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4. TRANSPORTVORGÄNGE

Kontinuitätsgleichung ∂tρ+ div~j = 0: partielle Differentialgleichung,
welche zu einer Erhaltungsgröße gehört

ρ: Konzentration,~j : Gesamtflussdichte

Wärmeleitung: ∇T − c̃
κ∂tT = 0 mit c̃ der Wärmekapazität pro Volumen

und κ Wärmeleitfähigkeit

⇒ Stationäre (∂tT = 0) Lösung in einem Stab zwischen zwei
Reservoiren: ∂2

x T = 0, T (x) linear

1. Ficksche Gesetz und Diffusion:~j = −D grad ρ mit D dem
Diffusionskoeffizienten

2. Ficksche Gesetz oder Diffusionsgleichung: Kombination des 1.
Gesetzes und der Kontinuitätsgleichung⇒ ∆ρ− 1

D∂tρ = 0

Brownsche Bewegung in der Atmosphäre:~jG +~jD = 0
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK
5.1 Die statistische Definition der Entropie

Betrachten ein Gas in einem abgeschlossenen Volumen:
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<latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit>

..
.

<latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit> <latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit> <latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit> <latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit>

..
.

<latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit> <latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit> <latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit> <latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit>

Z1
<latexit sha1_base64="OYCw4iBqun8Z7MFiP2aCa2ag59E=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1j3+uXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP93vjYI=</latexit><latexit sha1_base64="OYCw4iBqun8Z7MFiP2aCa2ag59E=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1j3+uXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP93vjYI=</latexit><latexit sha1_base64="OYCw4iBqun8Z7MFiP2aCa2ag59E=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1j3+uXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP93vjYI=</latexit><latexit sha1_base64="OYCw4iBqun8Z7MFiP2aCa2ag59E=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1j3+uXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP93vjYI=</latexit>

Z2
<latexit sha1_base64="wVhVQjRtaLBeUcfJx6yPWBsUHn0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDfc42D</latexit><latexit sha1_base64="wVhVQjRtaLBeUcfJx6yPWBsUHn0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDfc42D</latexit><latexit sha1_base64="wVhVQjRtaLBeUcfJx6yPWBsUHn0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDfc42D</latexit><latexit sha1_base64="wVhVQjRtaLBeUcfJx6yPWBsUHn0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDfc42D</latexit>

Z3
<latexit sha1_base64="+pC0gAzhyccTQZJZGapYV/LRuA4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvfNeueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDg942E</latexit><latexit sha1_base64="+pC0gAzhyccTQZJZGapYV/LRuA4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvfNeueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDg942E</latexit><latexit sha1_base64="+pC0gAzhyccTQZJZGapYV/LRuA4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvfNeueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDg942E</latexit><latexit sha1_base64="+pC0gAzhyccTQZJZGapYV/LRuA4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvfNeueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDg942E</latexit>

Das Volumen sei in n
gleichgroße Zellen
Z1,Z2, . . . ,Zn unterteilt

Das Gas besteht aus N
Teilchen, zufällig verteilt auf die
n Zellen

→ Wie groß ist die Zahl der
MöglichkeitenW genau N1

Teilchen in Z1, N2 Teilchen in
Z2, . . . , und Nn in Zn zu finden?

Thermodynamik und Theorie der Wärme Vorlesung #5 - Prof. Dr. Florian U. Bernlochner November 21, 2018 4/37



5. PHÄNOMENOLOGISCHE THERMODYNAMIK

Lösung: W(N1,N2, . . . ,Nn) =
N!

N1!N2! . . .Nn!

Herleitung: Z.B. per Induktion

1 2 12

Z1
<latexit sha1_base64="OYCw4iBqun8Z7MFiP2aCa2ag59E=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1j3+uXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP93vjYI=</latexit><latexit sha1_base64="OYCw4iBqun8Z7MFiP2aCa2ag59E=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1j3+uXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP93vjYI=</latexit><latexit sha1_base64="OYCw4iBqun8Z7MFiP2aCa2ag59E=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1j3+uXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP93vjYI=</latexit><latexit sha1_base64="OYCw4iBqun8Z7MFiP2aCa2ag59E=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1j3+uXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP93vjYI=</latexit>

Z2
<latexit sha1_base64="wVhVQjRtaLBeUcfJx6yPWBsUHn0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDfc42D</latexit><latexit sha1_base64="wVhVQjRtaLBeUcfJx6yPWBsUHn0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDfc42D</latexit><latexit sha1_base64="wVhVQjRtaLBeUcfJx6yPWBsUHn0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDfc42D</latexit><latexit sha1_base64="wVhVQjRtaLBeUcfJx6yPWBsUHn0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDfc42D</latexit>

Z3
<latexit sha1_base64="+pC0gAzhyccTQZJZGapYV/LRuA4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvfNeueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDg942E</latexit><latexit sha1_base64="+pC0gAzhyccTQZJZGapYV/LRuA4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvfNeueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDg942E</latexit><latexit sha1_base64="+pC0gAzhyccTQZJZGapYV/LRuA4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvfNeueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDg942E</latexit><latexit sha1_base64="+pC0gAzhyccTQZJZGapYV/LRuA4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvfNeueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDg942E</latexit>

Z4
<latexit sha1_base64="IMjWY3rosh5Bvh0aPgLF6P8CCG0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKeix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQuqh6lu9qlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDie42F</latexit><latexit sha1_base64="IMjWY3rosh5Bvh0aPgLF6P8CCG0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKeix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQuqh6lu9qlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDie42F</latexit><latexit sha1_base64="IMjWY3rosh5Bvh0aPgLF6P8CCG0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKeix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQuqh6lu9qlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDie42F</latexit><latexit sha1_base64="IMjWY3rosh5Bvh0aPgLF6P8CCG0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKeix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQuqh6lu9qlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDie42F</latexit>

Z5
<latexit sha1_base64="JpYBrEgv52KuX0xHVTJfjbkxsMs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvYteueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDj/42G</latexit><latexit sha1_base64="JpYBrEgv52KuX0xHVTJfjbkxsMs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvYteueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDj/42G</latexit><latexit sha1_base64="JpYBrEgv52KuX0xHVTJfjbkxsMs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvYteueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDj/42G</latexit><latexit sha1_base64="JpYBrEgv52KuX0xHVTJfjbkxsMs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvYteueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDj/42G</latexit>

Z6
<latexit sha1_base64="H0PrvQgEoMXYnzIvUf98SACxN+0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvYteueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDlg42H</latexit><latexit sha1_base64="H0PrvQgEoMXYnzIvUf98SACxN+0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvYteueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDlg42H</latexit><latexit sha1_base64="H0PrvQgEoMXYnzIvUf98SACxN+0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvYteueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDlg42H</latexit><latexit sha1_base64="H0PrvQgEoMXYnzIvUf98SACxN+0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvYteueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDlg42H</latexit>

6 Zellen, jeweils 1 Molekül in Z1 und Z2

⇒ Wieviele Möglichkeiten gibt es, diese Anordnung

zu realisieren mit N = 2 Molekülen?

2 Möglichkeiten:

1 2 12
bzw. 2!

1!1!0!0!0!0! = 2
1
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK

Z1
<latexit sha1_base64="OYCw4iBqun8Z7MFiP2aCa2ag59E=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1j3+uXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP93vjYI=</latexit><latexit sha1_base64="OYCw4iBqun8Z7MFiP2aCa2ag59E=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1j3+uXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP93vjYI=</latexit><latexit sha1_base64="OYCw4iBqun8Z7MFiP2aCa2ag59E=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1j3+uXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP93vjYI=</latexit><latexit sha1_base64="OYCw4iBqun8Z7MFiP2aCa2ag59E=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1j3+uXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP93vjYI=</latexit>

Z2
<latexit sha1_base64="wVhVQjRtaLBeUcfJx6yPWBsUHn0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDfc42D</latexit><latexit sha1_base64="wVhVQjRtaLBeUcfJx6yPWBsUHn0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDfc42D</latexit><latexit sha1_base64="wVhVQjRtaLBeUcfJx6yPWBsUHn0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDfc42D</latexit><latexit sha1_base64="wVhVQjRtaLBeUcfJx6yPWBsUHn0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDfc42D</latexit>

Z3
<latexit sha1_base64="+pC0gAzhyccTQZJZGapYV/LRuA4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvfNeueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDg942E</latexit><latexit sha1_base64="+pC0gAzhyccTQZJZGapYV/LRuA4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvfNeueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDg942E</latexit><latexit sha1_base64="+pC0gAzhyccTQZJZGapYV/LRuA4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvfNeueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDg942E</latexit><latexit sha1_base64="+pC0gAzhyccTQZJZGapYV/LRuA4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvfNeueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDg942E</latexit>

Z4
<latexit sha1_base64="IMjWY3rosh5Bvh0aPgLF6P8CCG0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKeix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQuqh6lu9qlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDie42F</latexit><latexit sha1_base64="IMjWY3rosh5Bvh0aPgLF6P8CCG0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKeix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQuqh6lu9qlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDie42F</latexit><latexit sha1_base64="IMjWY3rosh5Bvh0aPgLF6P8CCG0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKeix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQuqh6lu9qlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDie42F</latexit><latexit sha1_base64="IMjWY3rosh5Bvh0aPgLF6P8CCG0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKeix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQuqh6lu9qlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDie42F</latexit>

Z5
<latexit sha1_base64="JpYBrEgv52KuX0xHVTJfjbkxsMs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvYteueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDj/42G</latexit><latexit sha1_base64="JpYBrEgv52KuX0xHVTJfjbkxsMs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvYteueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDj/42G</latexit><latexit sha1_base64="JpYBrEgv52KuX0xHVTJfjbkxsMs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvYteueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDj/42G</latexit><latexit sha1_base64="JpYBrEgv52KuX0xHVTJfjbkxsMs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvYteueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDj/42G</latexit>

Z6
<latexit sha1_base64="H0PrvQgEoMXYnzIvUf98SACxN+0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvYteueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDlg42H</latexit><latexit sha1_base64="H0PrvQgEoMXYnzIvUf98SACxN+0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvYteueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDlg42H</latexit><latexit sha1_base64="H0PrvQgEoMXYnzIvUf98SACxN+0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvYteueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDlg42H</latexit><latexit sha1_base64="H0PrvQgEoMXYnzIvUf98SACxN+0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvYteueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDlg42H</latexit>
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6 Zellen, jeweils 1 Molekül in Z1, Z2, Z4

6 Möglichkeiten: bzw. 3!
1!1!1!0!0!0! = 6

1

Z1
<latexit sha1_base64="OYCw4iBqun8Z7MFiP2aCa2ag59E=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1j3+uXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP93vjYI=</latexit><latexit sha1_base64="OYCw4iBqun8Z7MFiP2aCa2ag59E=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1j3+uXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP93vjYI=</latexit><latexit sha1_base64="OYCw4iBqun8Z7MFiP2aCa2ag59E=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1j3+uXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP93vjYI=</latexit><latexit sha1_base64="OYCw4iBqun8Z7MFiP2aCa2ag59E=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1j3+uXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP93vjYI=</latexit>

Z2
<latexit sha1_base64="wVhVQjRtaLBeUcfJx6yPWBsUHn0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDfc42D</latexit><latexit sha1_base64="wVhVQjRtaLBeUcfJx6yPWBsUHn0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDfc42D</latexit><latexit sha1_base64="wVhVQjRtaLBeUcfJx6yPWBsUHn0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDfc42D</latexit><latexit sha1_base64="wVhVQjRtaLBeUcfJx6yPWBsUHn0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDfc42D</latexit>

Z3
<latexit sha1_base64="+pC0gAzhyccTQZJZGapYV/LRuA4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvfNeueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDg942E</latexit><latexit sha1_base64="+pC0gAzhyccTQZJZGapYV/LRuA4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvfNeueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDg942E</latexit><latexit sha1_base64="+pC0gAzhyccTQZJZGapYV/LRuA4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvfNeueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDg942E</latexit><latexit sha1_base64="+pC0gAzhyccTQZJZGapYV/LRuA4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvfNeueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDg942E</latexit>

Z4
<latexit sha1_base64="IMjWY3rosh5Bvh0aPgLF6P8CCG0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKeix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQuqh6lu9qlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDie42F</latexit><latexit sha1_base64="IMjWY3rosh5Bvh0aPgLF6P8CCG0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKeix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQuqh6lu9qlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDie42F</latexit><latexit sha1_base64="IMjWY3rosh5Bvh0aPgLF6P8CCG0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKeix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQuqh6lu9qlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDie42F</latexit><latexit sha1_base64="IMjWY3rosh5Bvh0aPgLF6P8CCG0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKeix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQuqh6lu9qlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDie42F</latexit>

Z5
<latexit sha1_base64="JpYBrEgv52KuX0xHVTJfjbkxsMs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvYteueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDj/42G</latexit><latexit sha1_base64="JpYBrEgv52KuX0xHVTJfjbkxsMs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvYteueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDj/42G</latexit><latexit sha1_base64="JpYBrEgv52KuX0xHVTJfjbkxsMs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvYteueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDj/42G</latexit><latexit sha1_base64="JpYBrEgv52KuX0xHVTJfjbkxsMs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvYteueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDj/42G</latexit>

Z6
<latexit sha1_base64="H0PrvQgEoMXYnzIvUf98SACxN+0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvYteueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDlg42H</latexit><latexit sha1_base64="H0PrvQgEoMXYnzIvUf98SACxN+0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvYteueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDlg42H</latexit><latexit sha1_base64="H0PrvQgEoMXYnzIvUf98SACxN+0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvYteueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDlg42H</latexit><latexit sha1_base64="H0PrvQgEoMXYnzIvUf98SACxN+0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvYteueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDlg42H</latexit>

1 2

3

2 1

3

2 3

1

3 2

1

3 1

2

1 3

2
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK
Für sehr große N wird dieW extrem groß (N!→ NN−n)⇒ ln N!

Gute Näherung gilt: ln N! ≈ N ln N − N (Stirlingsche Formel)

Wir erhalten dann fürW :

lnW = −N
n∑

i=1

Pi ln Pi mit Pi =
Ni

N

Herleitung:

lnW ≈ N ln N −
n∑

i=1

Ni ln Ni = N ln N − N
n∑

i=1

Pi ln (Pi N) mit Pi =
Ni

N

= N ln N −
n∑

i=1

Ni ln N − N
n∑

i=1

Pi ln Pi = −N
n∑

i=1

Pi ln Pi mit N =
n∑

i=1

Ni
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK

Beispiel: 2 Zellen, N Moleküle

A, VA
<latexit sha1_base64="HX882nTV5pEp9qhBcNJ5pAxFKKA=">AAAB7XicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjBR02erGZQU7LbRDyaSZNjaTDElGKEPfwY0LRdz6Pu58G9N2Ftp6IPBx7r3k3hMmnGnjut9OYW19Y3OruF3a2d3bPygfHvlaporQFpFcqk6INeVM0JZhhtNOoiiOQ07b4fh2Vm8/UaWZFA9mktAgxkPBIkawsZbfuEB+v9EvV9yqOxdaBS+HCuRq9stfvYEkaUyFIRxr3fXcxAQZVoYRTqelXqppgskYD2nXosAx1UE233aKzqwzQJFU9gmD5u7viQzHWk/i0HbG2Iz0cm1m/lfrpia6DjImktRQQRYfRSlHRqLZ6WjAFCWGTyxgopjdFZERVpgYG1DJhuAtn7wK/mXVs3xfq9Rv8jiKcAKncA4eXEEd7qAJLSDwCM/wCm+OdF6cd+dj0Vpw8plj+CPn8wc2/I45</latexit><latexit sha1_base64="HX882nTV5pEp9qhBcNJ5pAxFKKA=">AAAB7XicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjBR02erGZQU7LbRDyaSZNjaTDElGKEPfwY0LRdz6Pu58G9N2Ftp6IPBx7r3k3hMmnGnjut9OYW19Y3OruF3a2d3bPygfHvlaporQFpFcqk6INeVM0JZhhtNOoiiOQ07b4fh2Vm8/UaWZFA9mktAgxkPBIkawsZbfuEB+v9EvV9yqOxdaBS+HCuRq9stfvYEkaUyFIRxr3fXcxAQZVoYRTqelXqppgskYD2nXosAx1UE233aKzqwzQJFU9gmD5u7viQzHWk/i0HbG2Iz0cm1m/lfrpia6DjImktRQQRYfRSlHRqLZ6WjAFCWGTyxgopjdFZERVpgYG1DJhuAtn7wK/mXVs3xfq9Rv8jiKcAKncA4eXEEd7qAJLSDwCM/wCm+OdF6cd+dj0Vpw8plj+CPn8wc2/I45</latexit><latexit sha1_base64="HX882nTV5pEp9qhBcNJ5pAxFKKA=">AAAB7XicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjBR02erGZQU7LbRDyaSZNjaTDElGKEPfwY0LRdz6Pu58G9N2Ftp6IPBx7r3k3hMmnGnjut9OYW19Y3OruF3a2d3bPygfHvlaporQFpFcqk6INeVM0JZhhtNOoiiOQ07b4fh2Vm8/UaWZFA9mktAgxkPBIkawsZbfuEB+v9EvV9yqOxdaBS+HCuRq9stfvYEkaUyFIRxr3fXcxAQZVoYRTqelXqppgskYD2nXosAx1UE233aKzqwzQJFU9gmD5u7viQzHWk/i0HbG2Iz0cm1m/lfrpia6DjImktRQQRYfRSlHRqLZ6WjAFCWGTyxgopjdFZERVpgYG1DJhuAtn7wK/mXVs3xfq9Rv8jiKcAKncA4eXEEd7qAJLSDwCM/wCm+OdF6cd+dj0Vpw8plj+CPn8wc2/I45</latexit><latexit sha1_base64="HX882nTV5pEp9qhBcNJ5pAxFKKA=">AAAB7XicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjBR02erGZQU7LbRDyaSZNjaTDElGKEPfwY0LRdz6Pu58G9N2Ftp6IPBx7r3k3hMmnGnjut9OYW19Y3OruF3a2d3bPygfHvlaporQFpFcqk6INeVM0JZhhtNOoiiOQ07b4fh2Vm8/UaWZFA9mktAgxkPBIkawsZbfuEB+v9EvV9yqOxdaBS+HCuRq9stfvYEkaUyFIRxr3fXcxAQZVoYRTqelXqppgskYD2nXosAx1UE233aKzqwzQJFU9gmD5u7viQzHWk/i0HbG2Iz0cm1m/lfrpia6DjImktRQQRYfRSlHRqLZ6WjAFCWGTyxgopjdFZERVpgYG1DJhuAtn7wK/mXVs3xfq9Rv8jiKcAKncA4eXEEd7qAJLSDwCM/wCm+OdF6cd+dj0Vpw8plj+CPn8wc2/I45</latexit>

B, VB
<latexit sha1_base64="4K4XreX7pb+eqMCdYDy1wieG/Q0=">AAAB7XicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjAi6LHXjsoKdFtqhZNJMG5tJhiQjlKHv4MaFIm59H3e+jel0Ftp6IPBx7r3k3hMmnGnjut9OaW19Y3OrvF3Z2d3bP6geHvlaporQNpFcqm6INeVM0LZhhtNuoiiOQ0474eR2Xu88UaWZFA9mmtAgxiPBIkawsZbfvED+oDmo1ty6mwutgldADQq1BtWv/lCSNKbCEI617nluYoIMK8MIp7NKP9U0wWSCR7RnUeCY6iDLt52hM+sMUSSVfcKg3P09keFY62kc2s4Ym7Fers3N/2q91EQ3QcZEkhoqyOKjKOXISDQ/HQ2ZosTwqQVMFLO7IjLGChNjA6rYELzlk1fBv6x7lu+vao1mEUcZTuAUzsGDa2jAHbSgDQQe4Rle4c2Rzovz7nwsWktOMXMMf+R8/gA6CY47</latexit><latexit sha1_base64="4K4XreX7pb+eqMCdYDy1wieG/Q0=">AAAB7XicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjAi6LHXjsoKdFtqhZNJMG5tJhiQjlKHv4MaFIm59H3e+jel0Ftp6IPBx7r3k3hMmnGnjut9OaW19Y3OrvF3Z2d3bP6geHvlaporQNpFcqm6INeVM0LZhhtNuoiiOQ0474eR2Xu88UaWZFA9mmtAgxiPBIkawsZbfvED+oDmo1ty6mwutgldADQq1BtWv/lCSNKbCEI617nluYoIMK8MIp7NKP9U0wWSCR7RnUeCY6iDLt52hM+sMUSSVfcKg3P09keFY62kc2s4Ym7Fers3N/2q91EQ3QcZEkhoqyOKjKOXISDQ/HQ2ZosTwqQVMFLO7IjLGChNjA6rYELzlk1fBv6x7lu+vao1mEUcZTuAUzsGDa2jAHbSgDQQe4Rle4c2Rzovz7nwsWktOMXMMf+R8/gA6CY47</latexit><latexit sha1_base64="4K4XreX7pb+eqMCdYDy1wieG/Q0=">AAAB7XicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjAi6LHXjsoKdFtqhZNJMG5tJhiQjlKHv4MaFIm59H3e+jel0Ftp6IPBx7r3k3hMmnGnjut9OaW19Y3OrvF3Z2d3bP6geHvlaporQNpFcqm6INeVM0LZhhtNuoiiOQ0474eR2Xu88UaWZFA9mmtAgxiPBIkawsZbfvED+oDmo1ty6mwutgldADQq1BtWv/lCSNKbCEI617nluYoIMK8MIp7NKP9U0wWSCR7RnUeCY6iDLt52hM+sMUSSVfcKg3P09keFY62kc2s4Ym7Fers3N/2q91EQ3QcZEkhoqyOKjKOXISDQ/HQ2ZosTwqQVMFLO7IjLGChNjA6rYELzlk1fBv6x7lu+vao1mEUcZTuAUzsGDa2jAHbSgDQQe4Rle4c2Rzovz7nwsWktOMXMMf+R8/gA6CY47</latexit><latexit sha1_base64="4K4XreX7pb+eqMCdYDy1wieG/Q0=">AAAB7XicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjAi6LHXjsoKdFtqhZNJMG5tJhiQjlKHv4MaFIm59H3e+jel0Ftp6IPBx7r3k3hMmnGnjut9OaW19Y3OrvF3Z2d3bP6geHvlaporQNpFcqm6INeVM0LZhhtNuoiiOQ0474eR2Xu88UaWZFA9mmtAgxiPBIkawsZbfvED+oDmo1ty6mwutgldADQq1BtWv/lCSNKbCEI617nluYoIMK8MIp7NKP9U0wWSCR7RnUeCY6iDLt52hM+sMUSSVfcKg3P09keFY62kc2s4Ym7Fers3N/2q91EQ3QcZEkhoqyOKjKOXISDQ/HQ2ZosTwqQVMFLO7IjLGChNjA6rYELzlk1fBv6x7lu+vao1mEUcZTuAUzsGDa2jAHbSgDQQe4Rle4c2Rzovz7nwsWktOMXMMf+R8/gA6CY47</latexit>

gleiche Volumina VA = VB

lnW = −N (PA ln pA + PB ln PB)

Joules-Versuch: → Alle Moleküle in A, danach entfernen wir die Trennwand

Vor dem Entfernen der Trennwand: Alle Moleküle sind in A:

PA = 1, PB = 0⇒ lnWvor = 0 → denn ln 1 = 0 und limPB→0 PB ln PB = 0
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK

Nach dem Entfernen der Trennwand:

PA ≈ 1
2 , PB ≈ 1

2 ⇒ lnWnach = −N
(

1
2 ln 1

2 + 1
2 ln 1

2

)
= N ln 2

Die Zahl der möglichen Zustände nach dem Entfernen istW = 2N größer als
vorher!

Was ist falls PA 6= 1
2 , PB 6= 1

2 , e.g. PA = 1
3 und PB = 2

3?

lnWnach = −N
(

1
3 ln 1

3 + 2
3 ln 2

3

)
= N ln

(
3

22/3

)
≈ N×0.64 < N ln 2 ≈ N×0.69

→Weniger mögliche Zustände als PA = 1
2 und PB = 1

2 !
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK

lnW/N als Funktion von PA = 1− PB:

��� ��� ��� ��� ��� ���
���

���

���

���

���

���

���

���

��= � - ��

��
�

/� PA = 1
2 , PB = 1

2 liefert die
größtmögliche Zustandszahl
und ist damit der wahrschein-
lichste Zustand.

Rückkehr aller Teilchen nach A extrem unwahrscheinlich→ Expansion
irreversibel
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK
Die GrößeW eignet sich den Gleichgewichtszustand und den Charakter
(reversible, irreversible) eines Prozesses zu bestimmen.

Neue Zustandsgröße S:

Entropie: S = kB lnW

W : ”thermodynamische” Wahrscheinlichkeit, das Gesamtsystem in
Zustand mit bestimmten Besetzungszahlen N1, N2, ... Nn in n
Unterräumen (Zi ) des Phasenraums zu finden.

→ Phasenraum = Realisierungsmöglichkeiten für ein bestimmtem thermodynamischen
Zustand mit Randbedingungen (Temperatur, etc.) existieren

Umfasst alle erlaubten Orte und erlaubte Impulse aller Teilchen
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK
Wir folgern:

Im thermodynamischen Gleichgewicht ist die Entropie maximal, bzw.

S = kB lnWmax

Neue Formulierung des 2. Hauptsatzes:

Bei Zustandsänderungen von abgeschlossenen Sys-
temen kann die Entropie nicht abnehmen, dS ≥ 0

Entropie ist eine extensive Größe → Beispiel zwei verschiedene ideale Gase A und B

im gleichen Volumen V ⇒Wges =WA · WB ⇒ Sges = kB ln(WA · WB) = kB lnWA︸ ︷︷ ︸
SA

+ kB lnWB︸ ︷︷ ︸
SB
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK
5.2 Entropie und Temperatur

Da die Entropie eine Zustandsgöße ist, können wir formal die innere Energie U
als Funktion von S schreiben: U(S,V )

⇒ dU =

(
∂U
∂S

)
V

dS +

(
∂U
∂V

)
S

dV

Im thermodynamischen Gleichgewicht: S maximal und konstant⇒ dS = 0

Aus dS = 0 folgt Reversibilität des Prozesses und wir identifizieren(
∂U
∂V

)
S

= −P aus dU = 0 = ∆Q + ∆W = ∆Q − P dV
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK

Welche Bedeutung hat
(
∂U
∂S

)
V ?

Betrachte 2 Systeme im therm. Gleichgewicht, welche gemeinsam ein abg.
System bilden:

U1, S1
<latexit sha1_base64="DEhZEXZ7a1/8BX6cFHzbdFowzEw=">AAAB73icbZDNSgMxFIVv6l+tf1WXboJFcCFlRgRdFt24rOi0hXYYMmmmDc1kxiQjlKEv4caFIm59HXe+jWk7C209EPg4915y7wlTwbVxnG9UWlldW98ob1a2tnd296r7By2dZIoyjyYiUZ2QaCa4ZJ7hRrBOqhiJQ8Ha4ehmWm8/MaV5Ih/MOGV+TAaSR5wSY62OF7hn+D5wg2rNqTsz4WVwC6hBoWZQ/er1E5rFTBoqiNZd10mNnxNlOBVsUullmqWEjsiAdS1KEjPt57N9J/jEOn0cJco+afDM/T2Rk1jrcRzazpiYoV6sTc3/at3MRFd+zmWaGSbp/KMoE9gkeHo87nPFqBFjC4QqbnfFdEgUocZGVLEhuIsnL0PrvO5avruoNa6LOMpwBMdwCi5cQgNuoQkeUBDwDK/whh7RC3pHH/PWEipmDuGP0OcPYOSO3g==</latexit><latexit sha1_base64="DEhZEXZ7a1/8BX6cFHzbdFowzEw=">AAAB73icbZDNSgMxFIVv6l+tf1WXboJFcCFlRgRdFt24rOi0hXYYMmmmDc1kxiQjlKEv4caFIm59HXe+jWk7C209EPg4915y7wlTwbVxnG9UWlldW98ob1a2tnd296r7By2dZIoyjyYiUZ2QaCa4ZJ7hRrBOqhiJQ8Ha4ehmWm8/MaV5Ih/MOGV+TAaSR5wSY62OF7hn+D5wg2rNqTsz4WVwC6hBoWZQ/er1E5rFTBoqiNZd10mNnxNlOBVsUullmqWEjsiAdS1KEjPt57N9J/jEOn0cJco+afDM/T2Rk1jrcRzazpiYoV6sTc3/at3MRFd+zmWaGSbp/KMoE9gkeHo87nPFqBFjC4QqbnfFdEgUocZGVLEhuIsnL0PrvO5avruoNa6LOMpwBMdwCi5cQgNuoQkeUBDwDK/whh7RC3pHH/PWEipmDuGP0OcPYOSO3g==</latexit><latexit sha1_base64="DEhZEXZ7a1/8BX6cFHzbdFowzEw=">AAAB73icbZDNSgMxFIVv6l+tf1WXboJFcCFlRgRdFt24rOi0hXYYMmmmDc1kxiQjlKEv4caFIm59HXe+jWk7C209EPg4915y7wlTwbVxnG9UWlldW98ob1a2tnd296r7By2dZIoyjyYiUZ2QaCa4ZJ7hRrBOqhiJQ8Ha4ehmWm8/MaV5Ih/MOGV+TAaSR5wSY62OF7hn+D5wg2rNqTsz4WVwC6hBoWZQ/er1E5rFTBoqiNZd10mNnxNlOBVsUullmqWEjsiAdS1KEjPt57N9J/jEOn0cJco+afDM/T2Rk1jrcRzazpiYoV6sTc3/at3MRFd+zmWaGSbp/KMoE9gkeHo87nPFqBFjC4QqbnfFdEgUocZGVLEhuIsnL0PrvO5avruoNa6LOMpwBMdwCi5cQgNuoQkeUBDwDK/whh7RC3pHH/PWEipmDuGP0OcPYOSO3g==</latexit><latexit sha1_base64="DEhZEXZ7a1/8BX6cFHzbdFowzEw=">AAAB73icbZDNSgMxFIVv6l+tf1WXboJFcCFlRgRdFt24rOi0hXYYMmmmDc1kxiQjlKEv4caFIm59HXe+jWk7C209EPg4915y7wlTwbVxnG9UWlldW98ob1a2tnd296r7By2dZIoyjyYiUZ2QaCa4ZJ7hRrBOqhiJQ8Ha4ehmWm8/MaV5Ih/MOGV+TAaSR5wSY62OF7hn+D5wg2rNqTsz4WVwC6hBoWZQ/er1E5rFTBoqiNZd10mNnxNlOBVsUullmqWEjsiAdS1KEjPt57N9J/jEOn0cJco+afDM/T2Rk1jrcRzazpiYoV6sTc3/at3MRFd+zmWaGSbp/KMoE9gkeHo87nPFqBFjC4QqbnfFdEgUocZGVLEhuIsnL0PrvO5avruoNa6LOMpwBMdwCi5cQgNuoQkeUBDwDK/whh7RC3pHH/PWEipmDuGP0OcPYOSO3g==</latexit>

U2, S2
<latexit sha1_base64="mmR5QMSBRSvnxnI4hcfKlLkc6W4=">AAAB73icbZDNSgMxFIXv+FvrX9Wlm2ARXEiZKYIui25cVnTaQjsMmTTThiaZMckIZehLuHGhiFtfx51vY9rOQlsPBD7OvZfce6KUM21c99tZWV1b39gsbZW3d3b39isHhy2dZIpQnyQ8UZ0Ia8qZpL5hhtNOqigWEaftaHQzrbefqNIskQ9mnNJA4IFkMSPYWKvjh/VzdB/Ww0rVrbkzoWXwCqhCoWZY+er1E5IJKg3hWOuu56YmyLEyjHA6KfcyTVNMRnhAuxYlFlQH+WzfCTq1Th/FibJPGjRzf0/kWGg9FpHtFNgM9WJtav5X62YmvgpyJtPMUEnmH8UZRyZB0+NRnylKDB9bwEQxuysiQ6wwMTaisg3BWzx5GVr1mmf57qLauC7iKMExnMAZeHAJDbiFJvhAgMMzvMKb8+i8OO/Ox7x1xSlmjuCPnM8fY/GO4A==</latexit><latexit sha1_base64="mmR5QMSBRSvnxnI4hcfKlLkc6W4=">AAAB73icbZDNSgMxFIXv+FvrX9Wlm2ARXEiZKYIui25cVnTaQjsMmTTThiaZMckIZehLuHGhiFtfx51vY9rOQlsPBD7OvZfce6KUM21c99tZWV1b39gsbZW3d3b39isHhy2dZIpQnyQ8UZ0Ia8qZpL5hhtNOqigWEaftaHQzrbefqNIskQ9mnNJA4IFkMSPYWKvjh/VzdB/Ww0rVrbkzoWXwCqhCoWZY+er1E5IJKg3hWOuu56YmyLEyjHA6KfcyTVNMRnhAuxYlFlQH+WzfCTq1Th/FibJPGjRzf0/kWGg9FpHtFNgM9WJtav5X62YmvgpyJtPMUEnmH8UZRyZB0+NRnylKDB9bwEQxuysiQ6wwMTaisg3BWzx5GVr1mmf57qLauC7iKMExnMAZeHAJDbiFJvhAgMMzvMKb8+i8OO/Ox7x1xSlmjuCPnM8fY/GO4A==</latexit><latexit sha1_base64="mmR5QMSBRSvnxnI4hcfKlLkc6W4=">AAAB73icbZDNSgMxFIXv+FvrX9Wlm2ARXEiZKYIui25cVnTaQjsMmTTThiaZMckIZehLuHGhiFtfx51vY9rOQlsPBD7OvZfce6KUM21c99tZWV1b39gsbZW3d3b39isHhy2dZIpQnyQ8UZ0Ia8qZpL5hhtNOqigWEaftaHQzrbefqNIskQ9mnNJA4IFkMSPYWKvjh/VzdB/Ww0rVrbkzoWXwCqhCoWZY+er1E5IJKg3hWOuu56YmyLEyjHA6KfcyTVNMRnhAuxYlFlQH+WzfCTq1Th/FibJPGjRzf0/kWGg9FpHtFNgM9WJtav5X62YmvgpyJtPMUEnmH8UZRyZB0+NRnylKDB9bwEQxuysiQ6wwMTaisg3BWzx5GVr1mmf57qLauC7iKMExnMAZeHAJDbiFJvhAgMMzvMKb8+i8OO/Ox7x1xSlmjuCPnM8fY/GO4A==</latexit><latexit sha1_base64="mmR5QMSBRSvnxnI4hcfKlLkc6W4=">AAAB73icbZDNSgMxFIXv+FvrX9Wlm2ARXEiZKYIui25cVnTaQjsMmTTThiaZMckIZehLuHGhiFtfx51vY9rOQlsPBD7OvZfce6KUM21c99tZWV1b39gsbZW3d3b39isHhy2dZIpQnyQ8UZ0Ia8qZpL5hhtNOqigWEaftaHQzrbefqNIskQ9mnNJA4IFkMSPYWKvjh/VzdB/Ww0rVrbkzoWXwCqhCoWZY+er1E5IJKg3hWOuu56YmyLEyjHA6KfcyTVNMRnhAuxYlFlQH+WzfCTq1Th/FibJPGjRzf0/kWGg9FpHtFNgM9WJtav5X62YmvgpyJtPMUEnmH8UZRyZB0+NRnylKDB9bwEQxuysiQ6wwMTaisg3BWzx5GVr1mmf57qLauC7iKMExnMAZeHAJDbiFJvhAgMMzvMKb8+i8OO/Ox7x1xSlmjuCPnM8fY/GO4A==</latexit>

V = const.
<latexit sha1_base64="1ll0c3B0idtYowJ6ySgXY//bp4U=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8EiuCozIuhGKLpxWcFeoB1KJs20oZlkSM6oZeyjuHGhiFufxJ1vY9rOQlt/CHz85xzOyR8mghvwvG+nsLK6tr5R3Cxtbe/s7rnl/aZRqaasQZVQuh0SwwSXrAEcBGsnmpE4FKwVjq6n9dY904YreQfjhAUxGUgecUrAWj233MSXuAvsETKqpIHqpOdWvKo3E14GP4cKylXvuV/dvqJpzCRQQYzp+F4CQUY0cCrYpNRNDUsIHZEB61iUJGYmyGanT/Cxdfo4Uto+CXjm/p7ISGzMOA5tZ0xgaBZrU/O/WieF6CLIuExSYJLOF0WpwKDwNAfc55pREGMLhGpub8V0SDShYNMq2RD8xS8vQ/O06lu+PavUrvI4iugQHaET5KNzVEM3qI4aiKIH9Ixe0Zvz5Lw4787HvLXg5DMH6I+czx+gA5OW</latexit><latexit sha1_base64="1ll0c3B0idtYowJ6ySgXY//bp4U=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8EiuCozIuhGKLpxWcFeoB1KJs20oZlkSM6oZeyjuHGhiFufxJ1vY9rOQlt/CHz85xzOyR8mghvwvG+nsLK6tr5R3Cxtbe/s7rnl/aZRqaasQZVQuh0SwwSXrAEcBGsnmpE4FKwVjq6n9dY904YreQfjhAUxGUgecUrAWj233MSXuAvsETKqpIHqpOdWvKo3E14GP4cKylXvuV/dvqJpzCRQQYzp+F4CQUY0cCrYpNRNDUsIHZEB61iUJGYmyGanT/Cxdfo4Uto+CXjm/p7ISGzMOA5tZ0xgaBZrU/O/WieF6CLIuExSYJLOF0WpwKDwNAfc55pREGMLhGpub8V0SDShYNMq2RD8xS8vQ/O06lu+PavUrvI4iugQHaET5KNzVEM3qI4aiKIH9Ixe0Zvz5Lw4787HvLXg5DMH6I+czx+gA5OW</latexit><latexit sha1_base64="1ll0c3B0idtYowJ6ySgXY//bp4U=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8EiuCozIuhGKLpxWcFeoB1KJs20oZlkSM6oZeyjuHGhiFufxJ1vY9rOQlt/CHz85xzOyR8mghvwvG+nsLK6tr5R3Cxtbe/s7rnl/aZRqaasQZVQuh0SwwSXrAEcBGsnmpE4FKwVjq6n9dY904YreQfjhAUxGUgecUrAWj233MSXuAvsETKqpIHqpOdWvKo3E14GP4cKylXvuV/dvqJpzCRQQYzp+F4CQUY0cCrYpNRNDUsIHZEB61iUJGYmyGanT/Cxdfo4Uto+CXjm/p7ISGzMOA5tZ0xgaBZrU/O/WieF6CLIuExSYJLOF0WpwKDwNAfc55pREGMLhGpub8V0SDShYNMq2RD8xS8vQ/O06lu+PavUrvI4iugQHaET5KNzVEM3qI4aiKIH9Ixe0Zvz5Lw4787HvLXg5DMH6I+czx+gA5OW</latexit><latexit sha1_base64="1ll0c3B0idtYowJ6ySgXY//bp4U=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8EiuCozIuhGKLpxWcFeoB1KJs20oZlkSM6oZeyjuHGhiFufxJ1vY9rOQlt/CHz85xzOyR8mghvwvG+nsLK6tr5R3Cxtbe/s7rnl/aZRqaasQZVQuh0SwwSXrAEcBGsnmpE4FKwVjq6n9dY904YreQfjhAUxGUgecUrAWj233MSXuAvsETKqpIHqpOdWvKo3E14GP4cKylXvuV/dvqJpzCRQQYzp+F4CQUY0cCrYpNRNDUsIHZEB61iUJGYmyGanT/Cxdfo4Uto+CXjm/p7ISGzMOA5tZ0xgaBZrU/O/WieF6CLIuExSYJLOF0WpwKDwNAfc55pREGMLhGpub8V0SDShYNMq2RD8xS8vQ/O06lu+PavUrvI4iugQHaET5KNzVEM3qI4aiKIH9Ixe0Zvz5Lw4787HvLXg5DMH6I+czx+gA5OW</latexit>

dV = 0
<latexit sha1_base64="d4I0t+cTOkzJfCiRsspMhqpA6No=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEInkoigl6EohePFewHtLFsNtt26WYTdidqCf0fXjwo4tX/4s1/47bNQVtfWHh4Z4aZfYNECoOu++0sLa+srq0XNoqbW9s7u6W9/YaJU814ncUy1q2AGi6F4nUUKHkr0ZxGgeTNYHg9qTcfuDYiVnc4Srgf0b4SPcEoWuu+g/wJs3BMGuSSuN1S2a24U5FF8HIoQ65at/TVCWOWRlwhk9SYtucm6GdUo2CSj4ud1PCEsiHt87ZFRSNu/Gx69ZgcWyckvVjbp5BM3d8TGY2MGUWB7YwoDsx8bWL+V2un2LvwM6GSFLlis0W9VBKMySQCEgrNGcqRBcq0sLcSNqCaMrRBFW0I3vyXF6FxWvEs356Vq1d5HAU4hCM4AQ/OoQo3UIM6MNDwDK/w5jw6L8678zFrXXLymQP4I+fzBzc9kaY=</latexit><latexit sha1_base64="d4I0t+cTOkzJfCiRsspMhqpA6No=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEInkoigl6EohePFewHtLFsNtt26WYTdidqCf0fXjwo4tX/4s1/47bNQVtfWHh4Z4aZfYNECoOu++0sLa+srq0XNoqbW9s7u6W9/YaJU814ncUy1q2AGi6F4nUUKHkr0ZxGgeTNYHg9qTcfuDYiVnc4Srgf0b4SPcEoWuu+g/wJs3BMGuSSuN1S2a24U5FF8HIoQ65at/TVCWOWRlwhk9SYtucm6GdUo2CSj4ud1PCEsiHt87ZFRSNu/Gx69ZgcWyckvVjbp5BM3d8TGY2MGUWB7YwoDsx8bWL+V2un2LvwM6GSFLlis0W9VBKMySQCEgrNGcqRBcq0sLcSNqCaMrRBFW0I3vyXF6FxWvEs356Vq1d5HAU4hCM4AQ/OoQo3UIM6MNDwDK/w5jw6L8678zFrXXLymQP4I+fzBzc9kaY=</latexit><latexit sha1_base64="d4I0t+cTOkzJfCiRsspMhqpA6No=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEInkoigl6EohePFewHtLFsNtt26WYTdidqCf0fXjwo4tX/4s1/47bNQVtfWHh4Z4aZfYNECoOu++0sLa+srq0XNoqbW9s7u6W9/YaJU814ncUy1q2AGi6F4nUUKHkr0ZxGgeTNYHg9qTcfuDYiVnc4Srgf0b4SPcEoWuu+g/wJs3BMGuSSuN1S2a24U5FF8HIoQ65at/TVCWOWRlwhk9SYtucm6GdUo2CSj4ud1PCEsiHt87ZFRSNu/Gx69ZgcWyckvVjbp5BM3d8TGY2MGUWB7YwoDsx8bWL+V2un2LvwM6GSFLlis0W9VBKMySQCEgrNGcqRBcq0sLcSNqCaMrRBFW0I3vyXF6FxWvEs356Vq1d5HAU4hCM4AQ/OoQo3UIM6MNDwDK/w5jw6L8678zFrXXLymQP4I+fzBzc9kaY=</latexit><latexit sha1_base64="d4I0t+cTOkzJfCiRsspMhqpA6No=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEInkoigl6EohePFewHtLFsNtt26WYTdidqCf0fXjwo4tX/4s1/47bNQVtfWHh4Z4aZfYNECoOu++0sLa+srq0XNoqbW9s7u6W9/YaJU814ncUy1q2AGi6F4nUUKHkr0ZxGgeTNYHg9qTcfuDYiVnc4Srgf0b4SPcEoWuu+g/wJs3BMGuSSuN1S2a24U5FF8HIoQ65at/TVCWOWRlwhk9SYtucm6GdUo2CSj4ud1PCEsiHt87ZFRSNu/Gx69ZgcWyckvVjbp5BM3d8TGY2MGUWB7YwoDsx8bWL+V2un2LvwM6GSFLlis0W9VBKMySQCEgrNGcqRBcq0sLcSNqCaMrRBFW0I3vyXF6FxWvEs356Vq1d5HAU4hCM4AQ/OoQo3UIM6MNDwDK/w5jw6L8678zFrXXLymQP4I+fzBzc9kaY=</latexit>

Entropie ist extensiv: ⇒ S = S1(U1) + S2(U2) ; U2 = U − U1,S = Smax

dS
dU1

= 0 =
dS1

dU1
+

dS2

dU2

dU2

dU1
=

dS1

dU1
− dS2

dU2
⇒

dS1

dU1
=

dS2

dU2
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK
D.h.

(
∂S
∂U

)
V ist in beiden Teilsystemen identisch im therm. Gleichgewicht!

Die gleiche Eigenschaft ist auch der Temperatur zu eigen.

Wir definieren die Temperatur als

1
T

=

(
∂S
∂U

)
V

bzw. T :=

(
∂U
∂S

)
V

und erhalten für U(S,V ):

dU = T dS − P dV

Dieses totale Differential beschreibt Änderungen von Zuständen im ständigen
thermischen Gleichgewicht, i.e. reversible Prozesse
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK
Vergleich mit 1. Hauptsatz für reversible Prozesse

dU = δQrev + δWrev = δQrev − P dV

ergibt

δQrev = T dS bzw. dS =
δQrev

T
(Clausius, 1865)

Für irreversible Prozesse gilt dagegen

δQ irev < T dS
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK

5.3 Die Entropie des idealen Gases

Das Differential für die Entropie lautet

dS =
dU + P dV

T

Wir können die Differentialgleichung lösen und erhalten

S(T ,V ) = N (cV ln T + kB ln V ) + S0

Ansatz: dU = CV dT = N cV dT mit cV der Wärmekapazität pro Molekül und
Integration des absoluten Differentials.
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK
Rechnung:

dS =
dU
T

+
P dV

T
= N cV

dT
T

+
P
T

dV ;
P
T

=
N kB

V

= N
(

cV
dT
T

+ kB
dV
V

)
⇒ ∆S = S − S0 =

∫ T ,V

T0,V0

dS = N
(

cV ln
T
T0

+ kB ln
V
V0

)
wobei S0 = N (cV ln T0 + kB ln V0) und wir erhalten

S(T ,V ) = N (cV ln T + kB ln V ) + S0

oder alternativ

⇒ S(T ,V ) =

∫
T ,V

dS = N (cV ln T + kB ln V ) + S0

mit S0 einer Integrationskonstante. Wir haben cV = konst. angenommen, nicht notwendig aber

einfacher.
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK

Die Integrationskonstante S0 kann von N abhängen, i.e. S = S(T ,V ,N)

Gedankenexperiment: Gas (N,V ) wird getrennte (Nj ,Vj )

N, V
<latexit sha1_base64="qkto6Q3ZGPALFpBobFvxes3AyDg=">AAAB63icbZDLSgMxFIbPeK31VnXpJlgEF1JmRNBl0Y0rqWAv0A4lk2ba0FyGJCOUoa/gxoUibn0hd76NmXYW2vpD4OM/55Bz/ijhzFjf//ZWVtfWNzZLW+Xtnd29/crBYcuoVBPaJIor3YmwoZxJ2rTMctpJNMUi4rQdjW/zevuJasOUfLSThIYCDyWLGcE2t+7PUatfqfo1fya0DEEBVSjU6Fe+egNFUkGlJRwb0w38xIYZ1pYRTqflXmpogskYD2nXocSCmjCb7TpFp84ZoFhp96RFM/f3RIaFMRMRuU6B7cgs1nLzv1o3tfF1mDGZpJZKMv8oTjmyCuWHowHTlFg+cYCJZm5XREZYY2JdPGUXQrB48jK0LmqB44fLav2miKMEx3ACZxDAFdThDhrQBAIjeIZXePOE9+K9ex/z1hWvmDmCP/I+fwAMTY2S</latexit><latexit sha1_base64="qkto6Q3ZGPALFpBobFvxes3AyDg=">AAAB63icbZDLSgMxFIbPeK31VnXpJlgEF1JmRNBl0Y0rqWAv0A4lk2ba0FyGJCOUoa/gxoUibn0hd76NmXYW2vpD4OM/55Bz/ijhzFjf//ZWVtfWNzZLW+Xtnd29/crBYcuoVBPaJIor3YmwoZxJ2rTMctpJNMUi4rQdjW/zevuJasOUfLSThIYCDyWLGcE2t+7PUatfqfo1fya0DEEBVSjU6Fe+egNFUkGlJRwb0w38xIYZ1pYRTqflXmpogskYD2nXocSCmjCb7TpFp84ZoFhp96RFM/f3RIaFMRMRuU6B7cgs1nLzv1o3tfF1mDGZpJZKMv8oTjmyCuWHowHTlFg+cYCJZm5XREZYY2JdPGUXQrB48jK0LmqB44fLav2miKMEx3ACZxDAFdThDhrQBAIjeIZXePOE9+K9ex/z1hWvmDmCP/I+fwAMTY2S</latexit><latexit sha1_base64="qkto6Q3ZGPALFpBobFvxes3AyDg=">AAAB63icbZDLSgMxFIbPeK31VnXpJlgEF1JmRNBl0Y0rqWAv0A4lk2ba0FyGJCOUoa/gxoUibn0hd76NmXYW2vpD4OM/55Bz/ijhzFjf//ZWVtfWNzZLW+Xtnd29/crBYcuoVBPaJIor3YmwoZxJ2rTMctpJNMUi4rQdjW/zevuJasOUfLSThIYCDyWLGcE2t+7PUatfqfo1fya0DEEBVSjU6Fe+egNFUkGlJRwb0w38xIYZ1pYRTqflXmpogskYD2nXocSCmjCb7TpFp84ZoFhp96RFM/f3RIaFMRMRuU6B7cgs1nLzv1o3tfF1mDGZpJZKMv8oTjmyCuWHowHTlFg+cYCJZm5XREZYY2JdPGUXQrB48jK0LmqB44fLav2miKMEx3ACZxDAFdThDhrQBAIjeIZXePOE9+K9ex/z1hWvmDmCP/I+fwAMTY2S</latexit><latexit sha1_base64="qkto6Q3ZGPALFpBobFvxes3AyDg=">AAAB63icbZDLSgMxFIbPeK31VnXpJlgEF1JmRNBl0Y0rqWAv0A4lk2ba0FyGJCOUoa/gxoUibn0hd76NmXYW2vpD4OM/55Bz/ijhzFjf//ZWVtfWNzZLW+Xtnd29/crBYcuoVBPaJIor3YmwoZxJ2rTMctpJNMUi4rQdjW/zevuJasOUfLSThIYCDyWLGcE2t+7PUatfqfo1fya0DEEBVSjU6Fe+egNFUkGlJRwb0w38xIYZ1pYRTqflXmpogskYD2nXocSCmjCb7TpFp84ZoFhp96RFM/f3RIaFMRMRuU6B7cgs1nLzv1o3tfF1mDGZpJZKMv8oTjmyCuWHowHTlFg+cYCJZm5XREZYY2JdPGUXQrB48jK0LmqB44fLav2miKMEx3ACZxDAFdThDhrQBAIjeIZXePOE9+K9ex/z1hWvmDmCP/I+fwAMTY2S</latexit>

N1, V1
<latexit sha1_base64="Vwwfo4esipLnoo/42QbacgmbU04=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPRS+epIL9gDaEzXbaLt1s4u5GKKF/wosHRbz6d7z5b9y2OWjrCwsP78ywM2+YCK6N6347hZXVtfWN4mZpa3tnd6+8f9DUcaoYNlgsYtUOqUbBJTYMNwLbiUIahQJb4ehmWm89odI8lg9mnKAf0YHkfc6osVb7LvDOSDPwgnLFrbozkWXwcqhArnpQ/ur2YpZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx6KkEWo/m+07ISfW6ZF+rOyThszc3xMZjbQeR6HtjKgZ6sXa1Pyv1klN/8rPuExSg5LNP+qngpiYTI8nPa6QGTG2QJnidlfChlRRZmxEJRuCt3jyMjTPq57l+4tK7TqPowhHcAyn4MEl1OAW6tAABgKe4RXenEfnxXl3PuatBSefOYQ/cj5/AFqpjto=</latexit><latexit sha1_base64="Vwwfo4esipLnoo/42QbacgmbU04=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPRS+epIL9gDaEzXbaLt1s4u5GKKF/wosHRbz6d7z5b9y2OWjrCwsP78ywM2+YCK6N6347hZXVtfWN4mZpa3tnd6+8f9DUcaoYNlgsYtUOqUbBJTYMNwLbiUIahQJb4ehmWm89odI8lg9mnKAf0YHkfc6osVb7LvDOSDPwgnLFrbozkWXwcqhArnpQ/ur2YpZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx6KkEWo/m+07ISfW6ZF+rOyThszc3xMZjbQeR6HtjKgZ6sXa1Pyv1klN/8rPuExSg5LNP+qngpiYTI8nPa6QGTG2QJnidlfChlRRZmxEJRuCt3jyMjTPq57l+4tK7TqPowhHcAyn4MEl1OAW6tAABgKe4RXenEfnxXl3PuatBSefOYQ/cj5/AFqpjto=</latexit><latexit sha1_base64="Vwwfo4esipLnoo/42QbacgmbU04=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPRS+epIL9gDaEzXbaLt1s4u5GKKF/wosHRbz6d7z5b9y2OWjrCwsP78ywM2+YCK6N6347hZXVtfWN4mZpa3tnd6+8f9DUcaoYNlgsYtUOqUbBJTYMNwLbiUIahQJb4ehmWm89odI8lg9mnKAf0YHkfc6osVb7LvDOSDPwgnLFrbozkWXwcqhArnpQ/ur2YpZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx6KkEWo/m+07ISfW6ZF+rOyThszc3xMZjbQeR6HtjKgZ6sXa1Pyv1klN/8rPuExSg5LNP+qngpiYTI8nPa6QGTG2QJnidlfChlRRZmxEJRuCt3jyMjTPq57l+4tK7TqPowhHcAyn4MEl1OAW6tAABgKe4RXenEfnxXl3PuatBSefOYQ/cj5/AFqpjto=</latexit><latexit sha1_base64="Vwwfo4esipLnoo/42QbacgmbU04=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPRS+epIL9gDaEzXbaLt1s4u5GKKF/wosHRbz6d7z5b9y2OWjrCwsP78ywM2+YCK6N6347hZXVtfWN4mZpa3tnd6+8f9DUcaoYNlgsYtUOqUbBJTYMNwLbiUIahQJb4ehmWm89odI8lg9mnKAf0YHkfc6osVb7LvDOSDPwgnLFrbozkWXwcqhArnpQ/ur2YpZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx6KkEWo/m+07ISfW6ZF+rOyThszc3xMZjbQeR6HtjKgZ6sXa1Pyv1klN/8rPuExSg5LNP+qngpiYTI8nPa6QGTG2QJnidlfChlRRZmxEJRuCt3jyMjTPq57l+4tK7TqPowhHcAyn4MEl1OAW6tAABgKe4RXenEfnxXl3PuatBSefOYQ/cj5/AFqpjto=</latexit>

N2, V2
<latexit sha1_base64="RWkFx8ZiR6/xt/pGvfjUeRQlWE0=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEIHqQkRdBj0YsnqWA/oA1ls920SzebuDsRSuif8OJBEa/+HW/+G7dtDtr6wsLDOzPszBskUhh03W9nZXVtfWOzsFXc3tnd2y8dHDZNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaObab31xLURsXrAccL9iA6UCAWjaK32Xa96Tpq9aq9UdivuTGQZvBzKkKveK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMeiohE3fjbbd0JOrdMnYaztU0hm7u+JjEbGjKPAdkYUh2axNjX/q3VSDK/8TKgkRa7Y/KMwlQRjMj2e9IXmDOXYAmVa2F0JG1JNGdqIijYEb/HkZWhWK57l+4ty7TqPowDHcAJn4MEl1OAW6tAABhKe4RXenEfnxXl3PuatK04+cwR/5Hz+AF22jtw=</latexit><latexit sha1_base64="RWkFx8ZiR6/xt/pGvfjUeRQlWE0=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEIHqQkRdBj0YsnqWA/oA1ls920SzebuDsRSuif8OJBEa/+HW/+G7dtDtr6wsLDOzPszBskUhh03W9nZXVtfWOzsFXc3tnd2y8dHDZNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaObab31xLURsXrAccL9iA6UCAWjaK32Xa96Tpq9aq9UdivuTGQZvBzKkKveK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMeiohE3fjbbd0JOrdMnYaztU0hm7u+JjEbGjKPAdkYUh2axNjX/q3VSDK/8TKgkRa7Y/KMwlQRjMj2e9IXmDOXYAmVa2F0JG1JNGdqIijYEb/HkZWhWK57l+4ty7TqPowDHcAJn4MEl1OAW6tAABhKe4RXenEfnxXl3PuatK04+cwR/5Hz+AF22jtw=</latexit><latexit sha1_base64="RWkFx8ZiR6/xt/pGvfjUeRQlWE0=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEIHqQkRdBj0YsnqWA/oA1ls920SzebuDsRSuif8OJBEa/+HW/+G7dtDtr6wsLDOzPszBskUhh03W9nZXVtfWOzsFXc3tnd2y8dHDZNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaObab31xLURsXrAccL9iA6UCAWjaK32Xa96Tpq9aq9UdivuTGQZvBzKkKveK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMeiohE3fjbbd0JOrdMnYaztU0hm7u+JjEbGjKPAdkYUh2axNjX/q3VSDK/8TKgkRa7Y/KMwlQRjMj2e9IXmDOXYAmVa2F0JG1JNGdqIijYEb/HkZWhWK57l+4ty7TqPowDHcAJn4MEl1OAW6tAABhKe4RXenEfnxXl3PuatK04+cwR/5Hz+AF22jtw=</latexit><latexit sha1_base64="RWkFx8ZiR6/xt/pGvfjUeRQlWE0=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEIHqQkRdBj0YsnqWA/oA1ls920SzebuDsRSuif8OJBEa/+HW/+G7dtDtr6wsLDOzPszBskUhh03W9nZXVtfWOzsFXc3tnd2y8dHDZNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaObab31xLURsXrAccL9iA6UCAWjaK32Xa96Tpq9aq9UdivuTGQZvBzKkKveK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMeiohE3fjbbd0JOrdMnYaztU0hm7u+JjEbGjKPAdkYUh2axNjX/q3VSDK/8TKgkRa7Y/KMwlQRjMj2e9IXmDOXYAmVa2F0JG1JNGdqIijYEb/HkZWhWK57l+4ty7TqPowDHcAJn4MEl1OAW6tAABhKe4RXenEfnxXl3PuatK04+cwR/5Hz+AF22jtw=</latexit>

reversibel!

Trennwand

Einschieben und Entfernen der Trennwand ist reversibel (i.e. es wird keine
Arbeit am Gas geleistet).

⇒ Keine Änderung der Gesamtentropie S und S = S1 + S2
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK

Für die Entropie der Einzelsysteme (j = 1, 2) erhält man

Sj = Nj (cV ln T + kB ln Vj − kB ln Nj + µ) (Ohne Herleitung)

mit j = 1, 2 und µ dem chemischen Potential.

Wir erhalten

S1 + S2 = N
(

cV ln T + kB ln
V
N

+ µ

)
= S

und der Vergleich mit S(T ,V ) ergibt S0 = −N kB ln N + N µ bzw.

S(T ,V ,N) = N (cV ln T + kB ln V − kB ln N + µ) .

Thermodynamik und Theorie der Wärme Vorlesung #5 - Prof. Dr. Florian U. Bernlochner November 21, 2018 20/37



5. PHÄNOMENOLOGISCHE THERMODYNAMIK

Was ist die Bedeutung des chemischen Potentials µ?

S(T ,V ,N) = N (cV ln T + kB ln V − kB ln N + µ) .

⇒ Beschreibt Vorgänge, bei denen Moleküle aus
dem Gas ausscheiden oder zunehmen (z.B. Kon-
densation, chem. Reaktion)

Beispiele für S(T ,V ): Joules-Versuch

B, VB
<latexit sha1_base64="4K4XreX7pb+eqMCdYDy1wieG/Q0=">AAAB7XicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjAi6LHXjsoKdFtqhZNJMG5tJhiQjlKHv4MaFIm59H3e+jel0Ftp6IPBx7r3k3hMmnGnjut9OaW19Y3OrvF3Z2d3bP6geHvlaporQNpFcqm6INeVM0LZhhtNuoiiOQ0474eR2Xu88UaWZFA9mmtAgxiPBIkawsZbfvED+oDmo1ty6mwutgldADQq1BtWv/lCSNKbCEI617nluYoIMK8MIp7NKP9U0wWSCR7RnUeCY6iDLt52hM+sMUSSVfcKg3P09keFY62kc2s4Ym7Fers3N/2q91EQ3QcZEkhoqyOKjKOXISDQ/HQ2ZosTwqQVMFLO7IjLGChNjA6rYELzlk1fBv6x7lu+vao1mEUcZTuAUzsGDa2jAHbSgDQQe4Rle4c2Rzovz7nwsWktOMXMMf+R8/gA6CY47</latexit><latexit sha1_base64="4K4XreX7pb+eqMCdYDy1wieG/Q0=">AAAB7XicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjAi6LHXjsoKdFtqhZNJMG5tJhiQjlKHv4MaFIm59H3e+jel0Ftp6IPBx7r3k3hMmnGnjut9OaW19Y3OrvF3Z2d3bP6geHvlaporQNpFcqm6INeVM0LZhhtNuoiiOQ0474eR2Xu88UaWZFA9mmtAgxiPBIkawsZbfvED+oDmo1ty6mwutgldADQq1BtWv/lCSNKbCEI617nluYoIMK8MIp7NKP9U0wWSCR7RnUeCY6iDLt52hM+sMUSSVfcKg3P09keFY62kc2s4Ym7Fers3N/2q91EQ3QcZEkhoqyOKjKOXISDQ/HQ2ZosTwqQVMFLO7IjLGChNjA6rYELzlk1fBv6x7lu+vao1mEUcZTuAUzsGDa2jAHbSgDQQe4Rle4c2Rzovz7nwsWktOMXMMf+R8/gA6CY47</latexit><latexit sha1_base64="4K4XreX7pb+eqMCdYDy1wieG/Q0=">AAAB7XicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjAi6LHXjsoKdFtqhZNJMG5tJhiQjlKHv4MaFIm59H3e+jel0Ftp6IPBx7r3k3hMmnGnjut9OaW19Y3OrvF3Z2d3bP6geHvlaporQNpFcqm6INeVM0LZhhtNuoiiOQ0474eR2Xu88UaWZFA9mmtAgxiPBIkawsZbfvED+oDmo1ty6mwutgldADQq1BtWv/lCSNKbCEI617nluYoIMK8MIp7NKP9U0wWSCR7RnUeCY6iDLt52hM+sMUSSVfcKg3P09keFY62kc2s4Ym7Fers3N/2q91EQ3QcZEkhoqyOKjKOXISDQ/HQ2ZosTwqQVMFLO7IjLGChNjA6rYELzlk1fBv6x7lu+vao1mEUcZTuAUzsGDa2jAHbSgDQQe4Rle4c2Rzovz7nwsWktOMXMMf+R8/gA6CY47</latexit><latexit sha1_base64="4K4XreX7pb+eqMCdYDy1wieG/Q0=">AAAB7XicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjAi6LHXjsoKdFtqhZNJMG5tJhiQjlKHv4MaFIm59H3e+jel0Ftp6IPBx7r3k3hMmnGnjut9OaW19Y3OrvF3Z2d3bP6geHvlaporQNpFcqm6INeVM0LZhhtNuoiiOQ0474eR2Xu88UaWZFA9mmtAgxiPBIkawsZbfvED+oDmo1ty6mwutgldADQq1BtWv/lCSNKbCEI617nluYoIMK8MIp7NKP9U0wWSCR7RnUeCY6iDLt52hM+sMUSSVfcKg3P09keFY62kc2s4Ym7Fers3N/2q91EQ3QcZEkhoqyOKjKOXISDQ/HQ2ZosTwqQVMFLO7IjLGChNjA6rYELzlk1fBv6x7lu+vao1mEUcZTuAUzsGDa2jAHbSgDQQe4Rle4c2Rzovz7nwsWktOMXMMf+R8/gA6CY47</latexit>

A, VA
<latexit sha1_base64="HX882nTV5pEp9qhBcNJ5pAxFKKA=">AAAB7XicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjBR02erGZQU7LbRDyaSZNjaTDElGKEPfwY0LRdz6Pu58G9N2Ftp6IPBx7r3k3hMmnGnjut9OYW19Y3OruF3a2d3bPygfHvlaporQFpFcqk6INeVM0JZhhtNOoiiOQ07b4fh2Vm8/UaWZFA9mktAgxkPBIkawsZbfuEB+v9EvV9yqOxdaBS+HCuRq9stfvYEkaUyFIRxr3fXcxAQZVoYRTqelXqppgskYD2nXosAx1UE233aKzqwzQJFU9gmD5u7viQzHWk/i0HbG2Iz0cm1m/lfrpia6DjImktRQQRYfRSlHRqLZ6WjAFCWGTyxgopjdFZERVpgYG1DJhuAtn7wK/mXVs3xfq9Rv8jiKcAKncA4eXEEd7qAJLSDwCM/wCm+OdF6cd+dj0Vpw8plj+CPn8wc2/I45</latexit><latexit sha1_base64="HX882nTV5pEp9qhBcNJ5pAxFKKA=">AAAB7XicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjBR02erGZQU7LbRDyaSZNjaTDElGKEPfwY0LRdz6Pu58G9N2Ftp6IPBx7r3k3hMmnGnjut9OYW19Y3OruF3a2d3bPygfHvlaporQFpFcqk6INeVM0JZhhtNOoiiOQ07b4fh2Vm8/UaWZFA9mktAgxkPBIkawsZbfuEB+v9EvV9yqOxdaBS+HCuRq9stfvYEkaUyFIRxr3fXcxAQZVoYRTqelXqppgskYD2nXosAx1UE233aKzqwzQJFU9gmD5u7viQzHWk/i0HbG2Iz0cm1m/lfrpia6DjImktRQQRYfRSlHRqLZ6WjAFCWGTyxgopjdFZERVpgYG1DJhuAtn7wK/mXVs3xfq9Rv8jiKcAKncA4eXEEd7qAJLSDwCM/wCm+OdF6cd+dj0Vpw8plj+CPn8wc2/I45</latexit><latexit sha1_base64="HX882nTV5pEp9qhBcNJ5pAxFKKA=">AAAB7XicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjBR02erGZQU7LbRDyaSZNjaTDElGKEPfwY0LRdz6Pu58G9N2Ftp6IPBx7r3k3hMmnGnjut9OYW19Y3OruF3a2d3bPygfHvlaporQFpFcqk6INeVM0JZhhtNOoiiOQ07b4fh2Vm8/UaWZFA9mktAgxkPBIkawsZbfuEB+v9EvV9yqOxdaBS+HCuRq9stfvYEkaUyFIRxr3fXcxAQZVoYRTqelXqppgskYD2nXosAx1UE233aKzqwzQJFU9gmD5u7viQzHWk/i0HbG2Iz0cm1m/lfrpia6DjImktRQQRYfRSlHRqLZ6WjAFCWGTyxgopjdFZERVpgYG1DJhuAtn7wK/mXVs3xfq9Rv8jiKcAKncA4eXEEd7qAJLSDwCM/wCm+OdF6cd+dj0Vpw8plj+CPn8wc2/I45</latexit><latexit sha1_base64="HX882nTV5pEp9qhBcNJ5pAxFKKA=">AAAB7XicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjBR02erGZQU7LbRDyaSZNjaTDElGKEPfwY0LRdz6Pu58G9N2Ftp6IPBx7r3k3hMmnGnjut9OYW19Y3OruF3a2d3bPygfHvlaporQFpFcqk6INeVM0JZhhtNOoiiOQ07b4fh2Vm8/UaWZFA9mktAgxkPBIkawsZbfuEB+v9EvV9yqOxdaBS+HCuRq9stfvYEkaUyFIRxr3fXcxAQZVoYRTqelXqppgskYD2nXosAx1UE233aKzqwzQJFU9gmD5u7viQzHWk/i0HbG2Iz0cm1m/lfrpia6DjImktRQQRYfRSlHRqLZ6WjAFCWGTyxgopjdFZERVpgYG1DJhuAtn7wK/mXVs3xfq9Rv8jiKcAKncA4eXEEd7qAJLSDwCM/wCm+OdF6cd+dj0Vpw8plj+CPn8wc2/I45</latexit>

∆S = N kB ln
VA

VA + VB
; VA = VB

= N kB ln 2
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK

Beispiele: Mischungsentropie

B, VB
<latexit sha1_base64="4K4XreX7pb+eqMCdYDy1wieG/Q0=">AAAB7XicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjAi6LHXjsoKdFtqhZNJMG5tJhiQjlKHv4MaFIm59H3e+jel0Ftp6IPBx7r3k3hMmnGnjut9OaW19Y3OrvF3Z2d3bP6geHvlaporQNpFcqm6INeVM0LZhhtNuoiiOQ0474eR2Xu88UaWZFA9mmtAgxiPBIkawsZbfvED+oDmo1ty6mwutgldADQq1BtWv/lCSNKbCEI617nluYoIMK8MIp7NKP9U0wWSCR7RnUeCY6iDLt52hM+sMUSSVfcKg3P09keFY62kc2s4Ym7Fers3N/2q91EQ3QcZEkhoqyOKjKOXISDQ/HQ2ZosTwqQVMFLO7IjLGChNjA6rYELzlk1fBv6x7lu+vao1mEUcZTuAUzsGDa2jAHbSgDQQe4Rle4c2Rzovz7nwsWktOMXMMf+R8/gA6CY47</latexit><latexit sha1_base64="4K4XreX7pb+eqMCdYDy1wieG/Q0=">AAAB7XicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjAi6LHXjsoKdFtqhZNJMG5tJhiQjlKHv4MaFIm59H3e+jel0Ftp6IPBx7r3k3hMmnGnjut9OaW19Y3OrvF3Z2d3bP6geHvlaporQNpFcqm6INeVM0LZhhtNuoiiOQ0474eR2Xu88UaWZFA9mmtAgxiPBIkawsZbfvED+oDmo1ty6mwutgldADQq1BtWv/lCSNKbCEI617nluYoIMK8MIp7NKP9U0wWSCR7RnUeCY6iDLt52hM+sMUSSVfcKg3P09keFY62kc2s4Ym7Fers3N/2q91EQ3QcZEkhoqyOKjKOXISDQ/HQ2ZosTwqQVMFLO7IjLGChNjA6rYELzlk1fBv6x7lu+vao1mEUcZTuAUzsGDa2jAHbSgDQQe4Rle4c2Rzovz7nwsWktOMXMMf+R8/gA6CY47</latexit><latexit sha1_base64="4K4XreX7pb+eqMCdYDy1wieG/Q0=">AAAB7XicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjAi6LHXjsoKdFtqhZNJMG5tJhiQjlKHv4MaFIm59H3e+jel0Ftp6IPBx7r3k3hMmnGnjut9OaW19Y3OrvF3Z2d3bP6geHvlaporQNpFcqm6INeVM0LZhhtNuoiiOQ0474eR2Xu88UaWZFA9mmtAgxiPBIkawsZbfvED+oDmo1ty6mwutgldADQq1BtWv/lCSNKbCEI617nluYoIMK8MIp7NKP9U0wWSCR7RnUeCY6iDLt52hM+sMUSSVfcKg3P09keFY62kc2s4Ym7Fers3N/2q91EQ3QcZEkhoqyOKjKOXISDQ/HQ2ZosTwqQVMFLO7IjLGChNjA6rYELzlk1fBv6x7lu+vao1mEUcZTuAUzsGDa2jAHbSgDQQe4Rle4c2Rzovz7nwsWktOMXMMf+R8/gA6CY47</latexit><latexit sha1_base64="4K4XreX7pb+eqMCdYDy1wieG/Q0=">AAAB7XicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjAi6LHXjsoKdFtqhZNJMG5tJhiQjlKHv4MaFIm59H3e+jel0Ftp6IPBx7r3k3hMmnGnjut9OaW19Y3OrvF3Z2d3bP6geHvlaporQNpFcqm6INeVM0LZhhtNuoiiOQ0474eR2Xu88UaWZFA9mmtAgxiPBIkawsZbfvED+oDmo1ty6mwutgldADQq1BtWv/lCSNKbCEI617nluYoIMK8MIp7NKP9U0wWSCR7RnUeCY6iDLt52hM+sMUSSVfcKg3P09keFY62kc2s4Ym7Fers3N/2q91EQ3QcZEkhoqyOKjKOXISDQ/HQ2ZosTwqQVMFLO7IjLGChNjA6rYELzlk1fBv6x7lu+vao1mEUcZTuAUzsGDa2jAHbSgDQQe4Rle4c2Rzovz7nwsWktOMXMMf+R8/gA6CY47</latexit>

A, VA
<latexit sha1_base64="HX882nTV5pEp9qhBcNJ5pAxFKKA=">AAAB7XicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjBR02erGZQU7LbRDyaSZNjaTDElGKEPfwY0LRdz6Pu58G9N2Ftp6IPBx7r3k3hMmnGnjut9OYW19Y3OruF3a2d3bPygfHvlaporQFpFcqk6INeVM0JZhhtNOoiiOQ07b4fh2Vm8/UaWZFA9mktAgxkPBIkawsZbfuEB+v9EvV9yqOxdaBS+HCuRq9stfvYEkaUyFIRxr3fXcxAQZVoYRTqelXqppgskYD2nXosAx1UE233aKzqwzQJFU9gmD5u7viQzHWk/i0HbG2Iz0cm1m/lfrpia6DjImktRQQRYfRSlHRqLZ6WjAFCWGTyxgopjdFZERVpgYG1DJhuAtn7wK/mXVs3xfq9Rv8jiKcAKncA4eXEEd7qAJLSDwCM/wCm+OdF6cd+dj0Vpw8plj+CPn8wc2/I45</latexit><latexit sha1_base64="HX882nTV5pEp9qhBcNJ5pAxFKKA=">AAAB7XicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjBR02erGZQU7LbRDyaSZNjaTDElGKEPfwY0LRdz6Pu58G9N2Ftp6IPBx7r3k3hMmnGnjut9OYW19Y3OruF3a2d3bPygfHvlaporQFpFcqk6INeVM0JZhhtNOoiiOQ07b4fh2Vm8/UaWZFA9mktAgxkPBIkawsZbfuEB+v9EvV9yqOxdaBS+HCuRq9stfvYEkaUyFIRxr3fXcxAQZVoYRTqelXqppgskYD2nXosAx1UE233aKzqwzQJFU9gmD5u7viQzHWk/i0HbG2Iz0cm1m/lfrpia6DjImktRQQRYfRSlHRqLZ6WjAFCWGTyxgopjdFZERVpgYG1DJhuAtn7wK/mXVs3xfq9Rv8jiKcAKncA4eXEEd7qAJLSDwCM/wCm+OdF6cd+dj0Vpw8plj+CPn8wc2/I45</latexit><latexit sha1_base64="HX882nTV5pEp9qhBcNJ5pAxFKKA=">AAAB7XicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjBR02erGZQU7LbRDyaSZNjaTDElGKEPfwY0LRdz6Pu58G9N2Ftp6IPBx7r3k3hMmnGnjut9OYW19Y3OruF3a2d3bPygfHvlaporQFpFcqk6INeVM0JZhhtNOoiiOQ07b4fh2Vm8/UaWZFA9mktAgxkPBIkawsZbfuEB+v9EvV9yqOxdaBS+HCuRq9stfvYEkaUyFIRxr3fXcxAQZVoYRTqelXqppgskYD2nXosAx1UE233aKzqwzQJFU9gmD5u7viQzHWk/i0HbG2Iz0cm1m/lfrpia6DjImktRQQRYfRSlHRqLZ6WjAFCWGTyxgopjdFZERVpgYG1DJhuAtn7wK/mXVs3xfq9Rv8jiKcAKncA4eXEEd7qAJLSDwCM/wCm+OdF6cd+dj0Vpw8plj+CPn8wc2/I45</latexit><latexit sha1_base64="HX882nTV5pEp9qhBcNJ5pAxFKKA=">AAAB7XicbZDNSgMxFIXv1L9a/6ou3QSL4ELKjBR02erGZQU7LbRDyaSZNjaTDElGKEPfwY0LRdz6Pu58G9N2Ftp6IPBx7r3k3hMmnGnjut9OYW19Y3OruF3a2d3bPygfHvlaporQFpFcqk6INeVM0JZhhtNOoiiOQ07b4fh2Vm8/UaWZFA9mktAgxkPBIkawsZbfuEB+v9EvV9yqOxdaBS+HCuRq9stfvYEkaUyFIRxr3fXcxAQZVoYRTqelXqppgskYD2nXosAx1UE233aKzqwzQJFU9gmD5u7viQzHWk/i0HbG2Iz0cm1m/lfrpia6DjImktRQQRYfRSlHRqLZ6WjAFCWGTyxgopjdFZERVpgYG1DJhuAtn7wK/mXVs3xfq9Rv8jiKcAKncA4eXEEd7qAJLSDwCM/wCm+OdF6cd+dj0Vpw8plj+CPn8wc2/I45</latexit>

In A,B sind versch. Gase gleicher Dichte,

NA

VA
=

NB

VB

und es herrscht gleiche Temp. TA = TB

Mit N = NA + NB und V = VA + VB folgt

∆S = ∆SA + ∆SB = NA kB ln
V
VA

+ NB kB
V
VB

= NA kB ln
N
NA

+ NB kB
N
NB

= kB (N ln N − NA ln NA − NB ln NB)

wobei NA
NB

+ 1 = N
NB

= VA
VB

+ 1 = V
VB

bzw. N
NA

= V
VA
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK
Warum steigt die Entropie S mit der Temperatur?

S(T ,V ) = N (cV ln T + kB ln V ) + S0

Betrachtung im Phasenraum (=̂ Raum aller erlaubten Impulse und Orte):

Wahrscheinlichkeitsdichten des Phasenraums:

als Funktion des Ortes: homogen

(keine Änderung durch T )

als Funktion des Impulses:
Maxwell-Verteilung (vgl. vorletzte Vorlesung)

D
ie

kinetische
G
astheorie

554 14 Die kinetische Gastheorie

Abbildung 14.5 Schema einer Apparatur zur Ermittlung der Geschwindig-
keitsverteilung von Gasteilchen. Die betreffende Substanz wird in einem Ofen
verdampft, und die Teilchen des Dampfs können durch eine enge Öffnung in
der Ofenwand in eine Vakuumkammer entweichen. Sie werden durch eine Reihe
von engen (hier nicht gezeigten) Schlitzen zu einem parallelen Strahl ausge-
richtet. Der Strahl wird auf einen Detektor gerichtet, der die Teilchen zählt, die
pro Zeiteinheit auf ihn auftreffen. Der größte Teil des Strahls wird dabei durch
einen rotierenden Zylinder abgefangen, der auf seinem Mantel schraubenartig
eingefräste Nuten aufweist (in der Zeichnung ist nur eine dargestellt). Die Nuten
lassen jeweils nur Teilchen in einem kleinen Geschwindigkeitsintervall durch,
das durch die Winkelgeschwindigkeit der Zylinderrotation bestimmt wird. Bei
verschiedenen Umdrehungsgeschwindigkeiten des Zylinders wird jeweils die An-
zahl der Teilchen ermittelt, die pro Zeiteinheit auf den Detektor treffen, deren
Geschwindigkeiten also im betreffenden Intervall liegen.

der Teilchen mit Geschwindigkeiten zwischen v und vC dv ge-
geben durch

dn D n f .v/ dv : (14.19)

Der Anteil dn=n D f .v/ dv in einem bestimmten Geschwindig-
keitsintervall dv ist in Abbildung 14.6 bei einer recht geringen
Temperatur durch die getönte Fläche angedeutet. Die Maxwell-
Boltzmann-Verteilung der Geschwindigkeiten kann mit den
Methoden der statischen Thermodynamik hergeleitet werden.
Auf die Herleitung wollen wir hier nicht eingehen. Das Ergebnis
ist

f .v/ D 4p
π

!
m

2 kB T

"3=2
v2 e!mv2 =.2kBT/ : (14.20)

MAXWELL-BOLTZMANN-GESCHWINDIGKEITSVERTEILUNG

Die wahrscheinlichste Geschwindigkeit vmax der Gasteilchen ist
diejenige Geschwindigkeit, bei der die Verteilungskurve f .v/
bei der betreffenden Temperatur ihr Maximum hat. Man kann
zeigen, dass gilt:

vmax D
r
2 kB T
m

D
s
2 RT
mMol

: (14.21)

WAHRSCHEINLICHSTE GESCHWINDIGKEIT

Der Vergleich mit der quadratisch gemittelten Geschwindigkeit
vrms D

p
3RT=mMol (siehe Gleichung 14.16) lässt erkennen,

dass die wahrscheinlichste Geschwindigkeit vmax etwas geringer
ist als die quadratisch gemittelte Geschwindigkeit vrms. Diese
wird in Beispiel 14.7 berechnet.

f (v)

T1

dv v vvmax rms

T2

<  v >

Abbildung 14.6 Die Verteilungen der Teilchengeschwindigkeiten eines Gases
bei zwei Temperaturen, wobei T2 > T1 ist. Die getönte Fläche f .v/ dv ist gleich
dem Anteil der Teilchen, deren Geschwindigkeiten im engen Intervall dv bei der
Geschwindigkeit v liegen. Die quadratisch gemittelte Geschwindigkeit vrms und
die mittlere Geschwindigkeit hvi sind beide etwas größer als die wahrschein-
lichste Geschwindigkeit vmax.

Beispiel 14.7: Anwendung der Maxwell-Boltzmann-
Verteilung

Berechnen Sie mithilfe der Maxwell-Boltzmann-Ver-
teilung den Mittelwert von v2 bei Gasteilchen.

Problembeschreibung: Der Mittelwert von v2 ergibt sich
aus hh 2 i D

R
h 2 f .h / dh (siehe Gleichung 1.11), wobei die

Messvariable h durch v zu ersetzen ist; ferner wird f .v/ aus
Gleichung 14.20 verwendet.

Lösung: 1. Nach Definition ist:

˝
v2
˛
D

1Z

0

v2 f .v/ dv

2. Verwenden Sie Gleichung 14.20 für f .v/. Damit erhal-
ten Sie:

˝
v2
˛
D

1Z

0

v2
4p
π

!
m

2 kB T

"3=2
v2 e!mv2 =.2kBT/ dv

D 4p
π

!
m

2 kB T

"3=2 1Z

0

v4 e!mv2 =.2kBT/ dv
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK

Phasenraum für px,y bei T2 > T1:

px
<latexit sha1_base64="FaBcziyv1rgtcrxew6I9NRzjyv8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aRdutmE3Y1YQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1n3Sf+qXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP2sejd8=</latexit><latexit sha1_base64="FaBcziyv1rgtcrxew6I9NRzjyv8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aRdutmE3Y1YQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1n3Sf+qXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP2sejd8=</latexit><latexit sha1_base64="FaBcziyv1rgtcrxew6I9NRzjyv8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aRdutmE3Y1YQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1n3Sf+qXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP2sejd8=</latexit><latexit sha1_base64="FaBcziyv1rgtcrxew6I9NRzjyv8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aRdutmE3Y1YQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1n3Sf+qXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP2sejd8=</latexit>

py
<latexit sha1_base64="UVcs+DCv1UsImY8vVFD/lJ9NjX4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYIoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5HZW7zyh0jyWjyZL0I/oSPKQM2qs9ZAMskG15tbducgqeAXUoFBzUP3qD2OWRigNE1Trnucmxs+pMpwJnFb6qcaEsgkdYc+ipBFqP5+vOiVn1hmSMFb2SUPm7u+JnEZaZ1FgOyNqxnq5NjP/q/VSE177OZdJalCyxUdhKoiJyexuMuQKmRGZBcoUt7sSNqaKMmPTqdgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+yPn8AWyijeA=</latexit><latexit sha1_base64="UVcs+DCv1UsImY8vVFD/lJ9NjX4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYIoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5HZW7zyh0jyWjyZL0I/oSPKQM2qs9ZAMskG15tbducgqeAXUoFBzUP3qD2OWRigNE1Trnucmxs+pMpwJnFb6qcaEsgkdYc+ipBFqP5+vOiVn1hmSMFb2SUPm7u+JnEZaZ1FgOyNqxnq5NjP/q/VSE177OZdJalCyxUdhKoiJyexuMuQKmRGZBcoUt7sSNqaKMmPTqdgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+yPn8AWyijeA=</latexit><latexit sha1_base64="UVcs+DCv1UsImY8vVFD/lJ9NjX4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYIoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5HZW7zyh0jyWjyZL0I/oSPKQM2qs9ZAMskG15tbducgqeAXUoFBzUP3qD2OWRigNE1Trnucmxs+pMpwJnFb6qcaEsgkdYc+ipBFqP5+vOiVn1hmSMFb2SUPm7u+JnEZaZ1FgOyNqxnq5NjP/q/VSE177OZdJalCyxUdhKoiJyexuMuQKmRGZBcoUt7sSNqaKMmPTqdgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+yPn8AWyijeA=</latexit><latexit sha1_base64="UVcs+DCv1UsImY8vVFD/lJ9NjX4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYIoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5HZW7zyh0jyWjyZL0I/oSPKQM2qs9ZAMskG15tbducgqeAXUoFBzUP3qD2OWRigNE1Trnucmxs+pMpwJnFb6qcaEsgkdYc+ipBFqP5+vOiVn1hmSMFb2SUPm7u+JnEZaZ1FgOyNqxnq5NjP/q/VSE177OZdJalCyxUdhKoiJyexuMuQKmRGZBcoUt7sSNqaKMmPTqdgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+yPn8AWyijeA=</latexit>

Gaußverteilung


�2 ⇠ T1
<latexit sha1_base64="6UghXnCCBLBsf+1/x701xFFIMOs=">AAAB+nicbZDLSgMxFIbPeK31NtWlm2ARXJWZIuiy6MZlhd6grUMmzbShSWZIMkoZ+yhuXCji1idx59uYtrPQ1h8CH/85h3Pyhwln2njet7O2vrG5tV3YKe7u7R8cuqWjlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+GZWbz9QpVksG2aS0L7AQ8kiRrCxVuCWepoNBb6vIgsCNQI/cMtexZsLrYKfQxly1QP3qzeISSqoNIRjrbu+l5h+hpVhhNNpsZdqmmAyxkPatSixoLqfzU+fojPrDFAUK/ukQXP390SGhdYTEdpOgc1IL9dm5n+1bmqiq37GZJIaKsliUZRyZGI0ywENmKLE8IkFTBSztyIywgoTY9Mq2hD85S+vQqta8S3fXZRr13kcBTiBUzgHHy6hBrdQhyYQeIRneIU358l5cd6dj0XrmpPPHMMfOZ8/6cSTGw==</latexit><latexit sha1_base64="6UghXnCCBLBsf+1/x701xFFIMOs=">AAAB+nicbZDLSgMxFIbPeK31NtWlm2ARXJWZIuiy6MZlhd6grUMmzbShSWZIMkoZ+yhuXCji1idx59uYtrPQ1h8CH/85h3Pyhwln2njet7O2vrG5tV3YKe7u7R8cuqWjlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+GZWbz9QpVksG2aS0L7AQ8kiRrCxVuCWepoNBb6vIgsCNQI/cMtexZsLrYKfQxly1QP3qzeISSqoNIRjrbu+l5h+hpVhhNNpsZdqmmAyxkPatSixoLqfzU+fojPrDFAUK/ukQXP390SGhdYTEdpOgc1IL9dm5n+1bmqiq37GZJIaKsliUZRyZGI0ywENmKLE8IkFTBSztyIywgoTY9Mq2hD85S+vQqta8S3fXZRr13kcBTiBUzgHHy6hBrdQhyYQeIRneIU358l5cd6dj0XrmpPPHMMfOZ8/6cSTGw==</latexit><latexit sha1_base64="6UghXnCCBLBsf+1/x701xFFIMOs=">AAAB+nicbZDLSgMxFIbPeK31NtWlm2ARXJWZIuiy6MZlhd6grUMmzbShSWZIMkoZ+yhuXCji1idx59uYtrPQ1h8CH/85h3Pyhwln2njet7O2vrG5tV3YKe7u7R8cuqWjlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+GZWbz9QpVksG2aS0L7AQ8kiRrCxVuCWepoNBb6vIgsCNQI/cMtexZsLrYKfQxly1QP3qzeISSqoNIRjrbu+l5h+hpVhhNNpsZdqmmAyxkPatSixoLqfzU+fojPrDFAUK/ukQXP390SGhdYTEdpOgc1IL9dm5n+1bmqiq37GZJIaKsliUZRyZGI0ywENmKLE8IkFTBSztyIywgoTY9Mq2hD85S+vQqta8S3fXZRr13kcBTiBUzgHHy6hBrdQhyYQeIRneIU358l5cd6dj0XrmpPPHMMfOZ8/6cSTGw==</latexit><latexit sha1_base64="6UghXnCCBLBsf+1/x701xFFIMOs=">AAAB+nicbZDLSgMxFIbPeK31NtWlm2ARXJWZIuiy6MZlhd6grUMmzbShSWZIMkoZ+yhuXCji1idx59uYtrPQ1h8CH/85h3Pyhwln2njet7O2vrG5tV3YKe7u7R8cuqWjlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+GZWbz9QpVksG2aS0L7AQ8kiRrCxVuCWepoNBb6vIgsCNQI/cMtexZsLrYKfQxly1QP3qzeISSqoNIRjrbu+l5h+hpVhhNNpsZdqmmAyxkPatSixoLqfzU+fojPrDFAUK/ukQXP390SGhdYTEdpOgc1IL9dm5n+1bmqiq37GZJIaKsliUZRyZGI0ywENmKLE8IkFTBSztyIywgoTY9Mq2hD85S+vQqta8S3fXZRr13kcBTiBUzgHHy6hBrdQhyYQeIRneIU358l5cd6dj0XrmpPPHMMfOZ8/6cSTGw==</latexit>

px
<latexit sha1_base64="FaBcziyv1rgtcrxew6I9NRzjyv8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aRdutmE3Y1YQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1n3Sf+qXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP2sejd8=</latexit><latexit sha1_base64="FaBcziyv1rgtcrxew6I9NRzjyv8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aRdutmE3Y1YQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1n3Sf+qXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP2sejd8=</latexit><latexit sha1_base64="FaBcziyv1rgtcrxew6I9NRzjyv8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aRdutmE3Y1YQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1n3Sf+qXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP2sejd8=</latexit><latexit sha1_base64="FaBcziyv1rgtcrxew6I9NRzjyv8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aRdutmE3Y1YQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1n3Sf+qXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP2sejd8=</latexit>

py
<latexit sha1_base64="UVcs+DCv1UsImY8vVFD/lJ9NjX4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYIoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5HZW7zyh0jyWjyZL0I/oSPKQM2qs9ZAMskG15tbducgqeAXUoFBzUP3qD2OWRigNE1Trnucmxs+pMpwJnFb6qcaEsgkdYc+ipBFqP5+vOiVn1hmSMFb2SUPm7u+JnEZaZ1FgOyNqxnq5NjP/q/VSE177OZdJalCyxUdhKoiJyexuMuQKmRGZBcoUt7sSNqaKMmPTqdgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+yPn8AWyijeA=</latexit><latexit sha1_base64="UVcs+DCv1UsImY8vVFD/lJ9NjX4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYIoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5HZW7zyh0jyWjyZL0I/oSPKQM2qs9ZAMskG15tbducgqeAXUoFBzUP3qD2OWRigNE1Trnucmxs+pMpwJnFb6qcaEsgkdYc+ipBFqP5+vOiVn1hmSMFb2SUPm7u+JnEZaZ1FgOyNqxnq5NjP/q/VSE177OZdJalCyxUdhKoiJyexuMuQKmRGZBcoUt7sSNqaKMmPTqdgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+yPn8AWyijeA=</latexit><latexit sha1_base64="UVcs+DCv1UsImY8vVFD/lJ9NjX4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYIoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5HZW7zyh0jyWjyZL0I/oSPKQM2qs9ZAMskG15tbducgqeAXUoFBzUP3qD2OWRigNE1Trnucmxs+pMpwJnFb6qcaEsgkdYc+ipBFqP5+vOiVn1hmSMFb2SUPm7u+JnEZaZ1FgOyNqxnq5NjP/q/VSE177OZdJalCyxUdhKoiJyexuMuQKmRGZBcoUt7sSNqaKMmPTqdgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+yPn8AWyijeA=</latexit><latexit sha1_base64="UVcs+DCv1UsImY8vVFD/lJ9NjX4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYIoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5HZW7zyh0jyWjyZL0I/oSPKQM2qs9ZAMskG15tbducgqeAXUoFBzUP3qD2OWRigNE1Trnucmxs+pMpwJnFb6qcaEsgkdYc+ipBFqP5+vOiVn1hmSMFb2SUPm7u+JnEZaZ1FgOyNqxnq5NjP/q/VSE177OZdJalCyxUdhKoiJyexuMuQKmRGZBcoUt7sSNqaKMmPTqdgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+yPn8AWyijeA=</latexit>

Gaußverteilung

�2 ⇠ T2

<latexit sha1_base64="TnxQ/ZJ9TgXf042fZ/tPURRBBx4=">AAAB+nicbZDLSgMxFIbPeK31NtWlm2ARXJWZIuiy6MZlhd6grUMmzbShSWZIMkoZ+yhuXCji1idx59uYtrPQ1h8CH/85h3Pyhwln2njet7O2vrG5tV3YKe7u7R8cuqWjlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+GZWbz9QpVksG2aS0L7AQ8kiRrCxVuCWepoNBb6vIgsCNYJq4Ja9ijcXWgU/hzLkqgfuV28Qk1RQaQjHWnd9LzH9DCvDCKfTYi/VNMFkjIe0a1FiQXU/m58+RWfWGaAoVvZJg+bu74kMC60nIrSdApuRXq7NzP9q3dREV/2MySQ1VJLFoijlyMRolgMaMEWJ4RMLmChmb0VkhBUmxqZVtCH4y19ehVa14lu+uyjXrvM4CnACp3AOPlxCDW6hDk0g8AjP8ApvzpPz4rw7H4vWNSefOYY/cj5/AOtIkxw=</latexit><latexit sha1_base64="TnxQ/ZJ9TgXf042fZ/tPURRBBx4=">AAAB+nicbZDLSgMxFIbPeK31NtWlm2ARXJWZIuiy6MZlhd6grUMmzbShSWZIMkoZ+yhuXCji1idx59uYtrPQ1h8CH/85h3Pyhwln2njet7O2vrG5tV3YKe7u7R8cuqWjlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+GZWbz9QpVksG2aS0L7AQ8kiRrCxVuCWepoNBb6vIgsCNYJq4Ja9ijcXWgU/hzLkqgfuV28Qk1RQaQjHWnd9LzH9DCvDCKfTYi/VNMFkjIe0a1FiQXU/m58+RWfWGaAoVvZJg+bu74kMC60nIrSdApuRXq7NzP9q3dREV/2MySQ1VJLFoijlyMRolgMaMEWJ4RMLmChmb0VkhBUmxqZVtCH4y19ehVa14lu+uyjXrvM4CnACp3AOPlxCDW6hDk0g8AjP8ApvzpPz4rw7H4vWNSefOYY/cj5/AOtIkxw=</latexit><latexit sha1_base64="TnxQ/ZJ9TgXf042fZ/tPURRBBx4=">AAAB+nicbZDLSgMxFIbPeK31NtWlm2ARXJWZIuiy6MZlhd6grUMmzbShSWZIMkoZ+yhuXCji1idx59uYtrPQ1h8CH/85h3Pyhwln2njet7O2vrG5tV3YKe7u7R8cuqWjlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+GZWbz9QpVksG2aS0L7AQ8kiRrCxVuCWepoNBb6vIgsCNYJq4Ja9ijcXWgU/hzLkqgfuV28Qk1RQaQjHWnd9LzH9DCvDCKfTYi/VNMFkjIe0a1FiQXU/m58+RWfWGaAoVvZJg+bu74kMC60nIrSdApuRXq7NzP9q3dREV/2MySQ1VJLFoijlyMRolgMaMEWJ4RMLmChmb0VkhBUmxqZVtCH4y19ehVa14lu+uyjXrvM4CnACp3AOPlxCDW6hDk0g8AjP8ApvzpPz4rw7H4vWNSefOYY/cj5/AOtIkxw=</latexit><latexit sha1_base64="TnxQ/ZJ9TgXf042fZ/tPURRBBx4=">AAAB+nicbZDLSgMxFIbPeK31NtWlm2ARXJWZIuiy6MZlhd6grUMmzbShSWZIMkoZ+yhuXCji1idx59uYtrPQ1h8CH/85h3Pyhwln2njet7O2vrG5tV3YKe7u7R8cuqWjlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+GZWbz9QpVksG2aS0L7AQ8kiRrCxVuCWepoNBb6vIgsCNYJq4Ja9ijcXWgU/hzLkqgfuV28Qk1RQaQjHWnd9LzH9DCvDCKfTYi/VNMFkjIe0a1FiQXU/m58+RWfWGaAoVvZJg+bu74kMC60nIrSdApuRXq7NzP9q3dREV/2MySQ1VJLFoijlyMRolgMaMEWJ4RMLmChmb0VkhBUmxqZVtCH4y19ehVa14lu+uyjXrvM4CnACp3AOPlxCDW6hDk0g8AjP8ApvzpPz4rw7H4vWNSefOYY/cj5/AOtIkxw=</latexit>

Das für einen Zustand erreichbare Volumen im Phasenraum wächst mit T
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK

Wir können das Phasenraumvolumen Ω benutzen um die Azahl der Möglichen
ZuständeW abzuschätzen (S = kB lnWmax)

Das unter den Randbedingungen (Energie, Temperatur, etc.)
eingenommene Phasenraumvolumen Ω ist ein Maß für die
Zahl der erreichbaren Zustände und damit gilt:

S = kB ln Ω
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK
5.4 Alternative Herleitung der Entropie: Der Carnot-Kreisprozess

Beliebiges homogenes ideales Gas, dessen Zustand wir durch P,V
beschreiben können, eingebetet zwischen zwei Wärmereservoire mit T1, T2.

Skizze Carnot-Kreisprozess:

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>

T2
<latexit sha1_base64="xNqmaVlaJlaXeqCLvT+BJ5hsj6g=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNzUBuUK27VXYisg5dDBXI1BuWv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZVDTixs8Wq87IhXWGJIy1fQrJwv09kdHImGkU2M6I4tis1ubmf7VeiuGNnwmVpMgVW34UppJgTOZ3k6HQnKGcWqBMC7srYWOqKUObTsmG4K2evA7tWtWz/HBVqd/mcRThDM7hEjy4hjrcQwNawGAEz/AKb450Xpx352PZWnDymVP4I+fzB9ZPjX0=</latexit><latexit sha1_base64="xNqmaVlaJlaXeqCLvT+BJ5hsj6g=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNzUBuUK27VXYisg5dDBXI1BuWv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZVDTixs8Wq87IhXWGJIy1fQrJwv09kdHImGkU2M6I4tis1ubmf7VeiuGNnwmVpMgVW34UppJgTOZ3k6HQnKGcWqBMC7srYWOqKUObTsmG4K2evA7tWtWz/HBVqd/mcRThDM7hEjy4hjrcQwNawGAEz/AKb450Xpx352PZWnDymVP4I+fzB9ZPjX0=</latexit><latexit sha1_base64="xNqmaVlaJlaXeqCLvT+BJ5hsj6g=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNzUBuUK27VXYisg5dDBXI1BuWv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZVDTixs8Wq87IhXWGJIy1fQrJwv09kdHImGkU2M6I4tis1ubmf7VeiuGNnwmVpMgVW34UppJgTOZ3k6HQnKGcWqBMC7srYWOqKUObTsmG4K2evA7tWtWz/HBVqd/mcRThDM7hEjy4hjrcQwNawGAEz/AKb450Xpx352PZWnDymVP4I+fzB9ZPjX0=</latexit><latexit sha1_base64="xNqmaVlaJlaXeqCLvT+BJ5hsj6g=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNzUBuUK27VXYisg5dDBXI1BuWv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZVDTixs8Wq87IhXWGJIy1fQrJwv09kdHImGkU2M6I4tis1ubmf7VeiuGNnwmVpMgVW34UppJgTOZ3k6HQnKGcWqBMC7srYWOqKUObTsmG4K2evA7tWtWz/HBVqd/mcRThDM7hEjy4hjrcQwNawGAEz/AKb450Xpx352PZWnDymVP4I+fzB9ZPjX0=</latexit>

W
<latexit sha1_base64="QW0f9vLnVtb9/NGzh8Cpqxtv8+o=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZnUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtDeM2w==</latexit><latexit sha1_base64="QW0f9vLnVtb9/NGzh8Cpqxtv8+o=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZnUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtDeM2w==</latexit><latexit sha1_base64="QW0f9vLnVtb9/NGzh8Cpqxtv8+o=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZnUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtDeM2w==</latexit><latexit sha1_base64="QW0f9vLnVtb9/NGzh8Cpqxtv8+o=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZnUK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtDeM2w==</latexit>

Q1
<latexit sha1_base64="xEC75dpMSu0eLvV2Io+PuyqmFaE=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVji/YD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzN650nro2I1SNOE+5HdKREKBhFaz00B96gXHGr7kJkHbwcKpCrMSh/9YcxSyOukElqTM9zE/QzqlEwyWelfmp4QtmEjnjPoqIRN362WHVGLqwzJGGs7VNIFu7viYxGxkyjwHZGFMdmtTY3/6v1Ugxv/EyoJEWu2PKjMJUEYzK/mwyF5gzl1AJlWthdCRtTTRnadEo2BG/15HVoX1U9y83rSv02j6MIZ3AOl+BBDepwDw1oAYMRPMMrvDnSeXHenY9la8HJZ07hj5zPH9A5jXk=</latexit><latexit sha1_base64="xEC75dpMSu0eLvV2Io+PuyqmFaE=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVji/YD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzN650nro2I1SNOE+5HdKREKBhFaz00B96gXHGr7kJkHbwcKpCrMSh/9YcxSyOukElqTM9zE/QzqlEwyWelfmp4QtmEjnjPoqIRN362WHVGLqwzJGGs7VNIFu7viYxGxkyjwHZGFMdmtTY3/6v1Ugxv/EyoJEWu2PKjMJUEYzK/mwyF5gzl1AJlWthdCRtTTRnadEo2BG/15HVoX1U9y83rSv02j6MIZ3AOl+BBDepwDw1oAYMRPMMrvDnSeXHenY9la8HJZ07hj5zPH9A5jXk=</latexit><latexit sha1_base64="xEC75dpMSu0eLvV2Io+PuyqmFaE=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVji/YD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzN650nro2I1SNOE+5HdKREKBhFaz00B96gXHGr7kJkHbwcKpCrMSh/9YcxSyOukElqTM9zE/QzqlEwyWelfmp4QtmEjnjPoqIRN362WHVGLqwzJGGs7VNIFu7viYxGxkyjwHZGFMdmtTY3/6v1Ugxv/EyoJEWu2PKjMJUEYzK/mwyF5gzl1AJlWthdCRtTTRnadEo2BG/15HVoX1U9y83rSv02j6MIZ3AOl+BBDepwDw1oAYMRPMMrvDnSeXHenY9la8HJZ07hj5zPH9A5jXk=</latexit><latexit sha1_base64="xEC75dpMSu0eLvV2Io+PuyqmFaE=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVji/YD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzN650nro2I1SNOE+5HdKREKBhFaz00B96gXHGr7kJkHbwcKpCrMSh/9YcxSyOukElqTM9zE/QzqlEwyWelfmp4QtmEjnjPoqIRN362WHVGLqwzJGGs7VNIFu7viYxGxkyjwHZGFMdmtTY3/6v1Ugxv/EyoJEWu2PKjMJUEYzK/mwyF5gzl1AJlWthdCRtTTRnadEo2BG/15HVoX1U9y83rSv02j6MIZ3AOl+BBDepwDw1oAYMRPMMrvDnSeXHenY9la8HJZ07hj5zPH9A5jXk=</latexit>

Q2
<latexit sha1_base64="FfwQopH6NMD4ceaaYQMJTdBdSZM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVji/YD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPpppgn5ER5KHnFFjrYfmoDYoV9yquxBZBy+HCuRqDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLVWfkwjpDEsbKPmnIwv09kdFI62kU2M6ImrFerc3N/2q91IQ3fsZlkhqUbPlRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6ZRsCN7qyevQrlU9y82rSv02j6MIZ3AOl+DBNdThHhrQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzmfP9G9jXo=</latexit><latexit sha1_base64="FfwQopH6NMD4ceaaYQMJTdBdSZM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVji/YD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPpppgn5ER5KHnFFjrYfmoDYoV9yquxBZBy+HCuRqDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLVWfkwjpDEsbKPmnIwv09kdFI62kU2M6ImrFerc3N/2q91IQ3fsZlkhqUbPlRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6ZRsCN7qyevQrlU9y82rSv02j6MIZ3AOl+DBNdThHhrQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzmfP9G9jXo=</latexit><latexit sha1_base64="FfwQopH6NMD4ceaaYQMJTdBdSZM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVji/YD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPpppgn5ER5KHnFFjrYfmoDYoV9yquxBZBy+HCuRqDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLVWfkwjpDEsbKPmnIwv09kdFI62kU2M6ImrFerc3N/2q91IQ3fsZlkhqUbPlRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6ZRsCN7qyevQrlU9y82rSv02j6MIZ3AOl+DBNdThHhrQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzmfP9G9jXo=</latexit><latexit sha1_base64="FfwQopH6NMD4ceaaYQMJTdBdSZM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVji/YD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPpppgn5ER5KHnFFjrYfmoDYoV9yquxBZBy+HCuRqDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLVWfkwjpDEsbKPmnIwv09kdFI62kU2M6ImrFerc3N/2q91IQ3fsZlkhqUbPlRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6ZRsCN7qyevQrlU9y82rSv02j6MIZ3AOl+DBNdThHhrQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzmfP9G9jXo=</latexit>

Isotherme Zustandsänderung: ∆T = 0

→ Aufnahme Wärme Q1

Adiabatische Zustandsänderung: ∆Q = 0

→ Temperaturwechsel T1 → T2

Isotherme Zustandsänderung: ∆T = 0

→ Abgabe Wärme Q2

Adiabatische Zustandsänderung: ∆Q = 0

→ Temperaturwechsel T2 → T1

Thermodynamik und Theorie der Wärme Vorlesung #5 - Prof. Dr. Florian U. Bernlochner November 21, 2018 26/37



5. PHÄNOMENOLOGISCHE THERMODYNAMIK

Einschub / Erinnerung: Adiabatische und isotherme Zustandsänderungen

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

Isotherm: T = konst.

Volumenarbeit:

δW = −P dV = − n R T
V dV

⇒ W = −n R T ln V2
V1

Adiabatisch: δQ = 0

Volumenarbeit: δW = −P dV = CV dT

⇒ W = CV (T2 − T1)
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK
Carnot-Kreisprozess: Isotherme I12, I34 und Adiabaten A23, A41

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>

(P3, V3)
<latexit sha1_base64="DPD4hvspXgTzIC/MftdgvssA9mQ=">AAAB8XicbZDLSgMxFIbPeK31VnXpJliEClJmrKDLohuXFewF22HIpJk2NMkMSUYoQ9/CjQtF3Po27nwb03YW2vpD4OM/55Bz/jDhTBvX/XZWVtfWNzYLW8Xtnd29/dLBYUvHqSK0SWIeq06INeVM0qZhhtNOoigWIaftcHQ7rbefqNIslg9mnFBf4IFkESPYWOux0ghq56gV1M6CUtmtujOhZfByKEOuRlD66vVjkgoqDeFY667nJsbPsDKMcDop9lJNE0xGeEC7FiUWVPvZbOMJOrVOH0Wxsk8aNHN/T2RYaD0Woe0U2Az1Ym1q/lfrpia69jMmk9RQSeYfRSlHJkbT81GfKUoMH1vARDG7KyJDrDAxNqSiDcFbPHkZWhdVz/L9Zbl+k8dRgGM4gQp4cAV1uIMGNIGAhGd4hTdHOy/Ou/Mxb11x8pkj+CPn8wcsEI9F</latexit><latexit sha1_base64="DPD4hvspXgTzIC/MftdgvssA9mQ=">AAAB8XicbZDLSgMxFIbPeK31VnXpJliEClJmrKDLohuXFewF22HIpJk2NMkMSUYoQ9/CjQtF3Po27nwb03YW2vpD4OM/55Bz/jDhTBvX/XZWVtfWNzYLW8Xtnd29/dLBYUvHqSK0SWIeq06INeVM0qZhhtNOoigWIaftcHQ7rbefqNIslg9mnFBf4IFkESPYWOux0ghq56gV1M6CUtmtujOhZfByKEOuRlD66vVjkgoqDeFY667nJsbPsDKMcDop9lJNE0xGeEC7FiUWVPvZbOMJOrVOH0Wxsk8aNHN/T2RYaD0Woe0U2Az1Ym1q/lfrpia69jMmk9RQSeYfRSlHJkbT81GfKUoMH1vARDG7KyJDrDAxNqSiDcFbPHkZWhdVz/L9Zbl+k8dRgGM4gQp4cAV1uIMGNIGAhGd4hTdHOy/Ou/Mxb11x8pkj+CPn8wcsEI9F</latexit><latexit sha1_base64="DPD4hvspXgTzIC/MftdgvssA9mQ=">AAAB8XicbZDLSgMxFIbPeK31VnXpJliEClJmrKDLohuXFewF22HIpJk2NMkMSUYoQ9/CjQtF3Po27nwb03YW2vpD4OM/55Bz/jDhTBvX/XZWVtfWNzYLW8Xtnd29/dLBYUvHqSK0SWIeq06INeVM0qZhhtNOoigWIaftcHQ7rbefqNIslg9mnFBf4IFkESPYWOux0ghq56gV1M6CUtmtujOhZfByKEOuRlD66vVjkgoqDeFY667nJsbPsDKMcDop9lJNE0xGeEC7FiUWVPvZbOMJOrVOH0Wxsk8aNHN/T2RYaD0Woe0U2Az1Ym1q/lfrpia69jMmk9RQSeYfRSlHJkbT81GfKUoMH1vARDG7KyJDrDAxNqSiDcFbPHkZWhdVz/L9Zbl+k8dRgGM4gQp4cAV1uIMGNIGAhGd4hTdHOy/Ou/Mxb11x8pkj+CPn8wcsEI9F</latexit><latexit sha1_base64="DPD4hvspXgTzIC/MftdgvssA9mQ=">AAAB8XicbZDLSgMxFIbPeK31VnXpJliEClJmrKDLohuXFewF22HIpJk2NMkMSUYoQ9/CjQtF3Po27nwb03YW2vpD4OM/55Bz/jDhTBvX/XZWVtfWNzYLW8Xtnd29/dLBYUvHqSK0SWIeq06INeVM0qZhhtNOoigWIaftcHQ7rbefqNIslg9mnFBf4IFkESPYWOux0ghq56gV1M6CUtmtujOhZfByKEOuRlD66vVjkgoqDeFY667nJsbPsDKMcDop9lJNE0xGeEC7FiUWVPvZbOMJOrVOH0Wxsk8aNHN/T2RYaD0Woe0U2Az1Ym1q/lfrpia69jMmk9RQSeYfRSlHJkbT81GfKUoMH1vARDG7KyJDrDAxNqSiDcFbPHkZWhdVz/L9Zbl+k8dRgGM4gQp4cAV1uIMGNIGAhGd4hTdHOy/Ou/Mxb11x8pkj+CPn8wcsEI9F</latexit>

(P4, V4)
<latexit sha1_base64="fH//aWqhpvUSvBKbAwOOjoLUtNs=">AAAB8XicbZDLSgMxFIZP6q3WW9Wlm2ARKkiZkYIui25cVrAXbIchk2ba0ExmSDJCGfoWblwo4ta3cefbmLaz0NYfAh//OYec8weJ4No4zjcqrK1vbG4Vt0s7u3v7B+XDo7aOU0VZi8YiVt2AaCa4ZC3DjWDdRDESBYJ1gvHtrN55YkrzWD6YScK8iAwlDzklxlqP1aZfv8Btv37ulytOzZkLr4KbQwVyNf3yV38Q0zRi0lBBtO65TmK8jCjDqWDTUj/VLCF0TIasZ1GSiGkvm288xWfWGeAwVvZJg+fu74mMRFpPosB2RsSM9HJtZv5X66UmvPYyLpPUMEkXH4WpwCbGs/PxgCtGjZhYIFRxuyumI6IINTakkg3BXT55FdqXNdfyfb3SuMnjKMIJnEIVXLiCBtxBE1pAQcIzvMIb0ugFvaOPRWsB5TPH8Efo8wcvH49H</latexit><latexit sha1_base64="fH//aWqhpvUSvBKbAwOOjoLUtNs=">AAAB8XicbZDLSgMxFIZP6q3WW9Wlm2ARKkiZkYIui25cVrAXbIchk2ba0ExmSDJCGfoWblwo4ta3cefbmLaz0NYfAh//OYec8weJ4No4zjcqrK1vbG4Vt0s7u3v7B+XDo7aOU0VZi8YiVt2AaCa4ZC3DjWDdRDESBYJ1gvHtrN55YkrzWD6YScK8iAwlDzklxlqP1aZfv8Btv37ulytOzZkLr4KbQwVyNf3yV38Q0zRi0lBBtO65TmK8jCjDqWDTUj/VLCF0TIasZ1GSiGkvm288xWfWGeAwVvZJg+fu74mMRFpPosB2RsSM9HJtZv5X66UmvPYyLpPUMEkXH4WpwCbGs/PxgCtGjZhYIFRxuyumI6IINTakkg3BXT55FdqXNdfyfb3SuMnjKMIJnEIVXLiCBtxBE1pAQcIzvMIb0ugFvaOPRWsB5TPH8Efo8wcvH49H</latexit><latexit sha1_base64="fH//aWqhpvUSvBKbAwOOjoLUtNs=">AAAB8XicbZDLSgMxFIZP6q3WW9Wlm2ARKkiZkYIui25cVrAXbIchk2ba0ExmSDJCGfoWblwo4ta3cefbmLaz0NYfAh//OYec8weJ4No4zjcqrK1vbG4Vt0s7u3v7B+XDo7aOU0VZi8YiVt2AaCa4ZC3DjWDdRDESBYJ1gvHtrN55YkrzWD6YScK8iAwlDzklxlqP1aZfv8Btv37ulytOzZkLr4KbQwVyNf3yV38Q0zRi0lBBtO65TmK8jCjDqWDTUj/VLCF0TIasZ1GSiGkvm288xWfWGeAwVvZJg+fu74mMRFpPosB2RsSM9HJtZv5X66UmvPYyLpPUMEkXH4WpwCbGs/PxgCtGjZhYIFRxuyumI6IINTakkg3BXT55FdqXNdfyfb3SuMnjKMIJnEIVXLiCBtxBE1pAQcIzvMIb0ugFvaOPRWsB5TPH8Efo8wcvH49H</latexit><latexit sha1_base64="fH//aWqhpvUSvBKbAwOOjoLUtNs=">AAAB8XicbZDLSgMxFIZP6q3WW9Wlm2ARKkiZkYIui25cVrAXbIchk2ba0ExmSDJCGfoWblwo4ta3cefbmLaz0NYfAh//OYec8weJ4No4zjcqrK1vbG4Vt0s7u3v7B+XDo7aOU0VZi8YiVt2AaCa4ZC3DjWDdRDESBYJ1gvHtrN55YkrzWD6YScK8iAwlDzklxlqP1aZfv8Btv37ulytOzZkLr4KbQwVyNf3yV38Q0zRi0lBBtO65TmK8jCjDqWDTUj/VLCF0TIasZ1GSiGkvm288xWfWGeAwVvZJg+fu74mMRFpPosB2RsSM9HJtZv5X66UmvPYyLpPUMEkXH4WpwCbGs/PxgCtGjZhYIFRxuyumI6IINTakkg3BXT55FdqXNdfyfb3SuMnjKMIJnEIVXLiCBtxBE1pAQcIzvMIb0ugFvaOPRWsB5TPH8Efo8wcvH49H</latexit>

adiabatischer Weg

isothermer Weg P V = const.
<latexit sha1_base64="d+148idxxRDr3wUMnMC7sNBOraw=">AAAB/3icbZDLSgMxFIYzXmu9jQpu3ASL4ELKjAi6EYpuXFawF+gMJZOmbWgmGZIzYhm78FXcuFDEra/hzrcxbWehrT8EPv5zDufkjxLBDXjet7OwuLS8slpYK65vbG5tuzu7daNSTVmNKqF0MyKGCS5ZDTgI1kw0I3EkWCMaXI/rjXumDVfyDoYJC2PSk7zLKQFrtd39Kg5OcB1f4gDYA2RUSQPlUdsteWVvIjwPfg4llKvadr+CjqJpzCRQQYxp+V4CYUY0cCrYqBikhiWEDkiPtSxKEjMTZpP7R/jIOh3cVdo+CXji/p7ISGzMMI5sZ0ygb2ZrY/O/WiuF7kWYcZmkwCSdLuqmAoPC4zBwh2tGQQwtEKq5vRXTPtGEgo2saEPwZ788D/XTsm/59qxUucrjKKADdIiOkY/OUQXdoCqqIYoe0TN6RW/Ok/PivDsf09YFJ5/ZQ3/kfP4AF2+U4A==</latexit><latexit sha1_base64="d+148idxxRDr3wUMnMC7sNBOraw=">AAAB/3icbZDLSgMxFIYzXmu9jQpu3ASL4ELKjAi6EYpuXFawF+gMJZOmbWgmGZIzYhm78FXcuFDEra/hzrcxbWehrT8EPv5zDufkjxLBDXjet7OwuLS8slpYK65vbG5tuzu7daNSTVmNKqF0MyKGCS5ZDTgI1kw0I3EkWCMaXI/rjXumDVfyDoYJC2PSk7zLKQFrtd39Kg5OcB1f4gDYA2RUSQPlUdsteWVvIjwPfg4llKvadr+CjqJpzCRQQYxp+V4CYUY0cCrYqBikhiWEDkiPtSxKEjMTZpP7R/jIOh3cVdo+CXji/p7ISGzMMI5sZ0ygb2ZrY/O/WiuF7kWYcZmkwCSdLuqmAoPC4zBwh2tGQQwtEKq5vRXTPtGEgo2saEPwZ788D/XTsm/59qxUucrjKKADdIiOkY/OUQXdoCqqIYoe0TN6RW/Ok/PivDsf09YFJ5/ZQ3/kfP4AF2+U4A==</latexit><latexit sha1_base64="d+148idxxRDr3wUMnMC7sNBOraw=">AAAB/3icbZDLSgMxFIYzXmu9jQpu3ASL4ELKjAi6EYpuXFawF+gMJZOmbWgmGZIzYhm78FXcuFDEra/hzrcxbWehrT8EPv5zDufkjxLBDXjet7OwuLS8slpYK65vbG5tuzu7daNSTVmNKqF0MyKGCS5ZDTgI1kw0I3EkWCMaXI/rjXumDVfyDoYJC2PSk7zLKQFrtd39Kg5OcB1f4gDYA2RUSQPlUdsteWVvIjwPfg4llKvadr+CjqJpzCRQQYxp+V4CYUY0cCrYqBikhiWEDkiPtSxKEjMTZpP7R/jIOh3cVdo+CXji/p7ISGzMMI5sZ0ygb2ZrY/O/WiuF7kWYcZmkwCSdLuqmAoPC4zBwh2tGQQwtEKq5vRXTPtGEgo2saEPwZ788D/XTsm/59qxUucrjKKADdIiOkY/OUQXdoCqqIYoe0TN6RW/Ok/PivDsf09YFJ5/ZQ3/kfP4AF2+U4A==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="vyR2j7PQtpC7kJ3SdQEH8SfgjBA=">AAAB9HicbZBLSwMxFIXv+Ky16ujCjZtgEVxImXGjG0Fw47KCfUBnKJk004ZmMkNyRyxjF/4VNy4U8be489+YPhbaeiDwcU7CvTlRJoVBz/t2VlbX1jc2S1vl7crO7p67X2maNNeMN1gqU92OqOFSKN5AgZK3M81pEkneioY3k7z1wLURqbrHUcbDhPaViAWjaK2ue1gnwRlpkisSIH/EgqXKYG3cdatezZuKLIM/hyrMVe+6X0EvZXnCFTJJjen4XoZhQTUKJvm4HOSGZ5QNaZ93LCqacBMW0/3H5MQ6PRKn2h6FZOr+flHQxJhREtmbCcWBWcwm5n9ZJ8f4MiyEynLkis0GxbkkmJJJGaQnNGcoRxYo08LuStiAasrQVla2JfiLX16G5nnNt3znQQmO4BhOwYcLuIZbqEMDGDzBC7zBu/PsvDofs7pWnHlvB/BHzucPsBCTdg==</latexit><latexit sha1_base64="vyR2j7PQtpC7kJ3SdQEH8SfgjBA=">AAAB9HicbZBLSwMxFIXv+Ky16ujCjZtgEVxImXGjG0Fw47KCfUBnKJk004ZmMkNyRyxjF/4VNy4U8be489+YPhbaeiDwcU7CvTlRJoVBz/t2VlbX1jc2S1vl7crO7p67X2maNNeMN1gqU92OqOFSKN5AgZK3M81pEkneioY3k7z1wLURqbrHUcbDhPaViAWjaK2ue1gnwRlpkisSIH/EgqXKYG3cdatezZuKLIM/hyrMVe+6X0EvZXnCFTJJjen4XoZhQTUKJvm4HOSGZ5QNaZ93LCqacBMW0/3H5MQ6PRKn2h6FZOr+flHQxJhREtmbCcWBWcwm5n9ZJ8f4MiyEynLkis0GxbkkmJJJGaQnNGcoRxYo08LuStiAasrQVla2JfiLX16G5nnNt3znQQmO4BhOwYcLuIZbqEMDGDzBC7zBu/PsvDofs7pWnHlvB/BHzucPsBCTdg==</latexit><latexit sha1_base64="uKwqAm69EU92yHiRe7NGCj1qJr8=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYBBdSZtzoRii6cVnBXqAdSibNtKGZZEjOiGXswldx40IRt76GO9/GtJ2Ftv4Q+PjPOZyTP0wEN+B5305haXllda24XtrY3NrecXf3GkalmrI6VULpVkgME1yyOnAQrJVoRuJQsGY4vJ7Um/dMG67kHYwSFsSkL3nEKQFrdd2DGu6c4ga+xB1gD5BRJQ1Uxl237FW8qfAi+DmUUa5a1/3q9BRNYyaBCmJM2/cSCDKigVPBxqVOalhC6JD0WduiJDEzQTa9f4yPrdPDkdL2ScBT9/dERmJjRnFoO2MCAzNfm5j/1dopRBdBxmWSApN0tihKBQaFJ2HgHteMghhZIFRzeyumA6IJBRtZyYbgz395ERpnFd/yrVeuXuVxFNEhOkInyEfnqIpuUA3VEUWP6Bm9ojfnyXlx3p2PWWvByWf20R85nz8WL5Tc</latexit><latexit sha1_base64="d+148idxxRDr3wUMnMC7sNBOraw=">AAAB/3icbZDLSgMxFIYzXmu9jQpu3ASL4ELKjAi6EYpuXFawF+gMJZOmbWgmGZIzYhm78FXcuFDEra/hzrcxbWehrT8EPv5zDufkjxLBDXjet7OwuLS8slpYK65vbG5tuzu7daNSTVmNKqF0MyKGCS5ZDTgI1kw0I3EkWCMaXI/rjXumDVfyDoYJC2PSk7zLKQFrtd39Kg5OcB1f4gDYA2RUSQPlUdsteWVvIjwPfg4llKvadr+CjqJpzCRQQYxp+V4CYUY0cCrYqBikhiWEDkiPtSxKEjMTZpP7R/jIOh3cVdo+CXji/p7ISGzMMI5sZ0ygb2ZrY/O/WiuF7kWYcZmkwCSdLuqmAoPC4zBwh2tGQQwtEKq5vRXTPtGEgo2saEPwZ788D/XTsm/59qxUucrjKKADdIiOkY/OUQXdoCqqIYoe0TN6RW/Ok/PivDsf09YFJ5/ZQ3/kfP4AF2+U4A==</latexit><latexit sha1_base64="d+148idxxRDr3wUMnMC7sNBOraw=">AAAB/3icbZDLSgMxFIYzXmu9jQpu3ASL4ELKjAi6EYpuXFawF+gMJZOmbWgmGZIzYhm78FXcuFDEra/hzrcxbWehrT8EPv5zDufkjxLBDXjet7OwuLS8slpYK65vbG5tuzu7daNSTVmNKqF0MyKGCS5ZDTgI1kw0I3EkWCMaXI/rjXumDVfyDoYJC2PSk7zLKQFrtd39Kg5OcB1f4gDYA2RUSQPlUdsteWVvIjwPfg4llKvadr+CjqJpzCRQQYxp+V4CYUY0cCrYqBikhiWEDkiPtSxKEjMTZpP7R/jIOh3cVdo+CXji/p7ISGzMMI5sZ0ygb2ZrY/O/WiuF7kWYcZmkwCSdLuqmAoPC4zBwh2tGQQwtEKq5vRXTPtGEgo2saEPwZ788D/XTsm/59qxUucrjKKADdIiOkY/OUQXdoCqqIYoe0TN6RW/Ok/PivDsf09YFJ5/ZQ3/kfP4AF2+U4A==</latexit><latexit sha1_base64="d+148idxxRDr3wUMnMC7sNBOraw=">AAAB/3icbZDLSgMxFIYzXmu9jQpu3ASL4ELKjAi6EYpuXFawF+gMJZOmbWgmGZIzYhm78FXcuFDEra/hzrcxbWehrT8EPv5zDufkjxLBDXjet7OwuLS8slpYK65vbG5tuzu7daNSTVmNKqF0MyKGCS5ZDTgI1kw0I3EkWCMaXI/rjXumDVfyDoYJC2PSk7zLKQFrtd39Kg5OcB1f4gDYA2RUSQPlUdsteWVvIjwPfg4llKvadr+CjqJpzCRQQYxp+V4CYUY0cCrYqBikhiWEDkiPtSxKEjMTZpP7R/jIOh3cVdo+CXji/p7ISGzMMI5sZ0ygb2ZrY/O/WiuF7kWYcZmkwCSdLuqmAoPC4zBwh2tGQQwtEKq5vRXTPtGEgo2saEPwZ788D/XTsm/59qxUucrjKKADdIiOkY/OUQXdoCqqIYoe0TN6RW/Ok/PivDsf09YFJ5/ZQ3/kfP4AF2+U4A==</latexit><latexit sha1_base64="d+148idxxRDr3wUMnMC7sNBOraw=">AAAB/3icbZDLSgMxFIYzXmu9jQpu3ASL4ELKjAi6EYpuXFawF+gMJZOmbWgmGZIzYhm78FXcuFDEra/hzrcxbWehrT8EPv5zDufkjxLBDXjet7OwuLS8slpYK65vbG5tuzu7daNSTVmNKqF0MyKGCS5ZDTgI1kw0I3EkWCMaXI/rjXumDVfyDoYJC2PSk7zLKQFrtd39Kg5OcB1f4gDYA2RUSQPlUdsteWVvIjwPfg4llKvadr+CjqJpzCRQQYxp+V4CYUY0cCrYqBikhiWEDkiPtSxKEjMTZpP7R/jIOh3cVdo+CXji/p7ISGzMMI5sZ0ygb2ZrY/O/WiuF7kWYcZmkwCSdLuqmAoPC4zBwh2tGQQwtEKq5vRXTPtGEgo2saEPwZ788D/XTsm/59qxUucrjKKADdIiOkY/OUQXdoCqqIYoe0TN6RW/Ok/PivDsf09YFJ5/ZQ3/kfP4AF2+U4A==</latexit><latexit sha1_base64="d+148idxxRDr3wUMnMC7sNBOraw=">AAAB/3icbZDLSgMxFIYzXmu9jQpu3ASL4ELKjAi6EYpuXFawF+gMJZOmbWgmGZIzYhm78FXcuFDEra/hzrcxbWehrT8EPv5zDufkjxLBDXjet7OwuLS8slpYK65vbG5tuzu7daNSTVmNKqF0MyKGCS5ZDTgI1kw0I3EkWCMaXI/rjXumDVfyDoYJC2PSk7zLKQFrtd39Kg5OcB1f4gDYA2RUSQPlUdsteWVvIjwPfg4llKvadr+CjqJpzCRQQYxp+V4CYUY0cCrYqBikhiWEDkiPtSxKEjMTZpP7R/jIOh3cVdo+CXji/p7ISGzMMI5sZ0ygb2ZrY/O/WiuF7kWYcZmkwCSdLuqmAoPC4zBwh2tGQQwtEKq5vRXTPtGEgo2saEPwZ788D/XTsm/59qxUucrjKKADdIiOkY/OUQXdoCqqIYoe0TN6RW/Ok/PivDsf09YFJ5/ZQ3/kfP4AF2+U4A==</latexit><latexit sha1_base64="d+148idxxRDr3wUMnMC7sNBOraw=">AAAB/3icbZDLSgMxFIYzXmu9jQpu3ASL4ELKjAi6EYpuXFawF+gMJZOmbWgmGZIzYhm78FXcuFDEra/hzrcxbWehrT8EPv5zDufkjxLBDXjet7OwuLS8slpYK65vbG5tuzu7daNSTVmNKqF0MyKGCS5ZDTgI1kw0I3EkWCMaXI/rjXumDVfyDoYJC2PSk7zLKQFrtd39Kg5OcB1f4gDYA2RUSQPlUdsteWVvIjwPfg4llKvadr+CjqJpzCRQQYxp+V4CYUY0cCrYqBikhiWEDkiPtSxKEjMTZpP7R/jIOh3cVdo+CXji/p7ISGzMMI5sZ0ygb2ZrY/O/WiuF7kWYcZmkwCSdLuqmAoPC4zBwh2tGQQwtEKq5vRXTPtGEgo2saEPwZ788D/XTsm/59qxUucrjKKADdIiOkY/OUQXdoCqqIYoe0TN6RW/Ok/PivDsf09YFJ5/ZQ3/kfP4AF2+U4A==</latexit>

P V � = const.
<latexit sha1_base64="7/8kND4srozilWJCgXeVaCyneik=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiuJAyI4JuhKIblxXsBTpjyaRpG5pkhuSMWIau3Pgqblwo4tZncOfbmF4W2vpD4OM/53By/igR3IDnfTu5hcWl5ZX8amFtfWNzy93eqZk41ZRVaSxi3YiIYYIrVgUOgjUSzYiMBKtH/atRvX7PtOGxuoVBwkJJuop3OCVgrZa7X8HBMa7dBV0iJcEXOAD2ABmNlYHSsOUWvZI3Fp4HfwpFNFWl5X4F7ZimkimgghjT9L0Ewoxo4FSwYSFIDUsI7ZMua1pURDITZuMzhvjQOm3cibV9CvDY/T2REWnMQEa2UxLomdnayPyv1kyhcx5mXCUpMEUnizqpwBDjUSa4zTWjIAYWCNXc/hXTHtGEgk2uYEPwZ0+eh9pJybd8c1osX07jyKM9dICOkI/OUBldowqqIooe0TN6RW/Ok/PivDsfk9acM53ZRX/kfP4AgGuX4w==</latexit><latexit sha1_base64="7/8kND4srozilWJCgXeVaCyneik=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiuJAyI4JuhKIblxXsBTpjyaRpG5pkhuSMWIau3Pgqblwo4tZncOfbmF4W2vpD4OM/53By/igR3IDnfTu5hcWl5ZX8amFtfWNzy93eqZk41ZRVaSxi3YiIYYIrVgUOgjUSzYiMBKtH/atRvX7PtOGxuoVBwkJJuop3OCVgrZa7X8HBMa7dBV0iJcEXOAD2ABmNlYHSsOUWvZI3Fp4HfwpFNFWl5X4F7ZimkimgghjT9L0Ewoxo4FSwYSFIDUsI7ZMua1pURDITZuMzhvjQOm3cibV9CvDY/T2REWnMQEa2UxLomdnayPyv1kyhcx5mXCUpMEUnizqpwBDjUSa4zTWjIAYWCNXc/hXTHtGEgk2uYEPwZ0+eh9pJybd8c1osX07jyKM9dICOkI/OUBldowqqIooe0TN6RW/Ok/PivDsfk9acM53ZRX/kfP4AgGuX4w==</latexit><latexit sha1_base64="7/8kND4srozilWJCgXeVaCyneik=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiuJAyI4JuhKIblxXsBTpjyaRpG5pkhuSMWIau3Pgqblwo4tZncOfbmF4W2vpD4OM/53By/igR3IDnfTu5hcWl5ZX8amFtfWNzy93eqZk41ZRVaSxi3YiIYYIrVgUOgjUSzYiMBKtH/atRvX7PtOGxuoVBwkJJuop3OCVgrZa7X8HBMa7dBV0iJcEXOAD2ABmNlYHSsOUWvZI3Fp4HfwpFNFWl5X4F7ZimkimgghjT9L0Ewoxo4FSwYSFIDUsI7ZMua1pURDITZuMzhvjQOm3cibV9CvDY/T2REWnMQEa2UxLomdnayPyv1kyhcx5mXCUpMEUnizqpwBDjUSa4zTWjIAYWCNXc/hXTHtGEgk2uYEPwZ0+eh9pJybd8c1osX07jyKM9dICOkI/OUBldowqqIooe0TN6RW/Ok/PivDsfk9acM53ZRX/kfP4AgGuX4w==</latexit><latexit sha1_base64="7/8kND4srozilWJCgXeVaCyneik=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiuJAyI4JuhKIblxXsBTpjyaRpG5pkhuSMWIau3Pgqblwo4tZncOfbmF4W2vpD4OM/53By/igR3IDnfTu5hcWl5ZX8amFtfWNzy93eqZk41ZRVaSxi3YiIYYIrVgUOgjUSzYiMBKtH/atRvX7PtOGxuoVBwkJJuop3OCVgrZa7X8HBMa7dBV0iJcEXOAD2ABmNlYHSsOUWvZI3Fp4HfwpFNFWl5X4F7ZimkimgghjT9L0Ewoxo4FSwYSFIDUsI7ZMua1pURDITZuMzhvjQOm3cibV9CvDY/T2REWnMQEa2UxLomdnayPyv1kyhcx5mXCUpMEUnizqpwBDjUSa4zTWjIAYWCNXc/hXTHtGEgk2uYEPwZ0+eh9pJybd8c1osX07jyKM9dICOkI/OUBldowqqIooe0TN6RW/Ok/PivDsfk9acM53ZRX/kfP4AgGuX4w==</latexit>

T1, Q1
<latexit sha1_base64="jGqq6BdkI6LLehoaNh5H5+zlsRE=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8CBlVwQ9Fr14bKGthXZZsmnahmazazIrlKV/wosHRbz6d7z5b0zbPWjrC4GHd2bIzBsmUhh03W+nsLa+sblV3C7t7O7tH5QPj9omTjXjLRbLWHdCargUirdQoOSdRHMahZI/hOO7Wf3hiWsjYtXEScL9iA6VGAhG0VqdZuBdkEbgBeWKW3XnIqvg5VCBXPWg/NXrxyyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXYuKRtz42XzfKTmzTp8MYm2fQjJ3f09kNDJmEoW2M6I4Msu1mflfrZvi4MbPhEpS5IotPhqkkmBMZseTvtCcoZxYoEwLuythI6opQxtRyYbgLZ+8Cu3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHVrAQMIzvMKb8+i8OO/Ox6K14OQzx/BHzucPXE2O2w==</latexit><latexit sha1_base64="jGqq6BdkI6LLehoaNh5H5+zlsRE=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8CBlVwQ9Fr14bKGthXZZsmnahmazazIrlKV/wosHRbz6d7z5b0zbPWjrC4GHd2bIzBsmUhh03W+nsLa+sblV3C7t7O7tH5QPj9omTjXjLRbLWHdCargUirdQoOSdRHMahZI/hOO7Wf3hiWsjYtXEScL9iA6VGAhG0VqdZuBdkEbgBeWKW3XnIqvg5VCBXPWg/NXrxyyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXYuKRtz42XzfKTmzTp8MYm2fQjJ3f09kNDJmEoW2M6I4Msu1mflfrZvi4MbPhEpS5IotPhqkkmBMZseTvtCcoZxYoEwLuythI6opQxtRyYbgLZ+8Cu3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHVrAQMIzvMKb8+i8OO/Ox6K14OQzx/BHzucPXE2O2w==</latexit><latexit sha1_base64="jGqq6BdkI6LLehoaNh5H5+zlsRE=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8CBlVwQ9Fr14bKGthXZZsmnahmazazIrlKV/wosHRbz6d7z5b0zbPWjrC4GHd2bIzBsmUhh03W+nsLa+sblV3C7t7O7tH5QPj9omTjXjLRbLWHdCargUirdQoOSdRHMahZI/hOO7Wf3hiWsjYtXEScL9iA6VGAhG0VqdZuBdkEbgBeWKW3XnIqvg5VCBXPWg/NXrxyyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXYuKRtz42XzfKTmzTp8MYm2fQjJ3f09kNDJmEoW2M6I4Msu1mflfrZvi4MbPhEpS5IotPhqkkmBMZseTvtCcoZxYoEwLuythI6opQxtRyYbgLZ+8Cu3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHVrAQMIzvMKb8+i8OO/Ox6K14OQzx/BHzucPXE2O2w==</latexit><latexit sha1_base64="jGqq6BdkI6LLehoaNh5H5+zlsRE=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8CBlVwQ9Fr14bKGthXZZsmnahmazazIrlKV/wosHRbz6d7z5b0zbPWjrC4GHd2bIzBsmUhh03W+nsLa+sblV3C7t7O7tH5QPj9omTjXjLRbLWHdCargUirdQoOSdRHMahZI/hOO7Wf3hiWsjYtXEScL9iA6VGAhG0VqdZuBdkEbgBeWKW3XnIqvg5VCBXPWg/NXrxyyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXYuKRtz42XzfKTmzTp8MYm2fQjJ3f09kNDJmEoW2M6I4Msu1mflfrZvi4MbPhEpS5IotPhqkkmBMZseTvtCcoZxYoEwLuythI6opQxtRyYbgLZ+8Cu3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHVrAQMIzvMKb8+i8OO/Ox6K14OQzx/BHzucPXE2O2w==</latexit>

T2, Q2
<latexit sha1_base64="1u8Jl/NWZvxZLdHHolWQe6AXpzk=">AAAB73icbZDLSgMxFIZP6q3WW9Wlm2ARXEiZKYIui25cttAbtMOQSTNtaCYzJhmhDH0JNy4UcevruPNtTNtZaOsPgY//nEPO+YNEcG0c5xsVNja3tneKu6W9/YPDo/LxSUfHqaKsTWMRq15ANBNcsrbhRrBeohiJAsG6weR+Xu8+MaV5LFtmmjAvIiPJQ06JsVav5deucNOv+eWKU3UWwuvg5lCBXA2//DUYxjSNmDRUEK37rpMYLyPKcCrYrDRINUsInZAR61uUJGLayxb7zvCFdYY4jJV90uCF+3siI5HW0yiwnRExY71am5v/1fqpCW+9jMskNUzS5UdhKrCJ8fx4POSKUSOmFghV3O6K6ZgoQo2NqGRDcFdPXodOrepabl5X6nd5HEU4g3O4BBduoA4P0IA2UBDwDK/whh7RC3pHH8vWAspnTuGP0OcPX1qO3Q==</latexit><latexit sha1_base64="1u8Jl/NWZvxZLdHHolWQe6AXpzk=">AAAB73icbZDLSgMxFIZP6q3WW9Wlm2ARXEiZKYIui25cttAbtMOQSTNtaCYzJhmhDH0JNy4UcevruPNtTNtZaOsPgY//nEPO+YNEcG0c5xsVNja3tneKu6W9/YPDo/LxSUfHqaKsTWMRq15ANBNcsrbhRrBeohiJAsG6weR+Xu8+MaV5LFtmmjAvIiPJQ06JsVav5deucNOv+eWKU3UWwuvg5lCBXA2//DUYxjSNmDRUEK37rpMYLyPKcCrYrDRINUsInZAR61uUJGLayxb7zvCFdYY4jJV90uCF+3siI5HW0yiwnRExY71am5v/1fqpCW+9jMskNUzS5UdhKrCJ8fx4POSKUSOmFghV3O6K6ZgoQo2NqGRDcFdPXodOrepabl5X6nd5HEU4g3O4BBduoA4P0IA2UBDwDK/whh7RC3pHH8vWAspnTuGP0OcPX1qO3Q==</latexit><latexit sha1_base64="1u8Jl/NWZvxZLdHHolWQe6AXpzk=">AAAB73icbZDLSgMxFIZP6q3WW9Wlm2ARXEiZKYIui25cttAbtMOQSTNtaCYzJhmhDH0JNy4UcevruPNtTNtZaOsPgY//nEPO+YNEcG0c5xsVNja3tneKu6W9/YPDo/LxSUfHqaKsTWMRq15ANBNcsrbhRrBeohiJAsG6weR+Xu8+MaV5LFtmmjAvIiPJQ06JsVav5deucNOv+eWKU3UWwuvg5lCBXA2//DUYxjSNmDRUEK37rpMYLyPKcCrYrDRINUsInZAR61uUJGLayxb7zvCFdYY4jJV90uCF+3siI5HW0yiwnRExY71am5v/1fqpCW+9jMskNUzS5UdhKrCJ8fx4POSKUSOmFghV3O6K6ZgoQo2NqGRDcFdPXodOrepabl5X6nd5HEU4g3O4BBduoA4P0IA2UBDwDK/whh7RC3pHH8vWAspnTuGP0OcPX1qO3Q==</latexit><latexit sha1_base64="1u8Jl/NWZvxZLdHHolWQe6AXpzk=">AAAB73icbZDLSgMxFIZP6q3WW9Wlm2ARXEiZKYIui25cttAbtMOQSTNtaCYzJhmhDH0JNy4UcevruPNtTNtZaOsPgY//nEPO+YNEcG0c5xsVNja3tneKu6W9/YPDo/LxSUfHqaKsTWMRq15ANBNcsrbhRrBeohiJAsG6weR+Xu8+MaV5LFtmmjAvIiPJQ06JsVav5deucNOv+eWKU3UWwuvg5lCBXA2//DUYxjSNmDRUEK37rpMYLyPKcCrYrDRINUsInZAR61uUJGLayxb7zvCFdYY4jJV90uCF+3siI5HW0yiwnRExY71am5v/1fqpCW+9jMskNUzS5UdhKrCJ8fx4POSKUSOmFghV3O6K6ZgoQo2NqGRDcFdPXodOrepabl5X6nd5HEU4g3O4BBduoA4P0IA2UBDwDK/whh7RC3pHH8vWAspnTuGP0OcPX1qO3Q==</latexit>

�Q = 0
<latexit sha1_base64="B249oJX3PBZaD/ldC4cpJU7zqOU=">AAAB83icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBPKZrNpl242YXcilNK/4cWDIl79M978N27bHLT6wsLDOzPM7BtmUhh03S+ntLa+sblV3q7s7O7tH1QPjzomzTXjbZbKVPdCargUirdRoOS9THOahJJ3w/HdvN595NqIVD3gJONBQodKxIJRtJbvR1wiJS1yQ9xBtebW3YXIX/AKqEGh5qD66UcpyxOukElqTN9zMwymVKNgks8qfm54RtmYDnnfoqIJN8F0cfOMnFknInGq7VNIFu7PiSlNjJkkoe1MKI7Mam1u/lfr5xhfB1Ohshy5YstFcS4JpmQeAImE5gzlxAJlWthbCRtRTRnamCo2BG/1y3+hc1H3LLcua43bIo4ynMApnIMHV9CAe2hCGxhk8AQv8OrkzrPz5rwvW0tOMXMMv+R8fAMyJ5B2</latexit><latexit sha1_base64="B249oJX3PBZaD/ldC4cpJU7zqOU=">AAAB83icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBPKZrNpl242YXcilNK/4cWDIl79M978N27bHLT6wsLDOzPM7BtmUhh03S+ntLa+sblV3q7s7O7tH1QPjzomzTXjbZbKVPdCargUirdRoOS9THOahJJ3w/HdvN595NqIVD3gJONBQodKxIJRtJbvR1wiJS1yQ9xBtebW3YXIX/AKqEGh5qD66UcpyxOukElqTN9zMwymVKNgks8qfm54RtmYDnnfoqIJN8F0cfOMnFknInGq7VNIFu7PiSlNjJkkoe1MKI7Mam1u/lfr5xhfB1Ohshy5YstFcS4JpmQeAImE5gzlxAJlWthbCRtRTRnamCo2BG/1y3+hc1H3LLcua43bIo4ynMApnIMHV9CAe2hCGxhk8AQv8OrkzrPz5rwvW0tOMXMMv+R8fAMyJ5B2</latexit><latexit sha1_base64="B249oJX3PBZaD/ldC4cpJU7zqOU=">AAAB83icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBPKZrNpl242YXcilNK/4cWDIl79M978N27bHLT6wsLDOzPM7BtmUhh03S+ntLa+sblV3q7s7O7tH1QPjzomzTXjbZbKVPdCargUirdRoOS9THOahJJ3w/HdvN595NqIVD3gJONBQodKxIJRtJbvR1wiJS1yQ9xBtebW3YXIX/AKqEGh5qD66UcpyxOukElqTN9zMwymVKNgks8qfm54RtmYDnnfoqIJN8F0cfOMnFknInGq7VNIFu7PiSlNjJkkoe1MKI7Mam1u/lfr5xhfB1Ohshy5YstFcS4JpmQeAImE5gzlxAJlWthbCRtRTRnamCo2BG/1y3+hc1H3LLcua43bIo4ynMApnIMHV9CAe2hCGxhk8AQv8OrkzrPz5rwvW0tOMXMMv+R8fAMyJ5B2</latexit><latexit sha1_base64="B249oJX3PBZaD/ldC4cpJU7zqOU=">AAAB83icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBPKZrNpl242YXcilNK/4cWDIl79M978N27bHLT6wsLDOzPM7BtmUhh03S+ntLa+sblV3q7s7O7tH1QPjzomzTXjbZbKVPdCargUirdRoOS9THOahJJ3w/HdvN595NqIVD3gJONBQodKxIJRtJbvR1wiJS1yQ9xBtebW3YXIX/AKqEGh5qD66UcpyxOukElqTN9zMwymVKNgks8qfm54RtmYDnnfoqIJN8F0cfOMnFknInGq7VNIFu7PiSlNjJkkoe1MKI7Mam1u/lfr5xhfB1Ohshy5YstFcS4JpmQeAImE5gzlxAJlWthbCRtRTRnamCo2BG/1y3+hc1H3LLcua43bIo4ynMApnIMHV9CAe2hCGxhk8AQv8OrkzrPz5rwvW0tOMXMMv+R8fAMyJ5B2</latexit>

�Q = 0
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Welche Wärme wird pro Zyklus dem
System zugeführt?

Entlang isotherme I12 (I34) wird dem
Wärmereservoir die Wärmemenge
Q1 (Q2) entzogen (abgegeben):∮

δQ = Q1 − Q2

Ebenfalls wird pro Zyklus die Arbeit∮
δW = W geleistet.

Gemäss 1. HS ist dann W = Q1 − Q2
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK

Eine Maschine, welche diesen Prozess implementiert nennt man
Carnotmaschine⇒ nächste Vorlesung

Da die Maschine eine Abwärme erzeugen muss, ist der thermische
Wirkungsgrad ( = Fähigkeit Wärme in Arbeit zu verwandeln)

η =
W
Q1

= 1− Q2

Q1

Dieser ist immer kleiner als 1.

Wir betrachten nun eine ideale, reversible Carnotmaschine, die abgesehen
von der Abwärme keine inneren (Reibungs-)Verluste aufweist.
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK

Alle zwischen T1 und T2 operierenden (reversiblen) Carnot-Maschinen besitzen
unabhängig vom Medium denselben Wirkungsgrad η = 1− Q2

Q1

Denn Q1 = −W = n R T ln V2
V1

unabhängig vom Medium, analoges gilt für Q2

Der Wirkungsgrad ist deshalb nur eine Funktion der Temperaturen T1 und T2:

η = 1− Q2

Q1
= 1− T2

T1

und wir können diese Beziehung nutzen um eine Temperaturskala zu
definieren.
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK

Zerlegen nun beliebigen reversiblen Prozesses in Sequenz von (∞ schmalen)
Carnot-Prozessen:

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>

…

Für solche gilt dann jeweils

Q2

Q1
=

T2

T1
⇒ δQ1

T1
=
δQ2

T2

und Summation über die Teilprozesse ergibt∮
δQrev

T
= 0

und wir finden wiederum die Entropie

dS =
δQrev

T
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK

5.5 Irreversible Prozesse und Systeme im Gleichgewicht

Ein Körper (K) mit innerer Energie

Uk = C Tk

mit einer Temperatur Tk wird in Kontakt mit einem unendlich großen
Wärmereservoir der Temperatur T0 < Tk gebracht.

TkT1

Wie ändert sich die Entropie
des Gesamtsystems?
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK

Feststellungen:

Der Prozess läuft spontan ab, bis Tk = T0 ⇒ irreversibel

Das Gesamtsystem ist zu Beginn nicht im thermischen Gleichgewicht

⇒ das Differential dU = T dS − P dV kann das Gesamtsystem nicht
beschreiben

Ausweg:

Zerlegung des Gesamtsystems in Teilsysteme

⇒ Diese sollen sowohl im Anfangszustand wie im Endzustand im therm.
Gleichgewicht sein

Die Zustandsgrößen sind wegunabhängig

⇒ Bestimme diese über einen reversiblen Prozess mit gleichem
Endzustand
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK

Entropie des Körpers K :

dUk = δQ = C dT (1. HS)

dSk =
dUk

T
= C

dT
T

⇒ ∆Sk = C
∫ T0

Tk

dT
T

= −C ln
Tk

T0
.

Entropie des Wärmebades (T = T0 = konst.):

Q = Uk (Tk )− Uk (T0) = C(Tk − T0)

⇒ ∆Sw =
Q
T0

= C
Tk − T0

T0
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK

Insgesamt: (der Einfachheit halber haben wir C = Ck = Cw angenommen)

∆Sges = ∆Sk + ∆Sw = C
(

Tk

T0
− 1− ln

Tk

T0

)
⇒ ∆Sges > 0 für Tk > T0 (i.e. der Prozess ist irreversibel)

Beweis:

f (x) = x − ln x + c ⇒ f ′(x) = 1− 1
x
⇒ Extremum bei x = 1

f ′′(x) =
1
x2 > 0 ∀ x ⇒ abs. Minimum bei x = 1
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK
5.6 Der 3. Hauptsatz (Nernst’scher Wärmesatz, 1906, Planck 1911)

Die Entropie eines thermodyn. Systems bei T = 0 K ist eine
universelle Konstante, die man zu Null wählen kann.

Absoluter Nullpunkt: Perfekter Kristall, unendlich ausgedehnt, keine Fehler im
Gitter

Folgerungen

Der absolute Temperatur-Nullpunkt, T = 0, ist unerreichbar mittels
endlicher Schritte

Kälterekord 1999: Rhodium-Atome mit T = 10−10 K

Die Wärmekapazität aller Substanzen verschwindet für T → 0

C → 0 und dC
dT → 0
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5. PHÄNOMENOLOGISCHE THERMODYNAMIK

Verständnisfragen: (Diskutieren Sie mit ihrem Sitznachbarn)

Wie haben wir die Entropie statistisch eingeführt? Rekapitulieren Sie die
wichtigsten Schritte

Entropieänderung im Joules-Versuch: Warum ist nach dem Entfernen der
Trennwand die Konfiguration PA = NA

N = PB = NB
N = 1

2 die
wahrscheinlichste Konfiguration?

Was ist die Entropie des Idealen Gases, wenn N = konst.? Wie haben wir
den Ausdruck aus dem vollständigen Differential hergeleitet?

Was ist der Phasenraum? Warum wird Ω größer wenn die Temperatur
steigt? Was ist der Zusammenhang zwischen der Größe des
Phasenraumes und der Entropie?

Was ist der Carnot-Kreisprozess? Wie steht dieser im Zusammenhang mit
der Entropie?
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