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Esercizio (tratto dal Problema 11.13 del Mazzoldi-Nigro-Voci)

0.25 moli di un gas ideale monoatomico a temperatura T0 = 283 K sono contenute nella
parte inferiore A di un cilindro adiabatico verticale. Un pistone di massa trascurabile e
spessore trascurabile divide la parte inferiore A da quella superiore B in cui c’è il vuoto.
Due masse m1 = 36 kg e m2 sono appese al pistone tramite un filo che esce dal cilindro. Il
sistema è inizialmente in equilibrio termodinamico con il pistone a distanza h = 62.5 cm
dal fondo del cilindro.

1. Calcolare il valore della massa m2.

Si taglia il filo che collega m2 a m1. Si osserva che, quando il gas è di nuovo in equilibrio,
esso occupa un volume doppio rispetto a quello iniziale.

2. Calcolare il lavoro compiuto dal gas in questa trasformazione.

Si riattacca la massa m2 al filo e si attende che il gas raggiunga nuovamente l’equilibrio.

3. Calcolare la distanza del pistone dal fondo del cilindro e la temperatura del gas.

A

B

m1
<latexit sha1_base64="JYOA07y+mt9uWsWJmMXezRa0i+U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RTSIkS5id9CZDZmaXmVkhLPkELx4U8epv+AeevPk3Th4HTSxoKKq66e6KUsGN9f1vr7Cyura+UdwsbW3v7O6V9w+aJsk0wwZLRKLvI2pQcIUNy63A+1QjlZHAVjS8mvitB9SGJ+rOjlIMJe0rHnNGrZNuZTfolit+1Z+CLJNgTiq14ucHONS75a9OL2GZRGWZoMa0Az+1YU615UzguNTJDKaUDWkf244qKtGE+fTUMTlxSo/EiXalLJmqvydyKo0Zych1SmoHZtGbiP957czGl2HOVZpZVGy2KM4EsQmZ/E16XCOzYuQIZZq7WwkbUE2ZdemUXAjB4svLpHlWDfxqcOPSOIcZinAEx3AKAVxADa6hDg1g0IdHeIYXT3hP3qv3NmstePOZQ/gD7/0HaduPVA==</latexit><latexit sha1_base64="wXjJa51FDSGqs7evON9SvV1Op2A=">AAAB6nicbVDLSgMxFL1TX7W+al26CS2CqzIRQZcFXbisaB/QDiWTZtrQJDMkGaEM/QQ3LhRxK/6Ff+DKnX9j+lho9cCFwzn3cu89YSK4sb7/5eVWVtfWN/Kbha3tnd294n6paeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4upj6rTumDY/VrR0nLJBkoHjEKbFOupE93CtW/Ko/A/pL8IJUavmP99LlW7neK352+zFNJVOWCmJMB/uJDTKiLaeCTQrd1LCE0BEZsI6jikhmgmx26gQdOaWPoli7UhbN1J8TGZHGjGXoOiWxQ7PsTcX/vE5qo/Mg4ypJLVN0vihKBbIxmv6N+lwzasXYEUI1d7ciOiSaUOvSKbgQ8PLLf0nzpIr9Kr52aZzCHHk4hDIcA4YzqMEV1KEBFAZwD4/w5AnvwXv2XuatOW8xcwC/4L1+A+hEkHI=</latexit><latexit sha1_base64="wXjJa51FDSGqs7evON9SvV1Op2A=">AAAB6nicbVDLSgMxFL1TX7W+al26CS2CqzIRQZcFXbisaB/QDiWTZtrQJDMkGaEM/QQ3LhRxK/6Ff+DKnX9j+lho9cCFwzn3cu89YSK4sb7/5eVWVtfWN/Kbha3tnd294n6paeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4upj6rTumDY/VrR0nLJBkoHjEKbFOupE93CtW/Ko/A/pL8IJUavmP99LlW7neK352+zFNJVOWCmJMB/uJDTKiLaeCTQrd1LCE0BEZsI6jikhmgmx26gQdOaWPoli7UhbN1J8TGZHGjGXoOiWxQ7PsTcX/vE5qo/Mg4ypJLVN0vihKBbIxmv6N+lwzasXYEUI1d7ciOiSaUOvSKbgQ8PLLf0nzpIr9Kr52aZzCHHk4hDIcA4YzqMEV1KEBFAZwD4/w5AnvwXv2XuatOW8xcwC/4L1+A+hEkHI=</latexit>

m2
<latexit sha1_base64="orZ9Ok9iB6eTIHkM+GbFvGnevgU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BLx4jmgckS5iddJIhM7PLzKwQlnyCFw+KePU3/ANP3vwbJ4+DJhY0FFXddHdFieDG+v63l1tb39jcym8Xdnb39g+Kh0cNE6eaYZ3FItatiBoUXGHdciuwlWikMhLYjEbXU7/5gNrwWN3bcYKhpAPF+5xR66Q72a10iyW/7M9AVkmwIKVq/vMDHGrd4lenF7NUorJMUGPagZ/YMKPaciZwUuikBhPKRnSAbUcVlWjCbHbqhJw5pUf6sXalLJmpvycyKo0Zy8h1SmqHZtmbiv957dT2r8KMqyS1qNh8UT8VxMZk+jfpcY3MirEjlGnubiVsSDVl1qVTcCEEyy+vkkalHPjl4NalcQFz5OEETuEcAriEKtxADerAYACP8AwvnvCevFfvbd6a8xYzx/AH3vsPa1+PVQ==</latexit><latexit sha1_base64="mds2HZS33iHyNb2iDdbu00QwZ+o=">AAAB6nicbVDLSgNBEOyNrxhfazx6GRIET2E3CHoM6MFjRPOAZAmzk9lkyMzsMjMrhCWf4MWDIl7Fv/APPHnzb5w8DppY0FBUddPdFSacaeN5305ubX1jcyu/XdjZ3ds/cA+LTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC0eXUb91TpVks78w4oYHAA8kiRrCx0q3oVXtu2at4M6BV4i9IuZb//ChevZfqPfer249JKqg0hGOtO76XmCDDyjDC6aTQTTVNMBnhAe1YKrGgOshmp07QiVX6KIqVLWnQTP09kWGh9ViEtlNgM9TL3lT8z+ukJroIMiaT1FBJ5ouilCMTo+nfqM8UJYaPLcFEMXsrIkOsMDE2nYINwV9+eZU0qxXfq/g3No0zmCMPx1CCU/DhHGpwDXVoAIEBPMATPDvceXRenNd5a85ZzBzBHzhvP+nIkHM=</latexit><latexit sha1_base64="mds2HZS33iHyNb2iDdbu00QwZ+o=">AAAB6nicbVDLSgNBEOyNrxhfazx6GRIET2E3CHoM6MFjRPOAZAmzk9lkyMzsMjMrhCWf4MWDIl7Fv/APPHnzb5w8DppY0FBUddPdFSacaeN5305ubX1jcyu/XdjZ3ds/cA+LTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC0eXUb91TpVks78w4oYHAA8kiRrCx0q3oVXtu2at4M6BV4i9IuZb//ChevZfqPfer249JKqg0hGOtO76XmCDDyjDC6aTQTTVNMBnhAe1YKrGgOshmp07QiVX6KIqVLWnQTP09kWGh9ViEtlNgM9TL3lT8z+ukJroIMiaT1FBJ5ouilCMTo+nfqM8UJYaPLcFEMXsrIkOsMDE2nYINwV9+eZU0qxXfq/g3No0zmCMPx1CCU/DhHGpwDXVoAIEBPMATPDvceXRenNd5a85ZzBzBHzhvP+nIkHM=</latexit>
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SOLUZIONE

Dati Noti:
n = 0.25 mol
T0 = 283 K
m1 = 36 kg
h = 0.625 m

1. Iniziamo dalla prima parte del problema in cui entrambe le masse sono attaccate al
filo

A

B

m1
<latexit sha1_base64="JYOA07y+mt9uWsWJmMXezRa0i+U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RTSIkS5id9CZDZmaXmVkhLPkELx4U8epv+AeevPk3Th4HTSxoKKq66e6KUsGN9f1vr7Cyura+UdwsbW3v7O6V9w+aJsk0wwZLRKLvI2pQcIUNy63A+1QjlZHAVjS8mvitB9SGJ+rOjlIMJe0rHnNGrZNuZTfolit+1Z+CLJNgTiq14ucHONS75a9OL2GZRGWZoMa0Az+1YU615UzguNTJDKaUDWkf244qKtGE+fTUMTlxSo/EiXalLJmqvydyKo0Zych1SmoHZtGbiP957czGl2HOVZpZVGy2KM4EsQmZ/E16XCOzYuQIZZq7WwkbUE2ZdemUXAjB4svLpHlWDfxqcOPSOIcZinAEx3AKAVxADa6hDg1g0IdHeIYXT3hP3qv3NmstePOZQ/gD7/0HaduPVA==</latexit><latexit sha1_base64="wXjJa51FDSGqs7evON9SvV1Op2A=">AAAB6nicbVDLSgMxFL1TX7W+al26CS2CqzIRQZcFXbisaB/QDiWTZtrQJDMkGaEM/QQ3LhRxK/6Ff+DKnX9j+lho9cCFwzn3cu89YSK4sb7/5eVWVtfWN/Kbha3tnd294n6paeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4upj6rTumDY/VrR0nLJBkoHjEKbFOupE93CtW/Ko/A/pL8IJUavmP99LlW7neK352+zFNJVOWCmJMB/uJDTKiLaeCTQrd1LCE0BEZsI6jikhmgmx26gQdOaWPoli7UhbN1J8TGZHGjGXoOiWxQ7PsTcX/vE5qo/Mg4ypJLVN0vihKBbIxmv6N+lwzasXYEUI1d7ciOiSaUOvSKbgQ8PLLf0nzpIr9Kr52aZzCHHk4hDIcA4YzqMEV1KEBFAZwD4/w5AnvwXv2XuatOW8xcwC/4L1+A+hEkHI=</latexit><latexit sha1_base64="wXjJa51FDSGqs7evON9SvV1Op2A=">AAAB6nicbVDLSgMxFL1TX7W+al26CS2CqzIRQZcFXbisaB/QDiWTZtrQJDMkGaEM/QQ3LhRxK/6Ff+DKnX9j+lho9cCFwzn3cu89YSK4sb7/5eVWVtfWN/Kbha3tnd294n6paeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4upj6rTumDY/VrR0nLJBkoHjEKbFOupE93CtW/Ko/A/pL8IJUavmP99LlW7neK352+zFNJVOWCmJMB/uJDTKiLaeCTQrd1LCE0BEZsI6jikhmgmx26gQdOaWPoli7UhbN1J8TGZHGjGXoOiWxQ7PsTcX/vE5qo/Mg4ypJLVN0vihKBbIxmv6N+lwzasXYEUI1d7ciOiSaUOvSKbgQ8PLLf0nzpIr9Kr52aZzCHHk4hDIcA4YzqMEV1KEBFAZwD4/w5AnvwXv2XuatOW8xcwC/4L1+A+hEkHI=</latexit>

m2
<latexit sha1_base64="orZ9Ok9iB6eTIHkM+GbFvGnevgU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BLx4jmgckS5iddJIhM7PLzKwQlnyCFw+KePU3/ANP3vwbJ4+DJhY0FFXddHdFieDG+v63l1tb39jcym8Xdnb39g+Kh0cNE6eaYZ3FItatiBoUXGHdciuwlWikMhLYjEbXU7/5gNrwWN3bcYKhpAPF+5xR66Q72a10iyW/7M9AVkmwIKVq/vMDHGrd4lenF7NUorJMUGPagZ/YMKPaciZwUuikBhPKRnSAbUcVlWjCbHbqhJw5pUf6sXalLJmpvycyKo0Zy8h1SmqHZtmbiv957dT2r8KMqyS1qNh8UT8VxMZk+jfpcY3MirEjlGnubiVsSDVl1qVTcCEEyy+vkkalHPjl4NalcQFz5OEETuEcAriEKtxADerAYACP8AwvnvCevFfvbd6a8xYzx/AH3vsPa1+PVQ==</latexit><latexit sha1_base64="mds2HZS33iHyNb2iDdbu00QwZ+o=">AAAB6nicbVDLSgNBEOyNrxhfazx6GRIET2E3CHoM6MFjRPOAZAmzk9lkyMzsMjMrhCWf4MWDIl7Fv/APPHnzb5w8DppY0FBUddPdFSacaeN5305ubX1jcyu/XdjZ3ds/cA+LTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC0eXUb91TpVks78w4oYHAA8kiRrCx0q3oVXtu2at4M6BV4i9IuZb//ChevZfqPfer249JKqg0hGOtO76XmCDDyjDC6aTQTTVNMBnhAe1YKrGgOshmp07QiVX6KIqVLWnQTP09kWGh9ViEtlNgM9TL3lT8z+ukJroIMiaT1FBJ5ouilCMTo+nfqM8UJYaPLcFEMXsrIkOsMDE2nYINwV9+eZU0qxXfq/g3No0zmCMPx1CCU/DhHGpwDXVoAIEBPMATPDvceXRenNd5a85ZzBzBHzhvP+nIkHM=</latexit><latexit sha1_base64="mds2HZS33iHyNb2iDdbu00QwZ+o=">AAAB6nicbVDLSgNBEOyNrxhfazx6GRIET2E3CHoM6MFjRPOAZAmzk9lkyMzsMjMrhCWf4MWDIl7Fv/APPHnzb5w8DppY0FBUddPdFSacaeN5305ubX1jcyu/XdjZ3ds/cA+LTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC0eXUb91TpVks78w4oYHAA8kiRrCx0q3oVXtu2at4M6BV4i9IuZb//ChevZfqPfer249JKqg0hGOtO76XmCDDyjDC6aTQTTVNMBnhAe1YKrGgOshmp07QiVX6KIqVLWnQTP09kWGh9ViEtlNgM9TL3lT8z+ukJroIMiaT1FBJ5ouilCMTo+nfqM8UJYaPLcFEMXsrIkOsMDE2nYINwV9+eZU0qxXfq/g3No0zmCMPx1CCU/DhHGpwDXVoAIEBPMATPDvceXRenNd5a85ZzBzBHzhvP+nIkHM=</latexit>

gas

vuoto

T1
<latexit sha1_base64="fQ7tKn95w/1VpXIakiQQFNSstYE=">AAAB6nicbVDLSgNBEOxNfMT4inr0MhgET2HXizkGvHiMmBckS5id9CZDZmeXmVkhLPkELx4U8eqH+A0eBL9GJ4+DJhY0FFXddHcFieDauO6Xk8tvbG5tF3aKu3v7B4elo+OWjlPFsMliEatOQDUKLrFpuBHYSRTSKBDYDsbXM799j0rzWDbMJEE/okPJQ86osdJdo+/1S2W34s5B1om3JOVa/vP7HQDq/dJHbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5qVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqRXvZn4n9dNTVj1My6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2hD8FZfXiety4rnVrxbm4YLCxTgFM7gAjy4ghrcQB2awGAID/AEz45wHp0X53XRmnOWMyfwB87bD6RPkD4=</latexit><latexit sha1_base64="VAf+xerabL8naErx+je3kEcJPu4=">AAAB6nicbVDLSgNBEOw1PmJ8RcWTl8EgeAq7XvQY8OIxYl6QLGF20psMmZ1dZmaFsOQTvHhQxKs/4i94EDz5KTp5HDSxoKGo6qa7K0gE18Z1P52V3Ora+kZ+s7C1vbO7V9w/aOg4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDXxm3eoNI9lzYwS9CPalzzkjBor3da6XrdYcsvuFGSZeHNSquQ+vt+OvrDaLb53ejFLI5SGCap123MT42dUGc4EjgudVGNC2ZD2sW2ppBFqP5ueOianVumRMFa2pCFT9fdERiOtR1FgOyNqBnrRm4j/ee3UhJd+xmWSGpRstihMBTExmfxNelwhM2JkCWWK21sJG1BFmbHpFGwI3uLLy6RxXvbcsndj03BhhjwcwwmcgQcXUIFrqEIdGPThHh7hyRHOg/PsvMxaV5z5zCH8gfP6A3JbkZg=</latexit><latexit sha1_base64="VAf+xerabL8naErx+je3kEcJPu4=">AAAB6nicbVDLSgNBEOw1PmJ8RcWTl8EgeAq7XvQY8OIxYl6QLGF20psMmZ1dZmaFsOQTvHhQxKs/4i94EDz5KTp5HDSxoKGo6qa7K0gE18Z1P52V3Ora+kZ+s7C1vbO7V9w/aOg4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDXxm3eoNI9lzYwS9CPalzzkjBor3da6XrdYcsvuFGSZeHNSquQ+vt+OvrDaLb53ejFLI5SGCap123MT42dUGc4EjgudVGNC2ZD2sW2ppBFqP5ueOianVumRMFa2pCFT9fdERiOtR1FgOyNqBnrRm4j/ee3UhJd+xmWSGpRstihMBTExmfxNelwhM2JkCWWK21sJG1BFmbHpFGwI3uLLy6RxXvbcsndj03BhhjwcwwmcgQcXUIFrqEIdGPThHh7hyRHOg/PsvMxaV5z5zCH8gfP6A3JbkZg=</latexit>

T2
<latexit sha1_base64="UYOOoFa/3r1gG8ybpiYDTxt83gM=">AAAB6nicbVDLSgNBEOxNfMT4inr0MhgET2E3Fz0GvHiMmBckS5id9CZDZmeXmVkhLPkELx4U8eqH+A0eBL9GJ4+DJhY0FFXddHcFieDauO6Xk8tvbG5tF3aKu3v7B4elo+OWjlPFsMliEatOQDUKLrFpuBHYSRTSKBDYDsbXM799j0rzWDbMJEE/okPJQ86osdJdo1/tl8puxZ2DrBNvScq1/Of3OwDU+6WP3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzU6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUivejPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2naINwVt9eZ20qhXPrXi3Ng0XFijAKZzBBXhwCTW4gTo0gcEQHuAJnh3hPDovzuuiNecsZ07gD5y3H6XTkD8=</latexit><latexit sha1_base64="F+qiGvsv3AADn6o5EJgP90nBvrg=">AAAB6nicbVDLSgNBEOxNfMT4ioonL4NB8BR2c9FjwIvHiHlBsoTZSScZMju7zMwKYcknePGgiFd/xF/wIHjyU3TyOGhiQUNR1U13VxALro3rfjqZ7Nr6xmZuK7+9s7u3Xzg4bOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDX1m3eoNI9kzYxj9EM6kLzPGTVWuq11y91C0S25M5BV4i1IsZL9+H47/sJqt/De6UUsCVEaJqjWbc+NjZ9SZTgTOMl3Eo0xZSM6wLalkoao/XR26oScWaVH+pGyJQ2Zqb8nUhpqPQ4D2xlSM9TL3lT8z2snpn/pp1zGiUHJ5ov6iSAmItO/SY8rZEaMLaFMcXsrYUOqKDM2nbwNwVt+eZU0yiXPLXk3Ng0X5sjBCZzCOXhwARW4hirUgcEA7uERnhzhPDjPzsu8NeMsZo7gD5zXH3PfkZk=</latexit><latexit sha1_base64="F+qiGvsv3AADn6o5EJgP90nBvrg=">AAAB6nicbVDLSgNBEOxNfMT4ioonL4NB8BR2c9FjwIvHiHlBsoTZSScZMju7zMwKYcknePGgiFd/xF/wIHjyU3TyOGhiQUNR1U13VxALro3rfjqZ7Nr6xmZuK7+9s7u3Xzg4bOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDX1m3eoNI9kzYxj9EM6kLzPGTVWuq11y91C0S25M5BV4i1IsZL9+H47/sJqt/De6UUsCVEaJqjWbc+NjZ9SZTgTOMl3Eo0xZSM6wLalkoao/XR26oScWaVH+pGyJQ2Zqb8nUhpqPQ4D2xlSM9TL3lT8z2snpn/pp1zGiUHJ5ov6iSAmItO/SY8rZEaMLaFMcXsrYUOqKDM2nbwNwVt+eZU0yiXPLXk3Ng0X5sjBCZzCOXhwARW4hirUgcEA7uERnhzhPDjPzsu8NeMsZo7gD5zXH3PfkZk=</latexit>

T2
<latexit sha1_base64="UYOOoFa/3r1gG8ybpiYDTxt83gM=">AAAB6nicbVDLSgNBEOxNfMT4inr0MhgET2E3Fz0GvHiMmBckS5id9CZDZmeXmVkhLPkELx4U8eqH+A0eBL9GJ4+DJhY0FFXddHcFieDauO6Xk8tvbG5tF3aKu3v7B4elo+OWjlPFsMliEatOQDUKLrFpuBHYSRTSKBDYDsbXM799j0rzWDbMJEE/okPJQ86osdJdo1/tl8puxZ2DrBNvScq1/Of3OwDU+6WP3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzU6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUivejPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2naINwVt9eZ20qhXPrXi3Ng0XFijAKZzBBXhwCTW4gTo0gcEQHuAJnh3hPDovzuuiNecsZ07gD5y3H6XTkD8=</latexit><latexit sha1_base64="F+qiGvsv3AADn6o5EJgP90nBvrg=">AAAB6nicbVDLSgNBEOxNfMT4ioonL4NB8BR2c9FjwIvHiHlBsoTZSScZMju7zMwKYcknePGgiFd/xF/wIHjyU3TyOGhiQUNR1U13VxALro3rfjqZ7Nr6xmZuK7+9s7u3Xzg4bOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDX1m3eoNI9kzYxj9EM6kLzPGTVWuq11y91C0S25M5BV4i1IsZL9+H47/sJqt/De6UUsCVEaJqjWbc+NjZ9SZTgTOMl3Eo0xZSM6wLalkoao/XR26oScWaVH+pGyJQ2Zqb8nUhpqPQ4D2xlSM9TL3lT8z2snpn/pp1zGiUHJ5ov6iSAmItO/SY8rZEaMLaFMcXsrYUOqKDM2nbwNwVt+eZU0yiXPLXk3Ng0X5sjBCZzCOXhwARW4hirUgcEA7uERnhzhPDjPzsu8NeMsZo7gD5zXH3PfkZk=</latexit><latexit sha1_base64="F+qiGvsv3AADn6o5EJgP90nBvrg=">AAAB6nicbVDLSgNBEOxNfMT4ioonL4NB8BR2c9FjwIvHiHlBsoTZSScZMju7zMwKYcknePGgiFd/xF/wIHjyU3TyOGhiQUNR1U13VxALro3rfjqZ7Nr6xmZuK7+9s7u3Xzg4bOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDX1m3eoNI9kzYxj9EM6kLzPGTVWuq11y91C0S25M5BV4i1IsZL9+H47/sJqt/De6UUsCVEaJqjWbc+NjZ9SZTgTOMl3Eo0xZSM6wLalkoao/XR26oScWaVH+pGyJQ2Zqb8nUhpqPQ4D2xlSM9TL3lT8z2snpn/pp1zGiUHJ5ov6iSAmItO/SY8rZEaMLaFMcXsrYUOqKDM2nbwNwVt+eZU0yiXPLXk3Ng0X5sjBCZzCOXhwARW4hirUgcEA7uERnhzhPDjPzsu8NeMsZo7gD5zXH3PfkZk=</latexit>

T1
<latexit sha1_base64="fQ7tKn95w/1VpXIakiQQFNSstYE=">AAAB6nicbVDLSgNBEOxNfMT4inr0MhgET2HXizkGvHiMmBckS5id9CZDZmeXmVkhLPkELx4U8eqH+A0eBL9GJ4+DJhY0FFXddHcFieDauO6Xk8tvbG5tF3aKu3v7B4elo+OWjlPFsMliEatOQDUKLrFpuBHYSRTSKBDYDsbXM799j0rzWDbMJEE/okPJQ86osdJdo+/1S2W34s5B1om3JOVa/vP7HQDq/dJHbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5qVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqRXvZn4n9dNTVj1My6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2hD8FZfXiety4rnVrxbm4YLCxTgFM7gAjy4ghrcQB2awGAID/AEz45wHp0X53XRmnOWMyfwB87bD6RPkD4=</latexit><latexit sha1_base64="VAf+xerabL8naErx+je3kEcJPu4=">AAAB6nicbVDLSgNBEOw1PmJ8RcWTl8EgeAq7XvQY8OIxYl6QLGF20psMmZ1dZmaFsOQTvHhQxKs/4i94EDz5KTp5HDSxoKGo6qa7K0gE18Z1P52V3Ora+kZ+s7C1vbO7V9w/aOg4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDXxm3eoNI9lzYwS9CPalzzkjBor3da6XrdYcsvuFGSZeHNSquQ+vt+OvrDaLb53ejFLI5SGCap123MT42dUGc4EjgudVGNC2ZD2sW2ppBFqP5ueOianVumRMFa2pCFT9fdERiOtR1FgOyNqBnrRm4j/ee3UhJd+xmWSGpRstihMBTExmfxNelwhM2JkCWWK21sJG1BFmbHpFGwI3uLLy6RxXvbcsndj03BhhjwcwwmcgQcXUIFrqEIdGPThHh7hyRHOg/PsvMxaV5z5zCH8gfP6A3JbkZg=</latexit><latexit sha1_base64="VAf+xerabL8naErx+je3kEcJPu4=">AAAB6nicbVDLSgNBEOw1PmJ8RcWTl8EgeAq7XvQY8OIxYl6QLGF20psMmZ1dZmaFsOQTvHhQxKs/4i94EDz5KTp5HDSxoKGo6qa7K0gE18Z1P52V3Ora+kZ+s7C1vbO7V9w/aOg4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDXxm3eoNI9lzYwS9CPalzzkjBor3da6XrdYcsvuFGSZeHNSquQ+vt+OvrDaLb53ejFLI5SGCap123MT42dUGc4EjgudVGNC2ZD2sW2ppBFqP5ueOianVumRMFa2pCFT9fdERiOtR1FgOyNqBnrRm4j/ee3UhJd+xmWSGpRstihMBTExmfxNelwhM2JkCWWK21sJG1BFmbHpFGwI3uLLy6RxXvbcsndj03BhhjwcwwmcgQcXUIFrqEIdGPThHh7hyRHOg/PsvMxaV5z5zCH8gfP6A3JbkZg=</latexit>

pAS
<latexit sha1_base64="dJpdaW+6QHmY4DuYLXKBH/vE4WI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeKF48VTVtoQ9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94jjlQUwHSkSCUbSSn/ZuyEOvXHGr7hxklXg5qUCORq/81e0nLIu5QiapMR3PTTGYUI2CST4tdTPDU8pGdMA7lioacxNM5sdOyZlV+iRKtC2FZK7+npjQ2JhxHNrOmOLQLHsz8T+vk2F0HUyESjPkii0WRZkkmJDZ56QvNGcox5ZQpoW9lbAh1ZShzadkQ/CWX14lzVrVu6jW7i8rdTePowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHDhGOIQ==</latexit>

• Intuitivamente, la forza che il gas esercita sull’ambiente è data da pS, dove

S = superficie del pistone

mentre la forza che l’ambiente esercita sul gas è data dal peso delle due masse
m1 e m2 (non c’è la pressione atmosferica perché dal testo sappiamo che nella
parte B del cilindro c’è il vuoto). Per vederlo espressamente, consideriamo le
forze che agiscono su m1, m2 e sul pistone. Essendo tutti in equilibrio si ha

pS − T1 = 0
T1 −m1g − T2 = 0
m2g − T2 = 0

(1)

Risolvendo il sistema (1) ricaviamo subito che{
T2 = m2g
T1 = (m1 +m2)g

(2)

e
pS = (m1 +m2)g (3)

come avevamo intuito.

Fabrizio Dolcini (http://staff.polito.it/fabrizio.dolcini/)
Dipart. di Scienza Applicata e Tecnologia, Politecnico di Torino - Esercizi di Fisica I



3

• Dall’equazione dei gas ideali applicata allo stato di equilibrio iniziale abbiamo
che

pVA = nRT0

⇓ [moltiplico e divido per la superficie S del pistone]

pS︸︷︷︸
=(m1+m2)g

· VA
S︸︷︷︸
=h

= nRT0

⇓

m1 +m2 =
nRT0

gh
(4)

da cui

m2 =
nRT0

gh
−m1 (5)

Sostituendo i valori

m2 =
0.25 mol/ · 8.314 J

mol/ K/ · 283 K/

9.81 m
s2
· 0.625 m

− 36 kg =

[uso J = kgm2

s2 ]

=
0.25 · 8.314 · 283

9.81 · 0.625

1
m2/
s2/

kg m2/

s2/
− 36 kg =

= 96 kg − 36 kg =

= 60 kg (6)

2. Consideriamo ora la fase in cui la massa m2 viene staccata. Il gas si espande quasi-
liberamente (dove il ’quasi’ è dovuto al fatto che la massa m1 rimane comunque
attaccata al pistone) ed il pistone risale. Siccome l’espansione è incontrollata, non
sappiamo se avvenga quasi-staticamente, ossia passando attraverso stati di equilibrio
termodinamico in cui p e T del gas sono ben definite, e dunque non possiamo calcolare
il lavoro compiuto dal gas come W =

∫
p dV . Allora possiamo procedere in due modi:

• Primo modo

– Osserviamo che durante l’espansione la forza che il gas esercita sull’ambiente
è, istante per istante, uguale ed opposta alla forza che l’ambiente esercita
sul gas (principio di azione-reazione).

Fgas → amb = −Famb → gas = −(−m1g) = +m1g (7)

– Alla fine dell’espansione il pistone è risalito di un’altezza h, dato che il testo
ci dice che il volume del gas è raddoppiato. Pertanto il lavoro W scambiato
dal gas vale

W = Wgas → amb = −Wamb → gas = −Wpeso m1
=

= EfinP − EinP =

= m1g(zfinm1
− zinm1

) =

= m1gh (8)

Sostituendo i valori si ottiene

W = 36 kg · 9.81
m

s2
0.625 m = [uso J = kg m/s2]

= 220.7 J (9)

Fabrizio Dolcini (http://staff.polito.it/fabrizio.dolcini/)
Dipart. di Scienza Applicata e Tecnologia, Politecnico di Torino - Esercizi di Fisica I
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A'

B'

m1
<latexit sha1_base64="JYOA07y+mt9uWsWJmMXezRa0i+U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RTSIkS5id9CZDZmaXmVkhLPkELx4U8epv+AeevPk3Th4HTSxoKKq66e6KUsGN9f1vr7Cyura+UdwsbW3v7O6V9w+aJsk0wwZLRKLvI2pQcIUNy63A+1QjlZHAVjS8mvitB9SGJ+rOjlIMJe0rHnNGrZNuZTfolit+1Z+CLJNgTiq14ucHONS75a9OL2GZRGWZoMa0Az+1YU615UzguNTJDKaUDWkf244qKtGE+fTUMTlxSo/EiXalLJmqvydyKo0Zych1SmoHZtGbiP957czGl2HOVZpZVGy2KM4EsQmZ/E16XCOzYuQIZZq7WwkbUE2ZdemUXAjB4svLpHlWDfxqcOPSOIcZinAEx3AKAVxADa6hDg1g0IdHeIYXT3hP3qv3NmstePOZQ/gD7/0HaduPVA==</latexit><latexit sha1_base64="wXjJa51FDSGqs7evON9SvV1Op2A=">AAAB6nicbVDLSgMxFL1TX7W+al26CS2CqzIRQZcFXbisaB/QDiWTZtrQJDMkGaEM/QQ3LhRxK/6Ff+DKnX9j+lho9cCFwzn3cu89YSK4sb7/5eVWVtfWN/Kbha3tnd294n6paeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4upj6rTumDY/VrR0nLJBkoHjEKbFOupE93CtW/Ko/A/pL8IJUavmP99LlW7neK352+zFNJVOWCmJMB/uJDTKiLaeCTQrd1LCE0BEZsI6jikhmgmx26gQdOaWPoli7UhbN1J8TGZHGjGXoOiWxQ7PsTcX/vE5qo/Mg4ypJLVN0vihKBbIxmv6N+lwzasXYEUI1d7ciOiSaUOvSKbgQ8PLLf0nzpIr9Kr52aZzCHHk4hDIcA4YzqMEV1KEBFAZwD4/w5AnvwXv2XuatOW8xcwC/4L1+A+hEkHI=</latexit><latexit sha1_base64="wXjJa51FDSGqs7evON9SvV1Op2A=">AAAB6nicbVDLSgMxFL1TX7W+al26CS2CqzIRQZcFXbisaB/QDiWTZtrQJDMkGaEM/QQ3LhRxK/6Ff+DKnX9j+lho9cCFwzn3cu89YSK4sb7/5eVWVtfWN/Kbha3tnd294n6paeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4upj6rTumDY/VrR0nLJBkoHjEKbFOupE93CtW/Ko/A/pL8IJUavmP99LlW7neK352+zFNJVOWCmJMB/uJDTKiLaeCTQrd1LCE0BEZsI6jikhmgmx26gQdOaWPoli7UhbN1J8TGZHGjGXoOiWxQ7PsTcX/vE5qo/Mg4ypJLVN0vihKBbIxmv6N+lwzasXYEUI1d7ciOiSaUOvSKbgQ8PLLf0nzpIr9Kr52aZzCHHk4hDIcA4YzqMEV1KEBFAZwD4/w5AnvwXv2XuatOW8xcwC/4L1+A+hEkHI=</latexit>

gas

vuotop0 S
<latexit sha1_base64="U9TmbbZbmdgTmhAB92CsYQhCw1E=">AAAB83icbVC7SgNBFL3rM4mvqKXNYBAsJOzaaBmwsYxoHpBdw+zsJBkyMzvMzAphSe0f2FgYxNafsfNvnDwKTTxw4XDOvdx7T6w4M9b3v7219Y3Nre1CsbSzu7d/UD48apo004Q2SMpT3Y6xoZxJ2rDMctpWmmIRc9qKhzdTv/VEtWGpfLAjRSOB+5L1GMHWSaF6DJVmgoYX6L5brvhVfwa0SoIFqdSKz8kEAOrd8leYpCQTVFrCsTGdwFc2yrG2jHA6LoWZoQqTIe7TjqMSC2qifHbzGJ05JUG9VLuSFs3U3xM5FsaMROw6BbYDs+xNxf+8TmZ711HOpMoslWS+qJdxZFM0DQAlTFNi+cgRTDRztyIywBoT62IquRCC5ZdXSfOyGvjV4M6l4cMcBTiBUziHAK6gBrdQhwYQUPACbzDxMu/Ve/c+5q1r3mLmGP7A+/wBxgGS8g==</latexit><latexit sha1_base64="Gc79H1lwqrrFDUFCY6ue6M9Bo8I=">AAAB83icbVC7SgNBFJ2NryS+opY2g0GwCGHXRsuAjWVE84BsDLOzd5Mhs7PDzKwQljQ2/oGNhSK2+Rk7v0Ynj0ITD1w4nHMv994TSM60cd0vJ7e2vrG5lS8Ut3d29/ZLB4dNnaSKQoMmPFHtgGjgTEDDMMOhLRWQOODQCoZXU7/1AEqzRNyZkYRuTPqCRYwSYyVf3vtSsRj8Cr7tlcpu1Z0BrxJvQcq1wlM4+X6s1HulTz9MaBqDMJQTrTueK003I8owymFc9FMNktAh6UPHUkFi0N1sdvMYn1olxFGibAmDZ+rviYzEWo/iwHbGxAz0sjcV//M6qYkuuxkTMjUg6HxRlHJsEjwNAIdMATV8ZAmhitlbMR0QRaixMRVtCN7yy6ukeV713Kp3Y9Nw0Rx5dIxO0Bny0AWqoWtURw1EkUTP6BW9Oanz4rw7H/PWnLOYOUJ/4Ex+ABWXlKw=</latexit><latexit sha1_base64="Gc79H1lwqrrFDUFCY6ue6M9Bo8I=">AAAB83icbVC7SgNBFJ2NryS+opY2g0GwCGHXRsuAjWVE84BsDLOzd5Mhs7PDzKwQljQ2/oGNhSK2+Rk7v0Ynj0ITD1w4nHMv994TSM60cd0vJ7e2vrG5lS8Ut3d29/ZLB4dNnaSKQoMmPFHtgGjgTEDDMMOhLRWQOODQCoZXU7/1AEqzRNyZkYRuTPqCRYwSYyVf3vtSsRj8Cr7tlcpu1Z0BrxJvQcq1wlM4+X6s1HulTz9MaBqDMJQTrTueK003I8owymFc9FMNktAh6UPHUkFi0N1sdvMYn1olxFGibAmDZ+rviYzEWo/iwHbGxAz0sjcV//M6qYkuuxkTMjUg6HxRlHJsEjwNAIdMATV8ZAmhitlbMR0QRaixMRVtCN7yy6ukeV713Kp3Y9Nw0Rx5dIxO0Bny0AWqoWtURw1EkUTP6BW9Oanz4rw7H/PWnLOYOUJ/4Ex+ABWXlKw=</latexit>

h
<latexit sha1_base64="0WmS7an4n6dsjOUyhcLnBmjr9pg=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVZi10c6AjWUC5gLJEmYnZ5Mxs7PLzKwQQ57AxkIRW5/BJ7Gz9E2cXApN/GHg4//PYc45YSqFsZR+eSura+sbm7mt/PbO7t5+4eCwbpJMc6zxRCa6GTKDUiisWWElNlONLA4lNsLB9SRv3KM2IlG3dphiELOeEpHgzDqr2u8UirREpyLL4M+hePXx8F0GgEqn8NnuJjyLUVkumTEtn6Y2GDFtBZc4zrczgynjA9bDlkPFYjTBaDromJw6p0uiRLunLJm6vztGLDZmGIeuMma2bxaziflf1spsdBmMhEozi4rPPooySWxCJluTrtDIrRw6YFwLNyvhfaYZt+42eXcEf3HlZaifl3xa8qu0WKYwUw6O4QTOwIcLKMMNVKAGHBAe4RlevDvvyXv13malK9685wj+yHv/ATtIj2Q=</latexit><latexit sha1_base64="COwqWsmKeXoCZGi2YoHp4G96+1o=">AAAB6HicbZC7SgNBFIbPxluMt3jpbBaDYBVmbbQzYKFlAuYCSQizk7PJmNnZZWZWiEuewMZCEVsfwMonsbP0TZxcCk38YeDj/89hzjl+LLg2hHw5maXlldW17HpuY3Nreye/u1fTUaIYVlkkItXwqUbBJVYNNwIbsUIa+gLr/uBynNfvUGkeyRszjLEd0p7kAWfUWKvS7+QLpEgmchfBm0Hh4uP+++r9IC138p+tbsSSEKVhgmrd9Ehs2ilVhjOBo1wr0RhTNqA9bFqUNETdTieDjtxj63TdIFL2SeNO3N8dKQ21Hoa+rQyp6ev5bGz+lzUTE5y3Uy7jxKBk04+CRLgmcsdbu12ukBkxtECZ4nZWl/WposzY2+TsEbz5lRehdlr0SNGrkEKJwFRZOIQjOAEPzqAE11CGKjBAeIAneHZunUfnxXmdlmacWc8+/JHz9gPscJCo</latexit><latexit sha1_base64="COwqWsmKeXoCZGi2YoHp4G96+1o=">AAAB6HicbZC7SgNBFIbPxluMt3jpbBaDYBVmbbQzYKFlAuYCSQizk7PJmNnZZWZWiEuewMZCEVsfwMonsbP0TZxcCk38YeDj/89hzjl+LLg2hHw5maXlldW17HpuY3Nreye/u1fTUaIYVlkkItXwqUbBJVYNNwIbsUIa+gLr/uBynNfvUGkeyRszjLEd0p7kAWfUWKvS7+QLpEgmchfBm0Hh4uP+++r9IC138p+tbsSSEKVhgmrd9Ehs2ilVhjOBo1wr0RhTNqA9bFqUNETdTieDjtxj63TdIFL2SeNO3N8dKQ21Hoa+rQyp6ev5bGz+lzUTE5y3Uy7jxKBk04+CRLgmcsdbu12ukBkxtECZ4nZWl/WposzY2+TsEbz5lRehdlr0SNGrkEKJwFRZOIQjOAEPzqAE11CGKjBAeIAneHZunUfnxXmdlmacWc8+/JHz9gPscJCo</latexit>

h
<latexit sha1_base64="0WmS7an4n6dsjOUyhcLnBmjr9pg=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVZi10c6AjWUC5gLJEmYnZ5Mxs7PLzKwQQ57AxkIRW5/BJ7Gz9E2cXApN/GHg4//PYc45YSqFsZR+eSura+sbm7mt/PbO7t5+4eCwbpJMc6zxRCa6GTKDUiisWWElNlONLA4lNsLB9SRv3KM2IlG3dphiELOeEpHgzDqr2u8UirREpyLL4M+hePXx8F0GgEqn8NnuJjyLUVkumTEtn6Y2GDFtBZc4zrczgynjA9bDlkPFYjTBaDromJw6p0uiRLunLJm6vztGLDZmGIeuMma2bxaziflf1spsdBmMhEozi4rPPooySWxCJluTrtDIrRw6YFwLNyvhfaYZt+42eXcEf3HlZaifl3xa8qu0WKYwUw6O4QTOwIcLKMMNVKAGHBAe4RlevDvvyXv13malK9685wj+yHv/ATtIj2Q=</latexit><latexit sha1_base64="COwqWsmKeXoCZGi2YoHp4G96+1o=">AAAB6HicbZC7SgNBFIbPxluMt3jpbBaDYBVmbbQzYKFlAuYCSQizk7PJmNnZZWZWiEuewMZCEVsfwMonsbP0TZxcCk38YeDj/89hzjl+LLg2hHw5maXlldW17HpuY3Nreye/u1fTUaIYVlkkItXwqUbBJVYNNwIbsUIa+gLr/uBynNfvUGkeyRszjLEd0p7kAWfUWKvS7+QLpEgmchfBm0Hh4uP+++r9IC138p+tbsSSEKVhgmrd9Ehs2ilVhjOBo1wr0RhTNqA9bFqUNETdTieDjtxj63TdIFL2SeNO3N8dKQ21Hoa+rQyp6ev5bGz+lzUTE5y3Uy7jxKBk04+CRLgmcsdbu12ukBkxtECZ4nZWl/WposzY2+TsEbz5lRehdlr0SNGrkEKJwFRZOIQjOAEPzqAE11CGKjBAeIAneHZunUfnxXmdlmacWc8+/JHz9gPscJCo</latexit><latexit sha1_base64="COwqWsmKeXoCZGi2YoHp4G96+1o=">AAAB6HicbZC7SgNBFIbPxluMt3jpbBaDYBVmbbQzYKFlAuYCSQizk7PJmNnZZWZWiEuewMZCEVsfwMonsbP0TZxcCk38YeDj/89hzjl+LLg2hHw5maXlldW17HpuY3Nreye/u1fTUaIYVlkkItXwqUbBJVYNNwIbsUIa+gLr/uBynNfvUGkeyRszjLEd0p7kAWfUWKvS7+QLpEgmchfBm0Hh4uP+++r9IC138p+tbsSSEKVhgmrd9Ehs2ilVhjOBo1wr0RhTNqA9bFqUNETdTieDjtxj63TdIFL2SeNO3N8dKQ21Hoa+rQyp6ev5bGz+lzUTE5y3Uy7jxKBk04+CRLgmcsdbu12ukBkxtECZ4nZWl/WposzY2+TsEbz5lRehdlr0SNGrkEKJwFRZOIQjOAEPzqAE11CGKjBAeIAneHZunUfnxXmdlmacWc8+/JHz9gPscJCo</latexit>

h
<latexit sha1_base64="0WmS7an4n6dsjOUyhcLnBmjr9pg=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVZi10c6AjWUC5gLJEmYnZ5Mxs7PLzKwQQ57AxkIRW5/BJ7Gz9E2cXApN/GHg4//PYc45YSqFsZR+eSura+sbm7mt/PbO7t5+4eCwbpJMc6zxRCa6GTKDUiisWWElNlONLA4lNsLB9SRv3KM2IlG3dphiELOeEpHgzDqr2u8UirREpyLL4M+hePXx8F0GgEqn8NnuJjyLUVkumTEtn6Y2GDFtBZc4zrczgynjA9bDlkPFYjTBaDromJw6p0uiRLunLJm6vztGLDZmGIeuMma2bxaziflf1spsdBmMhEozi4rPPooySWxCJluTrtDIrRw6YFwLNyvhfaYZt+42eXcEf3HlZaifl3xa8qu0WKYwUw6O4QTOwIcLKMMNVKAGHBAe4RlevDvvyXv13malK9685wj+yHv/ATtIj2Q=</latexit><latexit sha1_base64="COwqWsmKeXoCZGi2YoHp4G96+1o=">AAAB6HicbZC7SgNBFIbPxluMt3jpbBaDYBVmbbQzYKFlAuYCSQizk7PJmNnZZWZWiEuewMZCEVsfwMonsbP0TZxcCk38YeDj/89hzjl+LLg2hHw5maXlldW17HpuY3Nreye/u1fTUaIYVlkkItXwqUbBJVYNNwIbsUIa+gLr/uBynNfvUGkeyRszjLEd0p7kAWfUWKvS7+QLpEgmchfBm0Hh4uP+++r9IC138p+tbsSSEKVhgmrd9Ehs2ilVhjOBo1wr0RhTNqA9bFqUNETdTieDjtxj63TdIFL2SeNO3N8dKQ21Hoa+rQyp6ev5bGz+lzUTE5y3Uy7jxKBk04+CRLgmcsdbu12ukBkxtECZ4nZWl/WposzY2+TsEbz5lRehdlr0SNGrkEKJwFRZOIQjOAEPzqAE11CGKjBAeIAneHZunUfnxXmdlmacWc8+/JHz9gPscJCo</latexit><latexit sha1_base64="COwqWsmKeXoCZGi2YoHp4G96+1o=">AAAB6HicbZC7SgNBFIbPxluMt3jpbBaDYBVmbbQzYKFlAuYCSQizk7PJmNnZZWZWiEuewMZCEVsfwMonsbP0TZxcCk38YeDj/89hzjl+LLg2hHw5maXlldW17HpuY3Nreye/u1fTUaIYVlkkItXwqUbBJVYNNwIbsUIa+gLr/uBynNfvUGkeyRszjLEd0p7kAWfUWKvS7+QLpEgmchfBm0Hh4uP+++r9IC138p+tbsSSEKVhgmrd9Ehs2ilVhjOBo1wr0RhTNqA9bFqUNETdTieDjtxj63TdIFL2SeNO3N8dKQ21Hoa+rQyp6ev5bGz+lzUTE5y3Uy7jxKBk04+CRLgmcsdbu12ukBkxtECZ4nZWl/WposzY2+TsEbz5lRehdlr0SNGrkEKJwFRZOIQjOAEPzqAE11CGKjBAeIAneHZunUfnxXmdlmacWc8+/JHz9gPscJCo</latexit>

• Secondo modo

– Sfruttiamo il fatto che per una trasformazione adiabatica, indipendente-
mente dal fatto che sia quasi-statica o no, il lavoro è pari a (meno) la
variazione di energia interna dal sistema

∆U = Q︸︷︷︸
=0

−W

⇓
W = −∆U = −ncV (T ′ − T0)

dove T ′ è la nuova temperatura di equilibrio al termine dell’espansione
quasi-libera del gas. Ricordando che per un gas monoatomico cV = 3

2R, si
ha

W =
3

2
nR(T0 − T ′) (10)

– Per trovare T ′ sfruttiamo ora l’equazione di stato dei gas perfetti. Indicando
con p′ e V ′ la nuova pressione ed il nuovo volume, abbiamo

p′V ′ = nRT ′

⇓ [moltiplico e divido per la superficie S del pistone]

p′S︸︷︷︸
=m1g

· V
′

S︸︷︷︸
=2h

= nRT ′

⇓

T ′ =
2m1gh

nR
(11)

Sostituendo i valori

T ′ =
2 · 220.7 J/

0.25 mol/ · 8.314 J/
mol/ K

= 212.4 K (12)

Fabrizio Dolcini (http://staff.polito.it/fabrizio.dolcini/)
Dipart. di Scienza Applicata e Tecnologia, Politecnico di Torino - Esercizi di Fisica I
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– Inserendo ora l’Eq.(12) nell’espressione (10) otteniamo

W =
3

2
nR(T0 − T ′) =

=
3

2
· 0.25 mol/ · 8.314

J

mol/K/
(283− 212.4) K/ =

= 220.1 J (13)

che coincide col risultato (9) trovato col primo modo, a meno di un errore
di meno del 3 per mille dovuto agli arrotondamenti nei calcoli.

Osservazione 1
Con i due modi di risoluzione abbiamo ottenuto due espressioni per il lavoro del gas,

Modo 1: → W = m1gh (14)

Modo 2: → W =
3

2
nR

(
T0 −

2m1gh

nR

)
(15)

dove la (15) è stata ottenuta sostituendo l’espressione (11) nell’Eq.(10). Le due
espressioni sono apparentemente assai diverse, anche se i risultati numerici sono
(praticamente) coincidenti. Si tratta dunque di un caso? No. Cerchiamo di capire
perché. Lo stato iniziale è fissato: la temperatura T0 è nota ed il volume iniziale
è dato dall’altezza iniziale h. In questo modo la pressione è determinata e fissa in
maniera univoca la sommam1+m2 [vedi Eq.(4)] (ma non il valore di m1). Si noti che
per lo stato iniziale il tipo di gas ideale (se monoatomico, biatomico o poliatomico)
è totalmente ininfluente. Ora, una volta fissata la tipologia di gas ideale (in questo
caso monoatomico) chi ha scelto i dati del problema non avrebbe potuto scegliere in
maniera indipendente il volume finale (in questo caso corrispondente ad un’altezza
2h) e la massa m1, proprio perché avrebbe dovuto rispettare il primo principio ed
il fatto che il lavoro del sistema sull’ambiente è opposto al lavoro dell’ambiente sul
sistema:

W =


−∆U + Q︸︷︷︸

=0

= −ncV (T ′ − T0)

−Wamb → gas = +m1gh
(16)

Pertanto necessariamente deve valere l’uguaglianza

ncV (T0 − T ′) = m1gh

⇓

T ′ = T0 −
m1gh

ncV
(17)

E’ facile vedere che ciò determina in modo univoco l’altezza finale h′. Infatti:

p′V ′ = nRT ′

⇓ [moltiplico e divido per la superficie S del pistone]

p′S︸︷︷︸
=m1g

· V
′

S︸︷︷︸
=h′

= nRT ′

⇓

h′ =
nRT ′

m1g
(18)

Fabrizio Dolcini (http://staff.polito.it/fabrizio.dolcini/)
Dipart. di Scienza Applicata e Tecnologia, Politecnico di Torino - Esercizi di Fisica I
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ossia, sostituendo (17) nell’Eq.(18),

h′ =
nRT0

m1g
− R

cV
h (19)

da cui si vede che, scelto un valore per m1 e scelta la tipologica di gas ideale
(monoatomico, biatomico. . . ) che determina il valore di cV , l’altezza finale h′ è
univocamente determinata. Pertanto, una volta fissati i dati sullo stato iniziale (qui
rappresentati dalla temperatura iniziale T0) e la tipologia del gas (→ il valore di cV ),
i dati noti m1 e h′ = 2h sullo stato dopo l’espansione non sono tra loro indipendenti.
Di fatto il testo dà un numero ridondante di dati. Si può dare anche un’espressione
più semplice di questa relazione: sfruttando il legame tra T0 e la somma m1 + m2

[vedi Eq.(4)] si trova

h′ = h

(
m1 +m2

m1
− R

cV

)
(20)

da cui di nuovo si vede che, una volta fissati i dati sullo stato iniziale (qui rappre-
sentati dalla somma m1 +m2 legata alla pressione iniziale) e la tipologia del gas (→
il valore di cV ) i dati noti m1 e h′ = 2h sullo stato dopo l’espansione non sono tra
loro indipendenti. E’ facile verificare che, sostituendo cV = 3

2R (gas monoatomico)
e m1 = 36 kg e m2 = 60 kg, si ottiene proprio h′ = 2h.

Osservazione 2
Ci chiediamo: Avremmo potuto calcolare lo stato finale A′ di questa seconda fase
usando l’equazione di un’adiabatica quasi-statica ? No, perché il sistema non passa
attraverso stati di equilibrio. Per mostrarlo, supponiamo che il sistema si espanda
secondo l’equazione dell’adiabatica quasi-statica. Certamente conosciamo la pres-
sione finale p′, determinata dalla sola massa m1 secondo p′S = m1g. Calcoliamo il
volume V ′ finale (o, equivalentemente, l’altezza h′ finale) di questa seconda fase. Se
lo stato finale giacesse lungo un’adiabatica quasi-statica, dovrebbe valere:

pV γ
A = p′V ′

γ

⇓(
V ′

VA

)γ
=

p

p′

⇓(
S/h′

S/h

)γ
=

pS

p′ S
=

(m1 +m2)g/

m1g/

⇓
h′

h
=

(
1 +

m2

m1

) 1
γ

⇓ [γ = 5
3 per gas monoatomico]

h′ = h

(
1 +

m2

m1

) 3
5

(21)

Sostituendo i valori m1 = 36 kg e m2 = 60 kg si trova h′ = 1.8h che è dunque
inferiore all’altezza h′ = 2h che effettivamente raggiunge con l’espansione adiabatica
quasi-libera (non quasi-statica).

Fabrizio Dolcini (http://staff.polito.it/fabrizio.dolcini/)
Dipart. di Scienza Applicata e Tecnologia, Politecnico di Torino - Esercizi di Fisica I
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p
<latexit sha1_base64="YCRLqY3FYFMPr169IIibebwVZHg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP22eM+A==</latexit>

V
<latexit sha1_base64="ZHTJuVrsXJ8Nz2mGcO2drL0vXec=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZrtfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fs/+M3g==</latexit>

pA
<latexit sha1_base64="pkZPuQvvUTH+/pD3JqwHvWTd7SA=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioIVFxMYygpcEkiPsbfaSJXt7x+6cEEJ+g42FIrb+IDv/jZvkCk18MPB4b4aZeWEqhUHX/XYKa+sbm1vF7dLO7t7+QfnwqGmSTDPus0Qmuh1Sw6VQ3EeBkrdTzWkcSt4KR3czv/XEtRGJesRxyoOYDpSIBKNoJT/t3RLSK1fcqjsHWSVeTiqQo9Erf3X7CctirpBJakzHc1MMJlSjYJJPS93M8JSyER3wjqWKxtwEk/mxU3JmlT6JEm1LIZmrvycmNDZmHIe2M6Y4NMveTPzP62QYXQcTodIMuWKLRVEmCSZk9jnpC80ZyrEllGlhbyVsSDVlaPMp2RC85ZdXSbNW9S6qtYfLSv0mj6MIJ3AK5+DBFdThHhrgAwMBz/AKb45yXpx352PRWnDymWP4A+fzB8RSjfo=</latexit>

p0
<latexit sha1_base64="f7DBH5trqoemDvCtBJ9qojx8MF4=">AAAB8HicbVBNSwMxEM36WetX1aOXYBE8ld0q6MFDwYvHCvZD2rVk09k2NMmGJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMixRnxvr+t7eyura+sVnYKm7v7O7tlw4OmyZJNYUGTXii2xExwJmEhmWWQ1tpICLi0IpGN1O/9QTasETe27GCUJCBZDGjxDrpQT12lWYCcK9U9iv+DHiZBDkpoxz1Xumr209oKkBayokxncBXNsyItoxymBS7qQFF6IgMoOOoJAJMmM0OnuBTp/RxnGhX0uKZ+nsiI8KYsYhcpyB2aBa9qfif10ltfBVmTKrUgqTzRXHKsU3w9HvcZxqo5WNHCNXM3YrpkGhCrcuo6EIIFl9eJs1qJTivVO8uyrXrPI4COkYn6AwF6BLV0C2qowaiSKBn9IrePO29eO/ex7x1xctnjtAfeJ8/jlOQOQ==</latexit>

A0
<latexit sha1_base64="Ztzc+FqswUMR9RVPXGMlt6LauFs=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioIVFxMYygvmA5Ax7m0myZG/v3N0TwpE/YWOhiK1/x85/4ya5QhMfDDzem2FmXhALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6GbqN59QaR7JezOO0Q/pQPI+Z9RYqXX90IkVD7FbLLlldwayTLyMlCBDrVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46u3dCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9FMu48SgZPNF/UQQE5Hp86THFTIjxpZQpri9lbAhVZQZG1HBhuAtvrxMGpWyd1au3J2XqldZHHk4gmM4BQ8uoAq3UIM6MBDwDK/w5jw6L8678zFvzTnZzCH8gfP5A+0Gj+A=</latexit>

A
<latexit sha1_base64="tHWbaZ8427utCltdvnUA2H1jhTs=">AAAB6XicbVA9SwNBEJ3zM8avqKXNYhCswl0UtLCI2FhGMR+QHGFvM5cs2ds7dveEcOQf2FgoYus/svPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/loxkn6Ed0IHnIGTVWerghvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mlE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6dukzxUyI8aWUKa4vZWwIVWUGRtO0YbgLb68TJrVindeqd5flGvXeRwFOIYTOAMPLqEGd1CHBjAI4Rle4c0ZOS/Ou/Mxb11x8pkj+APn8wfoAozt</latexit>

V 0
<latexit sha1_base64="LBSWT2Mp5jvVhbBQkk58oRr81dM=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswl0UtLAI2FhGMB+QnGFvM5cs2b07d/eEcORP2FgoYuvfsfPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ARNgw3AtuJQioDga1gdDP1W0+oNI+jezNO0Jd0EPGQM2qs1G4+dBPFJfZKZbfizkCWiZeTMuSo90pf3X7MUomRYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYGlGJ2s9m907IqVX6JIyVrciQmfp7IqNS67EMbKekZqgXvan4n9dJTXjlZzxKUoMRmy8KU0FMTKbPkz5XyIwYW0KZ4vZWwoZUUWZsREUbgrf48jJpViveeaV6d1GuXedxFOAYTuAMPLiEGtxCHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fDXyP9Q==</latexit>

adiabatica quasi-libera 
(non quasi-statica)

adiabatica 
quasi-statica

Figure 1: la curva tratteggiata rappresenta l’espansione adiabatica quasi-libera che il gas effet-
tua. La curva rossa solida rappresenta la curva di un’ipotetica adiabatica quasi-statica che parte
dallo stesso stato iniziale e raggiunge uno stato finale alla stessa pressione. Il volume finale (e la
temperatura finale) sono diversi.

3. Consideriamo ora la terza fase, in cui la massa m2 viene riattaccata ed il gas viene
dunque compresso. Indichiamo con |∆z| la variazione in altezza del pistone (verso il
basso)

Af

m1
<latexit sha1_base64="JYOA07y+mt9uWsWJmMXezRa0i+U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RTSIkS5id9CZDZmaXmVkhLPkELx4U8epv+AeevPk3Th4HTSxoKKq66e6KUsGN9f1vr7Cyura+UdwsbW3v7O6V9w+aJsk0wwZLRKLvI2pQcIUNy63A+1QjlZHAVjS8mvitB9SGJ+rOjlIMJe0rHnNGrZNuZTfolit+1Z+CLJNgTiq14ucHONS75a9OL2GZRGWZoMa0Az+1YU615UzguNTJDKaUDWkf244qKtGE+fTUMTlxSo/EiXalLJmqvydyKo0Zych1SmoHZtGbiP957czGl2HOVZpZVGy2KM4EsQmZ/E16XCOzYuQIZZq7WwkbUE2ZdemUXAjB4svLpHlWDfxqcOPSOIcZinAEx3AKAVxADa6hDg1g0IdHeIYXT3hP3qv3NmstePOZQ/gD7/0HaduPVA==</latexit><latexit sha1_base64="wXjJa51FDSGqs7evON9SvV1Op2A=">AAAB6nicbVDLSgMxFL1TX7W+al26CS2CqzIRQZcFXbisaB/QDiWTZtrQJDMkGaEM/QQ3LhRxK/6Ff+DKnX9j+lho9cCFwzn3cu89YSK4sb7/5eVWVtfWN/Kbha3tnd294n6paeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4upj6rTumDY/VrR0nLJBkoHjEKbFOupE93CtW/Ko/A/pL8IJUavmP99LlW7neK352+zFNJVOWCmJMB/uJDTKiLaeCTQrd1LCE0BEZsI6jikhmgmx26gQdOaWPoli7UhbN1J8TGZHGjGXoOiWxQ7PsTcX/vE5qo/Mg4ypJLVN0vihKBbIxmv6N+lwzasXYEUI1d7ciOiSaUOvSKbgQ8PLLf0nzpIr9Kr52aZzCHHk4hDIcA4YzqMEV1KEBFAZwD4/w5AnvwXv2XuatOW8xcwC/4L1+A+hEkHI=</latexit><latexit sha1_base64="wXjJa51FDSGqs7evON9SvV1Op2A=">AAAB6nicbVDLSgMxFL1TX7W+al26CS2CqzIRQZcFXbisaB/QDiWTZtrQJDMkGaEM/QQ3LhRxK/6Ff+DKnX9j+lho9cCFwzn3cu89YSK4sb7/5eVWVtfWN/Kbha3tnd294n6paeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4upj6rTumDY/VrR0nLJBkoHjEKbFOupE93CtW/Ko/A/pL8IJUavmP99LlW7neK352+zFNJVOWCmJMB/uJDTKiLaeCTQrd1LCE0BEZsI6jikhmgmx26gQdOaWPoli7UhbN1J8TGZHGjGXoOiWxQ7PsTcX/vE5qo/Mg4ypJLVN0vihKBbIxmv6N+lwzasXYEUI1d7ciOiSaUOvSKbgQ8PLLf0nzpIr9Kr52aZzCHHk4hDIcA4YzqMEV1KEBFAZwD4/w5AnvwXv2XuatOW8xcwC/4L1+A+hEkHI=</latexit>

m2
<latexit sha1_base64="orZ9Ok9iB6eTIHkM+GbFvGnevgU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BLx4jmgckS5iddJIhM7PLzKwQlnyCFw+KePU3/ANP3vwbJ4+DJhY0FFXddHdFieDG+v63l1tb39jcym8Xdnb39g+Kh0cNE6eaYZ3FItatiBoUXGHdciuwlWikMhLYjEbXU7/5gNrwWN3bcYKhpAPF+5xR66Q72a10iyW/7M9AVkmwIKVq/vMDHGrd4lenF7NUorJMUGPagZ/YMKPaciZwUuikBhPKRnSAbUcVlWjCbHbqhJw5pUf6sXalLJmpvycyKo0Zy8h1SmqHZtmbiv957dT2r8KMqyS1qNh8UT8VxMZk+jfpcY3MirEjlGnubiVsSDVl1qVTcCEEyy+vkkalHPjl4NalcQFz5OEETuEcAriEKtxADerAYACP8AwvnvCevFfvbd6a8xYzx/AH3vsPa1+PVQ==</latexit><latexit sha1_base64="mds2HZS33iHyNb2iDdbu00QwZ+o=">AAAB6nicbVDLSgNBEOyNrxhfazx6GRIET2E3CHoM6MFjRPOAZAmzk9lkyMzsMjMrhCWf4MWDIl7Fv/APPHnzb5w8DppY0FBUddPdFSacaeN5305ubX1jcyu/XdjZ3ds/cA+LTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC0eXUb91TpVks78w4oYHAA8kiRrCx0q3oVXtu2at4M6BV4i9IuZb//ChevZfqPfer249JKqg0hGOtO76XmCDDyjDC6aTQTTVNMBnhAe1YKrGgOshmp07QiVX6KIqVLWnQTP09kWGh9ViEtlNgM9TL3lT8z+ukJroIMiaT1FBJ5ouilCMTo+nfqM8UJYaPLcFEMXsrIkOsMDE2nYINwV9+eZU0qxXfq/g3No0zmCMPx1CCU/DhHGpwDXVoAIEBPMATPDvceXRenNd5a85ZzBzBHzhvP+nIkHM=</latexit><latexit sha1_base64="mds2HZS33iHyNb2iDdbu00QwZ+o=">AAAB6nicbVDLSgNBEOyNrxhfazx6GRIET2E3CHoM6MFjRPOAZAmzk9lkyMzsMjMrhCWf4MWDIl7Fv/APPHnzb5w8DppY0FBUddPdFSacaeN5305ubX1jcyu/XdjZ3ds/cA+LTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC0eXUb91TpVks78w4oYHAA8kiRrCx0q3oVXtu2at4M6BV4i9IuZb//ChevZfqPfer249JKqg0hGOtO76XmCDDyjDC6aTQTTVNMBnhAe1YKrGgOshmp07QiVX6KIqVLWnQTP09kWGh9ViEtlNgM9TL3lT8z+ukJroIMiaT1FBJ5ouilCMTo+nfqM8UJYaPLcFEMXsrIkOsMDE2nYINwV9+eZU0qxXfq/g3No0zmCMPx1CCU/DhHGpwDXVoAIEBPMATPDvceXRenNd5a85ZzBzBHzhvP+nIkHM=</latexit>

gas

vuoto

�z
<latexit sha1_base64="SCE6b23cwPZYgAg0oL80dDv1J3g=">AAAB73icbZDLSgMxFIbP1Futt6pLN8EiuCozIujOgi5cVrAXaEvJpGfa0ExmTDJCHfoSbqQo0q2P4Gu4821MLwtt/SHw8f/nkHOOHwuujet+O5mV1bX1jexmbmt7Z3cvv39Q1VGiGFZYJCJV96lGwSVWDDcC67FCGvoCa37/epLXHlFpHsl7M4ixFdKu5AFn1Fir3rxBYSh5aucLbtGdiiyDN4fC1edoNAaAcjv/1exELAlRGiao1g3PjU0rpcpwJnCYayYaY8r6tIsNi5KGqFvpdN4hObFOhwSRsk8aMnV/d6Q01HoQ+rYypKanF7OJ+V/WSExw2Uq5jBODks0+ChJBTEQmy5MOV8iMGFigTHE7K2E9qigz9kQ5ewRvceVlqJ4VPbfo3bmF0jnMlIUjOIZT8OACSnALZagAAwHP8ApvzoPz4rw741lpxpn3HMIfOR8/V7WSYg==</latexit><latexit sha1_base64="FP1kp6AqTJFDCjxhUEx5JINqgeY=">AAAB73icbZDLSgMxFIbPeK31VnXpJlgEV2VGBN1Z0IXLCvYCbSmZNNOGZjJjckaoQ1/CjXhB3PoIvoY738ZM24W2/hD4+P9zyDnHj6Uw6LrfzsLi0vLKam4tv76xubVd2NmtmSjRjFdZJCPd8KnhUiheRYGSN2LNaehLXvcHF1lev+PaiEjd4DDm7ZD2lAgEo2itRuuSS6TkvlMouiV3LDIP3hSK559PmZ4rncJXqxuxJOQKmaTGND03xnZKNQom+SjfSgyPKRvQHm9aVDTkpp2O5x2RQ+t0SRBp+xSSsfu7I6WhMcPQt5Uhxb6ZzTLzv6yZYHDWToWKE+SKTT4KEkkwItnypCs0ZyiHFijTws5KWJ9qytCeKG+P4M2uPA+145Lnlrxrt1g+gYlysA8HcAQenEIZrqACVWAg4QFe4NW5dR6dN+d9UrrgTHv24I+cjx+08pQn</latexit><latexit sha1_base64="FP1kp6AqTJFDCjxhUEx5JINqgeY=">AAAB73icbZDLSgMxFIbPeK31VnXpJlgEV2VGBN1Z0IXLCvYCbSmZNNOGZjJjckaoQ1/CjXhB3PoIvoY738ZM24W2/hD4+P9zyDnHj6Uw6LrfzsLi0vLKam4tv76xubVd2NmtmSjRjFdZJCPd8KnhUiheRYGSN2LNaehLXvcHF1lev+PaiEjd4DDm7ZD2lAgEo2itRuuSS6TkvlMouiV3LDIP3hSK559PmZ4rncJXqxuxJOQKmaTGND03xnZKNQom+SjfSgyPKRvQHm9aVDTkpp2O5x2RQ+t0SRBp+xSSsfu7I6WhMcPQt5Uhxb6ZzTLzv6yZYHDWToWKE+SKTT4KEkkwItnypCs0ZyiHFijTws5KWJ9qytCeKG+P4M2uPA+145Lnlrxrt1g+gYlysA8HcAQenEIZrqACVWAg4QFe4NW5dR6dN+d9UrrgTHv24I+cjx+08pQn</latexit>

pf S
<latexit sha1_base64="Dg1LcgXTF7VRiZuQprCv59IzhGY=">AAAB73icbVA9SwNBEJ3zM8avqIWFzWIQLCTciaBlwEa7iOYDkiPsbeaSJXt75+6eEI78CRsLRWz9O3Z2Vv4ONx+FJj4YeLw3w8y8IBFcG9f9dBYWl5ZXVnNr+fWNza3tws5uTcepYlhlsYhVI6AaBZdYNdwIbCQKaRQIrAf9y5Fff0CleSzvzCBBP6JdyUPOqLFSI2mHpHVCbtuFoltyxyDzxJuSYnn/+vsLACrtwkerE7M0QmmYoFo3PTcxfkaV4UzgMN9KNSaU9WkXm5ZKGqH2s/G9Q3JklQ4JY2VLGjJWf09kNNJ6EAW2M6Kmp2e9kfif10xNeOFnXCapQckmi8JUEBOT0fOkwxUyIwaWUKa4vZWwHlWUGRtR3obgzb48T2qnJc8teTc2jTOYIAcHcAjH4ME5lOEKKlAFBgIe4RlenHvnyXl13iatC850Zg/+wHn/AfQTkW4=</latexit><latexit sha1_base64="VbN5borntxgFnWgQzRJV6b0xpKM=">AAAB73icbVDLSgNBEOyNrxhfUQ8evAwGwYOEXRH0GPCit4jmAckSZye9yeDs7DozK4SQn/DiQRGvfoH/4c0f8Og3OHkcNLGgoajqprsrSATXxnU/nczc/MLiUnY5t7K6tr6R39yq6jhVDCssFrGqB1Sj4BIrhhuB9UQhjQKBteD2bOjX7lFpHstr00vQj2hH8pAzaqxUT1ohaR6Sq1a+4BbdEcgs8SakUNq5+Pp+z9yUW/mPZjtmaYTSMEG1bnhuYvw+VYYzgYNcM9WYUHZLO9iwVNIItd8f3Tsg+1ZpkzBWtqQhI/X3RJ9GWveiwHZG1HT1tDcU//MaqQlP/T6XSWpQsvGiMBXExGT4PGlzhcyIniWUKW5vJaxLFWXGRpSzIXjTL8+S6lHRc4vepU3jGMbIwi7swQF4cAIlOIcyVICBgAd4gmfnznl0XpzXcWvGmcxswx84bz9+vpKV</latexit><latexit sha1_base64="VbN5borntxgFnWgQzRJV6b0xpKM=">AAAB73icbVDLSgNBEOyNrxhfUQ8evAwGwYOEXRH0GPCit4jmAckSZye9yeDs7DozK4SQn/DiQRGvfoH/4c0f8Og3OHkcNLGgoajqprsrSATXxnU/nczc/MLiUnY5t7K6tr6R39yq6jhVDCssFrGqB1Sj4BIrhhuB9UQhjQKBteD2bOjX7lFpHstr00vQj2hH8pAzaqxUT1ohaR6Sq1a+4BbdEcgs8SakUNq5+Pp+z9yUW/mPZjtmaYTSMEG1bnhuYvw+VYYzgYNcM9WYUHZLO9iwVNIItd8f3Tsg+1ZpkzBWtqQhI/X3RJ9GWveiwHZG1HT1tDcU//MaqQlP/T6XSWpQsvGiMBXExGT4PGlzhcyIniWUKW5vJaxLFWXGRpSzIXjTL8+S6lHRc4vepU3jGMbIwi7swQF4cAIlOIcyVICBgAd4gmfnznl0XpzXcWvGmcxswx84bz9+vpKV</latexit>

Bf

• Alla nuova posizione di equilibrio finale , abbiamo
pf = pressione finale

Tf = temperatura finale

Vf = S(2h− |∆z|) volume finale

(22)

Fabrizio Dolcini (http://staff.polito.it/fabrizio.dolcini/)
Dipart. di Scienza Applicata e Tecnologia, Politecnico di Torino - Esercizi di Fisica I



8

• Per la legge dei gas perfetti

pfVf = nRTf

⇓ [moltiplico e divido per la superficie S del pistone]

pfS︸︷︷︸
=(m1+m2)g

·
Vf
S︸︷︷︸

=2h−|∆z|

= nRTf

⇓

Tf =
(m1 +m2)g(2h− |∆z|)

nR
(23)

• D’altra parte per il primo principio della termodinamica la variazione di energia
interna del gas è data da

∆U = Q − W︸︷︷︸
Wgas → amb

(24)

Ricordando che
- il calore Q scambiato è nullo perché il contenitore è adiabatico;

- la variazione di energia interna per un gas perfetto è data da ∆U = ncV ∆T
(dove cV = 3

2R perché il gas è monoatomico);

abbiamo

∆U = 0−Wgas → amb

⇓
ncV (Tf − T ′) = + Wamb → gas︸ ︷︷ ︸

Wpeso (m1 +m2)

⇓

n
3

2
R (Tf − T ′) = −(EfinP − EinP )

⇓
3

2
nR (Tf − T ′) = (m1 +m2)g|∆z| (25)

• Le due equazioni (23) e (25) sono due equazioni per le due incognite Tf e |∆z|.
Tf =

(m1 +m2)g(2h− |∆z|)
nR

3
2nR (Tf − T ′) = (m1 +m2)g|∆z|

(26)

Fabrizio Dolcini (http://staff.polito.it/fabrizio.dolcini/)
Dipart. di Scienza Applicata e Tecnologia, Politecnico di Torino - Esercizi di Fisica I
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Per risolvere il sistema sostituiamo la prima nella seconda

3

2
nR

(
(m1 +m2)g(2h− |∆z|)

nR
− T ′

)
= (m1 +m2)g|∆z|

⇓
3

2
(m1 +m2)g(2h− |∆z|) − 3

2
nRT ′ = (m1 +m2)g|∆z|

⇓

3(m1 +m2)gh − 3

2
nRT ′ =

5

2
(m1 +m2)g|∆z|

⇓ [divido per 5
2 (m1 +m2)g]

6

5
h − 3

5

nRT ′

(m1 +m2)g
= |∆z|

(27)

Sostituendo i valori

|∆z| =
6

5
0.625 m − 3

5

0.25 mol/ · 8.314 J/

mol/ K/
· 212.4 K/

(36 + 60) kg · 9.81 m
s2

=

= 0.75 m− 0.28
J

kg m
s2

= [uso J = kg m2

s2 ]

= 0.75 m− 0.28 m =

= 0.47 m (28)

Pertanto la nuova altezza del pistone dal fondo del cinindro è

hf = 2h− |∆z| = 2 · 0.625 m− 0.47 m = 0.78 m (29)

• Dalla prima delle equazioni (26) ricaviamo

Tf =
(36 + 60) kg · 9.81 m

s2
· 0.78 m

0.25 mol/ · 8.314 J
mol/ K

=

=
96 · 9.81 · 0.78 m

0.25 · 8.314
K

kg m2

s2

J
=

= 353.4 K (30)

Fabrizio Dolcini (http://staff.polito.it/fabrizio.dolcini/)
Dipart. di Scienza Applicata e Tecnologia, Politecnico di Torino - Esercizi di Fisica I


