latexit sha1_base64="jYQYQPIOpavqxnDZdIIyk1Dqz8k="></latexit><latexit sha1_base64="jYQYQPIOpavqxnDZdIIyk1Dqz8k="></latexit><latexit sha1_base64="jYQYQPIOpavqxnDZdIIyk1Dqz8k="></latexit>

kB =
R

NA
<latexit sha1_base64="BAC7rbCWL7Q2pQplf0c5R+g/xVM=">AAACAnicdVBNS8NAEN3Ur1q/qt70slgETyVpq20OQtWLJ6libaEtYbPdtEs3m7C7EUoIePGvePGg4tVf4c1/46atoKIPBh7vzTAzzw0Zlco0P4zM3PzC4lJ2Obeyura+kd/cupFBJDBp4oAFou0iSRjlpKmoYqQdCoJ8l5GWOzpL/dYtEZIG/FqNQ9Lz0YBTj2KktOTkd0bOKTyGXU8gHF8lcdzFiMGLxDlJnHzBLFbKdsk6gppUyla5mpJD066Z0CqaExTADA0n/97tBzjyCVeYISk7lhmqXoyEopiRJNeNJAkRHqEB6WjKkU9kL578kMB9rfShFwhdXMGJ+n0iRr6UY9/VnT5SQ/nbS8W/vE6kvFovpjyMFOF4usiLGFQBTAOBfSoIVmysCcKC6lshHiIdh9Kx5XQIX5/C/0mzVLSL5mWlULdnaWTBLtgDB8ACVVAH56ABmgCDO/AAnsCzcW88Gi/G67Q1Y8xmtsEPGG+fpx6XFw==</latexit><latexit sha1_base64="BAC7rbCWL7Q2pQplf0c5R+g/xVM=">AAACAnicdVBNS8NAEN3Ur1q/qt70slgETyVpq20OQtWLJ6libaEtYbPdtEs3m7C7EUoIePGvePGg4tVf4c1/46atoKIPBh7vzTAzzw0Zlco0P4zM3PzC4lJ2Obeyura+kd/cupFBJDBp4oAFou0iSRjlpKmoYqQdCoJ8l5GWOzpL/dYtEZIG/FqNQ9Lz0YBTj2KktOTkd0bOKTyGXU8gHF8lcdzFiMGLxDlJnHzBLFbKdsk6gppUyla5mpJD066Z0CqaExTADA0n/97tBzjyCVeYISk7lhmqXoyEopiRJNeNJAkRHqEB6WjKkU9kL578kMB9rfShFwhdXMGJ+n0iRr6UY9/VnT5SQ/nbS8W/vE6kvFovpjyMFOF4usiLGFQBTAOBfSoIVmysCcKC6lshHiIdh9Kx5XQIX5/C/0mzVLSL5mWlULdnaWTBLtgDB8ACVVAH56ABmgCDO/AAnsCzcW88Gi/G67Q1Y8xmtsEPGG+fpx6XFw==</latexit><latexit sha1_base64="BAC7rbCWL7Q2pQplf0c5R+g/xVM=">AAACAnicdVBNS8NAEN3Ur1q/qt70slgETyVpq20OQtWLJ6libaEtYbPdtEs3m7C7EUoIePGvePGg4tVf4c1/46atoKIPBh7vzTAzzw0Zlco0P4zM3PzC4lJ2Obeyura+kd/cupFBJDBp4oAFou0iSRjlpKmoYqQdCoJ8l5GWOzpL/dYtEZIG/FqNQ9Lz0YBTj2KktOTkd0bOKTyGXU8gHF8lcdzFiMGLxDlJnHzBLFbKdsk6gppUyla5mpJD066Z0CqaExTADA0n/97tBzjyCVeYISk7lhmqXoyEopiRJNeNJAkRHqEB6WjKkU9kL578kMB9rfShFwhdXMGJ+n0iRr6UY9/VnT5SQ/nbS8W/vE6kvFovpjyMFOF4usiLGFQBTAOBfSoIVmysCcKC6lshHiIdh9Kx5XQIX5/C/0mzVLSL5mWlULdnaWTBLtgDB8ACVVAH56ABmgCDO/AAnsCzcW88Gi/G67Q1Y8xmtsEPGG+fpx6XFw==</latexit>

Costante di Boltzmann

L’equazione di Boltzmann



Per comodità assumiamo VB = 2 VA e la variazione di entropia diventa:

Per quanto riguarda le probabilità degli stati, come già visto se assumiamo le 
molecole distinguibili otteniamo:

WB =
N !✓

N

2

◆
!

✓
N

2

◆
!

, WA = 1

<latexit sha1_base64="Zz7I0T6QZJDctplmM93kHUX1BIE="></latexit><latexit sha1_base64="Zz7I0T6QZJDctplmM93kHUX1BIE="></latexit><latexit sha1_base64="Zz7I0T6QZJDctplmM93kHUX1BIE="></latexit>

�S = N kB ln 2
<latexit sha1_base64="+BFT6TXt/lsFxVYNUSFpzTyu61s=">AAACAXicdVDLSgNBEJz1GeNr1ZN4aQyCBwm7STTJQQjqwZNENCaQDWF2MkmGzM4uM7NCCMGLv+LFg4pX/8Kbf+PkIahoQUNR1U13lx9xprTjfFgzs3PzC4uJpeTyyuraur2xeaPCWBJaISEPZc3HinImaEUzzWktkhQHPqdVv3c68qu3VCoWimvdj2gjwB3B2oxgbaSmve2dUa4xXMExXIB30GuegMcFZKBpp5x0LlvMuEdgSC7rZvMjcugUCw64aWeMFJqi3LTfvVZI4oAKTThWqu46kW4MsNSMcDpMerGiESY93KF1QwUOqGoMxi8MYc8oLWiH0pTQMFa/TwxwoFQ/8E1ngHVX/fZG4l9ePdbtQmPARBRrKshkUTvmoEMY5QEtJinRvG8IJpKZW4F0scREm9SSJoSvT+F/Usmki2nnMpcqFadpJNAO2kX7yEV5VELnqIwqiKA79ICe0LN1bz1aL9brpHXGms5soR+w3j4B5NKUuA==</latexit><latexit sha1_base64="+BFT6TXt/lsFxVYNUSFpzTyu61s=">AAACAXicdVDLSgNBEJz1GeNr1ZN4aQyCBwm7STTJQQjqwZNENCaQDWF2MkmGzM4uM7NCCMGLv+LFg4pX/8Kbf+PkIahoQUNR1U13lx9xprTjfFgzs3PzC4uJpeTyyuraur2xeaPCWBJaISEPZc3HinImaEUzzWktkhQHPqdVv3c68qu3VCoWimvdj2gjwB3B2oxgbaSmve2dUa4xXMExXIB30GuegMcFZKBpp5x0LlvMuEdgSC7rZvMjcugUCw64aWeMFJqi3LTfvVZI4oAKTThWqu46kW4MsNSMcDpMerGiESY93KF1QwUOqGoMxi8MYc8oLWiH0pTQMFa/TwxwoFQ/8E1ngHVX/fZG4l9ePdbtQmPARBRrKshkUTvmoEMY5QEtJinRvG8IJpKZW4F0scREm9SSJoSvT+F/Usmki2nnMpcqFadpJNAO2kX7yEV5VELnqIwqiKA79ICe0LN1bz1aL9brpHXGms5soR+w3j4B5NKUuA==</latexit><latexit sha1_base64="+BFT6TXt/lsFxVYNUSFpzTyu61s=">AAACAXicdVDLSgNBEJz1GeNr1ZN4aQyCBwm7STTJQQjqwZNENCaQDWF2MkmGzM4uM7NCCMGLv+LFg4pX/8Kbf+PkIahoQUNR1U13lx9xprTjfFgzs3PzC4uJpeTyyuraur2xeaPCWBJaISEPZc3HinImaEUzzWktkhQHPqdVv3c68qu3VCoWimvdj2gjwB3B2oxgbaSmve2dUa4xXMExXIB30GuegMcFZKBpp5x0LlvMuEdgSC7rZvMjcugUCw64aWeMFJqi3LTfvVZI4oAKTThWqu46kW4MsNSMcDpMerGiESY93KF1QwUOqGoMxi8MYc8oLWiH0pTQMFa/TwxwoFQ/8E1ngHVX/fZG4l9ePdbtQmPARBRrKshkUTvmoEMY5QEtJinRvG8IJpKZW4F0scREm9SSJoSvT+F/Usmki2nnMpcqFadpJNAO2kX7yEV5VELnqIwqiKA79ICe0LN1bz1aL9brpHXGms5soR+w3j4B5NKUuA==</latexit>

Quindi:

C ln

✓
WB

WA

◆
= C

⇢
ln(N !)� 2 ln

✓
N

2

◆
!

��

<latexit sha1_base64="32x8OFKzwxtwl0/7ZMNv4pPmoBU="></latexit><latexit sha1_base64="32x8OFKzwxtwl0/7ZMNv4pPmoBU="></latexit><latexit sha1_base64="32x8OFKzwxtwl0/7ZMNv4pPmoBU="></latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="isUKOKHwemyOM62ymkjUieQxczo="></latexit><latexit sha1_base64="exmEGzA4kMsgA8fMSxxUr69TGLw="></latexit><latexit sha1_base64="q67ZHq2win7Yf71R+115Jfrl2BM="></latexit><latexit sha1_base64="32x8OFKzwxtwl0/7ZMNv4pPmoBU="></latexit><latexit sha1_base64="32x8OFKzwxtwl0/7ZMNv4pPmoBU="></latexit><latexit sha1_base64="32x8OFKzwxtwl0/7ZMNv4pPmoBU="></latexit><latexit sha1_base64="32x8OFKzwxtwl0/7ZMNv4pPmoBU="></latexit><latexit sha1_base64="32x8OFKzwxtwl0/7ZMNv4pPmoBU="></latexit>

ln(N !) ⇡ N lnN (N � 1)
<latexit sha1_base64="Wj3yix0+E43PAGOA6mGjVwov6Uw="></latexit><latexit sha1_base64="Wj3yix0+E43PAGOA6mGjVwov6Uw="></latexit><latexit sha1_base64="Wj3yix0+E43PAGOA6mGjVwov6Uw="></latexit>

⇡ CN ln 2
<latexit sha1_base64="lhH9QFEzVlZnWCTl/rBEYZG3u8I=">AAAB+XicdVBNTwIxEO3iF+IX6NFLIzHxRHYBBW4kXDwZTFwhYTekWwo0dLtN21XJyk/x4kGNV/+JN/+NXcBEjb5kkpf3ZjIzLxCMKm3bH1ZmZXVtfSO7mdva3tndyxf2r1UUS0xcHLFIdgOkCKOcuJpqRrpCEhQGjHSCSSv1OzdEKhrxKz0VxA/RiNMhxUgbqZ8veEgIGd3BFryAHuOw3M8X7VK10ig7Z9CQasWp1FJyajfqNnRK9hxFsES7n3/3BhGOQ8I1ZkipnmML7SdIaooZmeW8WBGB8ASNSM9QjkKi/GR++gweG2UAh5E0xTWcq98nEhQqNQ0D0xkiPVa/vVT8y+vFelj3E8pFrAnHi0XDmEEdwTQHOKCSYM2mhiAsqbkV4jGSCGuTVs6E8PUp/J+45VKjZF9Wi83GMo0sOARH4AQ4oAaa4By0gQswuAUP4Ak8W/fWo/VivS5aM9Zy5gD8gPX2CTQwktc=</latexit><latexit sha1_base64="lhH9QFEzVlZnWCTl/rBEYZG3u8I=">AAAB+XicdVBNTwIxEO3iF+IX6NFLIzHxRHYBBW4kXDwZTFwhYTekWwo0dLtN21XJyk/x4kGNV/+JN/+NXcBEjb5kkpf3ZjIzLxCMKm3bH1ZmZXVtfSO7mdva3tndyxf2r1UUS0xcHLFIdgOkCKOcuJpqRrpCEhQGjHSCSSv1OzdEKhrxKz0VxA/RiNMhxUgbqZ8veEgIGd3BFryAHuOw3M8X7VK10ig7Z9CQasWp1FJyajfqNnRK9hxFsES7n3/3BhGOQ8I1ZkipnmML7SdIaooZmeW8WBGB8ASNSM9QjkKi/GR++gweG2UAh5E0xTWcq98nEhQqNQ0D0xkiPVa/vVT8y+vFelj3E8pFrAnHi0XDmEEdwTQHOKCSYM2mhiAsqbkV4jGSCGuTVs6E8PUp/J+45VKjZF9Wi83GMo0sOARH4AQ4oAaa4By0gQswuAUP4Ak8W/fWo/VivS5aM9Zy5gD8gPX2CTQwktc=</latexit><latexit sha1_base64="lhH9QFEzVlZnWCTl/rBEYZG3u8I=">AAAB+XicdVBNTwIxEO3iF+IX6NFLIzHxRHYBBW4kXDwZTFwhYTekWwo0dLtN21XJyk/x4kGNV/+JN/+NXcBEjb5kkpf3ZjIzLxCMKm3bH1ZmZXVtfSO7mdva3tndyxf2r1UUS0xcHLFIdgOkCKOcuJpqRrpCEhQGjHSCSSv1OzdEKhrxKz0VxA/RiNMhxUgbqZ8veEgIGd3BFryAHuOw3M8X7VK10ig7Z9CQasWp1FJyajfqNnRK9hxFsES7n3/3BhGOQ8I1ZkipnmML7SdIaooZmeW8WBGB8ASNSM9QjkKi/GR++gweG2UAh5E0xTWcq98nEhQqNQ0D0xkiPVa/vVT8y+vFelj3E8pFrAnHi0XDmEEdwTQHOKCSYM2mhiAsqbkV4jGSCGuTVs6E8PUp/J+45VKjZF9Wi83GMo0sOARH4AQ4oAaa4By0gQswuAUP4Ak8W/fWo/VivS5aM9Zy5gD8gPX2CTQwktc=</latexit>

da cui segue che:

C = kB
<latexit sha1_base64="CXOHTz6+TB5RkD79MviCbdai/f4=">AAAB7XicdVBNSwMxEM3Wr1q/qh69BIvgacm21bYHpdiLxwquLbRLyabZNmw2uyRZoZT+CC8eVLz6f7z5b8y2FVT0wcDjvRlm5vkJZ0oj9GHlVlbX1jfym4Wt7Z3dveL+wZ2KU0moS2Iey66PFeVMUFczzWk3kRRHPqcdP2xlfueeSsVicasnCfUiPBIsYARrI3Va8AKGg6tBsYTsaqVRds6hIdWKU6ll5Aw16gg6NpqjBJZoD4rv/WFM0ogKTThWquegRHtTLDUjnM4K/VTRBJMQj2jPUIEjqrzp/NwZPDHKEAaxNCU0nKvfJ6Y4UmoS+aYzwnqsfnuZ+JfXS3VQ96ZMJKmmgiwWBSmHOobZ73DIJCWaTwzBRDJzKyRjLDHRJqGCCeHrU/g/cct2w0Y31VLzcplGHhyBY3AKHFADTXAN2sAFBITgATyBZyuxHq0X63XRmrOWM4fgB6y3T6C/jqQ=</latexit><latexit sha1_base64="CXOHTz6+TB5RkD79MviCbdai/f4=">AAAB7XicdVBNSwMxEM3Wr1q/qh69BIvgacm21bYHpdiLxwquLbRLyabZNmw2uyRZoZT+CC8eVLz6f7z5b8y2FVT0wcDjvRlm5vkJZ0oj9GHlVlbX1jfym4Wt7Z3dveL+wZ2KU0moS2Iey66PFeVMUFczzWk3kRRHPqcdP2xlfueeSsVicasnCfUiPBIsYARrI3Va8AKGg6tBsYTsaqVRds6hIdWKU6ll5Aw16gg6NpqjBJZoD4rv/WFM0ogKTThWquegRHtTLDUjnM4K/VTRBJMQj2jPUIEjqrzp/NwZPDHKEAaxNCU0nKvfJ6Y4UmoS+aYzwnqsfnuZ+JfXS3VQ96ZMJKmmgiwWBSmHOobZ73DIJCWaTwzBRDJzKyRjLDHRJqGCCeHrU/g/cct2w0Y31VLzcplGHhyBY3AKHFADTXAN2sAFBITgATyBZyuxHq0X63XRmrOWM4fgB6y3T6C/jqQ=</latexit><latexit sha1_base64="CXOHTz6+TB5RkD79MviCbdai/f4=">AAAB7XicdVBNSwMxEM3Wr1q/qh69BIvgacm21bYHpdiLxwquLbRLyabZNmw2uyRZoZT+CC8eVLz6f7z5b8y2FVT0wcDjvRlm5vkJZ0oj9GHlVlbX1jfym4Wt7Z3dveL+wZ2KU0moS2Iey66PFeVMUFczzWk3kRRHPqcdP2xlfueeSsVicasnCfUiPBIsYARrI3Va8AKGg6tBsYTsaqVRds6hIdWKU6ll5Aw16gg6NpqjBJZoD4rv/WFM0ogKTThWquegRHtTLDUjnM4K/VTRBJMQj2jPUIEjqrzp/NwZPDHKEAaxNCU0nKvfJ6Y4UmoS+aYzwnqsfnuZ+JfXS3VQ96ZMJKmmgiwWBSmHOobZ73DIJCWaTwzBRDJzKyRjLDHRJqGCCeHrU/g/cct2w0Y31VLzcplGHhyBY3AKHFADTXAN2sAFBITgATyBZyuxHq0X63XRmrOWM4fgB6y3T6C/jqQ=</latexit>

È stato Max Planck a determinare C e a identificarla con 
kB, anche se la costante è stata intitolata a Boltzmann 
per i suoi meriti nella termodinamica statistica.

L’equazione di Boltzmann



S = kB lnW
<latexit sha1_base64="vE5AEB8laEvggEMQh7MfVCSppD4=">AAAB9HicdVBNTwIxEO3iF+IX6tFLIzHxtOkCChw0RC8eMbpCAivplgIN3e6m7WrIhv/hxYMar/4Yb/4bu4CJGn3JJC/vzWRmnh9xpjRCH1ZmYXFpeSW7mltb39jcym/v3KgwloS6JOShbPlYUc4EdTXTnLYiSXHgc9r0R+ep37yjUrFQXOtxRL0ADwTrM4K1kW6v4Akcdc9ghwvYhN18AdnlUq3oHENDyiWnVEnJEapVEXRsNEUBzNHo5t87vZDEARWacKxU20GR9hIsNSOcTnKdWNEIkxEe0LahAgdUecn06gk8MEoP9kNpSmg4Vb9PJDhQahz4pjPAeqh+e6n4l9eOdb/qJUxEsaaCzBb1Yw51CNMIYI9JSjQfG4KJZOZWSIZYYqJNUDkTwten8H/iFu2ajS7LhfrpPI0s2AP74BA4oALq4AI0gAsIkOABPIFn6956tF6s11lrxprP7IIfsN4+AbimkOc=</latexit><latexit sha1_base64="vE5AEB8laEvggEMQh7MfVCSppD4=">AAAB9HicdVBNTwIxEO3iF+IX6tFLIzHxtOkCChw0RC8eMbpCAivplgIN3e6m7WrIhv/hxYMar/4Yb/4bu4CJGn3JJC/vzWRmnh9xpjRCH1ZmYXFpeSW7mltb39jcym/v3KgwloS6JOShbPlYUc4EdTXTnLYiSXHgc9r0R+ep37yjUrFQXOtxRL0ADwTrM4K1kW6v4Akcdc9ghwvYhN18AdnlUq3oHENDyiWnVEnJEapVEXRsNEUBzNHo5t87vZDEARWacKxU20GR9hIsNSOcTnKdWNEIkxEe0LahAgdUecn06gk8MEoP9kNpSmg4Vb9PJDhQahz4pjPAeqh+e6n4l9eOdb/qJUxEsaaCzBb1Yw51CNMIYI9JSjQfG4KJZOZWSIZYYqJNUDkTwten8H/iFu2ajS7LhfrpPI0s2AP74BA4oALq4AI0gAsIkOABPIFn6956tF6s11lrxprP7IIfsN4+AbimkOc=</latexit><latexit sha1_base64="vE5AEB8laEvggEMQh7MfVCSppD4=">AAAB9HicdVBNTwIxEO3iF+IX6tFLIzHxtOkCChw0RC8eMbpCAivplgIN3e6m7WrIhv/hxYMar/4Yb/4bu4CJGn3JJC/vzWRmnh9xpjRCH1ZmYXFpeSW7mltb39jcym/v3KgwloS6JOShbPlYUc4EdTXTnLYiSXHgc9r0R+ep37yjUrFQXOtxRL0ADwTrM4K1kW6v4Akcdc9ghwvYhN18AdnlUq3oHENDyiWnVEnJEapVEXRsNEUBzNHo5t87vZDEARWacKxU20GR9hIsNSOcTnKdWNEIkxEe0LahAgdUecn06gk8MEoP9kNpSmg4Vb9PJDhQahz4pjPAeqh+e6n4l9eOdb/qJUxEsaaCzBb1Yw51CNMIYI9JSjQfG4KJZOZWSIZYYqJNUDkTwten8H/iFu2ajS7LhfrpPI0s2AP74BA4oALq4AI0gAsIkOABPIFn6956tF6s11lrxprP7IIfsN4+AbimkOc=</latexit>

Osserviamo, come fa anche Enrico Fermi, che nella nostra analisi non abbiamo dimostrato 
l’equazione di Boltzmann, ma abbiamo ammesso come plausibile una relazione funzionale 
tra entropia e probabilità e ne abbiamo ricavato l’espressione analitica.

equazione di 
Boltzmann

L’equazione di Boltzmann



Sottigliezze…

Nel nostro calcolo abbiamo considerato il rapporto tra le probabilità 
termodinamiche W.

Questo ci ha evitato di calcolare il numero assoluto W rispetto ad uno stato 
avremmo trovato un valore… infinito! Infatti, spostando una molecola o 
cambiandone la velocità si ottiene uno stato nuovo da aggiungere al conteggio. 
Si ha un problema di principio!

Boltzmann ha risolto il problema passando allo spazio delle fasi (spazio delle 
coordinate e delle velocità) e lo ha diviso in cellette elementari:

stati microscopici con molecole nelle stesse cellette sono equivalenti, risolvendo 
così il problema di principio del calcolo di matematico di W.

Planck seguirà una strada simile ma… si scontrerà con il quanto d’azione!


