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WH 1. GRUNDBEGRIFFE UND HAUPTSÄTZE

Hauptsätze (HS):

0. HS: Stehen Systeme A↔ B und B ↔ C im thermischen
Gleichgewicht, dann stehen auch A↔ C im Gleichgewicht

Es gilt TA = TB = TC .

1. HS: Ein abgeschlossenes System enthählt eine unveränderliche innere
Energie U.

Die innere Energie ändert sich nur, wenn von außen Energie zugeführt
oder entnommen wird.

→ zugeführte Wärme Q oder am System geleistete Arbeit W

Es gilt: ∆U = Q + W bzw. dU = δQ + δW

”d” für Zustandsgrößen und ”δ” für Prozessgrößen
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WH 1. GRUNDBEGRIFFE UND HAUPTSÄTZE

2. HS: Jeder Temperaturaustausch durch Wärmekontakt ist irreversibel
und kann nur durch Änderung der Umgebung wieder rückgängig gemacht
werden.

Es gibt keine Zustandsänderung deren einziges Ergebnis die
Übertragung von Wärme von einem Körper niederer Termperatur auf
einen Körper höherer Termperatur ist.

Absolute Differentiale: Innere Energie U(T ,V ), dann ist dU definiert als

dU =

(
∂U
∂T

)
V

dT +

(
∂U
∂V

)
T

dV .
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WH 1. GRUNDBEGRIFFE UND HAUPTSÄTZE

Kombination aus 1. HS und Formel für Volumenarbeit (δW = −P dV ) und
Wärmekapazität δQ = CV dT |V unter konstantem Volumen:

dU = δQ − P dV =

(
∂U
∂T

)
V

dT +

(
∂U
∂V

)
T

dV ,

Für Prozesse mit dV = 0 folgt

dU = δQ − 0 = CV dT =

(
∂U
∂T

)
V

dT + 0 ,

und wir finden für die Wärmekapazität CV die Relation

CV =

(
∂U
∂T

)
V
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2. DAS IDEALE GAS
2.1 Die allgemeine Gasgleichung

Komprimiert man ein Gas bei konstanter Temperatur, so steigt der Druck P,
während das Volumen V abnimmt.

Beim Expandieren (ebenfalls bei konstanter Temperatur) sinkt der Druck P,
während das Volumen V zunimmt.

In guter Näherung ist P ∼ 1
V (Boyle 1662, Mariotte 1676)

Gesetz von Boyle-Mariotte:

P ∼ 1
V
, P · V = konstant ,

P1

P2
=

V2

V1
,

für T = konstant und Gase geringer Dichte
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2. DAS IDEALE GAS

Erwärmt man ein Gas bei gleichbleibendem Druck, so vergrössert sich sein
Volumen.

Analog verkleinert sich das Volumen, wenn man bei gleichbleibendem Druck
ein Gas abkühlt.

In guter Näherung ist V ∼ T (Gay-Lussac 1802, Charles 1787)

Gesetz von Gay-Lussac / Charles:

V ∼ T ,
V
T

= konstant ,
V1

T1
=

V2

T2
,

für P = konstant und Gase geringer Dichte
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2. DAS IDEALE GAS

Erwärmt man ein Gas bei gleichbleibendem Volumen, so vergrössert sich sein
Druck

Analog verkleinert sich der Druck, wenn man bei gleichbleibendem Volumen
ein Gas abkühlt.

In guter Näherung ist P ∼ T (Gay-Lussac 1802, Amontons um 1690)

2. Gesetz von Gay-Lussac / Amontons:

P ∼ T ,
P
T

= konstant ,
P1

T1
=

P2

T2
,

für V = konstant und Gase geringer Dichte
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2. DAS IDEALE GAS

Wir können nun mit einem Gedankenexperiment die thermische
Zustandsgleichung für ideale Gase herleiten:

P1

T1
=

P2

T2
) T2 =

P2T1

P1
<latexit sha1_base64="qPJti5lkUfqOC0QVA88CC7hJMug="></latexit><latexit sha1_base64="qPJti5lkUfqOC0QVA88CC7hJMug="></latexit><latexit sha1_base64="qPJti5lkUfqOC0QVA88CC7hJMug="></latexit><latexit sha1_base64="qPJti5lkUfqOC0QVA88CC7hJMug="></latexit>

P1, T1, V
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Isochor (V = const)

2. DAS IDEALE GAS

Erwärmt man ein Gas bei gleichbleibendem Druck, so vergrössert sich sein
Volumen.

Analog verkleinert sich das Volumen, wenn man bei gleichbleibendem Druck
ein Gas abkühlt.

In guter Näherung ist V ⇠ T (Gay-Lussac 1802, Charles 1787)

Gesetz von Gay-Lussac / Charles:

V ⇠ T ,
V
T

= konstant ,
V1

V2
=

T1

T2
,

für P = konstant und Gase geringer Dichte
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2. DAS IDEALE GAS

P1

T1
=

P2

T2
) T2 =

P2T1

P1
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P2, T3, V
0

<latexit sha1_base64="hZKxUhrQW026B9y4yPgCIfYCLpo=">AAAB8XicbZDLSsNAFIZP6q3WW9Wlm8EiuiglqYIui25cVugN2xAm00k7dDIJMxOhhL6FGxeKuPVt3Pk2TtostPWHgY//nMOc8/sxZ0rb9rdVWFvf2Nwqbpd2dvf2D8qHRx0VJZLQNol4JHs+VpQzQduaaU57saQ49Dnt+pO7rN59olKxSLT0NKZuiEeCBYxgbazHplevtrzLaufcK1fsmj0XWgUnhwrkanrlr8EwIklIhSYcK9V37Fi7KZaaEU5npUGiaIzJBI9o36DAIVVuOt94hs6MM0RBJM0TGs3d3xMpDpWahr7pDLEeq+VaZv5X6yc6uHFTJuJEU0EWHwUJRzpC2floyCQlmk8NYCKZ2RWRMZaYaBNSyYTgLJ+8Cp16zTH8cFVp3OZxFOEETuECHLiGBtxDE9pAQMAzvMKbpawX6936WLQWrHzmGP7I+vwBffePeg==</latexit><latexit sha1_base64="hZKxUhrQW026B9y4yPgCIfYCLpo=">AAAB8XicbZDLSsNAFIZP6q3WW9Wlm8EiuiglqYIui25cVugN2xAm00k7dDIJMxOhhL6FGxeKuPVt3Pk2TtostPWHgY//nMOc8/sxZ0rb9rdVWFvf2Nwqbpd2dvf2D8qHRx0VJZLQNol4JHs+VpQzQduaaU57saQ49Dnt+pO7rN59olKxSLT0NKZuiEeCBYxgbazHplevtrzLaufcK1fsmj0XWgUnhwrkanrlr8EwIklIhSYcK9V37Fi7KZaaEU5npUGiaIzJBI9o36DAIVVuOt94hs6MM0RBJM0TGs3d3xMpDpWahr7pDLEeq+VaZv5X6yc6uHFTJuJEU0EWHwUJRzpC2floyCQlmk8NYCKZ2RWRMZaYaBNSyYTgLJ+8Cp16zTH8cFVp3OZxFOEETuECHLiGBtxDE9pAQMAzvMKbpawX6936WLQWrHzmGP7I+vwBffePeg==</latexit><latexit sha1_base64="hZKxUhrQW026B9y4yPgCIfYCLpo=">AAAB8XicbZDLSsNAFIZP6q3WW9Wlm8EiuiglqYIui25cVugN2xAm00k7dDIJMxOhhL6FGxeKuPVt3Pk2TtostPWHgY//nMOc8/sxZ0rb9rdVWFvf2Nwqbpd2dvf2D8qHRx0VJZLQNol4JHs+VpQzQduaaU57saQ49Dnt+pO7rN59olKxSLT0NKZuiEeCBYxgbazHplevtrzLaufcK1fsmj0XWgUnhwrkanrlr8EwIklIhSYcK9V37Fi7KZaaEU5npUGiaIzJBI9o36DAIVVuOt94hs6MM0RBJM0TGs3d3xMpDpWahr7pDLEeq+VaZv5X6yc6uHFTJuJEU0EWHwUJRzpC2floyCQlmk8NYCKZ2RWRMZaYaBNSyYTgLJ+8Cp16zTH8cFVp3OZxFOEETuECHLiGBtxDE9pAQMAzvMKbpawX6936WLQWrHzmGP7I+vwBffePeg==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="L2a9UQHSmHfClYR+2mX7s+zjRbE=">AAAB5nicbZBLSwMxFIXv1FetVatbN8Eiuihlpi50KbhxWaEvbIchk95pQzOZIckIZei/cONCEX+SO/+N6WOhrQcCH+ck5N4TpoJr47rfTmFre2d3r7hfOigfHh1XTsodnWSKYZslIlG9kGoUXGLbcCOwlyqkcSiwG07u53n3GZXmiWyZaYp+TEeSR5xRY62nZtCotYLrWucyqFTdursQ2QRvBVVYqRlUvgbDhGUxSsME1brvuanxc6oMZwJnpUGmMaVsQkfYtyhpjNrPFxPPyIV1hiRKlD3SkIX7+0VOY62ncWhvxtSM9Xo2N//L+pmJbv2cyzQzKNnyoygTxCRkvj4ZcoXMiKkFyhS3sxI2pooyY0sq2RK89ZU3odOoe5YfXSjCGZzDFXhwA3fwAE1oAwMJL/AG7452Xp2PZV0FZ9XbKfyR8/kDT4WOHg==</latexit><latexit sha1_base64="L2a9UQHSmHfClYR+2mX7s+zjRbE=">AAAB5nicbZBLSwMxFIXv1FetVatbN8Eiuihlpi50KbhxWaEvbIchk95pQzOZIckIZei/cONCEX+SO/+N6WOhrQcCH+ck5N4TpoJr47rfTmFre2d3r7hfOigfHh1XTsodnWSKYZslIlG9kGoUXGLbcCOwlyqkcSiwG07u53n3GZXmiWyZaYp+TEeSR5xRY62nZtCotYLrWucyqFTdursQ2QRvBVVYqRlUvgbDhGUxSsME1brvuanxc6oMZwJnpUGmMaVsQkfYtyhpjNrPFxPPyIV1hiRKlD3SkIX7+0VOY62ncWhvxtSM9Xo2N//L+pmJbv2cyzQzKNnyoygTxCRkvj4ZcoXMiKkFyhS3sxI2pooyY0sq2RK89ZU3odOoe5YfXSjCGZzDFXhwA3fwAE1oAwMJL/AG7452Xp2PZV0FZ9XbKfyR8/kDT4WOHg==</latexit><latexit sha1_base64="d6ZenTubnEUrWV/r6JGqRZ1/9Xg=">AAAB8XicbZDLSgMxFIZPvNZ6q7p0Eyyii1Jm6kKXRTcuK/SG7TBk0kwbmskMSUYoQ9/CjQtF3Po27nwb03YW2vpD4OM/55Bz/iARXBvH+UZr6xubW9uFneLu3v7BYenouK3jVFHWorGIVTcgmgkuWctwI1g3UYxEgWCdYHw3q3eemNI8lk0zSZgXkaHkIafEWOux4dcqTf+q0r7wS2Wn6syFV8HNoQy5Gn7pqz+IaRoxaaggWvdcJzFeRpThVLBpsZ9qlhA6JkPWsyhJxLSXzTee4nPrDHAYK/ukwXP390RGIq0nUWA7I2JGerk2M/+r9VIT3ngZl0lqmKSLj8JUYBPj2fl4wBWjRkwsEKq43RXTEVGEGhtS0YbgLp+8Cu1a1bX84JTrt3kcBTiFM7gEF66hDvfQgBZQkPAMr/CGNHpB7+hj0bqG8pkT+CP0+QN8t492</latexit><latexit sha1_base64="hZKxUhrQW026B9y4yPgCIfYCLpo=">AAAB8XicbZDLSsNAFIZP6q3WW9Wlm8EiuiglqYIui25cVugN2xAm00k7dDIJMxOhhL6FGxeKuPVt3Pk2TtostPWHgY//nMOc8/sxZ0rb9rdVWFvf2Nwqbpd2dvf2D8qHRx0VJZLQNol4JHs+VpQzQduaaU57saQ49Dnt+pO7rN59olKxSLT0NKZuiEeCBYxgbazHplevtrzLaufcK1fsmj0XWgUnhwrkanrlr8EwIklIhSYcK9V37Fi7KZaaEU5npUGiaIzJBI9o36DAIVVuOt94hs6MM0RBJM0TGs3d3xMpDpWahr7pDLEeq+VaZv5X6yc6uHFTJuJEU0EWHwUJRzpC2floyCQlmk8NYCKZ2RWRMZaYaBNSyYTgLJ+8Cp16zTH8cFVp3OZxFOEETuECHLiGBtxDE9pAQMAzvMKbpawX6936WLQWrHzmGP7I+vwBffePeg==</latexit><latexit sha1_base64="hZKxUhrQW026B9y4yPgCIfYCLpo=">AAAB8XicbZDLSsNAFIZP6q3WW9Wlm8EiuiglqYIui25cVugN2xAm00k7dDIJMxOhhL6FGxeKuPVt3Pk2TtostPWHgY//nMOc8/sxZ0rb9rdVWFvf2Nwqbpd2dvf2D8qHRx0VJZLQNol4JHs+VpQzQduaaU57saQ49Dnt+pO7rN59olKxSLT0NKZuiEeCBYxgbazHplevtrzLaufcK1fsmj0XWgUnhwrkanrlr8EwIklIhSYcK9V37Fi7KZaaEU5npUGiaIzJBI9o36DAIVVuOt94hs6MM0RBJM0TGs3d3xMpDpWahr7pDLEeq+VaZv5X6yc6uHFTJuJEU0EWHwUJRzpC2floyCQlmk8NYCKZ2RWRMZaYaBNSyYTgLJ+8Cp16zTH8cFVp3OZxFOEETuECHLiGBtxDE9pAQMAzvMKbpawX6936WLQWrHzmGP7I+vwBffePeg==</latexit><latexit sha1_base64="hZKxUhrQW026B9y4yPgCIfYCLpo=">AAAB8XicbZDLSsNAFIZP6q3WW9Wlm8EiuiglqYIui25cVugN2xAm00k7dDIJMxOhhL6FGxeKuPVt3Pk2TtostPWHgY//nMOc8/sxZ0rb9rdVWFvf2Nwqbpd2dvf2D8qHRx0VJZLQNol4JHs+VpQzQduaaU57saQ49Dnt+pO7rN59olKxSLT0NKZuiEeCBYxgbazHplevtrzLaufcK1fsmj0XWgUnhwrkanrlr8EwIklIhSYcK9V37Fi7KZaaEU5npUGiaIzJBI9o36DAIVVuOt94hs6MM0RBJM0TGs3d3xMpDpWahr7pDLEeq+VaZv5X6yc6uHFTJuJEU0EWHwUJRzpC2floyCQlmk8NYCKZ2RWRMZaYaBNSyYTgLJ+8Cp16zTH8cFVp3OZxFOEETuECHLiGBtxDE9pAQMAzvMKbpawX6936WLQWrHzmGP7I+vwBffePeg==</latexit><latexit sha1_base64="hZKxUhrQW026B9y4yPgCIfYCLpo=">AAAB8XicbZDLSsNAFIZP6q3WW9Wlm8EiuiglqYIui25cVugN2xAm00k7dDIJMxOhhL6FGxeKuPVt3Pk2TtostPWHgY//nMOc8/sxZ0rb9rdVWFvf2Nwqbpd2dvf2D8qHRx0VJZLQNol4JHs+VpQzQduaaU57saQ49Dnt+pO7rN59olKxSLT0NKZuiEeCBYxgbazHplevtrzLaufcK1fsmj0XWgUnhwrkanrlr8EwIklIhSYcK9V37Fi7KZaaEU5npUGiaIzJBI9o36DAIVVuOt94hs6MM0RBJM0TGs3d3xMpDpWahr7pDLEeq+VaZv5X6yc6uHFTJuJEU0EWHwUJRzpC2floyCQlmk8NYCKZ2RWRMZaYaBNSyYTgLJ+8Cp16zTH8cFVp3OZxFOEETuECHLiGBtxDE9pAQMAzvMKbpawX6936WLQWrHzmGP7I+vwBffePeg==</latexit><latexit sha1_base64="hZKxUhrQW026B9y4yPgCIfYCLpo=">AAAB8XicbZDLSsNAFIZP6q3WW9Wlm8EiuiglqYIui25cVugN2xAm00k7dDIJMxOhhL6FGxeKuPVt3Pk2TtostPWHgY//nMOc8/sxZ0rb9rdVWFvf2Nwqbpd2dvf2D8qHRx0VJZLQNol4JHs+VpQzQduaaU57saQ49Dnt+pO7rN59olKxSLT0NKZuiEeCBYxgbazHplevtrzLaufcK1fsmj0XWgUnhwrkanrlr8EwIklIhSYcK9V37Fi7KZaaEU5npUGiaIzJBI9o36DAIVVuOt94hs6MM0RBJM0TGs3d3xMpDpWahr7pDLEeq+VaZv5X6yc6uHFTJuJEU0EWHwUJRzpC2floyCQlmk8NYCKZ2RWRMZaYaBNSyYTgLJ+8Cp16zTH8cFVp3OZxFOEETuECHLiGBtxDE9pAQMAzvMKbpawX6936WLQWrHzmGP7I+vwBffePeg==</latexit><latexit sha1_base64="hZKxUhrQW026B9y4yPgCIfYCLpo=">AAAB8XicbZDLSsNAFIZP6q3WW9Wlm8EiuiglqYIui25cVugN2xAm00k7dDIJMxOhhL6FGxeKuPVt3Pk2TtostPWHgY//nMOc8/sxZ0rb9rdVWFvf2Nwqbpd2dvf2D8qHRx0VJZLQNol4JHs+VpQzQduaaU57saQ49Dnt+pO7rN59olKxSLT0NKZuiEeCBYxgbazHplevtrzLaufcK1fsmj0XWgUnhwrkanrlr8EwIklIhSYcK9V37Fi7KZaaEU5npUGiaIzJBI9o36DAIVVuOt94hs6MM0RBJM0TGs3d3xMpDpWahr7pDLEeq+VaZv5X6yc6uHFTJuJEU0EWHwUJRzpC2floyCQlmk8NYCKZ2RWRMZaYaBNSyYTgLJ+8Cp16zTH8cFVp3OZxFOEETuECHLiGBtxDE9pAQMAzvMKbpawX6936WLQWrHzmGP7I+vwBffePeg==</latexit>

V

T2
=

V 0

T3
) V 0 =

V T3

T2
<latexit sha1_base64="rYMYWnGBvsf20bbkkQemTn1lYz0="></latexit><latexit sha1_base64="rYMYWnGBvsf20bbkkQemTn1lYz0="></latexit><latexit sha1_base64="rYMYWnGBvsf20bbkkQemTn1lYz0="></latexit><latexit sha1_base64="rYMYWnGBvsf20bbkkQemTn1lYz0="></latexit>

Isochor (V = const)

Isobar (P = const)

) P1V

T1
=

P2V
0

T3
oder

PV

T
= konstant

<latexit sha1_base64="F75b+Mdun+uDuYcZ4xAFUVLogUk="></latexit><latexit sha1_base64="F75b+Mdun+uDuYcZ4xAFUVLogUk="></latexit><latexit sha1_base64="F75b+Mdun+uDuYcZ4xAFUVLogUk="></latexit><latexit sha1_base64="F75b+Mdun+uDuYcZ4xAFUVLogUk="></latexit>

2. DAS IDEALE GAS

Erwärmt man ein Gas bei gleichbleibendem Druck, so vergrössert sich sein
Volumen.

Analog verkleinert sich das Volumen, wenn man bei gleichbleibendem Druck
ein Gas abkühlt.

In guter Näherung ist V ⇠ T (Gay-Lussac 1802, Charles 1787)

Gesetz von Gay-Lussac / Charles:

V ⇠ T ,
V
T

= konstant ,
V1

V2
=

T1

T2
,

für P = konstant und Gase geringer Dichte
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2. DAS IDEALE GAS

Erwärmt man ein Gas bei gleichbleibendem Volumen, so vergrössert sich sein
Druck

Analog verkleinert sich der Druck, wenn man bei gleichbleibendem Volumen
ein Gas abkühlt.

In guter Näherung ist P ⇠ T (Gay-Lussac 1802, Amontons um 1690)

2. Gesetz von Gay-Lussac / Amontons:

P ⇠ T ,
P
T

= konstant ,
P1

P2
=

T1

T2
,

für V = konstant und Gase geringer Dichte
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2. DAS IDEALE GAS

P1

T1
=

P2

T2
) T2 =

P2T1

P1
<latexit sha1_base64="qPJti5lkUfqOC0QVA88CC7hJMug="></latexit><latexit sha1_base64="qPJti5lkUfqOC0QVA88CC7hJMug="></latexit><latexit sha1_base64="qPJti5lkUfqOC0QVA88CC7hJMug="></latexit><latexit sha1_base64="qPJti5lkUfqOC0QVA88CC7hJMug="></latexit>

P1, T1, V
<latexit sha1_base64="hhqwj5s8Ai49z4I9KW3FOmbDBuQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMevEYIS9JljA7mU2GzGOZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KEs6M9f1vr7C2vrG5Vdwu7ezu7R+UD49aRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8N/PbT1QbpmTDThIaCjyULGYEWyc91vvBRcNVq1+u+FV/DrRKgpxUIEe9X/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn84Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q45swYzJJLZVksShOObIKzb5HA6YpsXziCCaauVsRGWGNiXUZlVwIwfLLq6R1WQ0cf7iq1G7zOIpwAqdwDgFcQw3uoQ5NICDgGV7hzdPei/fufSxaC14+cwx/4H3+ABbcj0Y=</latexit><latexit sha1_base64="hhqwj5s8Ai49z4I9KW3FOmbDBuQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMevEYIS9JljA7mU2GzGOZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KEs6M9f1vr7C2vrG5Vdwu7ezu7R+UD49aRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8N/PbT1QbpmTDThIaCjyULGYEWyc91vvBRcNVq1+u+FV/DrRKgpxUIEe9X/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn84Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q45swYzJJLZVksShOObIKzb5HA6YpsXziCCaauVsRGWGNiXUZlVwIwfLLq6R1WQ0cf7iq1G7zOIpwAqdwDgFcQw3uoQ5NICDgGV7hzdPei/fufSxaC14+cwx/4H3+ABbcj0Y=</latexit><latexit sha1_base64="hhqwj5s8Ai49z4I9KW3FOmbDBuQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMevEYIS9JljA7mU2GzGOZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KEs6M9f1vr7C2vrG5Vdwu7ezu7R+UD49aRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8N/PbT1QbpmTDThIaCjyULGYEWyc91vvBRcNVq1+u+FV/DrRKgpxUIEe9X/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn84Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q45swYzJJLZVksShOObIKzb5HA6YpsXziCCaauVsRGWGNiXUZlVwIwfLLq6R1WQ0cf7iq1G7zOIpwAqdwDgFcQw3uoQ5NICDgGV7hzdPei/fufSxaC14+cwx/4H3+ABbcj0Y=</latexit><latexit sha1_base64="hhqwj5s8Ai49z4I9KW3FOmbDBuQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMevEYIS9JljA7mU2GzGOZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KEs6M9f1vr7C2vrG5Vdwu7ezu7R+UD49aRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8N/PbT1QbpmTDThIaCjyULGYEWyc91vvBRcNVq1+u+FV/DrRKgpxUIEe9X/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn84Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q45swYzJJLZVksShOObIKzb5HA6YpsXziCCaauVsRGWGNiXUZlVwIwfLLq6R1WQ0cf7iq1G7zOIpwAqdwDgFcQw3uoQ5NICDgGV7hzdPei/fufSxaC14+cwx/4H3+ABbcj0Y=</latexit>

P2, T2, V
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2. DAS IDEALE GAS

Erwärmt man ein Gas bei gleichbleibendem Druck, so vergrössert sich sein
Volumen.

Analog verkleinert sich das Volumen, wenn man bei gleichbleibendem Druck
ein Gas abkühlt.

In guter Näherung ist V ⇠ T (Gay-Lussac 1802, Charles 1787)

Gesetz von Gay-Lussac / Charles:

V ⇠ T ,
V
T

= konstant ,
V1

V2
=

T1

T2
,

für P = konstant und Gase geringer Dichte
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2. DAS IDEALE GAS

Erwärmt man ein Gas bei gleichbleibendem Volumen, so vergrössert sich sein
Druck

Analog verkleinert sich der Druck, wenn man bei gleichbleibendem Volumen
ein Gas abkühlt.

In guter Näherung ist P ⇠ T (Gay-Lussac 1802, Amontons um 1690)

2. Gesetz von Gay-Lussac / Amontons:

P ⇠ T ,
P
T

= konstant ,
P1

P2
=

T1

T2
,

für V = konstant und Gase geringer Dichte
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2. DAS IDEALE GAS

Anders formuliert ist dann

P · V = C · T , (1)

mit C einer Proportionalitätskonstante, welche von der vorliegenden
Gasmenge abhängt.

Ein weiteres Gedankenexperiment: Stellen wir uns zwei identische Behälter
vor, die mit gleichen Mengen desselben Gases bei der gleichen Temperatur
gefüllt sind.

Fügen wir nun beide Behälter zusammen, so erhalten wir das doppelte
Gasvolumen bei gleichem Druck P und gleicher Temperatur T . Aber C ist nun
doppelt so gross!

⇒ C is proportional zur Gasmenge N: C = N · kB und damit P · V = N · kB · T
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2. DAS IDEALE GAS

Die Größe kB heißt Boltzmann-Konstante und hat für alle Gase denselben
Wert:

kB = 1.38× 10−23 J/K .

Die Boltzmann-Konstante ist eine von der Definition der Temperaturskala
abhängige Größe.

Davon unabhängig dagegen ist die energetische Größe kBT . Bei
Raumtemperatur (TRT = 293K) ist kB TRT ≈ 4× 10−21 J (= 25 meV).
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2. DAS IDEALE GAS
Oft ist es günstiger die Gasmenge als Anzahl Mol anzugeben. Liegen n mol
einer Substanz vor (vgl. letzte Vorlesung), dann enthält sie die folgende Anzahl
an Teilchen:

N = n NA . (2)

mit NA der Avogadrokonstante (NA = 6.022× 1023 mol−1)

Fügen wir alles zusammen erhalten wir die Zustandsgleichung für ideale Gase:

P · V = N · kB · T = n · NA · kB · T = n · R · T

mit R = kBNA der universellen Gaskonstante

R = 8.314 J mol−1K−1 .
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2. DAS IDEALE GAS
Für viele Gase hat sich das allgemeine Gasgesetz in einem weiten
Temperaturbereich als gute Beschreibung erwiesen. Es ist aber z.B. nicht
imstande Phasenübergänge zu erklären.

2.2 Irreversible adiabatische Expansion (oder: das Experiment von Joule)

T1
<latexit sha1_base64="1ZYZwyJzNKB/w2QzE8mi5+t5RJ8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNz4A3KFbfqLkTWwcuhArkag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsKhpx42eLVWfkwjpDEsbaPoVk4f6eyGhkzDQKbGdEcWxWa3Pzv1ovxfDGz4RKUuSKLT8KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2RD8FZPXof2VdWz/HBdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c6L86787FsLTj5zCn8kfP5A9TLjXw=</latexit><latexit sha1_base64="1ZYZwyJzNKB/w2QzE8mi5+t5RJ8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNz4A3KFbfqLkTWwcuhArkag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsKhpx42eLVWfkwjpDEsbaPoVk4f6eyGhkzDQKbGdEcWxWa3Pzv1ovxfDGz4RKUuSKLT8KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2RD8FZPXof2VdWz/HBdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c6L86787FsLTj5zCn8kfP5A9TLjXw=</latexit><latexit sha1_base64="1ZYZwyJzNKB/w2QzE8mi5+t5RJ8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNz4A3KFbfqLkTWwcuhArkag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsKhpx42eLVWfkwjpDEsbaPoVk4f6eyGhkzDQKbGdEcWxWa3Pzv1ovxfDGz4RKUuSKLT8KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2RD8FZPXof2VdWz/HBdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c6L86787FsLTj5zCn8kfP5A9TLjXw=</latexit><latexit sha1_base64="1ZYZwyJzNKB/w2QzE8mi5+t5RJ8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNz4A3KFbfqLkTWwcuhArkag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsKhpx42eLVWfkwjpDEsbaPoVk4f6eyGhkzDQKbGdEcWxWa3Pzv1ovxfDGz4RKUuSKLT8KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2RD8FZPXof2VdWz/HBdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c6L86787FsLTj5zCn8kfP5A9TLjXw=</latexit>

V1
<latexit sha1_base64="r2zlDxycZq6h7Mnk4uEeEUbbHWU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYdW3++7Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A9fXjX4=</latexit><latexit sha1_base64="r2zlDxycZq6h7Mnk4uEeEUbbHWU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYdW3++7Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A9fXjX4=</latexit><latexit sha1_base64="r2zlDxycZq6h7Mnk4uEeEUbbHWU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYdW3++7Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A9fXjX4=</latexit><latexit sha1_base64="r2zlDxycZq6h7Mnk4uEeEUbbHWU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYdW3++7Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A9fXjX4=</latexit>

V2
<latexit sha1_base64="+uB9vKMwW8mnVidlgT02ovzWh7w=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRj0YvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO650nro2I1SNOE+5HdKREKBhFaz20B7VBueJW3YXIOng5VCBXc1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRhe+5lQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQrlU9y/dXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfP9lbjX8=</latexit><latexit sha1_base64="+uB9vKMwW8mnVidlgT02ovzWh7w=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRj0YvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO650nro2I1SNOE+5HdKREKBhFaz20B7VBueJW3YXIOng5VCBXc1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRhe+5lQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQrlU9y/dXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfP9lbjX8=</latexit><latexit sha1_base64="+uB9vKMwW8mnVidlgT02ovzWh7w=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRj0YvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO650nro2I1SNOE+5HdKREKBhFaz20B7VBueJW3YXIOng5VCBXc1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRhe+5lQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQrlU9y/dXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfP9lbjX8=</latexit><latexit sha1_base64="+uB9vKMwW8mnVidlgT02ovzWh7w=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRj0YvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO650nro2I1SNOE+5HdKREKBhFaz20B7VBueJW3YXIOng5VCBXc1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRhe+5lQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQrlU9y/dXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfP9lbjX8=</latexit>

AB

(Vakuum)

A sei mit Gas gefüllt und von B
(Vakuum) durch eine Wand ge-
trennt. Die gesamte Anordnung ist
thermisch isoliert, i.e.

∆Q = 0 (adiabatischer Prozess)
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2. DAS IDEALE GAS

Nach der Entfernung der Wand ohne Arbeitsleistung (∆WA = 0) wurde
gemessen: ∆T = 0

T1
<latexit sha1_base64="1ZYZwyJzNKB/w2QzE8mi5+t5RJ8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNz4A3KFbfqLkTWwcuhArkag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsKhpx42eLVWfkwjpDEsbaPoVk4f6eyGhkzDQKbGdEcWxWa3Pzv1ovxfDGz4RKUuSKLT8KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2RD8FZPXof2VdWz/HBdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c6L86787FsLTj5zCn8kfP5A9TLjXw=</latexit><latexit sha1_base64="1ZYZwyJzNKB/w2QzE8mi5+t5RJ8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNz4A3KFbfqLkTWwcuhArkag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsKhpx42eLVWfkwjpDEsbaPoVk4f6eyGhkzDQKbGdEcWxWa3Pzv1ovxfDGz4RKUuSKLT8KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2RD8FZPXof2VdWz/HBdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c6L86787FsLTj5zCn8kfP5A9TLjXw=</latexit><latexit sha1_base64="1ZYZwyJzNKB/w2QzE8mi5+t5RJ8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNz4A3KFbfqLkTWwcuhArkag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsKhpx42eLVWfkwjpDEsbaPoVk4f6eyGhkzDQKbGdEcWxWa3Pzv1ovxfDGz4RKUuSKLT8KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2RD8FZPXof2VdWz/HBdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c6L86787FsLTj5zCn8kfP5A9TLjXw=</latexit><latexit sha1_base64="1ZYZwyJzNKB/w2QzE8mi5+t5RJ8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNz4A3KFbfqLkTWwcuhArkag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsKhpx42eLVWfkwjpDEsbaPoVk4f6eyGhkzDQKbGdEcWxWa3Pzv1ovxfDGz4RKUuSKLT8KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2RD8FZPXof2VdWz/HBdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c6L86787FsLTj5zCn8kfP5A9TLjXw=</latexit>

V1
<latexit sha1_base64="r2zlDxycZq6h7Mnk4uEeEUbbHWU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYdW3++7Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A9fXjX4=</latexit><latexit sha1_base64="r2zlDxycZq6h7Mnk4uEeEUbbHWU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYdW3++7Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A9fXjX4=</latexit><latexit sha1_base64="r2zlDxycZq6h7Mnk4uEeEUbbHWU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYdW3++7Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A9fXjX4=</latexit><latexit sha1_base64="r2zlDxycZq6h7Mnk4uEeEUbbHWU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYdW3++7Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A9fXjX4=</latexit>

V2
<latexit sha1_base64="+uB9vKMwW8mnVidlgT02ovzWh7w=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRj0YvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO650nro2I1SNOE+5HdKREKBhFaz20B7VBueJW3YXIOng5VCBXc1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRhe+5lQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQrlU9y/dXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfP9lbjX8=</latexit><latexit sha1_base64="+uB9vKMwW8mnVidlgT02ovzWh7w=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRj0YvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO650nro2I1SNOE+5HdKREKBhFaz20B7VBueJW3YXIOng5VCBXc1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRhe+5lQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQrlU9y/dXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfP9lbjX8=</latexit><latexit sha1_base64="+uB9vKMwW8mnVidlgT02ovzWh7w=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRj0YvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO650nro2I1SNOE+5HdKREKBhFaz20B7VBueJW3YXIOng5VCBXc1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRhe+5lQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQrlU9y/dXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfP9lbjX8=</latexit><latexit sha1_base64="+uB9vKMwW8mnVidlgT02ovzWh7w=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRj0YvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO650nro2I1SNOE+5HdKREKBhFaz20B7VBueJW3YXIOng5VCBXc1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRhe+5lQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQrlU9y/dXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfP9lbjX8=</latexit>

AB

(Vakuum)

Da U(V1,T1) = U(V2,T2)
(abgeschlossenes System) und
somit

dU =

(
∂U
∂T

)
V︸ ︷︷ ︸

CV

dT +

(
∂U
∂V

)
T

dV = 0

Bleibt die Temperatur gleich folgt
aus dT = 0 unmittelbar(

∂U
∂V

)
T

= 0
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2. DAS IDEALE GAS
Und damit gilt viel allgemeiner für dT 6= 0, dass dU = CV dT

Die innere Energie U ist alleine eine Funktion der Temperatur T :
dU = CV dT bzw. ∆U = CV ∆T

Gase dieser Eigenschaft nennen wir ”ideal” und das Ergebnis lässt sich gut verstehen, wenn die

Wechselwirkungskräfte zwischen den Gaskonstituenten verschwinden, so dass keine

abstandsabhängige Energie vorhanden ist (Epot = 0). Dann gilt Uges ' Ekin ∼ T .

Definition

Ein ideales Gas ist eine große Anzahl Teilchen (Atome, Moleküle), deren
gegenseitige Wechselwirkung und Ausdehnung klein sind und dessen
Stoßprozesse elastisch sind.
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2. DAS IDEALE GAS

2.3 Volumenarbeit und P − V Diagramme

Gas

A
<latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit><latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit><latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit><latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit>

Kolben mit der Fläche 

dx
<latexit sha1_base64="7yKoIwAVyqDl67H1qbUkbHZ4YX0=">AAAB8XicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgv3ANpTNZtou3WzC7kRaQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqjk0eCxj3Q6YASkUNFCghHaigUWBhFYwup3VW0+gjYjVA04S8CM2UKIvOENrPXYRxpiFUzrulStu1Z2LroKXQ4XkqvfKX90w5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCORcUiMH4233hKz6wT0n6s7VNI5+7viYxFxkyiwHZGDIdmuTYz/6t1Uuxf+5lQSYqg+OKjfiopxnR2Pg2FBo5yYoFxLeyulA+ZZhxtSCUbgrd88io0L6qe5fvLSu0mj6NITsgpOSceuSI1ckfqpEE4UeSZvJI3xzgvzrvzsWgtOPnMMfkj5/MHv8mQ8w==</latexit><latexit sha1_base64="7yKoIwAVyqDl67H1qbUkbHZ4YX0=">AAAB8XicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgv3ANpTNZtou3WzC7kRaQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqjk0eCxj3Q6YASkUNFCghHaigUWBhFYwup3VW0+gjYjVA04S8CM2UKIvOENrPXYRxpiFUzrulStu1Z2LroKXQ4XkqvfKX90w5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCORcUiMH4233hKz6wT0n6s7VNI5+7viYxFxkyiwHZGDIdmuTYz/6t1Uuxf+5lQSYqg+OKjfiopxnR2Pg2FBo5yYoFxLeyulA+ZZhxtSCUbgrd88io0L6qe5fvLSu0mj6NITsgpOSceuSI1ckfqpEE4UeSZvJI3xzgvzrvzsWgtOPnMMfkj5/MHv8mQ8w==</latexit><latexit sha1_base64="7yKoIwAVyqDl67H1qbUkbHZ4YX0=">AAAB8XicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgv3ANpTNZtou3WzC7kRaQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqjk0eCxj3Q6YASkUNFCghHaigUWBhFYwup3VW0+gjYjVA04S8CM2UKIvOENrPXYRxpiFUzrulStu1Z2LroKXQ4XkqvfKX90w5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCORcUiMH4233hKz6wT0n6s7VNI5+7viYxFxkyiwHZGDIdmuTYz/6t1Uuxf+5lQSYqg+OKjfiopxnR2Pg2FBo5yYoFxLeyulA+ZZhxtSCUbgrd88io0L6qe5fvLSu0mj6NITsgpOSceuSI1ckfqpEE4UeSZvJI3xzgvzrvzsWgtOPnMMfkj5/MHv8mQ8w==</latexit><latexit sha1_base64="7yKoIwAVyqDl67H1qbUkbHZ4YX0=">AAAB8XicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgv3ANpTNZtou3WzC7kRaQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqjk0eCxj3Q6YASkUNFCghHaigUWBhFYwup3VW0+gjYjVA04S8CM2UKIvOENrPXYRxpiFUzrulStu1Z2LroKXQ4XkqvfKX90w5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCORcUiMH4233hKz6wT0n6s7VNI5+7viYxFxkyiwHZGDIdmuTYz/6t1Uuxf+5lQSYqg+OKjfiopxnR2Pg2FBo5yYoFxLeyulA+ZZhxtSCUbgrd88io0L6qe5fvLSu0mj6NITsgpOSceuSI1ckfqpEE4UeSZvJI3xzgvzrvzsWgtOPnMMfkj5/MHv8mQ8w==</latexit>

F = PA
<latexit sha1_base64="KbCHI6e7R/nh+h4lOanF7+n+vbo=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiVAXxWMF+QBvKZjtpl242YXcjlNAf4cWDIl79Pd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwsrq2vpGcbO0tb2zu1feP2jqOFUMGywWsWoHVKPgEhuGG4HtRCGNAoGtYHQ7rbeeUGkey0czTtCP6EDykDNqrNW6I1ekTq575YpbdWciy+DlUIFc9V75q9uPWRqhNExQrTuemxg/o8pwJnBS6qYaE8pGdIAdi5JGqP1stu6EnFinT8JY2ScNmbm/JzIaaT2OAtsZUTPUi7Wp+V+tk5rw0s+4TFKDks0/ClNBTEymt5M+V8iMGFugTHG7K2FDqigzNqGSDcFbPHkZmmdVz/LDeaV2k8dRhCM4hlPw4AJqcA91aACDETzDK7w5ifPivDsf89aCk88cwh85nz9GJo40</latexit><latexit sha1_base64="KbCHI6e7R/nh+h4lOanF7+n+vbo=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiVAXxWMF+QBvKZjtpl242YXcjlNAf4cWDIl79Pd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwsrq2vpGcbO0tb2zu1feP2jqOFUMGywWsWoHVKPgEhuGG4HtRCGNAoGtYHQ7rbeeUGkey0czTtCP6EDykDNqrNW6I1ekTq575YpbdWciy+DlUIFc9V75q9uPWRqhNExQrTuemxg/o8pwJnBS6qYaE8pGdIAdi5JGqP1stu6EnFinT8JY2ScNmbm/JzIaaT2OAtsZUTPUi7Wp+V+tk5rw0s+4TFKDks0/ClNBTEymt5M+V8iMGFugTHG7K2FDqigzNqGSDcFbPHkZmmdVz/LDeaV2k8dRhCM4hlPw4AJqcA91aACDETzDK7w5ifPivDsf89aCk88cwh85nz9GJo40</latexit><latexit sha1_base64="KbCHI6e7R/nh+h4lOanF7+n+vbo=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiVAXxWMF+QBvKZjtpl242YXcjlNAf4cWDIl79Pd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwsrq2vpGcbO0tb2zu1feP2jqOFUMGywWsWoHVKPgEhuGG4HtRCGNAoGtYHQ7rbeeUGkey0czTtCP6EDykDNqrNW6I1ekTq575YpbdWciy+DlUIFc9V75q9uPWRqhNExQrTuemxg/o8pwJnBS6qYaE8pGdIAdi5JGqP1stu6EnFinT8JY2ScNmbm/JzIaaT2OAtsZUTPUi7Wp+V+tk5rw0s+4TFKDks0/ClNBTEymt5M+V8iMGFugTHG7K2FDqigzNqGSDcFbPHkZmmdVz/LDeaV2k8dRhCM4hlPw4AJqcA91aACDETzDK7w5ifPivDsf89aCk88cwh85nz9GJo40</latexit><latexit sha1_base64="KbCHI6e7R/nh+h4lOanF7+n+vbo=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiVAXxWMF+QBvKZjtpl242YXcjlNAf4cWDIl79Pd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwsrq2vpGcbO0tb2zu1feP2jqOFUMGywWsWoHVKPgEhuGG4HtRCGNAoGtYHQ7rbeeUGkey0czTtCP6EDykDNqrNW6I1ekTq575YpbdWciy+DlUIFc9V75q9uPWRqhNExQrTuemxg/o8pwJnBS6qYaE8pGdIAdi5JGqP1stu6EnFinT8JY2ScNmbm/JzIaaT2OAtsZUTPUi7Wp+V+tk5rw0s+4TFKDks0/ClNBTEymt5M+V8iMGFugTHG7K2FDqigzNqGSDcFbPHkZmmdVz/LDeaV2k8dRhCM4hlPw4AJqcA91aACDETzDK7w5ifPivDsf89aCk88cwh85nz9GJo40</latexit>

Gedankenexperiment: Behälter mit
reibungsfreiem Kolben

Aus PV = nRT folgt bei Expansion:

Änderung in V→ Änderung in P/T

Schnelle Kompression:

Störung des Gleichgewichtszustand, z.B.

Bildung eines P-Gradienten

Muss abwarten bis sich das Gas wieder

im thermischen Gleichgewicht befindet
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2. DAS IDEALE GAS

2.3 Volumenarbeit und P − V Diagramme

Gas

A
<latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit><latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit><latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit><latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit>

Kolben mit der Fläche 

dx
<latexit sha1_base64="7yKoIwAVyqDl67H1qbUkbHZ4YX0=">AAAB8XicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgv3ANpTNZtou3WzC7kRaQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqjk0eCxj3Q6YASkUNFCghHaigUWBhFYwup3VW0+gjYjVA04S8CM2UKIvOENrPXYRxpiFUzrulStu1Z2LroKXQ4XkqvfKX90w5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCORcUiMH4233hKz6wT0n6s7VNI5+7viYxFxkyiwHZGDIdmuTYz/6t1Uuxf+5lQSYqg+OKjfiopxnR2Pg2FBo5yYoFxLeyulA+ZZhxtSCUbgrd88io0L6qe5fvLSu0mj6NITsgpOSceuSI1ckfqpEE4UeSZvJI3xzgvzrvzsWgtOPnMMfkj5/MHv8mQ8w==</latexit><latexit sha1_base64="7yKoIwAVyqDl67H1qbUkbHZ4YX0=">AAAB8XicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgv3ANpTNZtou3WzC7kRaQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqjk0eCxj3Q6YASkUNFCghHaigUWBhFYwup3VW0+gjYjVA04S8CM2UKIvOENrPXYRxpiFUzrulStu1Z2LroKXQ4XkqvfKX90w5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCORcUiMH4233hKz6wT0n6s7VNI5+7viYxFxkyiwHZGDIdmuTYz/6t1Uuxf+5lQSYqg+OKjfiopxnR2Pg2FBo5yYoFxLeyulA+ZZhxtSCUbgrd88io0L6qe5fvLSu0mj6NITsgpOSceuSI1ckfqpEE4UeSZvJI3xzgvzrvzsWgtOPnMMfkj5/MHv8mQ8w==</latexit><latexit sha1_base64="7yKoIwAVyqDl67H1qbUkbHZ4YX0=">AAAB8XicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgv3ANpTNZtou3WzC7kRaQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqjk0eCxj3Q6YASkUNFCghHaigUWBhFYwup3VW0+gjYjVA04S8CM2UKIvOENrPXYRxpiFUzrulStu1Z2LroKXQ4XkqvfKX90w5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCORcUiMH4233hKz6wT0n6s7VNI5+7viYxFxkyiwHZGDIdmuTYz/6t1Uuxf+5lQSYqg+OKjfiopxnR2Pg2FBo5yYoFxLeyulA+ZZhxtSCUbgrd88io0L6qe5fvLSu0mj6NITsgpOSceuSI1ckfqpEE4UeSZvJI3xzgvzrvzsWgtOPnMMfkj5/MHv8mQ8w==</latexit><latexit sha1_base64="7yKoIwAVyqDl67H1qbUkbHZ4YX0=">AAAB8XicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgv3ANpTNZtou3WzC7kRaQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqjk0eCxj3Q6YASkUNFCghHaigUWBhFYwup3VW0+gjYjVA04S8CM2UKIvOENrPXYRxpiFUzrulStu1Z2LroKXQ4XkqvfKX90w5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCORcUiMH4233hKz6wT0n6s7VNI5+7viYxFxkyiwHZGDIdmuTYz/6t1Uuxf+5lQSYqg+OKjfiopxnR2Pg2FBo5yYoFxLeyulA+ZZhxtSCUbgrd88io0L6qe5fvLSu0mj6NITsgpOSceuSI1ckfqpEE4UeSZvJI3xzgvzrvzsWgtOPnMMfkj5/MHv8mQ8w==</latexit>

F = PA
<latexit sha1_base64="KbCHI6e7R/nh+h4lOanF7+n+vbo=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiVAXxWMF+QBvKZjtpl242YXcjlNAf4cWDIl79Pd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwsrq2vpGcbO0tb2zu1feP2jqOFUMGywWsWoHVKPgEhuGG4HtRCGNAoGtYHQ7rbeeUGkey0czTtCP6EDykDNqrNW6I1ekTq575YpbdWciy+DlUIFc9V75q9uPWRqhNExQrTuemxg/o8pwJnBS6qYaE8pGdIAdi5JGqP1stu6EnFinT8JY2ScNmbm/JzIaaT2OAtsZUTPUi7Wp+V+tk5rw0s+4TFKDks0/ClNBTEymt5M+V8iMGFugTHG7K2FDqigzNqGSDcFbPHkZmmdVz/LDeaV2k8dRhCM4hlPw4AJqcA91aACDETzDK7w5ifPivDsf89aCk88cwh85nz9GJo40</latexit><latexit sha1_base64="KbCHI6e7R/nh+h4lOanF7+n+vbo=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiVAXxWMF+QBvKZjtpl242YXcjlNAf4cWDIl79Pd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwsrq2vpGcbO0tb2zu1feP2jqOFUMGywWsWoHVKPgEhuGG4HtRCGNAoGtYHQ7rbeeUGkey0czTtCP6EDykDNqrNW6I1ekTq575YpbdWciy+DlUIFc9V75q9uPWRqhNExQrTuemxg/o8pwJnBS6qYaE8pGdIAdi5JGqP1stu6EnFinT8JY2ScNmbm/JzIaaT2OAtsZUTPUi7Wp+V+tk5rw0s+4TFKDks0/ClNBTEymt5M+V8iMGFugTHG7K2FDqigzNqGSDcFbPHkZmmdVz/LDeaV2k8dRhCM4hlPw4AJqcA91aACDETzDK7w5ifPivDsf89aCk88cwh85nz9GJo40</latexit><latexit sha1_base64="KbCHI6e7R/nh+h4lOanF7+n+vbo=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiVAXxWMF+QBvKZjtpl242YXcjlNAf4cWDIl79Pd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwsrq2vpGcbO0tb2zu1feP2jqOFUMGywWsWoHVKPgEhuGG4HtRCGNAoGtYHQ7rbeeUGkey0czTtCP6EDykDNqrNW6I1ekTq575YpbdWciy+DlUIFc9V75q9uPWRqhNExQrTuemxg/o8pwJnBS6qYaE8pGdIAdi5JGqP1stu6EnFinT8JY2ScNmbm/JzIaaT2OAtsZUTPUi7Wp+V+tk5rw0s+4TFKDks0/ClNBTEymt5M+V8iMGFugTHG7K2FDqigzNqGSDcFbPHkZmmdVz/LDeaV2k8dRhCM4hlPw4AJqcA91aACDETzDK7w5ifPivDsf89aCk88cwh85nz9GJo40</latexit><latexit sha1_base64="KbCHI6e7R/nh+h4lOanF7+n+vbo=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiVAXxWMF+QBvKZjtpl242YXcjlNAf4cWDIl79Pd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwsrq2vpGcbO0tb2zu1feP2jqOFUMGywWsWoHVKPgEhuGG4HtRCGNAoGtYHQ7rbeeUGkey0czTtCP6EDykDNqrNW6I1ekTq575YpbdWciy+DlUIFc9V75q9uPWRqhNExQrTuemxg/o8pwJnBS6qYaE8pGdIAdi5JGqP1stu6EnFinT8JY2ScNmbm/JzIaaT2OAtsZUTPUi7Wp+V+tk5rw0s+4TFKDks0/ClNBTEymt5M+V8iMGFugTHG7K2FDqigzNqGSDcFbPHkZmmdVz/LDeaV2k8dRhCM4hlPw4AJqcA91aACDETzDK7w5ifPivDsf89aCk88cwh85nz9GJo40</latexit>

Langsame Kompression:

Infinitesimal langsam ' Gas zu jedem

Zeitpunkt im Gleichgewicht

Quasi-statische oder reversibler
Prozess

→ In der Praxis nur näherungsweise

realisierbar
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2. DAS IDEALE GAS

2.3 Volumenarbeit und P − V Diagramme

Gas

A
<latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit><latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit><latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit><latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit>

Kolben mit der Fläche 

dx
<latexit sha1_base64="7yKoIwAVyqDl67H1qbUkbHZ4YX0=">AAAB8XicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgv3ANpTNZtou3WzC7kRaQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqjk0eCxj3Q6YASkUNFCghHaigUWBhFYwup3VW0+gjYjVA04S8CM2UKIvOENrPXYRxpiFUzrulStu1Z2LroKXQ4XkqvfKX90w5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCORcUiMH4233hKz6wT0n6s7VNI5+7viYxFxkyiwHZGDIdmuTYz/6t1Uuxf+5lQSYqg+OKjfiopxnR2Pg2FBo5yYoFxLeyulA+ZZhxtSCUbgrd88io0L6qe5fvLSu0mj6NITsgpOSceuSI1ckfqpEE4UeSZvJI3xzgvzrvzsWgtOPnMMfkj5/MHv8mQ8w==</latexit><latexit sha1_base64="7yKoIwAVyqDl67H1qbUkbHZ4YX0=">AAAB8XicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgv3ANpTNZtou3WzC7kRaQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqjk0eCxj3Q6YASkUNFCghHaigUWBhFYwup3VW0+gjYjVA04S8CM2UKIvOENrPXYRxpiFUzrulStu1Z2LroKXQ4XkqvfKX90w5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCORcUiMH4233hKz6wT0n6s7VNI5+7viYxFxkyiwHZGDIdmuTYz/6t1Uuxf+5lQSYqg+OKjfiopxnR2Pg2FBo5yYoFxLeyulA+ZZhxtSCUbgrd88io0L6qe5fvLSu0mj6NITsgpOSceuSI1ckfqpEE4UeSZvJI3xzgvzrvzsWgtOPnMMfkj5/MHv8mQ8w==</latexit><latexit sha1_base64="7yKoIwAVyqDl67H1qbUkbHZ4YX0=">AAAB8XicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgv3ANpTNZtou3WzC7kRaQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqjk0eCxj3Q6YASkUNFCghHaigUWBhFYwup3VW0+gjYjVA04S8CM2UKIvOENrPXYRxpiFUzrulStu1Z2LroKXQ4XkqvfKX90w5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCORcUiMH4233hKz6wT0n6s7VNI5+7viYxFxkyiwHZGDIdmuTYz/6t1Uuxf+5lQSYqg+OKjfiopxnR2Pg2FBo5yYoFxLeyulA+ZZhxtSCUbgrd88io0L6qe5fvLSu0mj6NITsgpOSceuSI1ckfqpEE4UeSZvJI3xzgvzrvzsWgtOPnMMfkj5/MHv8mQ8w==</latexit><latexit sha1_base64="7yKoIwAVyqDl67H1qbUkbHZ4YX0=">AAAB8XicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgv3ANpTNZtou3WzC7kRaQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqjk0eCxj3Q6YASkUNFCghHaigUWBhFYwup3VW0+gjYjVA04S8CM2UKIvOENrPXYRxpiFUzrulStu1Z2LroKXQ4XkqvfKX90w5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCORcUiMH4233hKz6wT0n6s7VNI5+7viYxFxkyiwHZGDIdmuTYz/6t1Uuxf+5lQSYqg+OKjfiopxnR2Pg2FBo5yYoFxLeyulA+ZZhxtSCUbgrd88io0L6qe5fvLSu0mj6NITsgpOSceuSI1ckfqpEE4UeSZvJI3xzgvzrvzsWgtOPnMMfkj5/MHv8mQ8w==</latexit>

F = PA
<latexit sha1_base64="KbCHI6e7R/nh+h4lOanF7+n+vbo=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiVAXxWMF+QBvKZjtpl242YXcjlNAf4cWDIl79Pd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwsrq2vpGcbO0tb2zu1feP2jqOFUMGywWsWoHVKPgEhuGG4HtRCGNAoGtYHQ7rbeeUGkey0czTtCP6EDykDNqrNW6I1ekTq575YpbdWciy+DlUIFc9V75q9uPWRqhNExQrTuemxg/o8pwJnBS6qYaE8pGdIAdi5JGqP1stu6EnFinT8JY2ScNmbm/JzIaaT2OAtsZUTPUi7Wp+V+tk5rw0s+4TFKDks0/ClNBTEymt5M+V8iMGFugTHG7K2FDqigzNqGSDcFbPHkZmmdVz/LDeaV2k8dRhCM4hlPw4AJqcA91aACDETzDK7w5ifPivDsf89aCk88cwh85nz9GJo40</latexit><latexit sha1_base64="KbCHI6e7R/nh+h4lOanF7+n+vbo=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiVAXxWMF+QBvKZjtpl242YXcjlNAf4cWDIl79Pd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwsrq2vpGcbO0tb2zu1feP2jqOFUMGywWsWoHVKPgEhuGG4HtRCGNAoGtYHQ7rbeeUGkey0czTtCP6EDykDNqrNW6I1ekTq575YpbdWciy+DlUIFc9V75q9uPWRqhNExQrTuemxg/o8pwJnBS6qYaE8pGdIAdi5JGqP1stu6EnFinT8JY2ScNmbm/JzIaaT2OAtsZUTPUi7Wp+V+tk5rw0s+4TFKDks0/ClNBTEymt5M+V8iMGFugTHG7K2FDqigzNqGSDcFbPHkZmmdVz/LDeaV2k8dRhCM4hlPw4AJqcA91aACDETzDK7w5ifPivDsf89aCk88cwh85nz9GJo40</latexit><latexit sha1_base64="KbCHI6e7R/nh+h4lOanF7+n+vbo=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiVAXxWMF+QBvKZjtpl242YXcjlNAf4cWDIl79Pd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwsrq2vpGcbO0tb2zu1feP2jqOFUMGywWsWoHVKPgEhuGG4HtRCGNAoGtYHQ7rbeeUGkey0czTtCP6EDykDNqrNW6I1ekTq575YpbdWciy+DlUIFc9V75q9uPWRqhNExQrTuemxg/o8pwJnBS6qYaE8pGdIAdi5JGqP1stu6EnFinT8JY2ScNmbm/JzIaaT2OAtsZUTPUi7Wp+V+tk5rw0s+4TFKDks0/ClNBTEymt5M+V8iMGFugTHG7K2FDqigzNqGSDcFbPHkZmmdVz/LDeaV2k8dRhCM4hlPw4AJqcA91aACDETzDK7w5ifPivDsf89aCk88cwh85nz9GJo40</latexit><latexit sha1_base64="KbCHI6e7R/nh+h4lOanF7+n+vbo=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiVAXxWMF+QBvKZjtpl242YXcjlNAf4cWDIl79Pd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwsrq2vpGcbO0tb2zu1feP2jqOFUMGywWsWoHVKPgEhuGG4HtRCGNAoGtYHQ7rbeeUGkey0czTtCP6EDykDNqrNW6I1ekTq575YpbdWciy+DlUIFc9V75q9uPWRqhNExQrTuemxg/o8pwJnBS6qYaE8pGdIAdi5JGqP1stu6EnFinT8JY2ScNmbm/JzIaaT2OAtsZUTPUi7Wp+V+tk5rw0s+4TFKDks0/ClNBTEymt5M+V8iMGFugTHG7K2FDqigzNqGSDcFbPHkZmmdVz/LDeaV2k8dRhCM4hlPw4AJqcA91aACDETzDK7w5ifPivDsf89aCk88cwh85nz9GJo40</latexit>

Zurück zum Gedankenexperiment:

Hoher Druck P des Gases, reversible Expansion

→ geleistete Arbeit nach infinitesimaler Strecke dx

δW = −|F | dx = −P A dx = −P dV .

(−, vgl. letzte Vorlesung. Kurz: Es wird Arbeit an die Umgebung verrichtet)

→ Um W auszurechnen müssen wir wissen wie P
von V und T abhängt.

Ideales Gas: P = n R T/V
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2. DAS IDEALE GAS

Zustand festgelegt durch P und V ↔ P-V Diagramme

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

V
<latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit>

(P0, V0)
<latexit sha1_base64="TLcvYnf3OD2YR6ZtJ6HLTpRr7A4=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajNwL9qBex6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD8utjxU=</latexit><latexit sha1_base64="TLcvYnf3OD2YR6ZtJ6HLTpRr7A4=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajNwL9qBex6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD8utjxU=</latexit><latexit sha1_base64="TLcvYnf3OD2YR6ZtJ6HLTpRr7A4=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajNwL9qBex6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD8utjxU=</latexit><latexit sha1_base64="TLcvYnf3OD2YR6ZtJ6HLTpRr7A4=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajNwL9qBex6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD8utjxU=</latexit>

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

�V
<latexit sha1_base64="8UStW45hfhgHF5Y95qrWvknijTw=">AAAB73icbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQMamEZwcRAcoS9zVyyZO/D3TkhhPwJGwtFbP07dv4bN8kVmvjCwsM7M+zMG6RKGnLdb6ewsrq2vlHcLG1t7+zulfcPmibJtMCGSFSiWwE3qGSMDZKksJVq5FGg8CEYXk/rD0+ojUziexql6Ee8H8tQCk7WanVuUBFnzW654lbdmdgyeDlUIFe9W/7q9BKRRRiTUNyYtuem5I+5JikUTkqdzGDKxZD3sW0x5hEafzzbd8JOrNNjYaLti4nN3N8TYx4ZM4oC2xlxGpjF2tT8r9bOKLz0xzJOM8JYzD8KM8UoYdPjWU9qFKRGFrjQ0u7KxIBrLshGVLIheIsnL0PzrOpZvjuv1K7yOIpwBMdwCh5cQA1uoQ4NEKDgGV7hzXl0Xpx352PeWnDymUP4I+fzB2H/j4Y=</latexit><latexit sha1_base64="8UStW45hfhgHF5Y95qrWvknijTw=">AAAB73icbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQMamEZwcRAcoS9zVyyZO/D3TkhhPwJGwtFbP07dv4bN8kVmvjCwsM7M+zMG6RKGnLdb6ewsrq2vlHcLG1t7+zulfcPmibJtMCGSFSiWwE3qGSMDZKksJVq5FGg8CEYXk/rD0+ojUziexql6Ee8H8tQCk7WanVuUBFnzW654lbdmdgyeDlUIFe9W/7q9BKRRRiTUNyYtuem5I+5JikUTkqdzGDKxZD3sW0x5hEafzzbd8JOrNNjYaLti4nN3N8TYx4ZM4oC2xlxGpjF2tT8r9bOKLz0xzJOM8JYzD8KM8UoYdPjWU9qFKRGFrjQ0u7KxIBrLshGVLIheIsnL0PzrOpZvjuv1K7yOIpwBMdwCh5cQA1uoQ4NEKDgGV7hzXl0Xpx352PeWnDymUP4I+fzB2H/j4Y=</latexit><latexit sha1_base64="8UStW45hfhgHF5Y95qrWvknijTw=">AAAB73icbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQMamEZwcRAcoS9zVyyZO/D3TkhhPwJGwtFbP07dv4bN8kVmvjCwsM7M+zMG6RKGnLdb6ewsrq2vlHcLG1t7+zulfcPmibJtMCGSFSiWwE3qGSMDZKksJVq5FGg8CEYXk/rD0+ojUziexql6Ee8H8tQCk7WanVuUBFnzW654lbdmdgyeDlUIFe9W/7q9BKRRRiTUNyYtuem5I+5JikUTkqdzGDKxZD3sW0x5hEafzzbd8JOrNNjYaLti4nN3N8TYx4ZM4oC2xlxGpjF2tT8r9bOKLz0xzJOM8JYzD8KM8UoYdPjWU9qFKRGFrjQ0u7KxIBrLshGVLIheIsnL0PzrOpZvjuv1K7yOIpwBMdwCh5cQA1uoQ4NEKDgGV7hzXl0Xpx352PeWnDymUP4I+fzB2H/j4Y=</latexit><latexit sha1_base64="8UStW45hfhgHF5Y95qrWvknijTw=">AAAB73icbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQMamEZwcRAcoS9zVyyZO/D3TkhhPwJGwtFbP07dv4bN8kVmvjCwsM7M+zMG6RKGnLdb6ewsrq2vlHcLG1t7+zulfcPmibJtMCGSFSiWwE3qGSMDZKksJVq5FGg8CEYXk/rD0+ojUziexql6Ee8H8tQCk7WanVuUBFnzW654lbdmdgyeDlUIFe9W/7q9BKRRRiTUNyYtuem5I+5JikUTkqdzGDKxZD3sW0x5hEafzzbd8JOrNNjYaLti4nN3N8TYx4ZM4oC2xlxGpjF2tT8r9bOKLz0xzJOM8JYzD8KM8UoYdPjWU9qFKRGFrjQ0u7KxIBrLshGVLIheIsnL0PzrOpZvjuv1K7yOIpwBMdwCh5cQA1uoQ4NEKDgGV7hzXl0Xpx352PeWnDymUP4I+fzB2H/j4Y=</latexit>

W = �P0 �V
<latexit sha1_base64="MwN1FIQa3+NMhZ4UUtdYWlJd37o=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksggstiQi6EYq6cFnBXqAJYTKdtEMnkzAzEUoo+CpuXCji1udw59s4bbPQ6g8DH/85h3PmD1POlHacL6u0sLi0vFJeraytb2xu2ds7LZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Hw+tJvf1ApWKJuNejlPox7gsWMYK1sQJ7r40u0QlqBA7yjpF3Q7nGqBXYVafmTIX+gltAFQo1AvvT6yUki6nQhGOluq6Taj/HUjPC6bjiZYqmmAxxn3YNChxT5efT88fo0Dg9FCXSPKHR1P05keNYqVEcms4Y64Gar03M/2rdTEcXfs5EmmkqyGxRlHGkEzTJAvWYpETzkQFMJDO3IjLAEhNtEquYENz5L/+F1mnNNXx3Vq1fFXGUYR8O4AhcOIc63EIDmkAghyd4gVfr0Xq23qz3WWvJKmZ24Zesj28aGpMB</latexit><latexit sha1_base64="MwN1FIQa3+NMhZ4UUtdYWlJd37o=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksggstiQi6EYq6cFnBXqAJYTKdtEMnkzAzEUoo+CpuXCji1udw59s4bbPQ6g8DH/85h3PmD1POlHacL6u0sLi0vFJeraytb2xu2ds7LZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Hw+tJvf1ApWKJuNejlPox7gsWMYK1sQJ7r40u0QlqBA7yjpF3Q7nGqBXYVafmTIX+gltAFQo1AvvT6yUki6nQhGOluq6Taj/HUjPC6bjiZYqmmAxxn3YNChxT5efT88fo0Dg9FCXSPKHR1P05keNYqVEcms4Y64Gar03M/2rdTEcXfs5EmmkqyGxRlHGkEzTJAvWYpETzkQFMJDO3IjLAEhNtEquYENz5L/+F1mnNNXx3Vq1fFXGUYR8O4AhcOIc63EIDmkAghyd4gVfr0Xq23qz3WWvJKmZ24Zesj28aGpMB</latexit><latexit sha1_base64="MwN1FIQa3+NMhZ4UUtdYWlJd37o=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksggstiQi6EYq6cFnBXqAJYTKdtEMnkzAzEUoo+CpuXCji1udw59s4bbPQ6g8DH/85h3PmD1POlHacL6u0sLi0vFJeraytb2xu2ds7LZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Hw+tJvf1ApWKJuNejlPox7gsWMYK1sQJ7r40u0QlqBA7yjpF3Q7nGqBXYVafmTIX+gltAFQo1AvvT6yUki6nQhGOluq6Taj/HUjPC6bjiZYqmmAxxn3YNChxT5efT88fo0Dg9FCXSPKHR1P05keNYqVEcms4Y64Gar03M/2rdTEcXfs5EmmkqyGxRlHGkEzTJAvWYpETzkQFMJDO3IjLAEhNtEquYENz5L/+F1mnNNXx3Vq1fFXGUYR8O4AhcOIc63EIDmkAghyd4gVfr0Xq23qz3WWvJKmZ24Zesj28aGpMB</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="BGBoX0ZPeZgNa4olFnZiLvEZXE4=">AAAB83icbZBLSwMxFIXv+Ky16ii4chMsggstM250Iwi6cFnBPqAzDJn0tg3NZIYkI5Sh4F9x40IR/4s7/43pY6GtBwIf5yTcmxNngmvjed/Oyura+sZmaau8XdnZ3XP3K02d5ophg6UiVe2YahRcYsNwI7CdKaRJLLAVD28neesJleapfDSjDMOE9iXvcUaNtSL3sEWuyTmpRx4Jzkhwh8JQ0ozcqlfzpiLL4M+hCnPVI/cr6KYsT1AaJqjWHd/LTFhQZTgTOC4HucaMsiHtY8eipAnqsJiuPyYn1umSXqrskYZM3d8vCppoPUpiezOhZqAXs4n5X9bJTe8qLLjMcoOSzQb1ckFMSiZdkC5XyIwYWaBMcbsrYQOqKDO2sbItwV/88jI0L2q+5QcPSnAEx3AKPlzCDdxDHRrAoIAXeIN359l5dT5mda04894O4I+czx/HIpGY</latexit><latexit sha1_base64="BGBoX0ZPeZgNa4olFnZiLvEZXE4=">AAAB83icbZBLSwMxFIXv+Ky16ii4chMsggstM250Iwi6cFnBPqAzDJn0tg3NZIYkI5Sh4F9x40IR/4s7/43pY6GtBwIf5yTcmxNngmvjed/Oyura+sZmaau8XdnZ3XP3K02d5ophg6UiVe2YahRcYsNwI7CdKaRJLLAVD28neesJleapfDSjDMOE9iXvcUaNtSL3sEWuyTmpRx4Jzkhwh8JQ0ozcqlfzpiLL4M+hCnPVI/cr6KYsT1AaJqjWHd/LTFhQZTgTOC4HucaMsiHtY8eipAnqsJiuPyYn1umSXqrskYZM3d8vCppoPUpiezOhZqAXs4n5X9bJTe8qLLjMcoOSzQb1ckFMSiZdkC5XyIwYWaBMcbsrYQOqKDO2sbItwV/88jI0L2q+5QcPSnAEx3AKPlzCDdxDHRrAoIAXeIN359l5dT5mda04894O4I+czx/HIpGY</latexit><latexit sha1_base64="94lfLux3eDalltcrAkKdAts8J6A=">AAAB/nicbZDLSsNAFIYn9VbrLSqu3AwWwYWWxI1uhKIuXFawF2hCmExP2qGTSZiZCCUUfBU3LhRx63O4822ctllo6w8DH/85h3PmD1POlHacb6u0tLyyulZer2xsbm3v2Lt7LZVkkkKTJjyRnZAo4ExAUzPNoZNKIHHIoR0Obyb19iNIxRLxoEcp+DHpCxYxSrSxAvugja/wGW4EDvZOsXcLXBPcCuyqU3OmwovgFlBFhRqB/eX1EprFIDTlRKmu66Taz4nUjHIYV7xMQUrokPSha1CQGJSfT88f42Pj9HCUSPOExlP390ROYqVGcWg6Y6IHar42Mf+rdTMdXfo5E2mmQdDZoijjWCd4kgXuMQlU85EBQiUzt2I6IJJQbRKrmBDc+S8vQuu85hq+d6r16yKOMjpER+gEuegC1dEdaqAmoihHz+gVvVlP1ov1bn3MWktWMbOP/sj6/AEY2pL9</latexit><latexit sha1_base64="MwN1FIQa3+NMhZ4UUtdYWlJd37o=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksggstiQi6EYq6cFnBXqAJYTKdtEMnkzAzEUoo+CpuXCji1udw59s4bbPQ6g8DH/85h3PmD1POlHacL6u0sLi0vFJeraytb2xu2ds7LZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Hw+tJvf1ApWKJuNejlPox7gsWMYK1sQJ7r40u0QlqBA7yjpF3Q7nGqBXYVafmTIX+gltAFQo1AvvT6yUki6nQhGOluq6Taj/HUjPC6bjiZYqmmAxxn3YNChxT5efT88fo0Dg9FCXSPKHR1P05keNYqVEcms4Y64Gar03M/2rdTEcXfs5EmmkqyGxRlHGkEzTJAvWYpETzkQFMJDO3IjLAEhNtEquYENz5L/+F1mnNNXx3Vq1fFXGUYR8O4AhcOIc63EIDmkAghyd4gVfr0Xq23qz3WWvJKmZ24Zesj28aGpMB</latexit><latexit sha1_base64="MwN1FIQa3+NMhZ4UUtdYWlJd37o=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksggstiQi6EYq6cFnBXqAJYTKdtEMnkzAzEUoo+CpuXCji1udw59s4bbPQ6g8DH/85h3PmD1POlHacL6u0sLi0vFJeraytb2xu2ds7LZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Hw+tJvf1ApWKJuNejlPox7gsWMYK1sQJ7r40u0QlqBA7yjpF3Q7nGqBXYVafmTIX+gltAFQo1AvvT6yUki6nQhGOluq6Taj/HUjPC6bjiZYqmmAxxn3YNChxT5efT88fo0Dg9FCXSPKHR1P05keNYqVEcms4Y64Gar03M/2rdTEcXfs5EmmkqyGxRlHGkEzTJAvWYpETzkQFMJDO3IjLAEhNtEquYENz5L/+F1mnNNXx3Vq1fFXGUYR8O4AhcOIc63EIDmkAghyd4gVfr0Xq23qz3WWvJKmZ24Zesj28aGpMB</latexit><latexit sha1_base64="MwN1FIQa3+NMhZ4UUtdYWlJd37o=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksggstiQi6EYq6cFnBXqAJYTKdtEMnkzAzEUoo+CpuXCji1udw59s4bbPQ6g8DH/85h3PmD1POlHacL6u0sLi0vFJeraytb2xu2ds7LZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Hw+tJvf1ApWKJuNejlPox7gsWMYK1sQJ7r40u0QlqBA7yjpF3Q7nGqBXYVafmTIX+gltAFQo1AvvT6yUki6nQhGOluq6Taj/HUjPC6bjiZYqmmAxxn3YNChxT5efT88fo0Dg9FCXSPKHR1P05keNYqVEcms4Y64Gar03M/2rdTEcXfs5EmmkqyGxRlHGkEzTJAvWYpETzkQFMJDO3IjLAEhNtEquYENz5L/+F1mnNNXx3Vq1fFXGUYR8O4AhcOIc63EIDmkAghyd4gVfr0Xq23qz3WWvJKmZ24Zesj28aGpMB</latexit><latexit sha1_base64="MwN1FIQa3+NMhZ4UUtdYWlJd37o=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksggstiQi6EYq6cFnBXqAJYTKdtEMnkzAzEUoo+CpuXCji1udw59s4bbPQ6g8DH/85h3PmD1POlHacL6u0sLi0vFJeraytb2xu2ds7LZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Hw+tJvf1ApWKJuNejlPox7gsWMYK1sQJ7r40u0QlqBA7yjpF3Q7nGqBXYVafmTIX+gltAFQo1AvvT6yUki6nQhGOluq6Taj/HUjPC6bjiZYqmmAxxn3YNChxT5efT88fo0Dg9FCXSPKHR1P05keNYqVEcms4Y64Gar03M/2rdTEcXfs5EmmkqyGxRlHGkEzTJAvWYpETzkQFMJDO3IjLAEhNtEquYENz5L/+F1mnNNXx3Vq1fFXGUYR8O4AhcOIc63EIDmkAghyd4gVfr0Xq23qz3WWvJKmZ24Zesj28aGpMB</latexit><latexit sha1_base64="MwN1FIQa3+NMhZ4UUtdYWlJd37o=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksggstiQi6EYq6cFnBXqAJYTKdtEMnkzAzEUoo+CpuXCji1udw59s4bbPQ6g8DH/85h3PmD1POlHacL6u0sLi0vFJeraytb2xu2ds7LZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Hw+tJvf1ApWKJuNejlPox7gsWMYK1sQJ7r40u0QlqBA7yjpF3Q7nGqBXYVafmTIX+gltAFQo1AvvT6yUki6nQhGOluq6Taj/HUjPC6bjiZYqmmAxxn3YNChxT5efT88fo0Dg9FCXSPKHR1P05keNYqVEcms4Y64Gar03M/2rdTEcXfs5EmmkqyGxRlHGkEzTJAvWYpETzkQFMJDO3IjLAEhNtEquYENz5L/+F1mnNNXx3Vq1fFXGUYR8O4AhcOIc63EIDmkAghyd4gVfr0Xq23qz3WWvJKmZ24Zesj28aGpMB</latexit><latexit sha1_base64="MwN1FIQa3+NMhZ4UUtdYWlJd37o=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksggstiQi6EYq6cFnBXqAJYTKdtEMnkzAzEUoo+CpuXCji1udw59s4bbPQ6g8DH/85h3PmD1POlHacL6u0sLi0vFJeraytb2xu2ds7LZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Hw+tJvf1ApWKJuNejlPox7gsWMYK1sQJ7r40u0QlqBA7yjpF3Q7nGqBXYVafmTIX+gltAFQo1AvvT6yUki6nQhGOluq6Taj/HUjPC6bjiZYqmmAxxn3YNChxT5efT88fo0Dg9FCXSPKHR1P05keNYqVEcms4Y64Gar03M/2rdTEcXfs5EmmkqyGxRlHGkEzTJAvWYpETzkQFMJDO3IjLAEhNtEquYENz5L/+F1mnNNXx3Vq1fFXGUYR8O4AhcOIc63EIDmkAghyd4gVfr0Xq23qz3WWvJKmZ24Zesj28aGpMB</latexit>

P-V Diagramm bei konstantem
Druck P0 ↔ isobar

Isobare Arbeit: W = −P0∆V

Allgemeiner:

W = −
∫ V2

V1

P dV = −
∫
∆V

P dV

Volumenarbeit = Fläche unter P-V -Kurve

zwischen Anfangs- und Endvolumen
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2. DAS IDEALE GAS

Einschub: Zustandsänderungen

Isobar: Druck P = konstant

Isochor: Volumen V = konstant

Isotherm: Temperatur T = konstant

Adiabatisch: Wärme Q = konstant

Einschub: Liter · atm in Joule

Häufig wird Druck in Atmosphähren und Volumen in Litern angegeben:

1 L · 1 atm = 10−3 m3 · 101.3× 103N/m2 = 101.3 J
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2. DAS IDEALE GAS

Weiter mit unserem Gedankenexperiment:

Untersuchen drei verschiedene Wege von (P1,V1) nach (P2,V2) zu gelangen:

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

V
<latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit>

(P1, V1)
<latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit><latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit><latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit><latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit>

(P2, V2)
<latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit><latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit><latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit><latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit>

Weg A

Weg B

Weg C

Randbedingung: Ideales Gas, T = konst

→ P1V1 = P2V2 = n R T

Weg A: Gas erwärmt bei konstantem Druck,
danach bei konstantem Volumen abgekühlt

Weg B: Gas bei konst. Volumen abgekühlt,
dann bei konst. Druck erwärmt

Weg C: Expansion bei konst. Temperatur
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2. DAS IDEALE GAS

Weg A: Isobare & Isochore Zustandsänderung

WA

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

V
<latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit>

(P1, V1)
<latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit><latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit><latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit><latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit>

(P2, V2)
<latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit><latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit><latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit><latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit>

Weg A

Isobar: (P1,V1)→ (P1,V1 + ∆V = V2)

Volumenarbeit:

W = −
∫
∆V

P1 dV = −P1 ∆V

Isochor: (P1,V2)→ (P1 −∆P = P2,V2)

Volumenarbeit:

W = 0

Totale Arbeit: WA = −P1 ∆V

WA =̂ Fläche unter Kurve im P-V Diagramm
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2. DAS IDEALE GAS
Weg B: Isochore & Isobare Zustandsänderung

WB

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

V
<latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit>

(P1, V1)
<latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit><latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit><latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit><latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit>

(P2, V2)
<latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit><latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit><latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit><latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit>

Weg B

Isochor: (P1,V1)→ (P1 −∆P = P2,V1)

Volumenarbeit:

W = 0

Isobar: (P2,V1)→ (P2,V1 + ∆V = V2)

Volumenarbeit:

W = −
∫
∆V

P2 dV = −P2 ∆V

Totale Arbeit: WB = −P2 ∆V

→ Aus P2 < P1 folgt WB < WA
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2. DAS IDEALE GAS

Weg C: Isotherme Expansion

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

V
<latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit>

(P1, V1)
<latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit><latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit><latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit><latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit>

(P2, V2)
<latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit><latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit><latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit><latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit>

Weg C

Isotherm:

(P1,V1)→ (P1 −∆P = P2,V2 −∆V )

Volumenarbeit:

Aus P = n R T/V und T = konst. folgt:

W = −
∫
∆V

P dV = −
∫
∆V

n R T
V

dV

= −n R T ln
V2

V1
.
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2. DAS IDEALE GAS
Volumenarbeit stark unterschiedlich bei den drei Expansionswegen:

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

V
<latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit>

(P1, V1)
<latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit><latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit><latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit><latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit>

(P2, V2)
<latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit><latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit><latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit><latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit>

Weg A

Weg B

Weg C

Es gilt: WB < WC < WA

Da das ideale Gas aber beim Anfangs- und
Endzustand die gleiche Temperatur hat,
kann sich seine innere Energie insgesamt
nicht geändert haben.

Abgegebene Volumenarbeit muss durch
absorbierte Wärmemenge ausgeglichen
worden sein:

∆U = QA + WA = QB + WB = QC + WC

= CV ∆T = 0
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2. DAS IDEALE GAS

2.4 Kreisprozesse: Zyklischer Prozess: A→ B → C → D mit T = konst.

Wtot

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

V
<latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit>

A B

CD

(PA,VA) = (2 atm, 1 L)

(PB = PA,VB) = (2 atm, 2 L)

(PC ,VC = VB) = (1 atm, 2 L)

(PD = PC ,VD = VA) = (1 atm, 1 L)

Volumenarbeit:
WAB = −P(VB − VA) = −2 atm · 1L = −202.6J
WCD = −P(VD − VC) = −1 atm · −1L = 101.3J

Gesamtbilanz pro Zyklus:

Wtot = WAB + WCD = −101.3J

Nach Zyklus hat das ideale Gas wieder seinen Anfangszustand erreicht (U, P, V , T )

→ 1. HS: Wärmemenge muss zugeführt worden sein, welche Volumenarbeit kompensiert.
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2. DAS IDEALE GAS

2.5 Reversible adiabatische Expansion

Erinnerung: adiabatisch ' ∆Q = 0 bzw. δQ = 0, also kein Wärmetausch mit
der Umgebung (Wärmeisolierung)

P, V, T
<latexit sha1_base64="UUdaPuPhdS3YtTgS4HDo6+50oiw=">AAAB7HicbZBNSwMxEIZn61etX1WPXoJF8FDKrgh6LHrxWKHbFtqlZNPZNjSbXZKsUEp/gxcPinj1B3nz35i2e9DWFwIP78yQmTdMBdfGdb+dwsbm1vZOcbe0t39weFQ+PmnpJFMMfZaIRHVCqlFwib7hRmAnVUjjUGA7HN/P6+0nVJonsmkmKQYxHUoecUaNtfxGtVVt9ssVt+YuRNbBy6ECuRr98ldvkLAsRmmYoFp3PTc1wZQqw5nAWamXaUwpG9Mhdi1KGqMOpotlZ+TCOgMSJco+acjC/T0xpbHWkzi0nTE1I71am5v/1bqZiW6DKZdpZlCy5UdRJohJyPxyMuAKmRETC5QpbnclbEQVZcbmU7IheKsnr0PrquZZfryu1O/yOIpwBudwCR7cQB0eoAE+MODwDK/w5kjnxXl3PpatBSefOYU/cj5/AMb5jf4=</latexit><latexit sha1_base64="UUdaPuPhdS3YtTgS4HDo6+50oiw=">AAAB7HicbZBNSwMxEIZn61etX1WPXoJF8FDKrgh6LHrxWKHbFtqlZNPZNjSbXZKsUEp/gxcPinj1B3nz35i2e9DWFwIP78yQmTdMBdfGdb+dwsbm1vZOcbe0t39weFQ+PmnpJFMMfZaIRHVCqlFwib7hRmAnVUjjUGA7HN/P6+0nVJonsmkmKQYxHUoecUaNtfxGtVVt9ssVt+YuRNbBy6ECuRr98ldvkLAsRmmYoFp3PTc1wZQqw5nAWamXaUwpG9Mhdi1KGqMOpotlZ+TCOgMSJco+acjC/T0xpbHWkzi0nTE1I71am5v/1bqZiW6DKZdpZlCy5UdRJohJyPxyMuAKmRETC5QpbnclbEQVZcbmU7IheKsnr0PrquZZfryu1O/yOIpwBudwCR7cQB0eoAE+MODwDK/w5kjnxXl3PpatBSefOYU/cj5/AMb5jf4=</latexit><latexit sha1_base64="UUdaPuPhdS3YtTgS4HDo6+50oiw=">AAAB7HicbZBNSwMxEIZn61etX1WPXoJF8FDKrgh6LHrxWKHbFtqlZNPZNjSbXZKsUEp/gxcPinj1B3nz35i2e9DWFwIP78yQmTdMBdfGdb+dwsbm1vZOcbe0t39weFQ+PmnpJFMMfZaIRHVCqlFwib7hRmAnVUjjUGA7HN/P6+0nVJonsmkmKQYxHUoecUaNtfxGtVVt9ssVt+YuRNbBy6ECuRr98ldvkLAsRmmYoFp3PTc1wZQqw5nAWamXaUwpG9Mhdi1KGqMOpotlZ+TCOgMSJco+acjC/T0xpbHWkzi0nTE1I71am5v/1bqZiW6DKZdpZlCy5UdRJohJyPxyMuAKmRETC5QpbnclbEQVZcbmU7IheKsnr0PrquZZfryu1O/yOIpwBudwCR7cQB0eoAE+MODwDK/w5kjnxXl3PpatBSefOYU/cj5/AMb5jf4=</latexit><latexit sha1_base64="UUdaPuPhdS3YtTgS4HDo6+50oiw=">AAAB7HicbZBNSwMxEIZn61etX1WPXoJF8FDKrgh6LHrxWKHbFtqlZNPZNjSbXZKsUEp/gxcPinj1B3nz35i2e9DWFwIP78yQmTdMBdfGdb+dwsbm1vZOcbe0t39weFQ+PmnpJFMMfZaIRHVCqlFwib7hRmAnVUjjUGA7HN/P6+0nVJonsmkmKQYxHUoecUaNtfxGtVVt9ssVt+YuRNbBy6ECuRr98ldvkLAsRmmYoFp3PTc1wZQqw5nAWamXaUwpG9Mhdi1KGqMOpotlZ+TCOgMSJco+acjC/T0xpbHWkzi0nTE1I71am5v/1bqZiW6DKZdpZlCy5UdRJohJyPxyMuAKmRETC5QpbnclbEQVZcbmU7IheKsnr0PrquZZfryu1O/yOIpwBudwCR7cQB0eoAE+MODwDK/w5kjnxXl3PpatBSefOYU/cj5/AMb5jf4=</latexit>

Gedankenexperiment:
Ein Gewicht der Masse m werde durch den
Druck P in die Höhe gedrückt.

Wie ändern sich Temperatur T und Volumen V
eines (idealen) Gases?

Da keine Wärmeaufnahme möglich ist, muss
die Volumenarbeit alleine auf Kosten der in-
neren Energie gehen → Temperatur sinkt
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2. DAS IDEALE GAS

P-V Diagramm der Situation: T1 > T2

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

V
<latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit>

(P1, V1)
<latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit><latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit><latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit><latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit>

(P2, V2)
<latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit><latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit><latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit><latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit>

isothermer 

Weg T1

isothermer 

Weg T2

adiabatischer

 Weg

Gestrichelte Kurven: isotherme (PV = nRT )

Durchgezogene Kurve: adiabatische
Expansion

→ Die Kurve ist steiler, weil während der
Expansion die Temperatur abnimmt

U wird kleiner, deshalb ist ∆U = CV ∆T mit
∆T negativ

Mit Hilfe der Zustandsgleichung idealer Gase und dem 1. HS können wir die
Gleichung der adiabatischen Kurve herleiten.
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2. DAS IDEALE GAS

1. HS: dU = δQ + δWrev = 0 + δWrev und für ideale Gase gilt: dU = CV dT

CV dT = 0− P dV ; P =
n · R · T

V

CV
dT
T

= −n · R dV
V

; n · R = CP − CV

dT
T

= −CP − CV

CV

dV
V

; γ =
CP

CV

mit γ dem sog. Adiabatenexponent

Integration führt zur Poissongleichung:

ln T + (γ − 1) ln V = const.

Mit PV = n R T findet man PV
nR Vγ−1 = const.

T · V γ−1 = const.

P · V γ = const.
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2. DAS IDEALE GAS

Wie groß ist die bei der adiabatischen Expansion verrichtete Volumenarbeit?

Mit δQ = 0 folgt aus dU = δQ + δW

P dV = −CV dT

Damit folgt für die adiabatische Arbeit

Wadb = −
∫

P dV =

∫
CV dT = CV ∆T .

→ die vom Gas verrichtete Arbeit hängt nur

von der Änderung der absoluten Temperatur ab

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

V
<latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit>

(P1, V1)
<latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit><latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit><latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit><latexit sha1_base64="A7HmU0rxgoNdf5DFmRcNS6r9x6c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajPwLtqBdx6UK27NnQutgpdDBXI1g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzKLGg2s/mC0/RmXUGKIqVfdKguft7IsNC64kIbafAZqSXazPzv1ovNdG1nzGZpIZKsvgoSjkyMZpdjwZMUWL4xAImitldERlhhYmxGZVsCN7yyavQrtc8y/eXlcZNHkcRTuAUquDBFTTgDprQAgICnuEV3hzlvDjvzseiteDkM8fwR87nD867jxc=</latexit>

(P2, V2)
<latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit><latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit><latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit><latexit sha1_base64="zRxBWQtwc+0daz93C9Z1d/ks6Mo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVJAyUwRdFt24rGAv0g5DJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84cJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoh1pQzSVuGGU67iaJYhJx2wvHtrN55okqzWD6YSUJ9gYeSRYxgY63HajOoX7SD+nlQrrg1dy60Cl4OFcjVDMpf/UFMUkGlIRxr3fPcxPgZVoYRTqelfqppgskYD2nPosSCaj+bLzxFZ9YZoChW9kmD5u7viQwLrScitJ0Cm5Fers3M/2q91ETXfsZkkhoqyeKjKOXIxGh2PRowRYnhEwuYKGZ3RWSEFSbGZlSyIXjLJ69Cu17zLN9fVho3eRxFOIFTqIIHV9CAO2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzmfP9HJjxk=</latexit>

isothermer 

Weg T1

isothermer 

Weg T2

adiabatischer

 Weg

Wir können die adiabatische Volumenarbeit auch durch die Volumen- und
Druckänderung ausdrücken: Wadb = P2V2−P1V1

γ−1
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2. DAS IDEALE GAS
Einschub: n · R = CP − CV ; letzte Vorlesung: CV =

(
∂U
∂T

)
V

Wir wollen nun die Differenz der Wärmekapazitäten Cp und CV für ein ideales
Gas berechnen. Die Wärmekapazität bei konstantem Druck ist definiert als

δQ = CP dT

und mit dem 1. HS und δWA = −P dV ist

dU = δQ + δWA

= CP dT − P dV

Für ideale Gase gilt dU = CV dT und P V = n R T und es folgt

CPdT = CV dT + PdV = CV dT + n R dT

⇒ CP − CV = n · R
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2. DAS IDEALE GAS

2.6 Reversible isotherme Expansion

P, V, T = const.
<latexit sha1_base64="7TEarfOFCXMuE8k6fIqC3zt+aiM=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwUUpMyLoRii6cVmhN2iHkknTNjSTDMkZsQwFX8WNC0Xc+hzufBvTdhba+kPg4z/ncE7+MBbcgOd9O7mV1bX1jfxmYWt7Z3fP3T9oGJVoyupUCaVbITFMcMnqwEGwVqwZiULBmuHodlpvPjBtuJI1GMcsiMhA8j6nBKzVdY+qpUaphq9xB9gjpFRJA+VJ1y16ZW8mvAx+BkWUqdp1vzo9RZOISaCCGNP2vRiClGjgVLBJoZMYFhM6IgPWtihJxEyQzs6f4FPr9HBfafsk4Jn7eyIlkTHjKLSdEYGhWaxNzf9q7QT6V0HKZZwAk3S+qJ8IDApPs8A9rhkFMbZAqOb2VkyHRBMKNrGCDcFf/PIyNM7LvuX7i2LlJosjj47RCTpDPrpEFXSHqqiOKErRM3pFb86T8+K8Ox/z1pyTzRyiP3I+fwDFBZS6</latexit><latexit sha1_base64="7TEarfOFCXMuE8k6fIqC3zt+aiM=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwUUpMyLoRii6cVmhN2iHkknTNjSTDMkZsQwFX8WNC0Xc+hzufBvTdhba+kPg4z/ncE7+MBbcgOd9O7mV1bX1jfxmYWt7Z3fP3T9oGJVoyupUCaVbITFMcMnqwEGwVqwZiULBmuHodlpvPjBtuJI1GMcsiMhA8j6nBKzVdY+qpUaphq9xB9gjpFRJA+VJ1y16ZW8mvAx+BkWUqdp1vzo9RZOISaCCGNP2vRiClGjgVLBJoZMYFhM6IgPWtihJxEyQzs6f4FPr9HBfafsk4Jn7eyIlkTHjKLSdEYGhWaxNzf9q7QT6V0HKZZwAk3S+qJ8IDApPs8A9rhkFMbZAqOb2VkyHRBMKNrGCDcFf/PIyNM7LvuX7i2LlJosjj47RCTpDPrpEFXSHqqiOKErRM3pFb86T8+K8Ox/z1pyTzRyiP3I+fwDFBZS6</latexit><latexit sha1_base64="7TEarfOFCXMuE8k6fIqC3zt+aiM=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwUUpMyLoRii6cVmhN2iHkknTNjSTDMkZsQwFX8WNC0Xc+hzufBvTdhba+kPg4z/ncE7+MBbcgOd9O7mV1bX1jfxmYWt7Z3fP3T9oGJVoyupUCaVbITFMcMnqwEGwVqwZiULBmuHodlpvPjBtuJI1GMcsiMhA8j6nBKzVdY+qpUaphq9xB9gjpFRJA+VJ1y16ZW8mvAx+BkWUqdp1vzo9RZOISaCCGNP2vRiClGjgVLBJoZMYFhM6IgPWtihJxEyQzs6f4FPr9HBfafsk4Jn7eyIlkTHjKLSdEYGhWaxNzf9q7QT6V0HKZZwAk3S+qJ8IDApPs8A9rhkFMbZAqOb2VkyHRBMKNrGCDcFf/PIyNM7LvuX7i2LlJosjj47RCTpDPrpEFXSHqqiOKErRM3pFb86T8+K8Ox/z1pyTzRyiP3I+fwDFBZS6</latexit><latexit sha1_base64="7TEarfOFCXMuE8k6fIqC3zt+aiM=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwUUpMyLoRii6cVmhN2iHkknTNjSTDMkZsQwFX8WNC0Xc+hzufBvTdhba+kPg4z/ncE7+MBbcgOd9O7mV1bX1jfxmYWt7Z3fP3T9oGJVoyupUCaVbITFMcMnqwEGwVqwZiULBmuHodlpvPjBtuJI1GMcsiMhA8j6nBKzVdY+qpUaphq9xB9gjpFRJA+VJ1y16ZW8mvAx+BkWUqdp1vzo9RZOISaCCGNP2vRiClGjgVLBJoZMYFhM6IgPWtihJxEyQzs6f4FPr9HBfafsk4Jn7eyIlkTHjKLSdEYGhWaxNzf9q7QT6V0HKZZwAk3S+qJ8IDApPs8A9rhkFMbZAqOb2VkyHRBMKNrGCDcFf/PIyNM7LvuX7i2LlJosjj47RCTpDPrpEFXSHqqiOKErRM3pFb86T8+K8Ox/z1pyTzRyiP3I+fwDFBZS6</latexit>

T<latexit sha1_base64="1MxHWot1kLoq+sEN2e0klhQeYAI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxhX5BG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj+vd55QaR7Lppkm6Ed0JHnIGTXWajQH5YpbdRci6+DlUIFc9UH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9i5JGqP1sseiMXFhnSMJY2ScNWbi/JzIaaT2NAtsZUTPWq7W5+V+tl5rw1s+4TFKDki0/ClNBTEzmV5MhV8iMmFqgTHG7K2FjqigzNpuSDcFbPXkd2ldVz3LjulK7y+MowhmcwyV4cAM1eIA6tIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w+vq4zY</latexit><latexit sha1_base64="1MxHWot1kLoq+sEN2e0klhQeYAI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxhX5BG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj+vd55QaR7Lppkm6Ed0JHnIGTXWajQH5YpbdRci6+DlUIFc9UH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9i5JGqP1sseiMXFhnSMJY2ScNWbi/JzIaaT2NAtsZUTPWq7W5+V+tl5rw1s+4TFKDki0/ClNBTEzmV5MhV8iMmFqgTHG7K2FjqigzNpuSDcFbPXkd2ldVz3LjulK7y+MowhmcwyV4cAM1eIA6tIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w+vq4zY</latexit><latexit sha1_base64="1MxHWot1kLoq+sEN2e0klhQeYAI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxhX5BG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj+vd55QaR7Lppkm6Ed0JHnIGTXWajQH5YpbdRci6+DlUIFc9UH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9i5JGqP1sseiMXFhnSMJY2ScNWbi/JzIaaT2NAtsZUTPWq7W5+V+tl5rw1s+4TFKDki0/ClNBTEzmV5MhV8iMmFqgTHG7K2FjqigzNpuSDcFbPXkd2ldVz3LjulK7y+MowhmcwyV4cAM1eIA6tIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w+vq4zY</latexit><latexit sha1_base64="1MxHWot1kLoq+sEN2e0klhQeYAI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxhX5BG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj+vd55QaR7Lppkm6Ed0JHnIGTXWajQH5YpbdRci6+DlUIFc9UH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9i5JGqP1sseiMXFhnSMJY2ScNWbi/JzIaaT2NAtsZUTPWq7W5+V+tl5rw1s+4TFKDki0/ClNBTEzmV5MhV8iMmFqgTHG7K2FjqigzNpuSDcFbPXkd2ldVz3LjulK7y+MowhmcwyV4cAM1eIA6tIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w+vq4zY</latexit>

Das Gast stehe diesmal im thermis-
chen Gleichgewicht zu einem Wärme-
bad unendlicher Wärmekapazität, so
dass dT = 0.

dU = δQrev + δWrev .

Wegen dU = CV dT folgt dU = 0 ⇒ δWrev = −δQrev

Expansion: Die dem Wärmebad entzogene thermische Energie wird
vollständig in Arbeit umgewandelt (in Form potentieller Energie der Masse m)
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2. DAS IDEALE GAS

δWrev = −P dV ; p · V = n · R · T

= −n · R · T dV
V

also folgt
Qrev = −Wrev = −

∫ V2

V1

δWrev (3)

= −n · R · T ln

(
V2

V1

)
Kompression: Die pot. Energie wird wieder vollständig in thermische Energie
des Bades umgesetzt.

Gas und Wärmebad sind wieder im Ausgangszustand→ Reversibilität
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2. DAS IDEALE GAS

2.7 Reversible und realistische Prozeßführung

Im Gegensatz zu irreversiblen Zustandsänderungen können reversible
Zustandsänderungen rückgängig gemacht werden, ohne dass in der
Umgebung anderweitige Änderungen zurückbleiben.

Eine Zustandsänderung ist genau dann reversibel, wenn das betrachtete
thermodyn. System in jedem Momemt im thermodyn. Gleichgewicht ist

Demgemäß beschreibt das vollständige Differential einer Zustandsgröße
reversible Zustandsänderungen.

Zur näherungsweisen Realisierung reversibler Zustandsänderungen im
Experiment müssen die Prozesse sehr langsam durchgeführt werden.
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2. DAS IDEALE GAS

Beispiel: Volumenänderung

F/A
<latexit sha1_base64="73+hMFrcEY1h+mc/f5F2KFP2eSA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQTEfRYFcRjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0OoLCw/vzLAzb5BIYdB1v5zC0vLK6lpxvbSxubW9U97da5o41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRtfTeuuRayNi9YDjhPsRHSgRCkbRWvc3J5e9csWtujORv+DlUIFc9V75s9uPWRpxhUxSYzqem6CfUY2CST4pdVPDE8pGdMA7FhWNuPGz2aoTcmSdPgljbZ9CMnN/TmQ0MmYcBbYzojg0i7Wp+V+tk2J44WdCJSlyxeYfhakkGJPp3aQvNGcoxxYo08LuStiQasrQplOyIXiLJ/+F5mnVs3x3Vqld5XEU4QAO4Rg8OIca3EIdGsBgAE/wAq+OdJ6dN+d93lpw8pl9+CXn4xuOx41O</latexit><latexit sha1_base64="73+hMFrcEY1h+mc/f5F2KFP2eSA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQTEfRYFcRjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0OoLCw/vzLAzb5BIYdB1v5zC0vLK6lpxvbSxubW9U97da5o41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRtfTeuuRayNi9YDjhPsRHSgRCkbRWvc3J5e9csWtujORv+DlUIFc9V75s9uPWRpxhUxSYzqem6CfUY2CST4pdVPDE8pGdMA7FhWNuPGz2aoTcmSdPgljbZ9CMnN/TmQ0MmYcBbYzojg0i7Wp+V+tk2J44WdCJSlyxeYfhakkGJPp3aQvNGcoxxYo08LuStiQasrQplOyIXiLJ/+F5mnVs3x3Vqld5XEU4QAO4Rg8OIca3EIdGsBgAE/wAq+OdJ6dN+d93lpw8pl9+CXn4xuOx41O</latexit><latexit sha1_base64="73+hMFrcEY1h+mc/f5F2KFP2eSA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQTEfRYFcRjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0OoLCw/vzLAzb5BIYdB1v5zC0vLK6lpxvbSxubW9U97da5o41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRtfTeuuRayNi9YDjhPsRHSgRCkbRWvc3J5e9csWtujORv+DlUIFc9V75s9uPWRpxhUxSYzqem6CfUY2CST4pdVPDE8pGdMA7FhWNuPGz2aoTcmSdPgljbZ9CMnN/TmQ0MmYcBbYzojg0i7Wp+V+tk2J44WdCJSlyxeYfhakkGJPp3aQvNGcoxxYo08LuStiQasrQplOyIXiLJ/+F5mnVs3x3Vqld5XEU4QAO4Rg8OIca3EIdGsBgAE/wAq+OdJ6dN+d93lpw8pl9+CXn4xuOx41O</latexit><latexit sha1_base64="73+hMFrcEY1h+mc/f5F2KFP2eSA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQTEfRYFcRjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0OoLCw/vzLAzb5BIYdB1v5zC0vLK6lpxvbSxubW9U97da5o41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRtfTeuuRayNi9YDjhPsRHSgRCkbRWvc3J5e9csWtujORv+DlUIFc9V75s9uPWRpxhUxSYzqem6CfUY2CST4pdVPDE8pGdMA7FhWNuPGz2aoTcmSdPgljbZ9CMnN/TmQ0MmYcBbYzojg0i7Wp+V+tk2J44WdCJSlyxeYfhakkGJPp3aQvNGcoxxYo08LuStiQasrQplOyIXiLJ/+F5mnVs3x3Vqld5XEU4QAO4Rg8OIca3EIdGsBgAE/wAq+OdJ6dN+d93lpw8pl9+CXn4xuOx41O</latexit>

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

V
<latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit>

h
<latexit sha1_base64="qgYxBTCFiJYJlr1gvWqOWol7o+Y=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZ4UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzfuM7A==</latexit><latexit sha1_base64="qgYxBTCFiJYJlr1gvWqOWol7o+Y=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZ4UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzfuM7A==</latexit><latexit sha1_base64="qgYxBTCFiJYJlr1gvWqOWol7o+Y=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZ4UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzfuM7A==</latexit><latexit sha1_base64="qgYxBTCFiJYJlr1gvWqOWol7o+Y=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjreZ4UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AzfuM7A==</latexit>

Auf das System geleistete Arbeit:

δW = −F dh

= −F
A

dV

Gleichgewicht: P = F
A

→ δWrev = −P dV

bzw.

Wrev = −
∫ V2

V1
P dV
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2. DAS IDEALE GAS

Reale Prozessführung

I. Expansion: F
A < P

II. Kompression: F
A > P

V
<latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit>

F

A<latexit sha1_base64="g7mxFcvAczlvXgc6YMFGhw0H34g=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFcRjBWsLaSmb7aZdutmE3YlQQn6GFw+KePXXePPfuG1z0NYXFh7emWFn3iCRwqDrfjulldW19Y3yZmVre2d3r7p/8GjiVDPeYrGMdSeghkuheAsFSt5JNKdRIHk7GN9M6+0nro2I1QNOEt6L6FCJUDCK1vK7oaYsu82zq7xfrbl1dyayDF4BNSjU7Fe/uoOYpRFXyCQ1xvfcBHsZ1SiY5HmlmxqeUDamQ+5bVDTippfNVs7JiXUGJIy1fQrJzP09kdHImEkU2M6I4sgs1qbmfzU/xfCylwmVpMgVm38UppJgTKb3k4HQnKGcWKBMC7srYSNqU0CbUsWG4C2evAyPZ3XP8v15rXFdxFGGIziGU/DgAhpwB01oAYMYnuEV3hx0Xpx352PeWnKKmUP4I+fzB3A1kVc=</latexit><latexit sha1_base64="g7mxFcvAczlvXgc6YMFGhw0H34g=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFcRjBWsLaSmb7aZdutmE3YlQQn6GFw+KePXXePPfuG1z0NYXFh7emWFn3iCRwqDrfjulldW19Y3yZmVre2d3r7p/8GjiVDPeYrGMdSeghkuheAsFSt5JNKdRIHk7GN9M6+0nro2I1QNOEt6L6FCJUDCK1vK7oaYsu82zq7xfrbl1dyayDF4BNSjU7Fe/uoOYpRFXyCQ1xvfcBHsZ1SiY5HmlmxqeUDamQ+5bVDTippfNVs7JiXUGJIy1fQrJzP09kdHImEkU2M6I4sgs1qbmfzU/xfCylwmVpMgVm38UppJgTKb3k4HQnKGcWKBMC7srYSNqU0CbUsWG4C2evAyPZ3XP8v15rXFdxFGGIziGU/DgAhpwB01oAYMYnuEV3hx0Xpx352PeWnKKmUP4I+fzB3A1kVc=</latexit><latexit sha1_base64="g7mxFcvAczlvXgc6YMFGhw0H34g=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFcRjBWsLaSmb7aZdutmE3YlQQn6GFw+KePXXePPfuG1z0NYXFh7emWFn3iCRwqDrfjulldW19Y3yZmVre2d3r7p/8GjiVDPeYrGMdSeghkuheAsFSt5JNKdRIHk7GN9M6+0nro2I1QNOEt6L6FCJUDCK1vK7oaYsu82zq7xfrbl1dyayDF4BNSjU7Fe/uoOYpRFXyCQ1xvfcBHsZ1SiY5HmlmxqeUDamQ+5bVDTippfNVs7JiXUGJIy1fQrJzP09kdHImEkU2M6I4sgs1qbmfzU/xfCylwmVpMgVm38UppJgTKb3k4HQnKGcWKBMC7srYSNqU0CbUsWG4C2evAyPZ3XP8v15rXFdxFGGIziGU/DgAhpwB01oAYMYnuEV3hx0Xpx352PeWnKKmUP4I+fzB3A1kVc=</latexit><latexit sha1_base64="g7mxFcvAczlvXgc6YMFGhw0H34g=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFcRjBWsLaSmb7aZdutmE3YlQQn6GFw+KePXXePPfuG1z0NYXFh7emWFn3iCRwqDrfjulldW19Y3yZmVre2d3r7p/8GjiVDPeYrGMdSeghkuheAsFSt5JNKdRIHk7GN9M6+0nro2I1QNOEt6L6FCJUDCK1vK7oaYsu82zq7xfrbl1dyayDF4BNSjU7Fe/uoOYpRFXyCQ1xvfcBHsZ1SiY5HmlmxqeUDamQ+5bVDTippfNVs7JiXUGJIy1fQrJzP09kdHImEkU2M6I4sgs1qbmfzU/xfCylwmVpMgVm38UppJgTKb3k4HQnKGcWKBMC7srYSNqU0CbUsWG4C2evAyPZ3XP8v15rXFdxFGGIziGU/DgAhpwB01oAYMYnuEV3hx0Xpx352PeWnKKmUP4I+fzB3A1kVc=</latexit>

P<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>,
Realer Prozess

|�WII| > |�WI|
<latexit sha1_base64="4qlhd8mmU4tFy5WzJaIPLzh3hIA=">AAACGnicbZC7SgNBFIZnvcZ4i1raDAbBKuyKoJUEtTBdBHOBJITZyUkyZPbCzFkxbPY5bHwVGwtF7MTGt3GSbKFJDgx8/P85nDm/G0qh0bZ/rKXlldW19cxGdnNre2c3t7df1UGkOFR4IANVd5kGKXyooEAJ9VAB81wJNXdwPfZrD6C0CPx7HIbQ8ljPF13BGRqpnXNGtHkDEhmtteMmwiPGpVKSjOglXeAkCR21c3m7YE+KzoOTQp6kVW7nvpqdgEce+Mgl07rh2CG2YqZQcAlJthlpCBkfsB40DPrMA92KJ6cl9NgoHdoNlHk+0on6dyJmntZDzzWdHsO+nvXG4iKvEWH3ohULP4wQfD5d1I0kxYCOc6IdoYCjHBpgXAnzV8r7TDGOJs2sCcGZPXkeqqcFx/DdWb54lcaRIYfkiJwQh5yTIrklZVIhnDyRF/JG3q1n69X6sD6nrUtWOnNA/pX1/QuW76CY</latexit><latexit sha1_base64="4qlhd8mmU4tFy5WzJaIPLzh3hIA=">AAACGnicbZC7SgNBFIZnvcZ4i1raDAbBKuyKoJUEtTBdBHOBJITZyUkyZPbCzFkxbPY5bHwVGwtF7MTGt3GSbKFJDgx8/P85nDm/G0qh0bZ/rKXlldW19cxGdnNre2c3t7df1UGkOFR4IANVd5kGKXyooEAJ9VAB81wJNXdwPfZrD6C0CPx7HIbQ8ljPF13BGRqpnXNGtHkDEhmtteMmwiPGpVKSjOglXeAkCR21c3m7YE+KzoOTQp6kVW7nvpqdgEce+Mgl07rh2CG2YqZQcAlJthlpCBkfsB40DPrMA92KJ6cl9NgoHdoNlHk+0on6dyJmntZDzzWdHsO+nvXG4iKvEWH3ohULP4wQfD5d1I0kxYCOc6IdoYCjHBpgXAnzV8r7TDGOJs2sCcGZPXkeqqcFx/DdWb54lcaRIYfkiJwQh5yTIrklZVIhnDyRF/JG3q1n69X6sD6nrUtWOnNA/pX1/QuW76CY</latexit><latexit sha1_base64="4qlhd8mmU4tFy5WzJaIPLzh3hIA=">AAACGnicbZC7SgNBFIZnvcZ4i1raDAbBKuyKoJUEtTBdBHOBJITZyUkyZPbCzFkxbPY5bHwVGwtF7MTGt3GSbKFJDgx8/P85nDm/G0qh0bZ/rKXlldW19cxGdnNre2c3t7df1UGkOFR4IANVd5kGKXyooEAJ9VAB81wJNXdwPfZrD6C0CPx7HIbQ8ljPF13BGRqpnXNGtHkDEhmtteMmwiPGpVKSjOglXeAkCR21c3m7YE+KzoOTQp6kVW7nvpqdgEce+Mgl07rh2CG2YqZQcAlJthlpCBkfsB40DPrMA92KJ6cl9NgoHdoNlHk+0on6dyJmntZDzzWdHsO+nvXG4iKvEWH3ohULP4wQfD5d1I0kxYCOc6IdoYCjHBpgXAnzV8r7TDGOJs2sCcGZPXkeqqcFx/DdWb54lcaRIYfkiJwQh5yTIrklZVIhnDyRF/JG3q1n69X6sD6nrUtWOnNA/pX1/QuW76CY</latexit><latexit sha1_base64="4qlhd8mmU4tFy5WzJaIPLzh3hIA=">AAACGnicbZC7SgNBFIZnvcZ4i1raDAbBKuyKoJUEtTBdBHOBJITZyUkyZPbCzFkxbPY5bHwVGwtF7MTGt3GSbKFJDgx8/P85nDm/G0qh0bZ/rKXlldW19cxGdnNre2c3t7df1UGkOFR4IANVd5kGKXyooEAJ9VAB81wJNXdwPfZrD6C0CPx7HIbQ8ljPF13BGRqpnXNGtHkDEhmtteMmwiPGpVKSjOglXeAkCR21c3m7YE+KzoOTQp6kVW7nvpqdgEce+Mgl07rh2CG2YqZQcAlJthlpCBkfsB40DPrMA92KJ6cl9NgoHdoNlHk+0on6dyJmntZDzzWdHsO+nvXG4iKvEWH3ohULP4wQfD5d1I0kxYCOc6IdoYCjHBpgXAnzV8r7TDGOJs2sCcGZPXkeqqcFx/DdWb54lcaRIYfkiJwQh5yTIrklZVIhnDyRF/JG3q1n69X6sD6nrUtWOnNA/pX1/QuW76CY</latexit>

II
<latexit sha1_base64="vQIOR1WceuYKKH9l77B+y8s9bao=">AAAB8HicbZBNS8NAEIY3ftb6VfXoJVgETyURQY9FL/ZWwX5IG8pmO2mX7m7C7kQsob/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5gIbtDzvp2V1bX1jc3CVnF7Z3dvv3Rw2DRxqhk0WCxi3Q6pAcEVNJCjgHaigcpQQCsc3UzrrUfQhsfqHscJBJIOFI84o2ithy7CE2a12qRXKnsVbyZ3GfwcyiRXvVf66vZjlkpQyAQ1puN7CQYZ1ciZgEmxmxpIKBvRAXQsKirBBNls4Yl7ap2+G8XaPoXuzP09kVFpzFiGtlNSHJrF2tT8r9ZJMboKMq6SFEGx+UdRKlyM3en1bp9rYCjGFijT3O7qsiHVlKHNqGhD8BdPXobmecW3fHdRrl7ncRTIMTkhZ8Qnl6RKbkmdNAgjkjyTV/LmaOfFeXc+5q0rTj5zRP7I+fwB9heQfw==</latexit><latexit sha1_base64="vQIOR1WceuYKKH9l77B+y8s9bao=">AAAB8HicbZBNS8NAEIY3ftb6VfXoJVgETyURQY9FL/ZWwX5IG8pmO2mX7m7C7kQsob/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5gIbtDzvp2V1bX1jc3CVnF7Z3dvv3Rw2DRxqhk0WCxi3Q6pAcEVNJCjgHaigcpQQCsc3UzrrUfQhsfqHscJBJIOFI84o2ithy7CE2a12qRXKnsVbyZ3GfwcyiRXvVf66vZjlkpQyAQ1puN7CQYZ1ciZgEmxmxpIKBvRAXQsKirBBNls4Yl7ap2+G8XaPoXuzP09kVFpzFiGtlNSHJrF2tT8r9ZJMboKMq6SFEGx+UdRKlyM3en1bp9rYCjGFijT3O7qsiHVlKHNqGhD8BdPXobmecW3fHdRrl7ncRTIMTkhZ8Qnl6RKbkmdNAgjkjyTV/LmaOfFeXc+5q0rTj5zRP7I+fwB9heQfw==</latexit><latexit sha1_base64="vQIOR1WceuYKKH9l77B+y8s9bao=">AAAB8HicbZBNS8NAEIY3ftb6VfXoJVgETyURQY9FL/ZWwX5IG8pmO2mX7m7C7kQsob/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5gIbtDzvp2V1bX1jc3CVnF7Z3dvv3Rw2DRxqhk0WCxi3Q6pAcEVNJCjgHaigcpQQCsc3UzrrUfQhsfqHscJBJIOFI84o2ithy7CE2a12qRXKnsVbyZ3GfwcyiRXvVf66vZjlkpQyAQ1puN7CQYZ1ciZgEmxmxpIKBvRAXQsKirBBNls4Yl7ap2+G8XaPoXuzP09kVFpzFiGtlNSHJrF2tT8r9ZJMboKMq6SFEGx+UdRKlyM3en1bp9rYCjGFijT3O7qsiHVlKHNqGhD8BdPXobmecW3fHdRrl7ncRTIMTkhZ8Qnl6RKbkmdNAgjkjyTV/LmaOfFeXc+5q0rTj5zRP7I+fwB9heQfw==</latexit><latexit sha1_base64="vQIOR1WceuYKKH9l77B+y8s9bao=">AAAB8HicbZBNS8NAEIY3ftb6VfXoJVgETyURQY9FL/ZWwX5IG8pmO2mX7m7C7kQsob/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5gIbtDzvp2V1bX1jc3CVnF7Z3dvv3Rw2DRxqhk0WCxi3Q6pAcEVNJCjgHaigcpQQCsc3UzrrUfQhsfqHscJBJIOFI84o2ithy7CE2a12qRXKnsVbyZ3GfwcyiRXvVf66vZjlkpQyAQ1puN7CQYZ1ciZgEmxmxpIKBvRAXQsKirBBNls4Yl7ap2+G8XaPoXuzP09kVFpzFiGtlNSHJrF2tT8r9ZJMboKMq6SFEGx+UdRKlyM3en1bp9rYCjGFijT3O7qsiHVlKHNqGhD8BdPXobmecW3fHdRrl7ncRTIMTkhZ8Qnl6RKbkmdNAgjkjyTV/LmaOfFeXc+5q0rTj5zRP7I+fwB9heQfw==</latexit>

I
<latexit sha1_base64="lsEoJbJohslQpl0CzIMgkX3qCa8=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KK3CvYD2lA22027dLOJuxOxhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGniVDPeYLGMdTughkuheAMFSt5ONKdRIHkrGF1P661Hro2I1T2OE+5HdKBEKBhFa7W7yJ8wu530yhW36s5ElsHLoQK56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LCoaceNns30n5MQ6fRLG2j6FZOb+nshoZMw4CmxnRHFoFmtT879aJ8Xw0s+ESlLkis0/ClNJMCbT40lfaM5Qji1QpoXdlbAh1ZShjahkQ/AWT16G5lnVs3x3Xqld5XEU4QiO4RQ8uIAa3EAdGsBAwjO8wpvz4Lw4787HvLXg5DOH8EfO5w9fU5As</latexit><latexit sha1_base64="lsEoJbJohslQpl0CzIMgkX3qCa8=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KK3CvYD2lA22027dLOJuxOxhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGniVDPeYLGMdTughkuheAMFSt5ONKdRIHkrGF1P661Hro2I1T2OE+5HdKBEKBhFa7W7yJ8wu530yhW36s5ElsHLoQK56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LCoaceNns30n5MQ6fRLG2j6FZOb+nshoZMw4CmxnRHFoFmtT879aJ8Xw0s+ESlLkis0/ClNJMCbT40lfaM5Qji1QpoXdlbAh1ZShjahkQ/AWT16G5lnVs3x3Xqld5XEU4QiO4RQ8uIAa3EAdGsBAwjO8wpvz4Lw4787HvLXg5DOH8EfO5w9fU5As</latexit><latexit sha1_base64="lsEoJbJohslQpl0CzIMgkX3qCa8=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KK3CvYD2lA22027dLOJuxOxhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGniVDPeYLGMdTughkuheAMFSt5ONKdRIHkrGF1P661Hro2I1T2OE+5HdKBEKBhFa7W7yJ8wu530yhW36s5ElsHLoQK56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LCoaceNns30n5MQ6fRLG2j6FZOb+nshoZMw4CmxnRHFoFmtT879aJ8Xw0s+ESlLkis0/ClNJMCbT40lfaM5Qji1QpoXdlbAh1ZShjahkQ/AWT16G5lnVs3x3Xqld5XEU4QiO4RQ8uIAa3EAdGsBAwjO8wpvz4Lw4787HvLXg5DOH8EfO5w9fU5As</latexit><latexit sha1_base64="lsEoJbJohslQpl0CzIMgkX3qCa8=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KK3CvYD2lA22027dLOJuxOxhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGniVDPeYLGMdTughkuheAMFSt5ONKdRIHkrGF1P661Hro2I1T2OE+5HdKBEKBhFa7W7yJ8wu530yhW36s5ElsHLoQK56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LCoaceNns30n5MQ6fRLG2j6FZOb+nshoZMw4CmxnRHFoFmtT879aJ8Xw0s+ESlLkis0/ClNJMCbT40lfaM5Qji1QpoXdlbAh1ZShjahkQ/AWT16G5lnVs3x3Xqld5XEU4QiO4RQ8uIAa3EAdGsBAwjO8wpvz4Lw4787HvLXg5DOH8EfO5w9fU5As</latexit>

Idealer Prozess
P (V ) =

F

A<latexit sha1_base64="7WAhmJX3cMKL8Wx3goFneCbVhN0=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFqJuSiKAboSqIywr2Am0ok+mkHTqZhJmJWEJexY0LRdz6Iu58G6dtFtr6w8DHf87hnPn9mDOlHefbKqysrq1vFDdLW9s7u3v2frmlokQS2iQRj2THx4pyJmhTM81pJ5YUhz6nbX98M623H6lULBIPehJTL8RDwQJGsDZW3y43qq0TdIl6gcQkvc3Sq6xvV5yaMxNaBjeHCuRq9O2v3iAiSUiFJhwr1XWdWHsplpoRTrNSL1E0xmSMh7RrUOCQKi+d3Z6hY+MMUBBJ84RGM/f3RIpDpSahbzpDrEdqsTY1/6t1Ex1ceCkTcaKpIPNFQcKRjtA0CDRgkhLNJwYwkczcisgImxS0iatkQnAXv7wMrdOaa/j+rFK/zuMowiEcQRVcOIc63EEDmkDgCZ7hFd6szHqx3q2PeWvBymcO4I+szx80OZNC</latexit><latexit sha1_base64="7WAhmJX3cMKL8Wx3goFneCbVhN0=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFqJuSiKAboSqIywr2Am0ok+mkHTqZhJmJWEJexY0LRdz6Iu58G6dtFtr6w8DHf87hnPn9mDOlHefbKqysrq1vFDdLW9s7u3v2frmlokQS2iQRj2THx4pyJmhTM81pJ5YUhz6nbX98M623H6lULBIPehJTL8RDwQJGsDZW3y43qq0TdIl6gcQkvc3Sq6xvV5yaMxNaBjeHCuRq9O2v3iAiSUiFJhwr1XWdWHsplpoRTrNSL1E0xmSMh7RrUOCQKi+d3Z6hY+MMUBBJ84RGM/f3RIpDpSahbzpDrEdqsTY1/6t1Ex1ceCkTcaKpIPNFQcKRjtA0CDRgkhLNJwYwkczcisgImxS0iatkQnAXv7wMrdOaa/j+rFK/zuMowiEcQRVcOIc63EEDmkDgCZ7hFd6szHqx3q2PeWvBymcO4I+szx80OZNC</latexit><latexit sha1_base64="7WAhmJX3cMKL8Wx3goFneCbVhN0=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFqJuSiKAboSqIywr2Am0ok+mkHTqZhJmJWEJexY0LRdz6Iu58G6dtFtr6w8DHf87hnPn9mDOlHefbKqysrq1vFDdLW9s7u3v2frmlokQS2iQRj2THx4pyJmhTM81pJ5YUhz6nbX98M623H6lULBIPehJTL8RDwQJGsDZW3y43qq0TdIl6gcQkvc3Sq6xvV5yaMxNaBjeHCuRq9O2v3iAiSUiFJhwr1XWdWHsplpoRTrNSL1E0xmSMh7RrUOCQKi+d3Z6hY+MMUBBJ84RGM/f3RIpDpSahbzpDrEdqsTY1/6t1Ex1ceCkTcaKpIPNFQcKRjtA0CDRgkhLNJwYwkczcisgImxS0iatkQnAXv7wMrdOaa/j+rFK/zuMowiEcQRVcOIc63EEDmkDgCZ7hFd6szHqx3q2PeWvBymcO4I+szx80OZNC</latexit><latexit sha1_base64="7WAhmJX3cMKL8Wx3goFneCbVhN0=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFqJuSiKAboSqIywr2Am0ok+mkHTqZhJmJWEJexY0LRdz6Iu58G6dtFtr6w8DHf87hnPn9mDOlHefbKqysrq1vFDdLW9s7u3v2frmlokQS2iQRj2THx4pyJmhTM81pJ5YUhz6nbX98M623H6lULBIPehJTL8RDwQJGsDZW3y43qq0TdIl6gcQkvc3Sq6xvV5yaMxNaBjeHCuRq9O2v3iAiSUiFJhwr1XWdWHsplpoRTrNSL1E0xmSMh7RrUOCQKi+d3Z6hY+MMUBBJ84RGM/f3RIpDpSahbzpDrEdqsTY1/6t1Ex1ceCkTcaKpIPNFQcKRjtA0CDRgkhLNJwYwkczcisgImxS0iatkQnAXv7wMrdOaa/j+rFK/zuMowiEcQRVcOIc63EEDmkDgCZ7hFd6szHqx3q2PeWvBymcO4I+szx80OZNC</latexit>

Nur im Grenzfall unendlich langsamer Prozessführung fallen die Kurven I und II
mit P(V ) exakt zusammen.
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2. DAS IDEALE GAS

Wie kann man den Zufluss von Wärme reversibel durchführen?

2. HS: Thermodynamisches Gleichgewicht verlangt T = const.

⇒ dT = 0 ⇒ ∆Q = ∆Qrev . (4)

In einem realen Prozess fließt Wärme in endlicher Zeit nur, wenn ein
Temperaturgradient existiert. Auch hier wird die Reversibilität nur durch
unendlich langsame Prozessführung erreicht.

Schlussfolgerung: Reversible Prozesse sind nur näherungsweise realisierbar.
Sie sind ein theoretisches Konzept.
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2. DAS IDEALE GAS

Verständnisfragen: (Diskutieren Sie mit ihrem Sitznachbarn)

Was ist der Unterschied zwischen adiabatischer, isobarer und isothermer
Expansion eines idealen Gases? Zeichnen sie die entsprechenden
P-V -Diagramme

Zyklischer Prozess mit T = konst.

Skizzieren sie das P-V -Diagramm. Was ist die Gesamtbilanz der
Volumenarbeit pro Zyklus? Wie muss die Volumenarbeit kompensiert
werden, damit sich die innere Energie nicht ändert?

Das Experiment von Joule

Erklären sie den Aufbau und Anfangszustand. Welcher Endzustand stellt
sich ein? (Diskutieren Sie was bei verschiedenen Zeiten mit P, V und T
passiert)
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