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Numerische Mathematik in der Sekundarstufe Motivation

Ausgangssituation/Fragen

Mathematik für Erwachsene
-im Rückblick häufig negativ
-sahen nie einen Sinn darin

-wissen “nichts mehr”

-später (teilweise): Wunsch nach mehr Mathe-Wissen!

Forderung
-Mathematikunterricht realitätsbezogen

-Aber zuviel Stoffinhalt?

J. Maasz, WTM Verlag Münster, 2015

http://www.alm-online.net/
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Numerische Mathematik in der Sekundarstufe Motivation

Modellbildung und Simulation

Reale Welt
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Numerische Mathematik in der Sekundarstufe Motivation

Modellbildung und Simulation

Reale Welt

Modellbildung

Modellbildung
Abbilden von Teilstücken der Realität
Stellvertretend wird ein abstraktes Abbild untersucht
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Modellbildung

(numerische)
Simulation
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Simulation
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Erkenntnissen auf die Wirklichkeit übertragbar
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Numerische Mathematik in der Sekundarstufe Motivation

Modellbildung und Simulation
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Numerische Mathematik in der Sekundarstufe Motivation

Warum ist numerische Simulation so wichtig?

Wiederholbarkeit eines Experiments
z.B. Raumfahrt, Kernkraft, Bodenverunreinigung

Skalierbarkeit eines Modells
z.B. Bodenverunreinigung (Zeit)

Zerstörungsfreie Experimente auf verschiedenen Skalen
(virtuelle Meß- und Analysewerkzeuge)

Geringere Entwicklungskosten
(weniger Prototypen und Entwicklungszyklen)

. . .
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Numerische Mathematik in der Sekundarstufe Motivation

Mathematische Fragen
Professionelle Anwendung

Reales System,
Experiment

Modell
(Gleichungen)

Lösen des
Modells

(numerisch)

outputVerifikation

Schulanwendung

Reales System,
Experiment

vereinfachtes
Modell

(Gleichungen)

Lösen des
Modells

(analytisch)

output
Verifikation (oft frustrierend)
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Numerische Mathematik in der Sekundarstufe Pendelbewegung

Mathematisches Pendel

Kraft = Masse ∗ Beschleunigung
~F = m~a.

m
d2(lα)
dt2

= −mg sinα

Umformung mit α̈ := d2(α)
dt2

Pendelbewegung

α̈ = −g
l

sinαfür α klein≈ −g
l
α

mit α(0) = α0 α̇(0) = 0.

l
<latexit sha1_base64="OqRJUP60XX/9KV3gbAwaqlFrru0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oseCF71VsK3QhrLZbtqlu5uwOxFK6F/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSyFRdf9dkobm1vbO+Xdyt7+weFR9fika6PEMN5hkYzMY0Atl0LzDgqU/DE2nKpA8l4wvcn93hM3VkT6AWcx9xUdaxEKRjGX6rJeGVZrbsNdgKwTryA1KNAeVr8Go4glimtkklrb99wY/ZQaFEzyeWWQWB5TNqVj3s+opopbP13cOicXmTIiYWSy0kgW6u+JlCprZyrIOhXFiV31cvE/r59geO2nQscJcs2Wi8JEEoxI/jgZCcMZyllGKDMiu5WwCTWUYRZPHoK3+vI66TYbntvw7pu11l0RRxnO4BwuwYMraMEttKEDDCbwDK/w5ijnxXl3PpatJaeYOYU/cD5/AMH1jWU=</latexit><latexit sha1_base64="OqRJUP60XX/9KV3gbAwaqlFrru0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oseCF71VsK3QhrLZbtqlu5uwOxFK6F/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSyFRdf9dkobm1vbO+Xdyt7+weFR9fika6PEMN5hkYzMY0Atl0LzDgqU/DE2nKpA8l4wvcn93hM3VkT6AWcx9xUdaxEKRjGX6rJeGVZrbsNdgKwTryA1KNAeVr8Go4glimtkklrb99wY/ZQaFEzyeWWQWB5TNqVj3s+opopbP13cOicXmTIiYWSy0kgW6u+JlCprZyrIOhXFiV31cvE/r59geO2nQscJcs2Wi8JEEoxI/jgZCcMZyllGKDMiu5WwCTWUYRZPHoK3+vI66TYbntvw7pu11l0RRxnO4BwuwYMraMEttKEDDCbwDK/w5ijnxXl3PpatJaeYOYU/cD5/AMH1jWU=</latexit><latexit sha1_base64="OqRJUP60XX/9KV3gbAwaqlFrru0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oseCF71VsK3QhrLZbtqlu5uwOxFK6F/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSyFRdf9dkobm1vbO+Xdyt7+weFR9fika6PEMN5hkYzMY0Atl0LzDgqU/DE2nKpA8l4wvcn93hM3VkT6AWcx9xUdaxEKRjGX6rJeGVZrbsNdgKwTryA1KNAeVr8Go4glimtkklrb99wY/ZQaFEzyeWWQWB5TNqVj3s+opopbP13cOicXmTIiYWSy0kgW6u+JlCprZyrIOhXFiV31cvE/r59geO2nQscJcs2Wi8JEEoxI/jgZCcMZyllGKDMiu5WwCTWUYRZPHoK3+vI66TYbntvw7pu11l0RRxnO4BwuwYMraMEttKEDDCbwDK/w5ijnxXl3PpatJaeYOYU/cD5/AMH1jWU=</latexit><latexit sha1_base64="OqRJUP60XX/9KV3gbAwaqlFrru0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oseCF71VsK3QhrLZbtqlu5uwOxFK6F/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSyFRdf9dkobm1vbO+Xdyt7+weFR9fika6PEMN5hkYzMY0Atl0LzDgqU/DE2nKpA8l4wvcn93hM3VkT6AWcx9xUdaxEKRjGX6rJeGVZrbsNdgKwTryA1KNAeVr8Go4glimtkklrb99wY/ZQaFEzyeWWQWB5TNqVj3s+opopbP13cOicXmTIiYWSy0kgW6u+JlCprZyrIOhXFiV31cvE/r59geO2nQscJcs2Wi8JEEoxI/jgZCcMZyllGKDMiu5WwCTWUYRZPHoK3+vI66TYbntvw7pu11l0RRxnO4BwuwYMraMEttKEDDCbwDK/w5ijnxXl3PpatJaeYOYU/cD5/AMH1jWU=</latexit>

↵
<latexit sha1_base64="bEbMgJ++MqFse0AdgJuqDx1cNzM=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tDhPBKtyl0TJgo10E8yHJEeY2e8mS3b1jd08IIb/CxkIRW3+Onf/GveQKTXww8Hhvhpl5YcKZNp737RQ2Nre2d4q7pb39g8Oj8vFJW8epIrRFYh6rboiaciZpyzDDaTdRFEXIaSec3GR+54kqzWL5YKYJDQSOJIsYQWOlx2ofeTLGamlQrng1bwF3nfg5qUCO5qD81R/GJBVUGsJR657vJSaYoTKMcDov9VNNEyQTHNGepRIF1cFscfDcvbDK0I1iZUsad6H+npih0HoqQtsp0Iz1qpeJ/3m91ETXwYzJJDVUkuWiKOWuid3se3fIFCWGTy1Bopi91SVjVEiMzSgLwV99eZ206zXfq/n39UrjLo+jCGdwDpfgwxU04Baa0AICAp7hFd4c5bw4787HsrXg5DOn8AfO5w9+K4+N</latexit><latexit sha1_base64="bEbMgJ++MqFse0AdgJuqDx1cNzM=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tDhPBKtyl0TJgo10E8yHJEeY2e8mS3b1jd08IIb/CxkIRW3+Onf/GveQKTXww8Hhvhpl5YcKZNp737RQ2Nre2d4q7pb39g8Oj8vFJW8epIrRFYh6rboiaciZpyzDDaTdRFEXIaSec3GR+54kqzWL5YKYJDQSOJIsYQWOlx2ofeTLGamlQrng1bwF3nfg5qUCO5qD81R/GJBVUGsJR657vJSaYoTKMcDov9VNNEyQTHNGepRIF1cFscfDcvbDK0I1iZUsad6H+npih0HoqQtsp0Iz1qpeJ/3m91ETXwYzJJDVUkuWiKOWuid3se3fIFCWGTy1Bopi91SVjVEiMzSgLwV99eZ206zXfq/n39UrjLo+jCGdwDpfgwxU04Baa0AICAp7hFd4c5bw4787HsrXg5DOn8AfO5w9+K4+N</latexit><latexit sha1_base64="bEbMgJ++MqFse0AdgJuqDx1cNzM=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tDhPBKtyl0TJgo10E8yHJEeY2e8mS3b1jd08IIb/CxkIRW3+Onf/GveQKTXww8Hhvhpl5YcKZNp737RQ2Nre2d4q7pb39g8Oj8vFJW8epIrRFYh6rboiaciZpyzDDaTdRFEXIaSec3GR+54kqzWL5YKYJDQSOJIsYQWOlx2ofeTLGamlQrng1bwF3nfg5qUCO5qD81R/GJBVUGsJR657vJSaYoTKMcDov9VNNEyQTHNGepRIF1cFscfDcvbDK0I1iZUsad6H+npih0HoqQtsp0Iz1qpeJ/3m91ETXwYzJJDVUkuWiKOWuid3se3fIFCWGTy1Bopi91SVjVEiMzSgLwV99eZ206zXfq/n39UrjLo+jCGdwDpfgwxU04Baa0AICAp7hFd4c5bw4787HsrXg5DOn8AfO5w9+K4+N</latexit><latexit sha1_base64="bEbMgJ++MqFse0AdgJuqDx1cNzM=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tDhPBKtyl0TJgo10E8yHJEeY2e8mS3b1jd08IIb/CxkIRW3+Onf/GveQKTXww8Hhvhpl5YcKZNp737RQ2Nre2d4q7pb39g8Oj8vFJW8epIrRFYh6rboiaciZpyzDDaTdRFEXIaSec3GR+54kqzWL5YKYJDQSOJIsYQWOlx2ofeTLGamlQrng1bwF3nfg5qUCO5qD81R/GJBVUGsJR657vJSaYoTKMcDov9VNNEyQTHNGepRIF1cFscfDcvbDK0I1iZUsad6H+npih0HoqQtsp0Iz1qpeJ/3m91ETXwYzJJDVUkuWiKOWuid3se3fIFCWGTy1Bopi91SVjVEiMzSgLwV99eZ206zXfq/n39UrjLo+jCGdwDpfgwxU04Baa0AICAp7hFd4c5bw4787HsrXg5DOn8AfO5w9+K4+N</latexit>

mg
<latexit sha1_base64="JnDzOjzJ+ANhQW37p2E631G5tFk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueCTxojdMLJBAQ7bLFjbsbpvdrQlp+A1ePGiMV3+QN/+NW+hBwZdM8vLeTGbmhQln2rjut1Pa2t7Z3SvvVw4Oj45PqqdnXR2nilCfxDxW/RBrypmkvmGG036iKBYhp71wdpv7vSeqNIvlo5knNBB4IlnECDZW8utiUq+MqjW34S6BNolXkBoU6IyqX8NxTFJBpSEcaz3w3MQEGVaGEU4XlWGqaYLJDE/owFKJBdVBtjx2ga6sMkZRrGxJg5bq74kMC63nIrSdApupXvdy8T9vkJroJsiYTFJDJVktilKOTIzyz9GYKUoMn1uCiWL2VkSmWGFibD55CN76y5uk22x4bsN7aNba90UcZbiAS7gGD1rQhjvogA8EGDzDK7w50nlx3p2PVWvJKWbO4Q+czx+F743X</latexit><latexit sha1_base64="JnDzOjzJ+ANhQW37p2E631G5tFk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueCTxojdMLJBAQ7bLFjbsbpvdrQlp+A1ePGiMV3+QN/+NW+hBwZdM8vLeTGbmhQln2rjut1Pa2t7Z3SvvVw4Oj45PqqdnXR2nilCfxDxW/RBrypmkvmGG036iKBYhp71wdpv7vSeqNIvlo5knNBB4IlnECDZW8utiUq+MqjW34S6BNolXkBoU6IyqX8NxTFJBpSEcaz3w3MQEGVaGEU4XlWGqaYLJDE/owFKJBdVBtjx2ga6sMkZRrGxJg5bq74kMC63nIrSdApupXvdy8T9vkJroJsiYTFJDJVktilKOTIzyz9GYKUoMn1uCiWL2VkSmWGFibD55CN76y5uk22x4bsN7aNba90UcZbiAS7gGD1rQhjvogA8EGDzDK7w50nlx3p2PVWvJKWbO4Q+czx+F743X</latexit><latexit sha1_base64="JnDzOjzJ+ANhQW37p2E631G5tFk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueCTxojdMLJBAQ7bLFjbsbpvdrQlp+A1ePGiMV3+QN/+NW+hBwZdM8vLeTGbmhQln2rjut1Pa2t7Z3SvvVw4Oj45PqqdnXR2nilCfxDxW/RBrypmkvmGG036iKBYhp71wdpv7vSeqNIvlo5knNBB4IlnECDZW8utiUq+MqjW34S6BNolXkBoU6IyqX8NxTFJBpSEcaz3w3MQEGVaGEU4XlWGqaYLJDE/owFKJBdVBtjx2ga6sMkZRrGxJg5bq74kMC63nIrSdApupXvdy8T9vkJroJsiYTFJDJVktilKOTIzyz9GYKUoMn1uCiWL2VkSmWGFibD55CN76y5uk22x4bsN7aNba90UcZbiAS7gGD1rQhjvogA8EGDzDK7w50nlx3p2PVWvJKWbO4Q+czx+F743X</latexit><latexit sha1_base64="JnDzOjzJ+ANhQW37p2E631G5tFk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueCTxojdMLJBAQ7bLFjbsbpvdrQlp+A1ePGiMV3+QN/+NW+hBwZdM8vLeTGbmhQln2rjut1Pa2t7Z3SvvVw4Oj45PqqdnXR2nilCfxDxW/RBrypmkvmGG036iKBYhp71wdpv7vSeqNIvlo5knNBB4IlnECDZW8utiUq+MqjW34S6BNolXkBoU6IyqX8NxTFJBpSEcaz3w3MQEGVaGEU4XlWGqaYLJDE/owFKJBdVBtjx2ga6sMkZRrGxJg5bq74kMC63nIrSdApupXvdy8T9vkJroJsiYTFJDJVktilKOTIzyz9GYKUoMn1uCiWL2VkSmWGFibD55CN76y5uk22x4bsN7aNba90UcZbiAS7gGD1rQhjvogA8EGDzDK7w50nlx3p2PVWvJKWbO4Q+czx+F743X</latexit>

mg
<latexit sha1_base64="JnDzOjzJ+ANhQW37p2E631G5tFk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueCTxojdMLJBAQ7bLFjbsbpvdrQlp+A1ePGiMV3+QN/+NW+hBwZdM8vLeTGbmhQln2rjut1Pa2t7Z3SvvVw4Oj45PqqdnXR2nilCfxDxW/RBrypmkvmGG036iKBYhp71wdpv7vSeqNIvlo5knNBB4IlnECDZW8utiUq+MqjW34S6BNolXkBoU6IyqX8NxTFJBpSEcaz3w3MQEGVaGEU4XlWGqaYLJDE/owFKJBdVBtjx2ga6sMkZRrGxJg5bq74kMC63nIrSdApupXvdy8T9vkJroJsiYTFJDJVktilKOTIzyz9GYKUoMn1uCiWL2VkSmWGFibD55CN76y5uk22x4bsN7aNba90UcZbiAS7gGD1rQhjvogA8EGDzDK7w50nlx3p2PVWvJKWbO4Q+czx+F743X</latexit><latexit sha1_base64="JnDzOjzJ+ANhQW37p2E631G5tFk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueCTxojdMLJBAQ7bLFjbsbpvdrQlp+A1ePGiMV3+QN/+NW+hBwZdM8vLeTGbmhQln2rjut1Pa2t7Z3SvvVw4Oj45PqqdnXR2nilCfxDxW/RBrypmkvmGG036iKBYhp71wdpv7vSeqNIvlo5knNBB4IlnECDZW8utiUq+MqjW34S6BNolXkBoU6IyqX8NxTFJBpSEcaz3w3MQEGVaGEU4XlWGqaYLJDE/owFKJBdVBtjx2ga6sMkZRrGxJg5bq74kMC63nIrSdApupXvdy8T9vkJroJsiYTFJDJVktilKOTIzyz9GYKUoMn1uCiWL2VkSmWGFibD55CN76y5uk22x4bsN7aNba90UcZbiAS7gGD1rQhjvogA8EGDzDK7w50nlx3p2PVWvJKWbO4Q+czx+F743X</latexit><latexit sha1_base64="JnDzOjzJ+ANhQW37p2E631G5tFk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueCTxojdMLJBAQ7bLFjbsbpvdrQlp+A1ePGiMV3+QN/+NW+hBwZdM8vLeTGbmhQln2rjut1Pa2t7Z3SvvVw4Oj45PqqdnXR2nilCfxDxW/RBrypmkvmGG036iKBYhp71wdpv7vSeqNIvlo5knNBB4IlnECDZW8utiUq+MqjW34S6BNolXkBoU6IyqX8NxTFJBpSEcaz3w3MQEGVaGEU4XlWGqaYLJDE/owFKJBdVBtjx2ga6sMkZRrGxJg5bq74kMC63nIrSdApupXvdy8T9vkJroJsiYTFJDJVktilKOTIzyz9GYKUoMn1uCiWL2VkSmWGFibD55CN76y5uk22x4bsN7aNba90UcZbiAS7gGD1rQhjvogA8EGDzDK7w50nlx3p2PVWvJKWbO4Q+czx+F743X</latexit><latexit sha1_base64="JnDzOjzJ+ANhQW37p2E631G5tFk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueCTxojdMLJBAQ7bLFjbsbpvdrQlp+A1ePGiMV3+QN/+NW+hBwZdM8vLeTGbmhQln2rjut1Pa2t7Z3SvvVw4Oj45PqqdnXR2nilCfxDxW/RBrypmkvmGG036iKBYhp71wdpv7vSeqNIvlo5knNBB4IlnECDZW8utiUq+MqjW34S6BNolXkBoU6IyqX8NxTFJBpSEcaz3w3MQEGVaGEU4XlWGqaYLJDE/owFKJBdVBtjx2ga6sMkZRrGxJg5bq74kMC63nIrSdApupXvdy8T9vkJroJsiYTFJDJVktilKOTIzyz9GYKUoMn1uCiWL2VkSmWGFibD55CN76y5uk22x4bsN7aNba90UcZbiAS7gGD1rQhjvogA8EGDzDK7w50nlx3p2PVWvJKWbO4Q+czx+F743X</latexit>

m
<latexit sha1_base64="W9L/KbDCcMhFu3pd0wM+OnCsZ/E=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oseCF71VsK3QhrLZbtqlu5uwOxFK6F/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSyFRdf9dkobm1vbO+Xdyt7+weFR9fika6PEMN5hkYzMY0Atl0LzDgqU/DE2nKpA8l4wvcn93hM3VkT6AWcx9xUdaxEKRjGX6qpeGVZrbsNdgKwTryA1KNAeVr8Go4glimtkklrb99wY/ZQaFEzyeWWQWB5TNqVj3s+opopbP13cOicXmTIiYWSy0kgW6u+JlCprZyrIOhXFiV31cvE/r59geO2nQscJcs2Wi8JEEoxI/jgZCcMZyllGKDMiu5WwCTWUYRZPHoK3+vI66TYbntvw7pu11l0RRxnO4BwuwYMraMEttKEDDCbwDK/w5ijnxXl3PpatJaeYOYU/cD5/AMN7jWY=</latexit><latexit sha1_base64="W9L/KbDCcMhFu3pd0wM+OnCsZ/E=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oseCF71VsK3QhrLZbtqlu5uwOxFK6F/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSyFRdf9dkobm1vbO+Xdyt7+weFR9fika6PEMN5hkYzMY0Atl0LzDgqU/DE2nKpA8l4wvcn93hM3VkT6AWcx9xUdaxEKRjGX6qpeGVZrbsNdgKwTryA1KNAeVr8Go4glimtkklrb99wY/ZQaFEzyeWWQWB5TNqVj3s+opopbP13cOicXmTIiYWSy0kgW6u+JlCprZyrIOhXFiV31cvE/r59geO2nQscJcs2Wi8JEEoxI/jgZCcMZyllGKDMiu5WwCTWUYRZPHoK3+vI66TYbntvw7pu11l0RRxnO4BwuwYMraMEttKEDDCbwDK/w5ijnxXl3PpatJaeYOYU/cD5/AMN7jWY=</latexit><latexit sha1_base64="W9L/KbDCcMhFu3pd0wM+OnCsZ/E=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oseCF71VsK3QhrLZbtqlu5uwOxFK6F/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSyFRdf9dkobm1vbO+Xdyt7+weFR9fika6PEMN5hkYzMY0Atl0LzDgqU/DE2nKpA8l4wvcn93hM3VkT6AWcx9xUdaxEKRjGX6qpeGVZrbsNdgKwTryA1KNAeVr8Go4glimtkklrb99wY/ZQaFEzyeWWQWB5TNqVj3s+opopbP13cOicXmTIiYWSy0kgW6u+JlCprZyrIOhXFiV31cvE/r59geO2nQscJcs2Wi8JEEoxI/jgZCcMZyllGKDMiu5WwCTWUYRZPHoK3+vI66TYbntvw7pu11l0RRxnO4BwuwYMraMEttKEDDCbwDK/w5ijnxXl3PpatJaeYOYU/cD5/AMN7jWY=</latexit><latexit sha1_base64="W9L/KbDCcMhFu3pd0wM+OnCsZ/E=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oseCF71VsK3QhrLZbtqlu5uwOxFK6F/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSyFRdf9dkobm1vbO+Xdyt7+weFR9fika6PEMN5hkYzMY0Atl0LzDgqU/DE2nKpA8l4wvcn93hM3VkT6AWcx9xUdaxEKRjGX6qpeGVZrbsNdgKwTryA1KNAeVr8Go4glimtkklrb99wY/ZQaFEzyeWWQWB5TNqVj3s+opopbP13cOicXmTIiYWSy0kgW6u+JlCprZyrIOhXFiV31cvE/r59geO2nQscJcs2Wi8JEEoxI/jgZCcMZyllGKDMiu5WwCTWUYRZPHoK3+vI66TYbntvw7pu11l0RRxnO4BwuwYMraMEttKEDDCbwDK/w5ijnxXl3PpatJaeYOYU/cD5/AMN7jWY=</latexit>

aT
<latexit sha1_base64="nq862H7p+z3AhYVB30MRWx0t9qw=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LLaCp5L0oseCF71V6Be0oWy2m3bp7ibsboQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpb2zu7e+V99+Dw6PikcnrW1XGqCO2QmMeqH2JNOZO0Y5jhtJ8oikXIaS+c3eV+74kqzWLZNvOEBgJPJIsYwcZKvRoetd2aO6pUvbq3BNokfkGqUKA1qnwNxzFJBZWGcKz1wPcSE2RYGUY4XbjDVNMEkxme0IGlEguqg2x57gJdWWWMoljZkgYt1d8TGRZaz0VoOwU2U73u5eJ/3iA10W2QMZmkhkqyWhSlHJkY5b+jMVOUGD63BBPF7K2ITLHCxNiE8hD89Zc3SbdR9726/9ioNh+KOMpwAZdwDT7cQBPuoQUdIDCDZ3iFNydxXpx352PVWnKKmXP4A+fzB0KkjjU=</latexit><latexit sha1_base64="nq862H7p+z3AhYVB30MRWx0t9qw=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LLaCp5L0oseCF71V6Be0oWy2m3bp7ibsboQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpb2zu7e+V99+Dw6PikcnrW1XGqCO2QmMeqH2JNOZO0Y5jhtJ8oikXIaS+c3eV+74kqzWLZNvOEBgJPJIsYwcZKvRoetd2aO6pUvbq3BNokfkGqUKA1qnwNxzFJBZWGcKz1wPcSE2RYGUY4XbjDVNMEkxme0IGlEguqg2x57gJdWWWMoljZkgYt1d8TGRZaz0VoOwU2U73u5eJ/3iA10W2QMZmkhkqyWhSlHJkY5b+jMVOUGD63BBPF7K2ITLHCxNiE8hD89Zc3SbdR9726/9ioNh+KOMpwAZdwDT7cQBPuoQUdIDCDZ3iFNydxXpx352PVWnKKmXP4A+fzB0KkjjU=</latexit><latexit sha1_base64="nq862H7p+z3AhYVB30MRWx0t9qw=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LLaCp5L0oseCF71V6Be0oWy2m3bp7ibsboQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpb2zu7e+V99+Dw6PikcnrW1XGqCO2QmMeqH2JNOZO0Y5jhtJ8oikXIaS+c3eV+74kqzWLZNvOEBgJPJIsYwcZKvRoetd2aO6pUvbq3BNokfkGqUKA1qnwNxzFJBZWGcKz1wPcSE2RYGUY4XbjDVNMEkxme0IGlEguqg2x57gJdWWWMoljZkgYt1d8TGRZaz0VoOwU2U73u5eJ/3iA10W2QMZmkhkqyWhSlHJkY5b+jMVOUGD63BBPF7K2ITLHCxNiE8hD89Zc3SbdR9726/9ioNh+KOMpwAZdwDT7cQBPuoQUdIDCDZ3iFNydxXpx352PVWnKKmXP4A+fzB0KkjjU=</latexit><latexit sha1_base64="nq862H7p+z3AhYVB30MRWx0t9qw=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LLaCp5L0oseCF71V6Be0oWy2m3bp7ibsboQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpb2zu7e+V99+Dw6PikcnrW1XGqCO2QmMeqH2JNOZO0Y5jhtJ8oikXIaS+c3eV+74kqzWLZNvOEBgJPJIsYwcZKvRoetd2aO6pUvbq3BNokfkGqUKA1qnwNxzFJBZWGcKz1wPcSE2RYGUY4XbjDVNMEkxme0IGlEguqg2x57gJdWWWMoljZkgYt1d8TGRZaz0VoOwU2U73u5eJ/3iA10W2QMZmkhkqyWhSlHJkY5b+jMVOUGD63BBPF7K2ITLHCxNiE8hD89Zc3SbdR9726/9ioNh+KOMpwAZdwDT7cQBPuoQUdIDCDZ3iFNydxXpx352PVWnKKmXP4A+fzB0KkjjU=</latexit>

↵
<latexit sha1_base64="PgGR8vEPIlbGc09YthfsFK1MRPs=">AAAB8XicbVBNS8NAEJ3Urxq/qh69BFvBU0l60WPBi94q2A9sQ5lsN+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtj4YeLw3w8y8IOFMadf9tkobm1vbO+Vde2//4PCocnzSUXEqCW2TmMeyF6CinAna1kxz2kskxSjgtBtMb3K/+0SlYrF40LOE+hGOBQsZQW2kx9oAeTJBu2YPK1W37i7grBOvIFUo0BpWvgajmKQRFZpwVKrvuYn2M5SaEU7n9iBVNEEyxTHtGyowosrPFhfPnQujjJwwlqaEdhbq74kMI6VmUWA6I9QTterl4n9eP9XhtZ8xkaSaCrJcFKbc0bGTv++MmKRE85khSCQztzpkghKJNiHlIXirL6+TTqPuuXXvvlFt3hVxlOEMzuESPLiCJtxCC9pAQMAzvMKbpawX6936WLaWrGLmFP7A+vwBtOGPoQ==</latexit><latexit sha1_base64="PgGR8vEPIlbGc09YthfsFK1MRPs=">AAAB8XicbVBNS8NAEJ3Urxq/qh69BFvBU0l60WPBi94q2A9sQ5lsN+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtj4YeLw3w8y8IOFMadf9tkobm1vbO+Vde2//4PCocnzSUXEqCW2TmMeyF6CinAna1kxz2kskxSjgtBtMb3K/+0SlYrF40LOE+hGOBQsZQW2kx9oAeTJBu2YPK1W37i7grBOvIFUo0BpWvgajmKQRFZpwVKrvuYn2M5SaEU7n9iBVNEEyxTHtGyowosrPFhfPnQujjJwwlqaEdhbq74kMI6VmUWA6I9QTterl4n9eP9XhtZ8xkaSaCrJcFKbc0bGTv++MmKRE85khSCQztzpkghKJNiHlIXirL6+TTqPuuXXvvlFt3hVxlOEMzuESPLiCJtxCC9pAQMAzvMKbpawX6936WLaWrGLmFP7A+vwBtOGPoQ==</latexit><latexit sha1_base64="PgGR8vEPIlbGc09YthfsFK1MRPs=">AAAB8XicbVBNS8NAEJ3Urxq/qh69BFvBU0l60WPBi94q2A9sQ5lsN+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtj4YeLw3w8y8IOFMadf9tkobm1vbO+Vde2//4PCocnzSUXEqCW2TmMeyF6CinAna1kxz2kskxSjgtBtMb3K/+0SlYrF40LOE+hGOBQsZQW2kx9oAeTJBu2YPK1W37i7grBOvIFUo0BpWvgajmKQRFZpwVKrvuYn2M5SaEU7n9iBVNEEyxTHtGyowosrPFhfPnQujjJwwlqaEdhbq74kMI6VmUWA6I9QTterl4n9eP9XhtZ8xkaSaCrJcFKbc0bGTv++MmKRE85khSCQztzpkghKJNiHlIXirL6+TTqPuuXXvvlFt3hVxlOEMzuESPLiCJtxCC9pAQMAzvMKbpawX6936WLaWrGLmFP7A+vwBtOGPoQ==</latexit><latexit sha1_base64="PgGR8vEPIlbGc09YthfsFK1MRPs=">AAAB8XicbVBNS8NAEJ3Urxq/qh69BFvBU0l60WPBi94q2A9sQ5lsN+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtj4YeLw3w8y8IOFMadf9tkobm1vbO+Vde2//4PCocnzSUXEqCW2TmMeyF6CinAna1kxz2kskxSjgtBtMb3K/+0SlYrF40LOE+hGOBQsZQW2kx9oAeTJBu2YPK1W37i7grBOvIFUo0BpWvgajmKQRFZpwVKrvuYn2M5SaEU7n9iBVNEEyxTHtGyowosrPFhfPnQujjJwwlqaEdhbq74kMI6VmUWA6I9QTterl4n9eP9XhtZ8xkaSaCrJcFKbc0bGTv++MmKRE85khSCQztzpkghKJNiHlIXirL6+TTqPuuXXvvlFt3hVxlOEMzuESPLiCJtxCC9pAQMAzvMKbpawX6936WLaWrGLmFP7A+vwBtOGPoQ==</latexit>

Christoph Erath



Numerische Mathematik in der Sekundarstufe Pendelbewegung

Mathematisches Pendel

Kraft = Masse ∗ Beschleunigung
~F = m~a.

m
d2(lα)
dt2

= −mg sinα

Umformung mit α̈ := d2(α)
dt2

Pendelbewegung

α̈ = −g
l

sinαfür α klein≈ −g
l
α

mit α(0) = α0 α̇(0) = 0.

l
<latexit sha1_base64="OqRJUP60XX/9KV3gbAwaqlFrru0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oseCF71VsK3QhrLZbtqlu5uwOxFK6F/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSyFRdf9dkobm1vbO+Xdyt7+weFR9fika6PEMN5hkYzMY0Atl0LzDgqU/DE2nKpA8l4wvcn93hM3VkT6AWcx9xUdaxEKRjGX6rJeGVZrbsNdgKwTryA1KNAeVr8Go4glimtkklrb99wY/ZQaFEzyeWWQWB5TNqVj3s+opopbP13cOicXmTIiYWSy0kgW6u+JlCprZyrIOhXFiV31cvE/r59geO2nQscJcs2Wi8JEEoxI/jgZCcMZyllGKDMiu5WwCTWUYRZPHoK3+vI66TYbntvw7pu11l0RRxnO4BwuwYMraMEttKEDDCbwDK/w5ijnxXl3PpatJaeYOYU/cD5/AMH1jWU=</latexit><latexit sha1_base64="OqRJUP60XX/9KV3gbAwaqlFrru0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oseCF71VsK3QhrLZbtqlu5uwOxFK6F/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSyFRdf9dkobm1vbO+Xdyt7+weFR9fika6PEMN5hkYzMY0Atl0LzDgqU/DE2nKpA8l4wvcn93hM3VkT6AWcx9xUdaxEKRjGX6rJeGVZrbsNdgKwTryA1KNAeVr8Go4glimtkklrb99wY/ZQaFEzyeWWQWB5TNqVj3s+opopbP13cOicXmTIiYWSy0kgW6u+JlCprZyrIOhXFiV31cvE/r59geO2nQscJcs2Wi8JEEoxI/jgZCcMZyllGKDMiu5WwCTWUYRZPHoK3+vI66TYbntvw7pu11l0RRxnO4BwuwYMraMEttKEDDCbwDK/w5ijnxXl3PpatJaeYOYU/cD5/AMH1jWU=</latexit><latexit sha1_base64="OqRJUP60XX/9KV3gbAwaqlFrru0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oseCF71VsK3QhrLZbtqlu5uwOxFK6F/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSyFRdf9dkobm1vbO+Xdyt7+weFR9fika6PEMN5hkYzMY0Atl0LzDgqU/DE2nKpA8l4wvcn93hM3VkT6AWcx9xUdaxEKRjGX6rJeGVZrbsNdgKwTryA1KNAeVr8Go4glimtkklrb99wY/ZQaFEzyeWWQWB5TNqVj3s+opopbP13cOicXmTIiYWSy0kgW6u+JlCprZyrIOhXFiV31cvE/r59geO2nQscJcs2Wi8JEEoxI/jgZCcMZyllGKDMiu5WwCTWUYRZPHoK3+vI66TYbntvw7pu11l0RRxnO4BwuwYMraMEttKEDDCbwDK/w5ijnxXl3PpatJaeYOYU/cD5/AMH1jWU=</latexit><latexit sha1_base64="OqRJUP60XX/9KV3gbAwaqlFrru0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oseCF71VsK3QhrLZbtqlu5uwOxFK6F/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSyFRdf9dkobm1vbO+Xdyt7+weFR9fika6PEMN5hkYzMY0Atl0LzDgqU/DE2nKpA8l4wvcn93hM3VkT6AWcx9xUdaxEKRjGX6rJeGVZrbsNdgKwTryA1KNAeVr8Go4glimtkklrb99wY/ZQaFEzyeWWQWB5TNqVj3s+opopbP13cOicXmTIiYWSy0kgW6u+JlCprZyrIOhXFiV31cvE/r59geO2nQscJcs2Wi8JEEoxI/jgZCcMZyllGKDMiu5WwCTWUYRZPHoK3+vI66TYbntvw7pu11l0RRxnO4BwuwYMraMEttKEDDCbwDK/w5ijnxXl3PpatJaeYOYU/cD5/AMH1jWU=</latexit>

↵
<latexit sha1_base64="bEbMgJ++MqFse0AdgJuqDx1cNzM=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tDhPBKtyl0TJgo10E8yHJEeY2e8mS3b1jd08IIb/CxkIRW3+Onf/GveQKTXww8Hhvhpl5YcKZNp737RQ2Nre2d4q7pb39g8Oj8vFJW8epIrRFYh6rboiaciZpyzDDaTdRFEXIaSec3GR+54kqzWL5YKYJDQSOJIsYQWOlx2ofeTLGamlQrng1bwF3nfg5qUCO5qD81R/GJBVUGsJR657vJSaYoTKMcDov9VNNEyQTHNGepRIF1cFscfDcvbDK0I1iZUsad6H+npih0HoqQtsp0Iz1qpeJ/3m91ETXwYzJJDVUkuWiKOWuid3se3fIFCWGTy1Bopi91SVjVEiMzSgLwV99eZ206zXfq/n39UrjLo+jCGdwDpfgwxU04Baa0AICAp7hFd4c5bw4787HsrXg5DOn8AfO5w9+K4+N</latexit><latexit sha1_base64="bEbMgJ++MqFse0AdgJuqDx1cNzM=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tDhPBKtyl0TJgo10E8yHJEeY2e8mS3b1jd08IIb/CxkIRW3+Onf/GveQKTXww8Hhvhpl5YcKZNp737RQ2Nre2d4q7pb39g8Oj8vFJW8epIrRFYh6rboiaciZpyzDDaTdRFEXIaSec3GR+54kqzWL5YKYJDQSOJIsYQWOlx2ofeTLGamlQrng1bwF3nfg5qUCO5qD81R/GJBVUGsJR657vJSaYoTKMcDov9VNNEyQTHNGepRIF1cFscfDcvbDK0I1iZUsad6H+npih0HoqQtsp0Iz1qpeJ/3m91ETXwYzJJDVUkuWiKOWuid3se3fIFCWGTy1Bopi91SVjVEiMzSgLwV99eZ206zXfq/n39UrjLo+jCGdwDpfgwxU04Baa0AICAp7hFd4c5bw4787HsrXg5DOn8AfO5w9+K4+N</latexit><latexit sha1_base64="bEbMgJ++MqFse0AdgJuqDx1cNzM=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tDhPBKtyl0TJgo10E8yHJEeY2e8mS3b1jd08IIb/CxkIRW3+Onf/GveQKTXww8Hhvhpl5YcKZNp737RQ2Nre2d4q7pb39g8Oj8vFJW8epIrRFYh6rboiaciZpyzDDaTdRFEXIaSec3GR+54kqzWL5YKYJDQSOJIsYQWOlx2ofeTLGamlQrng1bwF3nfg5qUCO5qD81R/GJBVUGsJR657vJSaYoTKMcDov9VNNEyQTHNGepRIF1cFscfDcvbDK0I1iZUsad6H+npih0HoqQtsp0Iz1qpeJ/3m91ETXwYzJJDVUkuWiKOWuid3se3fIFCWGTy1Bopi91SVjVEiMzSgLwV99eZ206zXfq/n39UrjLo+jCGdwDpfgwxU04Baa0AICAp7hFd4c5bw4787HsrXg5DOn8AfO5w9+K4+N</latexit><latexit sha1_base64="bEbMgJ++MqFse0AdgJuqDx1cNzM=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tDhPBKtyl0TJgo10E8yHJEeY2e8mS3b1jd08IIb/CxkIRW3+Onf/GveQKTXww8Hhvhpl5YcKZNp737RQ2Nre2d4q7pb39g8Oj8vFJW8epIrRFYh6rboiaciZpyzDDaTdRFEXIaSec3GR+54kqzWL5YKYJDQSOJIsYQWOlx2ofeTLGamlQrng1bwF3nfg5qUCO5qD81R/GJBVUGsJR657vJSaYoTKMcDov9VNNEyQTHNGepRIF1cFscfDcvbDK0I1iZUsad6H+npih0HoqQtsp0Iz1qpeJ/3m91ETXwYzJJDVUkuWiKOWuid3se3fIFCWGTy1Bopi91SVjVEiMzSgLwV99eZ206zXfq/n39UrjLo+jCGdwDpfgwxU04Baa0AICAp7hFd4c5bw4787HsrXg5DOn8AfO5w9+K4+N</latexit>

mg
<latexit sha1_base64="JnDzOjzJ+ANhQW37p2E631G5tFk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueCTxojdMLJBAQ7bLFjbsbpvdrQlp+A1ePGiMV3+QN/+NW+hBwZdM8vLeTGbmhQln2rjut1Pa2t7Z3SvvVw4Oj45PqqdnXR2nilCfxDxW/RBrypmkvmGG036iKBYhp71wdpv7vSeqNIvlo5knNBB4IlnECDZW8utiUq+MqjW34S6BNolXkBoU6IyqX8NxTFJBpSEcaz3w3MQEGVaGEU4XlWGqaYLJDE/owFKJBdVBtjx2ga6sMkZRrGxJg5bq74kMC63nIrSdApupXvdy8T9vkJroJsiYTFJDJVktilKOTIzyz9GYKUoMn1uCiWL2VkSmWGFibD55CN76y5uk22x4bsN7aNba90UcZbiAS7gGD1rQhjvogA8EGDzDK7w50nlx3p2PVWvJKWbO4Q+czx+F743X</latexit><latexit sha1_base64="JnDzOjzJ+ANhQW37p2E631G5tFk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueCTxojdMLJBAQ7bLFjbsbpvdrQlp+A1ePGiMV3+QN/+NW+hBwZdM8vLeTGbmhQln2rjut1Pa2t7Z3SvvVw4Oj45PqqdnXR2nilCfxDxW/RBrypmkvmGG036iKBYhp71wdpv7vSeqNIvlo5knNBB4IlnECDZW8utiUq+MqjW34S6BNolXkBoU6IyqX8NxTFJBpSEcaz3w3MQEGVaGEU4XlWGqaYLJDE/owFKJBdVBtjx2ga6sMkZRrGxJg5bq74kMC63nIrSdApupXvdy8T9vkJroJsiYTFJDJVktilKOTIzyz9GYKUoMn1uCiWL2VkSmWGFibD55CN76y5uk22x4bsN7aNba90UcZbiAS7gGD1rQhjvogA8EGDzDK7w50nlx3p2PVWvJKWbO4Q+czx+F743X</latexit><latexit sha1_base64="JnDzOjzJ+ANhQW37p2E631G5tFk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueCTxojdMLJBAQ7bLFjbsbpvdrQlp+A1ePGiMV3+QN/+NW+hBwZdM8vLeTGbmhQln2rjut1Pa2t7Z3SvvVw4Oj45PqqdnXR2nilCfxDxW/RBrypmkvmGG036iKBYhp71wdpv7vSeqNIvlo5knNBB4IlnECDZW8utiUq+MqjW34S6BNolXkBoU6IyqX8NxTFJBpSEcaz3w3MQEGVaGEU4XlWGqaYLJDE/owFKJBdVBtjx2ga6sMkZRrGxJg5bq74kMC63nIrSdApupXvdy8T9vkJroJsiYTFJDJVktilKOTIzyz9GYKUoMn1uCiWL2VkSmWGFibD55CN76y5uk22x4bsN7aNba90UcZbiAS7gGD1rQhjvogA8EGDzDK7w50nlx3p2PVWvJKWbO4Q+czx+F743X</latexit><latexit sha1_base64="JnDzOjzJ+ANhQW37p2E631G5tFk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueCTxojdMLJBAQ7bLFjbsbpvdrQlp+A1ePGiMV3+QN/+NW+hBwZdM8vLeTGbmhQln2rjut1Pa2t7Z3SvvVw4Oj45PqqdnXR2nilCfxDxW/RBrypmkvmGG036iKBYhp71wdpv7vSeqNIvlo5knNBB4IlnECDZW8utiUq+MqjW34S6BNolXkBoU6IyqX8NxTFJBpSEcaz3w3MQEGVaGEU4XlWGqaYLJDE/owFKJBdVBtjx2ga6sMkZRrGxJg5bq74kMC63nIrSdApupXvdy8T9vkJroJsiYTFJDJVktilKOTIzyz9GYKUoMn1uCiWL2VkSmWGFibD55CN76y5uk22x4bsN7aNba90UcZbiAS7gGD1rQhjvogA8EGDzDK7w50nlx3p2PVWvJKWbO4Q+czx+F743X</latexit>

mg
<latexit sha1_base64="JnDzOjzJ+ANhQW37p2E631G5tFk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueCTxojdMLJBAQ7bLFjbsbpvdrQlp+A1ePGiMV3+QN/+NW+hBwZdM8vLeTGbmhQln2rjut1Pa2t7Z3SvvVw4Oj45PqqdnXR2nilCfxDxW/RBrypmkvmGG036iKBYhp71wdpv7vSeqNIvlo5knNBB4IlnECDZW8utiUq+MqjW34S6BNolXkBoU6IyqX8NxTFJBpSEcaz3w3MQEGVaGEU4XlWGqaYLJDE/owFKJBdVBtjx2ga6sMkZRrGxJg5bq74kMC63nIrSdApupXvdy8T9vkJroJsiYTFJDJVktilKOTIzyz9GYKUoMn1uCiWL2VkSmWGFibD55CN76y5uk22x4bsN7aNba90UcZbiAS7gGD1rQhjvogA8EGDzDK7w50nlx3p2PVWvJKWbO4Q+czx+F743X</latexit><latexit sha1_base64="JnDzOjzJ+ANhQW37p2E631G5tFk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueCTxojdMLJBAQ7bLFjbsbpvdrQlp+A1ePGiMV3+QN/+NW+hBwZdM8vLeTGbmhQln2rjut1Pa2t7Z3SvvVw4Oj45PqqdnXR2nilCfxDxW/RBrypmkvmGG036iKBYhp71wdpv7vSeqNIvlo5knNBB4IlnECDZW8utiUq+MqjW34S6BNolXkBoU6IyqX8NxTFJBpSEcaz3w3MQEGVaGEU4XlWGqaYLJDE/owFKJBdVBtjx2ga6sMkZRrGxJg5bq74kMC63nIrSdApupXvdy8T9vkJroJsiYTFJDJVktilKOTIzyz9GYKUoMn1uCiWL2VkSmWGFibD55CN76y5uk22x4bsN7aNba90UcZbiAS7gGD1rQhjvogA8EGDzDK7w50nlx3p2PVWvJKWbO4Q+czx+F743X</latexit><latexit sha1_base64="JnDzOjzJ+ANhQW37p2E631G5tFk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueCTxojdMLJBAQ7bLFjbsbpvdrQlp+A1ePGiMV3+QN/+NW+hBwZdM8vLeTGbmhQln2rjut1Pa2t7Z3SvvVw4Oj45PqqdnXR2nilCfxDxW/RBrypmkvmGG036iKBYhp71wdpv7vSeqNIvlo5knNBB4IlnECDZW8utiUq+MqjW34S6BNolXkBoU6IyqX8NxTFJBpSEcaz3w3MQEGVaGEU4XlWGqaYLJDE/owFKJBdVBtjx2ga6sMkZRrGxJg5bq74kMC63nIrSdApupXvdy8T9vkJroJsiYTFJDJVktilKOTIzyz9GYKUoMn1uCiWL2VkSmWGFibD55CN76y5uk22x4bsN7aNba90UcZbiAS7gGD1rQhjvogA8EGDzDK7w50nlx3p2PVWvJKWbO4Q+czx+F743X</latexit><latexit sha1_base64="JnDzOjzJ+ANhQW37p2E631G5tFk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueCTxojdMLJBAQ7bLFjbsbpvdrQlp+A1ePGiMV3+QN/+NW+hBwZdM8vLeTGbmhQln2rjut1Pa2t7Z3SvvVw4Oj45PqqdnXR2nilCfxDxW/RBrypmkvmGG036iKBYhp71wdpv7vSeqNIvlo5knNBB4IlnECDZW8utiUq+MqjW34S6BNolXkBoU6IyqX8NxTFJBpSEcaz3w3MQEGVaGEU4XlWGqaYLJDE/owFKJBdVBtjx2ga6sMkZRrGxJg5bq74kMC63nIrSdApupXvdy8T9vkJroJsiYTFJDJVktilKOTIzyz9GYKUoMn1uCiWL2VkSmWGFibD55CN76y5uk22x4bsN7aNba90UcZbiAS7gGD1rQhjvogA8EGDzDK7w50nlx3p2PVWvJKWbO4Q+czx+F743X</latexit>

m
<latexit sha1_base64="W9L/KbDCcMhFu3pd0wM+OnCsZ/E=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oseCF71VsK3QhrLZbtqlu5uwOxFK6F/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSyFRdf9dkobm1vbO+Xdyt7+weFR9fika6PEMN5hkYzMY0Atl0LzDgqU/DE2nKpA8l4wvcn93hM3VkT6AWcx9xUdaxEKRjGX6qpeGVZrbsNdgKwTryA1KNAeVr8Go4glimtkklrb99wY/ZQaFEzyeWWQWB5TNqVj3s+opopbP13cOicXmTIiYWSy0kgW6u+JlCprZyrIOhXFiV31cvE/r59geO2nQscJcs2Wi8JEEoxI/jgZCcMZyllGKDMiu5WwCTWUYRZPHoK3+vI66TYbntvw7pu11l0RRxnO4BwuwYMraMEttKEDDCbwDK/w5ijnxXl3PpatJaeYOYU/cD5/AMN7jWY=</latexit><latexit sha1_base64="W9L/KbDCcMhFu3pd0wM+OnCsZ/E=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oseCF71VsK3QhrLZbtqlu5uwOxFK6F/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSyFRdf9dkobm1vbO+Xdyt7+weFR9fika6PEMN5hkYzMY0Atl0LzDgqU/DE2nKpA8l4wvcn93hM3VkT6AWcx9xUdaxEKRjGX6qpeGVZrbsNdgKwTryA1KNAeVr8Go4glimtkklrb99wY/ZQaFEzyeWWQWB5TNqVj3s+opopbP13cOicXmTIiYWSy0kgW6u+JlCprZyrIOhXFiV31cvE/r59geO2nQscJcs2Wi8JEEoxI/jgZCcMZyllGKDMiu5WwCTWUYRZPHoK3+vI66TYbntvw7pu11l0RRxnO4BwuwYMraMEttKEDDCbwDK/w5ijnxXl3PpatJaeYOYU/cD5/AMN7jWY=</latexit><latexit sha1_base64="W9L/KbDCcMhFu3pd0wM+OnCsZ/E=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oseCF71VsK3QhrLZbtqlu5uwOxFK6F/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSyFRdf9dkobm1vbO+Xdyt7+weFR9fika6PEMN5hkYzMY0Atl0LzDgqU/DE2nKpA8l4wvcn93hM3VkT6AWcx9xUdaxEKRjGX6qpeGVZrbsNdgKwTryA1KNAeVr8Go4glimtkklrb99wY/ZQaFEzyeWWQWB5TNqVj3s+opopbP13cOicXmTIiYWSy0kgW6u+JlCprZyrIOhXFiV31cvE/r59geO2nQscJcs2Wi8JEEoxI/jgZCcMZyllGKDMiu5WwCTWUYRZPHoK3+vI66TYbntvw7pu11l0RRxnO4BwuwYMraMEttKEDDCbwDK/w5ijnxXl3PpatJaeYOYU/cD5/AMN7jWY=</latexit><latexit sha1_base64="W9L/KbDCcMhFu3pd0wM+OnCsZ/E=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oseCF71VsK3QhrLZbtqlu5uwOxFK6F/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSyFRdf9dkobm1vbO+Xdyt7+weFR9fika6PEMN5hkYzMY0Atl0LzDgqU/DE2nKpA8l4wvcn93hM3VkT6AWcx9xUdaxEKRjGX6qpeGVZrbsNdgKwTryA1KNAeVr8Go4glimtkklrb99wY/ZQaFEzyeWWQWB5TNqVj3s+opopbP13cOicXmTIiYWSy0kgW6u+JlCprZyrIOhXFiV31cvE/r59geO2nQscJcs2Wi8JEEoxI/jgZCcMZyllGKDMiu5WwCTWUYRZPHoK3+vI66TYbntvw7pu11l0RRxnO4BwuwYMraMEttKEDDCbwDK/w5ijnxXl3PpatJaeYOYU/cD5/AMN7jWY=</latexit>
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<latexit sha1_base64="nq862H7p+z3AhYVB30MRWx0t9qw=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LLaCp5L0oseCF71V6Be0oWy2m3bp7ibsboQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpb2zu7e+V99+Dw6PikcnrW1XGqCO2QmMeqH2JNOZO0Y5jhtJ8oikXIaS+c3eV+74kqzWLZNvOEBgJPJIsYwcZKvRoetd2aO6pUvbq3BNokfkGqUKA1qnwNxzFJBZWGcKz1wPcSE2RYGUY4XbjDVNMEkxme0IGlEguqg2x57gJdWWWMoljZkgYt1d8TGRZaz0VoOwU2U73u5eJ/3iA10W2QMZmkhkqyWhSlHJkY5b+jMVOUGD63BBPF7K2ITLHCxNiE8hD89Zc3SbdR9726/9ioNh+KOMpwAZdwDT7cQBPuoQUdIDCDZ3iFNydxXpx352PVWnKKmXP4A+fzB0KkjjU=</latexit><latexit sha1_base64="nq862H7p+z3AhYVB30MRWx0t9qw=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LLaCp5L0oseCF71V6Be0oWy2m3bp7ibsboQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpb2zu7e+V99+Dw6PikcnrW1XGqCO2QmMeqH2JNOZO0Y5jhtJ8oikXIaS+c3eV+74kqzWLZNvOEBgJPJIsYwcZKvRoetd2aO6pUvbq3BNokfkGqUKA1qnwNxzFJBZWGcKz1wPcSE2RYGUY4XbjDVNMEkxme0IGlEguqg2x57gJdWWWMoljZkgYt1d8TGRZaz0VoOwU2U73u5eJ/3iA10W2QMZmkhkqyWhSlHJkY5b+jMVOUGD63BBPF7K2ITLHCxNiE8hD89Zc3SbdR9726/9ioNh+KOMpwAZdwDT7cQBPuoQUdIDCDZ3iFNydxXpx352PVWnKKmXP4A+fzB0KkjjU=</latexit><latexit sha1_base64="nq862H7p+z3AhYVB30MRWx0t9qw=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LLaCp5L0oseCF71V6Be0oWy2m3bp7ibsboQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpb2zu7e+V99+Dw6PikcnrW1XGqCO2QmMeqH2JNOZO0Y5jhtJ8oikXIaS+c3eV+74kqzWLZNvOEBgJPJIsYwcZKvRoetd2aO6pUvbq3BNokfkGqUKA1qnwNxzFJBZWGcKz1wPcSE2RYGUY4XbjDVNMEkxme0IGlEguqg2x57gJdWWWMoljZkgYt1d8TGRZaz0VoOwU2U73u5eJ/3iA10W2QMZmkhkqyWhSlHJkY5b+jMVOUGD63BBPF7K2ITLHCxNiE8hD89Zc3SbdR9726/9ioNh+KOMpwAZdwDT7cQBPuoQUdIDCDZ3iFNydxXpx352PVWnKKmXP4A+fzB0KkjjU=</latexit><latexit sha1_base64="nq862H7p+z3AhYVB30MRWx0t9qw=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LLaCp5L0oseCF71V6Be0oWy2m3bp7ibsboQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpb2zu7e+V99+Dw6PikcnrW1XGqCO2QmMeqH2JNOZO0Y5jhtJ8oikXIaS+c3eV+74kqzWLZNvOEBgJPJIsYwcZKvRoetd2aO6pUvbq3BNokfkGqUKA1qnwNxzFJBZWGcKz1wPcSE2RYGUY4XbjDVNMEkxme0IGlEguqg2x57gJdWWWMoljZkgYt1d8TGRZaz0VoOwU2U73u5eJ/3iA10W2QMZmkhkqyWhSlHJkY5b+jMVOUGD63BBPF7K2ITLHCxNiE8hD89Zc3SbdR9726/9ioNh+KOMpwAZdwDT7cQBPuoQUdIDCDZ3iFNydxXpx352PVWnKKmXP4A+fzB0KkjjU=</latexit>
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<latexit sha1_base64="PgGR8vEPIlbGc09YthfsFK1MRPs=">AAAB8XicbVBNS8NAEJ3Urxq/qh69BFvBU0l60WPBi94q2A9sQ5lsN+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtj4YeLw3w8y8IOFMadf9tkobm1vbO+Vde2//4PCocnzSUXEqCW2TmMeyF6CinAna1kxz2kskxSjgtBtMb3K/+0SlYrF40LOE+hGOBQsZQW2kx9oAeTJBu2YPK1W37i7grBOvIFUo0BpWvgajmKQRFZpwVKrvuYn2M5SaEU7n9iBVNEEyxTHtGyowosrPFhfPnQujjJwwlqaEdhbq74kMI6VmUWA6I9QTterl4n9eP9XhtZ8xkaSaCrJcFKbc0bGTv++MmKRE85khSCQztzpkghKJNiHlIXirL6+TTqPuuXXvvlFt3hVxlOEMzuESPLiCJtxCC9pAQMAzvMKbpawX6936WLaWrGLmFP7A+vwBtOGPoQ==</latexit><latexit sha1_base64="PgGR8vEPIlbGc09YthfsFK1MRPs=">AAAB8XicbVBNS8NAEJ3Urxq/qh69BFvBU0l60WPBi94q2A9sQ5lsN+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtj4YeLw3w8y8IOFMadf9tkobm1vbO+Vde2//4PCocnzSUXEqCW2TmMeyF6CinAna1kxz2kskxSjgtBtMb3K/+0SlYrF40LOE+hGOBQsZQW2kx9oAeTJBu2YPK1W37i7grBOvIFUo0BpWvgajmKQRFZpwVKrvuYn2M5SaEU7n9iBVNEEyxTHtGyowosrPFhfPnQujjJwwlqaEdhbq74kMI6VmUWA6I9QTterl4n9eP9XhtZ8xkaSaCrJcFKbc0bGTv++MmKRE85khSCQztzpkghKJNiHlIXirL6+TTqPuuXXvvlFt3hVxlOEMzuESPLiCJtxCC9pAQMAzvMKbpawX6936WLaWrGLmFP7A+vwBtOGPoQ==</latexit><latexit sha1_base64="PgGR8vEPIlbGc09YthfsFK1MRPs=">AAAB8XicbVBNS8NAEJ3Urxq/qh69BFvBU0l60WPBi94q2A9sQ5lsN+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtj4YeLw3w8y8IOFMadf9tkobm1vbO+Vde2//4PCocnzSUXEqCW2TmMeyF6CinAna1kxz2kskxSjgtBtMb3K/+0SlYrF40LOE+hGOBQsZQW2kx9oAeTJBu2YPK1W37i7grBOvIFUo0BpWvgajmKQRFZpwVKrvuYn2M5SaEU7n9iBVNEEyxTHtGyowosrPFhfPnQujjJwwlqaEdhbq74kMI6VmUWA6I9QTterl4n9eP9XhtZ8xkaSaCrJcFKbc0bGTv++MmKRE85khSCQztzpkghKJNiHlIXirL6+TTqPuuXXvvlFt3hVxlOEMzuESPLiCJtxCC9pAQMAzvMKbpawX6936WLaWrGLmFP7A+vwBtOGPoQ==</latexit><latexit sha1_base64="PgGR8vEPIlbGc09YthfsFK1MRPs=">AAAB8XicbVBNS8NAEJ3Urxq/qh69BFvBU0l60WPBi94q2A9sQ5lsN+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtj4YeLw3w8y8IOFMadf9tkobm1vbO+Vde2//4PCocnzSUXEqCW2TmMeyF6CinAna1kxz2kskxSjgtBtMb3K/+0SlYrF40LOE+hGOBQsZQW2kx9oAeTJBu2YPK1W37i7grBOvIFUo0BpWvgajmKQRFZpwVKrvuYn2M5SaEU7n9iBVNEEyxTHtGyowosrPFhfPnQujjJwwlqaEdhbq74kMI6VmUWA6I9QTterl4n9eP9XhtZ8xkaSaCrJcFKbc0bGTv++MmKRE85khSCQztzpkghKJNiHlIXirL6+TTqPuuXXvvlFt3hVxlOEMzuESPLiCJtxCC9pAQMAzvMKbpawX6936WLaWrGLmFP7A+vwBtOGPoQ==</latexit>
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Numerische Mathematik in der Sekundarstufe Pendelbewegung

Analytische Lösung
Klassischer Schulstoff (7.Oberstufe)

α(t) = α0 sin(ω0t+ π

2 ) ω0 =
√
g

l
Schwingungsdauer: T = 2π

√
l

g

Bsp.: α0 = π/4, l = 1, T ≈ 2
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1 exakte LG mit Linearisierung
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Numerische Mathematik in der Sekundarstufe Pendelbewegung

Analytische Lösung
Klassischer Schulstoff (7.Oberstufe)

α(t) = α0 sin(ω0t+ π

2 ) ω0 =
√
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l
Schwingungsdauer: T = 2π
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Numerische Mathematik in der Sekundarstufe Pendelbewegung

Realistisches Modell
Berücksichtigung des Luftwiderstands

Pendelbewegung
α̈ = −g

l
sinα−CL

m
α̇|α̇|

mit α(0) = α0 α̇(0) = 0.

CL . . . Luftdichte, Körperform

Elementare Umformung auf:

α̇ = ω

ω̇ = −g
l

sinα− CL
m
ω|ω|.

Lösung nur mit numerischem Verfahren!

Christoph Erath



Numerische Mathematik in der Sekundarstufe Pendelbewegung

Realistisches Modell
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Numerische Mathematik in der Sekundarstufe Pendelbewegung

Realistisches Modell
Berücksichtigung des Luftwiderstands

Pendelbewegung
α̈ = −g

l
sinα−CL

m
α̇|α̇|

mit α(0) = α0 α̇(0) = 0.

CL . . . Luftdichte, Körperform

Elementare Umformung auf:

α̇ = ω

ω̇ = −g
l

sinα− CL
m
ω|ω|.

Lösung nur mit numerischem Verfahren!
Christoph Erath



Numerische Mathematik in der Sekundarstufe Euler Verfahren

Motivation Euler Verfahren
↵

<latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit><latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit><latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit><latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit>

↵(t)
<latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit><latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit><latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit><latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit>

t0
<latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit><latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit><latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit><latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit>

t
<latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit><latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit><latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit><latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit>

Christoph Erath



Numerische Mathematik in der Sekundarstufe Euler Verfahren

Motivation Euler Verfahren
↵

<latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit><latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit><latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit><latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit>

↵(t)
<latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit><latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit><latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit><latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit>

t0
<latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit><latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit><latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit><latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit>

t0 + �t
<latexit sha1_base64="a7mr1BFBqkTv8EWVabzoq/c8AGo=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYCIIQtjNRfEU0IPHCOYByRpmJ51kyOzsMtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdb2dldW19YzO3ld/e2d3bLxwcNkyUaA51HslItwJmQAoFdRQooRVrYGEgoRmMrqd+8xG0EZG6x3EMfsgGSvQFZ2ilhxJ23fPODUhkFEvdQtEtuzPQZeJlpEgy1LqFr04v4kkICrlkxrQ9N0Y/ZRoFlzDJdxIDMeMjNoC2pYqFYPx0dvWEnlqlR/uRtqWQztTfEykLjRmHge0MGQ7NojcV//PaCfYv/VSoOEFQfL6on0iKEZ1GQHtCA0c5toRxLeytlA+ZZhxtUHkbgrf48jJpVMqeW/buKsXqVRZHjhyTE3JGPHJBquSW1EidcKLJM3klb86T8+K8Ox/z1hUnmzkif+B8/gCy0pFM</latexit><latexit sha1_base64="a7mr1BFBqkTv8EWVabzoq/c8AGo=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYCIIQtjNRfEU0IPHCOYByRpmJ51kyOzsMtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdb2dldW19YzO3ld/e2d3bLxwcNkyUaA51HslItwJmQAoFdRQooRVrYGEgoRmMrqd+8xG0EZG6x3EMfsgGSvQFZ2ilhxJ23fPODUhkFEvdQtEtuzPQZeJlpEgy1LqFr04v4kkICrlkxrQ9N0Y/ZRoFlzDJdxIDMeMjNoC2pYqFYPx0dvWEnlqlR/uRtqWQztTfEykLjRmHge0MGQ7NojcV//PaCfYv/VSoOEFQfL6on0iKEZ1GQHtCA0c5toRxLeytlA+ZZhxtUHkbgrf48jJpVMqeW/buKsXqVRZHjhyTE3JGPHJBquSW1EidcKLJM3klb86T8+K8Ox/z1hUnmzkif+B8/gCy0pFM</latexit><latexit sha1_base64="a7mr1BFBqkTv8EWVabzoq/c8AGo=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYCIIQtjNRfEU0IPHCOYByRpmJ51kyOzsMtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdb2dldW19YzO3ld/e2d3bLxwcNkyUaA51HslItwJmQAoFdRQooRVrYGEgoRmMrqd+8xG0EZG6x3EMfsgGSvQFZ2ilhxJ23fPODUhkFEvdQtEtuzPQZeJlpEgy1LqFr04v4kkICrlkxrQ9N0Y/ZRoFlzDJdxIDMeMjNoC2pYqFYPx0dvWEnlqlR/uRtqWQztTfEykLjRmHge0MGQ7NojcV//PaCfYv/VSoOEFQfL6on0iKEZ1GQHtCA0c5toRxLeytlA+ZZhxtUHkbgrf48jJpVMqeW/buKsXqVRZHjhyTE3JGPHJBquSW1EidcKLJM3klb86T8+K8Ox/z1hUnmzkif+B8/gCy0pFM</latexit><latexit sha1_base64="a7mr1BFBqkTv8EWVabzoq/c8AGo=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYCIIQtjNRfEU0IPHCOYByRpmJ51kyOzsMtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdb2dldW19YzO3ld/e2d3bLxwcNkyUaA51HslItwJmQAoFdRQooRVrYGEgoRmMrqd+8xG0EZG6x3EMfsgGSvQFZ2ilhxJ23fPODUhkFEvdQtEtuzPQZeJlpEgy1LqFr04v4kkICrlkxrQ9N0Y/ZRoFlzDJdxIDMeMjNoC2pYqFYPx0dvWEnlqlR/uRtqWQztTfEykLjRmHge0MGQ7NojcV//PaCfYv/VSoOEFQfL6on0iKEZ1GQHtCA0c5toRxLeytlA+ZZhxtUHkbgrf48jJpVMqeW/buKsXqVRZHjhyTE3JGPHJBquSW1EidcKLJM3klb86T8+K8Ox/z1hUnmzkif+B8/gCy0pFM</latexit>

�t
<latexit sha1_base64="r60uyFhZWCqigrDuuVNZt2xg+wA=">AAAB8XicbVA9TwJBEN3DL8Qv1NJmI5hYkTsajRWJFpaYCBjhQvaWOdiwt3fZnTMhF/6FjYXG2Ppv7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmkOLxzLWDwEzIIWCFgqU8JBoYFEgoROMr2d+5wm0EbG6x0kCfsSGSoSCM7TSY7V3AxIZxWq/XHFr7hx0lXg5qZAczX75qzeIeRqBQi6ZMV3PTdDPmEbBJUxLvdRAwviYDaFrqWIRGD+bXzylZ1YZ0DDWthTSufp7ImORMZMosJ0Rw5FZ9mbif143xfDSz4RKUgTFF4vCVFKM6ex9OhAaOMqJJYxrYW+lfMQ042hDKtkQvOWXV0m7XvPcmndXrzSu8jiK5IScknPikQvSILekSVqEE0WeySt5c4zz4rw7H4vWgpPPHJM/cD5/AEegj/Y=</latexit><latexit sha1_base64="r60uyFhZWCqigrDuuVNZt2xg+wA=">AAAB8XicbVA9TwJBEN3DL8Qv1NJmI5hYkTsajRWJFpaYCBjhQvaWOdiwt3fZnTMhF/6FjYXG2Ppv7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmkOLxzLWDwEzIIWCFgqU8JBoYFEgoROMr2d+5wm0EbG6x0kCfsSGSoSCM7TSY7V3AxIZxWq/XHFr7hx0lXg5qZAczX75qzeIeRqBQi6ZMV3PTdDPmEbBJUxLvdRAwviYDaFrqWIRGD+bXzylZ1YZ0DDWthTSufp7ImORMZMosJ0Rw5FZ9mbif143xfDSz4RKUgTFF4vCVFKM6ex9OhAaOMqJJYxrYW+lfMQ042hDKtkQvOWXV0m7XvPcmndXrzSu8jiK5IScknPikQvSILekSVqEE0WeySt5c4zz4rw7H4vWgpPPHJM/cD5/AEegj/Y=</latexit><latexit sha1_base64="r60uyFhZWCqigrDuuVNZt2xg+wA=">AAAB8XicbVA9TwJBEN3DL8Qv1NJmI5hYkTsajRWJFpaYCBjhQvaWOdiwt3fZnTMhF/6FjYXG2Ppv7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmkOLxzLWDwEzIIWCFgqU8JBoYFEgoROMr2d+5wm0EbG6x0kCfsSGSoSCM7TSY7V3AxIZxWq/XHFr7hx0lXg5qZAczX75qzeIeRqBQi6ZMV3PTdDPmEbBJUxLvdRAwviYDaFrqWIRGD+bXzylZ1YZ0DDWthTSufp7ImORMZMosJ0Rw5FZ9mbif143xfDSz4RKUgTFF4vCVFKM6ex9OhAaOMqJJYxrYW+lfMQ042hDKtkQvOWXV0m7XvPcmndXrzSu8jiK5IScknPikQvSILekSVqEE0WeySt5c4zz4rw7H4vWgpPPHJM/cD5/AEegj/Y=</latexit><latexit sha1_base64="r60uyFhZWCqigrDuuVNZt2xg+wA=">AAAB8XicbVA9TwJBEN3DL8Qv1NJmI5hYkTsajRWJFpaYCBjhQvaWOdiwt3fZnTMhF/6FjYXG2Ppv7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmkOLxzLWDwEzIIWCFgqU8JBoYFEgoROMr2d+5wm0EbG6x0kCfsSGSoSCM7TSY7V3AxIZxWq/XHFr7hx0lXg5qZAczX75qzeIeRqBQi6ZMV3PTdDPmEbBJUxLvdRAwviYDaFrqWIRGD+bXzylZ1YZ0DDWthTSufp7ImORMZMosJ0Rw5FZ9mbif143xfDSz4RKUgTFF4vCVFKM6ex9OhAaOMqJJYxrYW+lfMQ042hDKtkQvOWXV0m7XvPcmndXrzSu8jiK5IScknPikQvSILekSVqEE0WeySt5c4zz4rw7H4vWgpPPHJM/cD5/AEegj/Y=</latexit>

t
<latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit><latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit><latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit><latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit>

�↵
<latexit sha1_base64="IhRoKL8e6G7bWLJhOzPpP4qzKrI=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTARPIXdXBRPAT14jGAekF1C76Q3GTL7YGZWiCFf4sWDIl79FG/+jZNkD5pY0FBUddPdFaSCK+0431ZhY3Nre6e4W9rbPzgs20fHbZVkkmGLJSKR3QAUCh5jS3MtsJtKhCgQ2AnGN3O/84hS8SR+0JMU/QiGMQ85A22kvl2uercoNFAPRDqCat+uODVnAbpO3JxUSI5m3/7yBgnLIow1E6BUz3VS7U9Bas4EzkpepjAFNoYh9gyNIULlTxeHz+i5UQY0TKSpWNOF+ntiCpFSkygwnRHokVr15uJ/Xi/T4ZU/5XGaaYzZclGYCaoTOk+BDrhEpsXEEGCSm1spG4EEpk1WJROCu/ryOmnXa65Tc+/rlcZ1HkeRnJIzckFcckka5I40SYswkpFn8krerCfrxXq3PpatBSufOSF/YH3+AHmnkkc=</latexit><latexit sha1_base64="IhRoKL8e6G7bWLJhOzPpP4qzKrI=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTARPIXdXBRPAT14jGAekF1C76Q3GTL7YGZWiCFf4sWDIl79FG/+jZNkD5pY0FBUddPdFaSCK+0431ZhY3Nre6e4W9rbPzgs20fHbZVkkmGLJSKR3QAUCh5jS3MtsJtKhCgQ2AnGN3O/84hS8SR+0JMU/QiGMQ85A22kvl2uercoNFAPRDqCat+uODVnAbpO3JxUSI5m3/7yBgnLIow1E6BUz3VS7U9Bas4EzkpepjAFNoYh9gyNIULlTxeHz+i5UQY0TKSpWNOF+ntiCpFSkygwnRHokVr15uJ/Xi/T4ZU/5XGaaYzZclGYCaoTOk+BDrhEpsXEEGCSm1spG4EEpk1WJROCu/ryOmnXa65Tc+/rlcZ1HkeRnJIzckFcckka5I40SYswkpFn8krerCfrxXq3PpatBSufOSF/YH3+AHmnkkc=</latexit><latexit sha1_base64="IhRoKL8e6G7bWLJhOzPpP4qzKrI=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTARPIXdXBRPAT14jGAekF1C76Q3GTL7YGZWiCFf4sWDIl79FG/+jZNkD5pY0FBUddPdFaSCK+0431ZhY3Nre6e4W9rbPzgs20fHbZVkkmGLJSKR3QAUCh5jS3MtsJtKhCgQ2AnGN3O/84hS8SR+0JMU/QiGMQ85A22kvl2uercoNFAPRDqCat+uODVnAbpO3JxUSI5m3/7yBgnLIow1E6BUz3VS7U9Bas4EzkpepjAFNoYh9gyNIULlTxeHz+i5UQY0TKSpWNOF+ntiCpFSkygwnRHokVr15uJ/Xi/T4ZU/5XGaaYzZclGYCaoTOk+BDrhEpsXEEGCSm1spG4EEpk1WJROCu/ryOmnXa65Tc+/rlcZ1HkeRnJIzckFcckka5I40SYswkpFn8krerCfrxXq3PpatBSufOSF/YH3+AHmnkkc=</latexit><latexit sha1_base64="IhRoKL8e6G7bWLJhOzPpP4qzKrI=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTARPIXdXBRPAT14jGAekF1C76Q3GTL7YGZWiCFf4sWDIl79FG/+jZNkD5pY0FBUddPdFaSCK+0431ZhY3Nre6e4W9rbPzgs20fHbZVkkmGLJSKR3QAUCh5jS3MtsJtKhCgQ2AnGN3O/84hS8SR+0JMU/QiGMQ85A22kvl2uercoNFAPRDqCat+uODVnAbpO3JxUSI5m3/7yBgnLIow1E6BUz3VS7U9Bas4EzkpepjAFNoYh9gyNIULlTxeHz+i5UQY0TKSpWNOF+ntiCpFSkygwnRHokVr15uJ/Xi/T4ZU/5XGaaYzZclGYCaoTOk+BDrhEpsXEEGCSm1spG4EEpk1WJROCu/ryOmnXa65Tc+/rlcZ1HkeRnJIzckFcckka5I40SYswkpFn8krerCfrxXq3PpatBSufOSF/YH3+AHmnkkc=</latexit>

Sekante
<latexit sha1_base64="33uv3nG2DWPd7hNuezuyWaon0Vc=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkviqeCF48V7Qe0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jps1BWx8MPN6bYWZekAiujet+O2vrG5tb26Wd8u7e/sFh5ei4reNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJTe53nlBpHssHM03Qj+hI8pAzaqzUvccJlQbLg0rVrblzkFXiFaQKBZqDyld/GLM0QmmYoFr3PDcxfkaV4UzgrNxPNSaUTegIe5ZKGqH2s/m9M3JulSEJY2VLGjJXf09kNNJ6GgW2M6JmrJe9XPzP66UmvPIzLpPUoGSLRWEqiIlJ/jwZcoXMiKkllClubyVsTBVlxkaUh+Atv7xK2vWa59a8u3q1cV3EUYJTOIML8OASGnALTWgBAwHP8ApvzqPz4rw7H4vWNaeYOYE/cD5/AIWrj5U=</latexit><latexit sha1_base64="33uv3nG2DWPd7hNuezuyWaon0Vc=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkviqeCF48V7Qe0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jps1BWx8MPN6bYWZekAiujet+O2vrG5tb26Wd8u7e/sFh5ei4reNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJTe53nlBpHssHM03Qj+hI8pAzaqzUvccJlQbLg0rVrblzkFXiFaQKBZqDyld/GLM0QmmYoFr3PDcxfkaV4UzgrNxPNSaUTegIe5ZKGqH2s/m9M3JulSEJY2VLGjJXf09kNNJ6GgW2M6JmrJe9XPzP66UmvPIzLpPUoGSLRWEqiIlJ/jwZcoXMiKkllClubyVsTBVlxkaUh+Atv7xK2vWa59a8u3q1cV3EUYJTOIML8OASGnALTWgBAwHP8ApvzqPz4rw7H4vWNaeYOYE/cD5/AIWrj5U=</latexit><latexit sha1_base64="33uv3nG2DWPd7hNuezuyWaon0Vc=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkviqeCF48V7Qe0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jps1BWx8MPN6bYWZekAiujet+O2vrG5tb26Wd8u7e/sFh5ei4reNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJTe53nlBpHssHM03Qj+hI8pAzaqzUvccJlQbLg0rVrblzkFXiFaQKBZqDyld/GLM0QmmYoFr3PDcxfkaV4UzgrNxPNSaUTegIe5ZKGqH2s/m9M3JulSEJY2VLGjJXf09kNNJ6GgW2M6JmrJe9XPzP66UmvPIzLpPUoGSLRWEqiIlJ/jwZcoXMiKkllClubyVsTBVlxkaUh+Atv7xK2vWa59a8u3q1cV3EUYJTOIML8OASGnALTWgBAwHP8ApvzqPz4rw7H4vWNaeYOYE/cD5/AIWrj5U=</latexit><latexit sha1_base64="33uv3nG2DWPd7hNuezuyWaon0Vc=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkviqeCF48V7Qe0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jps1BWx8MPN6bYWZekAiujet+O2vrG5tb26Wd8u7e/sFh5ei4reNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJTe53nlBpHssHM03Qj+hI8pAzaqzUvccJlQbLg0rVrblzkFXiFaQKBZqDyld/GLM0QmmYoFr3PDcxfkaV4UzgrNxPNSaUTegIe5ZKGqH2s/m9M3JulSEJY2VLGjJXf09kNNJ6GgW2M6JmrJe9XPzP66UmvPIzLpPUoGSLRWEqiIlJ/jwZcoXMiKkllClubyVsTBVlxkaUh+Atv7xK2vWa59a8u3q1cV3EUYJTOIML8OASGnALTWgBAwHP8ApvzqPz4rw7H4vWNaeYOYE/cD5/AIWrj5U=</latexit>

Steigung der Sekante:

∆α
∆t = α(t0 + ∆t)− α(t0)

∆t

Christoph Erath



Numerische Mathematik in der Sekundarstufe Euler Verfahren

Motivation Euler Verfahren

Tangente
<latexit sha1_base64="oiTyx3Sy43dnQ0+TY1aQ1Zo293o=">AAAB73icbVC7SgNBFL0bXzG+opY2g0GwCrtpjF3AxjJCXpAsYXZyNxkyO7vOzAphyU/YWChi6+/Y+TdOki008cDA4Zx7mHtPkAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHsuWmSXoR3QsecgZNVbqtagcozQ4LFfcqrsE2SReTiqQozksfw1GMUsjG2aCat333MT4GVWGM4Hz0iDVmFA2pWPsWypphNrPlvvOyZVVRiSMlX3SkKX6O5HRSOtZFNjJiJqJXvcW4n9ePzVh3c+4TFKDkq0+ClNBTEwWx5MRV8iMmFlCmeJ2V8ImVFFmbEUlW4K3fvIm6dSqnlv1HmqVxm1eRxEu4BKuwYMbaMA9NKENDAQ8wyu8OY/Oi/PufKxGC06eOYc/cD5/ABhvj/U=</latexit><latexit sha1_base64="oiTyx3Sy43dnQ0+TY1aQ1Zo293o=">AAAB73icbVC7SgNBFL0bXzG+opY2g0GwCrtpjF3AxjJCXpAsYXZyNxkyO7vOzAphyU/YWChi6+/Y+TdOki008cDA4Zx7mHtPkAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHsuWmSXoR3QsecgZNVbqtagcozQ4LFfcqrsE2SReTiqQozksfw1GMUsjG2aCat333MT4GVWGM4Hz0iDVmFA2pWPsWypphNrPlvvOyZVVRiSMlX3SkKX6O5HRSOtZFNjJiJqJXvcW4n9ePzVh3c+4TFKDkq0+ClNBTEwWx5MRV8iMmFlCmeJ2V8ImVFFmbEUlW4K3fvIm6dSqnlv1HmqVxm1eRxEu4BKuwYMbaMA9NKENDAQ8wyu8OY/Oi/PufKxGC06eOYc/cD5/ABhvj/U=</latexit><latexit sha1_base64="oiTyx3Sy43dnQ0+TY1aQ1Zo293o=">AAAB73icbVC7SgNBFL0bXzG+opY2g0GwCrtpjF3AxjJCXpAsYXZyNxkyO7vOzAphyU/YWChi6+/Y+TdOki008cDA4Zx7mHtPkAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHsuWmSXoR3QsecgZNVbqtagcozQ4LFfcqrsE2SReTiqQozksfw1GMUsjG2aCat333MT4GVWGM4Hz0iDVmFA2pWPsWypphNrPlvvOyZVVRiSMlX3SkKX6O5HRSOtZFNjJiJqJXvcW4n9ePzVh3c+4TFKDkq0+ClNBTEwWx5MRV8iMmFlCmeJ2V8ImVFFmbEUlW4K3fvIm6dSqnlv1HmqVxm1eRxEu4BKuwYMbaMA9NKENDAQ8wyu8OY/Oi/PufKxGC06eOYc/cD5/ABhvj/U=</latexit><latexit sha1_base64="oiTyx3Sy43dnQ0+TY1aQ1Zo293o=">AAAB73icbVC7SgNBFL0bXzG+opY2g0GwCrtpjF3AxjJCXpAsYXZyNxkyO7vOzAphyU/YWChi6+/Y+TdOki008cDA4Zx7mHtPkAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHsuWmSXoR3QsecgZNVbqtagcozQ4LFfcqrsE2SReTiqQozksfw1GMUsjG2aCat333MT4GVWGM4Hz0iDVmFA2pWPsWypphNrPlvvOyZVVRiSMlX3SkKX6O5HRSOtZFNjJiJqJXvcW4n9ePzVh3c+4TFKDkq0+ClNBTEwWx5MRV8iMmFlCmeJ2V8ImVFFmbEUlW4K3fvIm6dSqnlv1HmqVxm1eRxEu4BKuwYMbaMA9NKENDAQ8wyu8OY/Oi/PufKxGC06eOYc/cD5/ABhvj/U=</latexit>

↵
<latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit><latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit><latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit><latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit>

↵(t)
<latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit><latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit><latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit><latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit>

t0
<latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit><latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit><latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit><latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit>

t0 + �t
<latexit sha1_base64="a7mr1BFBqkTv8EWVabzoq/c8AGo=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYCIIQtjNRfEU0IPHCOYByRpmJ51kyOzsMtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdb2dldW19YzO3ld/e2d3bLxwcNkyUaA51HslItwJmQAoFdRQooRVrYGEgoRmMrqd+8xG0EZG6x3EMfsgGSvQFZ2ilhxJ23fPODUhkFEvdQtEtuzPQZeJlpEgy1LqFr04v4kkICrlkxrQ9N0Y/ZRoFlzDJdxIDMeMjNoC2pYqFYPx0dvWEnlqlR/uRtqWQztTfEykLjRmHge0MGQ7NojcV//PaCfYv/VSoOEFQfL6on0iKEZ1GQHtCA0c5toRxLeytlA+ZZhxtUHkbgrf48jJpVMqeW/buKsXqVRZHjhyTE3JGPHJBquSW1EidcKLJM3klb86T8+K8Ox/z1hUnmzkif+B8/gCy0pFM</latexit><latexit sha1_base64="a7mr1BFBqkTv8EWVabzoq/c8AGo=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYCIIQtjNRfEU0IPHCOYByRpmJ51kyOzsMtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdb2dldW19YzO3ld/e2d3bLxwcNkyUaA51HslItwJmQAoFdRQooRVrYGEgoRmMrqd+8xG0EZG6x3EMfsgGSvQFZ2ilhxJ23fPODUhkFEvdQtEtuzPQZeJlpEgy1LqFr04v4kkICrlkxrQ9N0Y/ZRoFlzDJdxIDMeMjNoC2pYqFYPx0dvWEnlqlR/uRtqWQztTfEykLjRmHge0MGQ7NojcV//PaCfYv/VSoOEFQfL6on0iKEZ1GQHtCA0c5toRxLeytlA+ZZhxtUHkbgrf48jJpVMqeW/buKsXqVRZHjhyTE3JGPHJBquSW1EidcKLJM3klb86T8+K8Ox/z1hUnmzkif+B8/gCy0pFM</latexit><latexit sha1_base64="a7mr1BFBqkTv8EWVabzoq/c8AGo=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYCIIQtjNRfEU0IPHCOYByRpmJ51kyOzsMtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdb2dldW19YzO3ld/e2d3bLxwcNkyUaA51HslItwJmQAoFdRQooRVrYGEgoRmMrqd+8xG0EZG6x3EMfsgGSvQFZ2ilhxJ23fPODUhkFEvdQtEtuzPQZeJlpEgy1LqFr04v4kkICrlkxrQ9N0Y/ZRoFlzDJdxIDMeMjNoC2pYqFYPx0dvWEnlqlR/uRtqWQztTfEykLjRmHge0MGQ7NojcV//PaCfYv/VSoOEFQfL6on0iKEZ1GQHtCA0c5toRxLeytlA+ZZhxtUHkbgrf48jJpVMqeW/buKsXqVRZHjhyTE3JGPHJBquSW1EidcKLJM3klb86T8+K8Ox/z1hUnmzkif+B8/gCy0pFM</latexit><latexit sha1_base64="a7mr1BFBqkTv8EWVabzoq/c8AGo=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYCIIQtjNRfEU0IPHCOYByRpmJ51kyOzsMtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdb2dldW19YzO3ld/e2d3bLxwcNkyUaA51HslItwJmQAoFdRQooRVrYGEgoRmMrqd+8xG0EZG6x3EMfsgGSvQFZ2ilhxJ23fPODUhkFEvdQtEtuzPQZeJlpEgy1LqFr04v4kkICrlkxrQ9N0Y/ZRoFlzDJdxIDMeMjNoC2pYqFYPx0dvWEnlqlR/uRtqWQztTfEykLjRmHge0MGQ7NojcV//PaCfYv/VSoOEFQfL6on0iKEZ1GQHtCA0c5toRxLeytlA+ZZhxtUHkbgrf48jJpVMqeW/buKsXqVRZHjhyTE3JGPHJBquSW1EidcKLJM3klb86T8+K8Ox/z1hUnmzkif+B8/gCy0pFM</latexit>

�t
<latexit sha1_base64="r60uyFhZWCqigrDuuVNZt2xg+wA=">AAAB8XicbVA9TwJBEN3DL8Qv1NJmI5hYkTsajRWJFpaYCBjhQvaWOdiwt3fZnTMhF/6FjYXG2Ppv7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmkOLxzLWDwEzIIWCFgqU8JBoYFEgoROMr2d+5wm0EbG6x0kCfsSGSoSCM7TSY7V3AxIZxWq/XHFr7hx0lXg5qZAczX75qzeIeRqBQi6ZMV3PTdDPmEbBJUxLvdRAwviYDaFrqWIRGD+bXzylZ1YZ0DDWthTSufp7ImORMZMosJ0Rw5FZ9mbif143xfDSz4RKUgTFF4vCVFKM6ex9OhAaOMqJJYxrYW+lfMQ042hDKtkQvOWXV0m7XvPcmndXrzSu8jiK5IScknPikQvSILekSVqEE0WeySt5c4zz4rw7H4vWgpPPHJM/cD5/AEegj/Y=</latexit><latexit sha1_base64="r60uyFhZWCqigrDuuVNZt2xg+wA=">AAAB8XicbVA9TwJBEN3DL8Qv1NJmI5hYkTsajRWJFpaYCBjhQvaWOdiwt3fZnTMhF/6FjYXG2Ppv7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmkOLxzLWDwEzIIWCFgqU8JBoYFEgoROMr2d+5wm0EbG6x0kCfsSGSoSCM7TSY7V3AxIZxWq/XHFr7hx0lXg5qZAczX75qzeIeRqBQi6ZMV3PTdDPmEbBJUxLvdRAwviYDaFrqWIRGD+bXzylZ1YZ0DDWthTSufp7ImORMZMosJ0Rw5FZ9mbif143xfDSz4RKUgTFF4vCVFKM6ex9OhAaOMqJJYxrYW+lfMQ042hDKtkQvOWXV0m7XvPcmndXrzSu8jiK5IScknPikQvSILekSVqEE0WeySt5c4zz4rw7H4vWgpPPHJM/cD5/AEegj/Y=</latexit><latexit sha1_base64="r60uyFhZWCqigrDuuVNZt2xg+wA=">AAAB8XicbVA9TwJBEN3DL8Qv1NJmI5hYkTsajRWJFpaYCBjhQvaWOdiwt3fZnTMhF/6FjYXG2Ppv7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmkOLxzLWDwEzIIWCFgqU8JBoYFEgoROMr2d+5wm0EbG6x0kCfsSGSoSCM7TSY7V3AxIZxWq/XHFr7hx0lXg5qZAczX75qzeIeRqBQi6ZMV3PTdDPmEbBJUxLvdRAwviYDaFrqWIRGD+bXzylZ1YZ0DDWthTSufp7ImORMZMosJ0Rw5FZ9mbif143xfDSz4RKUgTFF4vCVFKM6ex9OhAaOMqJJYxrYW+lfMQ042hDKtkQvOWXV0m7XvPcmndXrzSu8jiK5IScknPikQvSILekSVqEE0WeySt5c4zz4rw7H4vWgpPPHJM/cD5/AEegj/Y=</latexit><latexit sha1_base64="r60uyFhZWCqigrDuuVNZt2xg+wA=">AAAB8XicbVA9TwJBEN3DL8Qv1NJmI5hYkTsajRWJFpaYCBjhQvaWOdiwt3fZnTMhF/6FjYXG2Ppv7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmkOLxzLWDwEzIIWCFgqU8JBoYFEgoROMr2d+5wm0EbG6x0kCfsSGSoSCM7TSY7V3AxIZxWq/XHFr7hx0lXg5qZAczX75qzeIeRqBQi6ZMV3PTdDPmEbBJUxLvdRAwviYDaFrqWIRGD+bXzylZ1YZ0DDWthTSufp7ImORMZMosJ0Rw5FZ9mbif143xfDSz4RKUgTFF4vCVFKM6ex9OhAaOMqJJYxrYW+lfMQ042hDKtkQvOWXV0m7XvPcmndXrzSu8jiK5IScknPikQvSILekSVqEE0WeySt5c4zz4rw7H4vWgpPPHJM/cD5/AEegj/Y=</latexit>

t
<latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit><latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit><latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit><latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit>

�↵
<latexit sha1_base64="IhRoKL8e6G7bWLJhOzPpP4qzKrI=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTARPIXdXBRPAT14jGAekF1C76Q3GTL7YGZWiCFf4sWDIl79FG/+jZNkD5pY0FBUddPdFaSCK+0431ZhY3Nre6e4W9rbPzgs20fHbZVkkmGLJSKR3QAUCh5jS3MtsJtKhCgQ2AnGN3O/84hS8SR+0JMU/QiGMQ85A22kvl2uercoNFAPRDqCat+uODVnAbpO3JxUSI5m3/7yBgnLIow1E6BUz3VS7U9Bas4EzkpepjAFNoYh9gyNIULlTxeHz+i5UQY0TKSpWNOF+ntiCpFSkygwnRHokVr15uJ/Xi/T4ZU/5XGaaYzZclGYCaoTOk+BDrhEpsXEEGCSm1spG4EEpk1WJROCu/ryOmnXa65Tc+/rlcZ1HkeRnJIzckFcckka5I40SYswkpFn8krerCfrxXq3PpatBSufOSF/YH3+AHmnkkc=</latexit><latexit sha1_base64="IhRoKL8e6G7bWLJhOzPpP4qzKrI=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTARPIXdXBRPAT14jGAekF1C76Q3GTL7YGZWiCFf4sWDIl79FG/+jZNkD5pY0FBUddPdFaSCK+0431ZhY3Nre6e4W9rbPzgs20fHbZVkkmGLJSKR3QAUCh5jS3MtsJtKhCgQ2AnGN3O/84hS8SR+0JMU/QiGMQ85A22kvl2uercoNFAPRDqCat+uODVnAbpO3JxUSI5m3/7yBgnLIow1E6BUz3VS7U9Bas4EzkpepjAFNoYh9gyNIULlTxeHz+i5UQY0TKSpWNOF+ntiCpFSkygwnRHokVr15uJ/Xi/T4ZU/5XGaaYzZclGYCaoTOk+BDrhEpsXEEGCSm1spG4EEpk1WJROCu/ryOmnXa65Tc+/rlcZ1HkeRnJIzckFcckka5I40SYswkpFn8krerCfrxXq3PpatBSufOSF/YH3+AHmnkkc=</latexit><latexit sha1_base64="IhRoKL8e6G7bWLJhOzPpP4qzKrI=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTARPIXdXBRPAT14jGAekF1C76Q3GTL7YGZWiCFf4sWDIl79FG/+jZNkD5pY0FBUddPdFaSCK+0431ZhY3Nre6e4W9rbPzgs20fHbZVkkmGLJSKR3QAUCh5jS3MtsJtKhCgQ2AnGN3O/84hS8SR+0JMU/QiGMQ85A22kvl2uercoNFAPRDqCat+uODVnAbpO3JxUSI5m3/7yBgnLIow1E6BUz3VS7U9Bas4EzkpepjAFNoYh9gyNIULlTxeHz+i5UQY0TKSpWNOF+ntiCpFSkygwnRHokVr15uJ/Xi/T4ZU/5XGaaYzZclGYCaoTOk+BDrhEpsXEEGCSm1spG4EEpk1WJROCu/ryOmnXa65Tc+/rlcZ1HkeRnJIzckFcckka5I40SYswkpFn8krerCfrxXq3PpatBSufOSF/YH3+AHmnkkc=</latexit><latexit sha1_base64="IhRoKL8e6G7bWLJhOzPpP4qzKrI=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTARPIXdXBRPAT14jGAekF1C76Q3GTL7YGZWiCFf4sWDIl79FG/+jZNkD5pY0FBUddPdFaSCK+0431ZhY3Nre6e4W9rbPzgs20fHbZVkkmGLJSKR3QAUCh5jS3MtsJtKhCgQ2AnGN3O/84hS8SR+0JMU/QiGMQ85A22kvl2uercoNFAPRDqCat+uODVnAbpO3JxUSI5m3/7yBgnLIow1E6BUz3VS7U9Bas4EzkpepjAFNoYh9gyNIULlTxeHz+i5UQY0TKSpWNOF+ntiCpFSkygwnRHokVr15uJ/Xi/T4ZU/5XGaaYzZclGYCaoTOk+BDrhEpsXEEGCSm1spG4EEpk1WJROCu/ryOmnXa65Tc+/rlcZ1HkeRnJIzckFcckka5I40SYswkpFn8krerCfrxXq3PpatBSufOSF/YH3+AHmnkkc=</latexit>

Steigung der Tangente/Ableitung (7. Oberstufe):

α̇(t0) = dα

dt
(t0) := lim

∆t→0

∆α
∆t = lim

∆t→0

α(t0 + ∆t)− α(t0)
∆t

Christoph Erath



Numerische Mathematik in der Sekundarstufe Euler Verfahren

Motivation Euler Verfahren
↵

<latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit><latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit><latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit><latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit>

↵(t)
<latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit><latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit><latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit><latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit>

t0
<latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit><latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit><latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit><latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit>

�t
<latexit sha1_base64="r60uyFhZWCqigrDuuVNZt2xg+wA=">AAAB8XicbVA9TwJBEN3DL8Qv1NJmI5hYkTsajRWJFpaYCBjhQvaWOdiwt3fZnTMhF/6FjYXG2Ppv7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmkOLxzLWDwEzIIWCFgqU8JBoYFEgoROMr2d+5wm0EbG6x0kCfsSGSoSCM7TSY7V3AxIZxWq/XHFr7hx0lXg5qZAczX75qzeIeRqBQi6ZMV3PTdDPmEbBJUxLvdRAwviYDaFrqWIRGD+bXzylZ1YZ0DDWthTSufp7ImORMZMosJ0Rw5FZ9mbif143xfDSz4RKUgTFF4vCVFKM6ex9OhAaOMqJJYxrYW+lfMQ042hDKtkQvOWXV0m7XvPcmndXrzSu8jiK5IScknPikQvSILekSVqEE0WeySt5c4zz4rw7H4vWgpPPHJM/cD5/AEegj/Y=</latexit><latexit sha1_base64="r60uyFhZWCqigrDuuVNZt2xg+wA=">AAAB8XicbVA9TwJBEN3DL8Qv1NJmI5hYkTsajRWJFpaYCBjhQvaWOdiwt3fZnTMhF/6FjYXG2Ppv7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmkOLxzLWDwEzIIWCFgqU8JBoYFEgoROMr2d+5wm0EbG6x0kCfsSGSoSCM7TSY7V3AxIZxWq/XHFr7hx0lXg5qZAczX75qzeIeRqBQi6ZMV3PTdDPmEbBJUxLvdRAwviYDaFrqWIRGD+bXzylZ1YZ0DDWthTSufp7ImORMZMosJ0Rw5FZ9mbif143xfDSz4RKUgTFF4vCVFKM6ex9OhAaOMqJJYxrYW+lfMQ042hDKtkQvOWXV0m7XvPcmndXrzSu8jiK5IScknPikQvSILekSVqEE0WeySt5c4zz4rw7H4vWgpPPHJM/cD5/AEegj/Y=</latexit><latexit sha1_base64="r60uyFhZWCqigrDuuVNZt2xg+wA=">AAAB8XicbVA9TwJBEN3DL8Qv1NJmI5hYkTsajRWJFpaYCBjhQvaWOdiwt3fZnTMhF/6FjYXG2Ppv7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmkOLxzLWDwEzIIWCFgqU8JBoYFEgoROMr2d+5wm0EbG6x0kCfsSGSoSCM7TSY7V3AxIZxWq/XHFr7hx0lXg5qZAczX75qzeIeRqBQi6ZMV3PTdDPmEbBJUxLvdRAwviYDaFrqWIRGD+bXzylZ1YZ0DDWthTSufp7ImORMZMosJ0Rw5FZ9mbif143xfDSz4RKUgTFF4vCVFKM6ex9OhAaOMqJJYxrYW+lfMQ042hDKtkQvOWXV0m7XvPcmndXrzSu8jiK5IScknPikQvSILekSVqEE0WeySt5c4zz4rw7H4vWgpPPHJM/cD5/AEegj/Y=</latexit><latexit sha1_base64="r60uyFhZWCqigrDuuVNZt2xg+wA=">AAAB8XicbVA9TwJBEN3DL8Qv1NJmI5hYkTsajRWJFpaYCBjhQvaWOdiwt3fZnTMhF/6FjYXG2Ppv7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmkOLxzLWDwEzIIWCFgqU8JBoYFEgoROMr2d+5wm0EbG6x0kCfsSGSoSCM7TSY7V3AxIZxWq/XHFr7hx0lXg5qZAczX75qzeIeRqBQi6ZMV3PTdDPmEbBJUxLvdRAwviYDaFrqWIRGD+bXzylZ1YZ0DDWthTSufp7ImORMZMosJ0Rw5FZ9mbif143xfDSz4RKUgTFF4vCVFKM6ex9OhAaOMqJJYxrYW+lfMQ042hDKtkQvOWXV0m7XvPcmndXrzSu8jiK5IScknPikQvSILekSVqEE0WeySt5c4zz4rw7H4vWgpPPHJM/cD5/AEegj/Y=</latexit>

t
<latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit><latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit><latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit><latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit>

↵(t0)
<latexit sha1_base64="gzXnm4iyXQfGYtsbWlitKLsmPsw=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oNFYkNpaYCJjAhcwtC2zY2zt390jIhd9hY6Extv4YO/+NC1yh4EsmeXlvJjPzglhwbVz328ltbG5t7+R3C3v7B4dHxeOTlo4SRVmTRiJSjwFqJrhkTcONYI+xYhgGgrWD8e3cb0+Y0jySD2YaMz/EoeQDTtFYyS93UcQjrJiee1nuFUtu1V2ArBMvIyXI0OgVv7r9iCYhk4YK1LrjubHxU1SGU8FmhW6iWYx0jEPWsVRiyLSfLo6ekQur9MkgUrakIQv190SKodbTMLCdIZqRXvXm4n9eJzGDaz/lMk4Mk3S5aJAIYiIyT4D0uWLUiKklSBW3txI6QoXU2JwKNgRv9eV10qpVPbfq3ddK9ZssjjycwTlUwIMrqMMdNKAJFJ7gGV7hzZk4L86787FszTnZzCn8gfP5AxALkPA=</latexit><latexit sha1_base64="gzXnm4iyXQfGYtsbWlitKLsmPsw=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oNFYkNpaYCJjAhcwtC2zY2zt390jIhd9hY6Extv4YO/+NC1yh4EsmeXlvJjPzglhwbVz328ltbG5t7+R3C3v7B4dHxeOTlo4SRVmTRiJSjwFqJrhkTcONYI+xYhgGgrWD8e3cb0+Y0jySD2YaMz/EoeQDTtFYyS93UcQjrJiee1nuFUtu1V2ArBMvIyXI0OgVv7r9iCYhk4YK1LrjubHxU1SGU8FmhW6iWYx0jEPWsVRiyLSfLo6ekQur9MkgUrakIQv190SKodbTMLCdIZqRXvXm4n9eJzGDaz/lMk4Mk3S5aJAIYiIyT4D0uWLUiKklSBW3txI6QoXU2JwKNgRv9eV10qpVPbfq3ddK9ZssjjycwTlUwIMrqMMdNKAJFJ7gGV7hzZk4L86787FszTnZzCn8gfP5AxALkPA=</latexit><latexit sha1_base64="gzXnm4iyXQfGYtsbWlitKLsmPsw=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oNFYkNpaYCJjAhcwtC2zY2zt390jIhd9hY6Extv4YO/+NC1yh4EsmeXlvJjPzglhwbVz328ltbG5t7+R3C3v7B4dHxeOTlo4SRVmTRiJSjwFqJrhkTcONYI+xYhgGgrWD8e3cb0+Y0jySD2YaMz/EoeQDTtFYyS93UcQjrJiee1nuFUtu1V2ArBMvIyXI0OgVv7r9iCYhk4YK1LrjubHxU1SGU8FmhW6iWYx0jEPWsVRiyLSfLo6ekQur9MkgUrakIQv190SKodbTMLCdIZqRXvXm4n9eJzGDaz/lMk4Mk3S5aJAIYiIyT4D0uWLUiKklSBW3txI6QoXU2JwKNgRv9eV10qpVPbfq3ddK9ZssjjycwTlUwIMrqMMdNKAJFJ7gGV7hzZk4L86787FszTnZzCn8gfP5AxALkPA=</latexit><latexit sha1_base64="gzXnm4iyXQfGYtsbWlitKLsmPsw=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oNFYkNpaYCJjAhcwtC2zY2zt390jIhd9hY6Extv4YO/+NC1yh4EsmeXlvJjPzglhwbVz328ltbG5t7+R3C3v7B4dHxeOTlo4SRVmTRiJSjwFqJrhkTcONYI+xYhgGgrWD8e3cb0+Y0jySD2YaMz/EoeQDTtFYyS93UcQjrJiee1nuFUtu1V2ArBMvIyXI0OgVv7r9iCYhk4YK1LrjubHxU1SGU8FmhW6iWYx0jEPWsVRiyLSfLo6ekQur9MkgUrakIQv190SKodbTMLCdIZqRXvXm4n9eJzGDaz/lMk4Mk3S5aJAIYiIyT4D0uWLUiKklSBW3txI6QoXU2JwKNgRv9eV10qpVPbfq3ddK9ZssjjycwTlUwIMrqMMdNKAJFJ7gGV7hzZk4L86787FszTnZzCn8gfP5AxALkPA=</latexit>

↵(t0 + �t)
<latexit sha1_base64="eraHc3Y9fzaR45/VS3oGTbGr+dE=">AAAB/3icbVDJSgNBEO2JW4zbqODFS2MiRIQwk4viKaAHjxHMApkh1HQ6SZOehe4aIcQc/BUvHhTx6m9482/sLAdNfFDweK+KqnpBIoVGx/m2Miura+sb2c3c1vbO7p69f1DXcaoYr7FYxqoZgOZSRLyGAiVvJopDGEjeCAbXE7/xwJUWcXSPw4T7IfQi0RUM0Eht+6jggUz6UMS2c+7dcIlA8azQtvNOyZmCLhN3TvJkjmrb/vI6MUtDHiGToHXLdRL0R6BQMMnHOS/VPAE2gB5vGRpByLU/mt4/pqdG6dBurExFSKfq74kRhFoPw8B0hoB9vehNxP+8VordS38koiRFHrHZom4qKcZ0EgbtCMUZyqEhwJQwt1LWBwUMTWQ5E4K7+PIyqZdLrlNy78r5ytU8jiw5JiekSFxyQSrkllRJjTDySJ7JK3mznqwX6936mLVmrPnMIfkD6/MHnEmUgA==</latexit><latexit sha1_base64="eraHc3Y9fzaR45/VS3oGTbGr+dE=">AAAB/3icbVDJSgNBEO2JW4zbqODFS2MiRIQwk4viKaAHjxHMApkh1HQ6SZOehe4aIcQc/BUvHhTx6m9482/sLAdNfFDweK+KqnpBIoVGx/m2Miura+sb2c3c1vbO7p69f1DXcaoYr7FYxqoZgOZSRLyGAiVvJopDGEjeCAbXE7/xwJUWcXSPw4T7IfQi0RUM0Eht+6jggUz6UMS2c+7dcIlA8azQtvNOyZmCLhN3TvJkjmrb/vI6MUtDHiGToHXLdRL0R6BQMMnHOS/VPAE2gB5vGRpByLU/mt4/pqdG6dBurExFSKfq74kRhFoPw8B0hoB9vehNxP+8VordS38koiRFHrHZom4qKcZ0EgbtCMUZyqEhwJQwt1LWBwUMTWQ5E4K7+PIyqZdLrlNy78r5ytU8jiw5JiekSFxyQSrkllRJjTDySJ7JK3mznqwX6936mLVmrPnMIfkD6/MHnEmUgA==</latexit><latexit sha1_base64="eraHc3Y9fzaR45/VS3oGTbGr+dE=">AAAB/3icbVDJSgNBEO2JW4zbqODFS2MiRIQwk4viKaAHjxHMApkh1HQ6SZOehe4aIcQc/BUvHhTx6m9482/sLAdNfFDweK+KqnpBIoVGx/m2Miura+sb2c3c1vbO7p69f1DXcaoYr7FYxqoZgOZSRLyGAiVvJopDGEjeCAbXE7/xwJUWcXSPw4T7IfQi0RUM0Eht+6jggUz6UMS2c+7dcIlA8azQtvNOyZmCLhN3TvJkjmrb/vI6MUtDHiGToHXLdRL0R6BQMMnHOS/VPAE2gB5vGRpByLU/mt4/pqdG6dBurExFSKfq74kRhFoPw8B0hoB9vehNxP+8VordS38koiRFHrHZom4qKcZ0EgbtCMUZyqEhwJQwt1LWBwUMTWQ5E4K7+PIyqZdLrlNy78r5ytU8jiw5JiekSFxyQSrkllRJjTDySJ7JK3mznqwX6936mLVmrPnMIfkD6/MHnEmUgA==</latexit><latexit sha1_base64="eraHc3Y9fzaR45/VS3oGTbGr+dE=">AAAB/3icbVDJSgNBEO2JW4zbqODFS2MiRIQwk4viKaAHjxHMApkh1HQ6SZOehe4aIcQc/BUvHhTx6m9482/sLAdNfFDweK+KqnpBIoVGx/m2Miura+sb2c3c1vbO7p69f1DXcaoYr7FYxqoZgOZSRLyGAiVvJopDGEjeCAbXE7/xwJUWcXSPw4T7IfQi0RUM0Eht+6jggUz6UMS2c+7dcIlA8azQtvNOyZmCLhN3TvJkjmrb/vI6MUtDHiGToHXLdRL0R6BQMMnHOS/VPAE2gB5vGRpByLU/mt4/pqdG6dBurExFSKfq74kRhFoPw8B0hoB9vehNxP+8VordS38koiRFHrHZom4qKcZ0EgbtCMUZyqEhwJQwt1LWBwUMTWQ5E4K7+PIyqZdLrlNy78r5ytU8jiw5JiekSFxyQSrkllRJjTDySJ7JK3mznqwX6936mLVmrPnMIfkD6/MHnEmUgA==</latexit>

Gegeben:

α̇(t) = f(t) α(t0) = α0.

α(t) unbekannt (außer in t0). Steigung α̇(t) für alle t bekannt!
Christoph Erath



Numerische Mathematik in der Sekundarstufe Euler Verfahren

Motivation Euler Verfahren
↵

<latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit><latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit><latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit><latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit>

↵(t)
<latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit><latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit><latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit><latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit>

t0
<latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit><latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit><latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit><latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit>

�t
<latexit sha1_base64="r60uyFhZWCqigrDuuVNZt2xg+wA=">AAAB8XicbVA9TwJBEN3DL8Qv1NJmI5hYkTsajRWJFpaYCBjhQvaWOdiwt3fZnTMhF/6FjYXG2Ppv7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmkOLxzLWDwEzIIWCFgqU8JBoYFEgoROMr2d+5wm0EbG6x0kCfsSGSoSCM7TSY7V3AxIZxWq/XHFr7hx0lXg5qZAczX75qzeIeRqBQi6ZMV3PTdDPmEbBJUxLvdRAwviYDaFrqWIRGD+bXzylZ1YZ0DDWthTSufp7ImORMZMosJ0Rw5FZ9mbif143xfDSz4RKUgTFF4vCVFKM6ex9OhAaOMqJJYxrYW+lfMQ042hDKtkQvOWXV0m7XvPcmndXrzSu8jiK5IScknPikQvSILekSVqEE0WeySt5c4zz4rw7H4vWgpPPHJM/cD5/AEegj/Y=</latexit><latexit sha1_base64="r60uyFhZWCqigrDuuVNZt2xg+wA=">AAAB8XicbVA9TwJBEN3DL8Qv1NJmI5hYkTsajRWJFpaYCBjhQvaWOdiwt3fZnTMhF/6FjYXG2Ppv7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmkOLxzLWDwEzIIWCFgqU8JBoYFEgoROMr2d+5wm0EbG6x0kCfsSGSoSCM7TSY7V3AxIZxWq/XHFr7hx0lXg5qZAczX75qzeIeRqBQi6ZMV3PTdDPmEbBJUxLvdRAwviYDaFrqWIRGD+bXzylZ1YZ0DDWthTSufp7ImORMZMosJ0Rw5FZ9mbif143xfDSz4RKUgTFF4vCVFKM6ex9OhAaOMqJJYxrYW+lfMQ042hDKtkQvOWXV0m7XvPcmndXrzSu8jiK5IScknPikQvSILekSVqEE0WeySt5c4zz4rw7H4vWgpPPHJM/cD5/AEegj/Y=</latexit><latexit sha1_base64="r60uyFhZWCqigrDuuVNZt2xg+wA=">AAAB8XicbVA9TwJBEN3DL8Qv1NJmI5hYkTsajRWJFpaYCBjhQvaWOdiwt3fZnTMhF/6FjYXG2Ppv7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmkOLxzLWDwEzIIWCFgqU8JBoYFEgoROMr2d+5wm0EbG6x0kCfsSGSoSCM7TSY7V3AxIZxWq/XHFr7hx0lXg5qZAczX75qzeIeRqBQi6ZMV3PTdDPmEbBJUxLvdRAwviYDaFrqWIRGD+bXzylZ1YZ0DDWthTSufp7ImORMZMosJ0Rw5FZ9mbif143xfDSz4RKUgTFF4vCVFKM6ex9OhAaOMqJJYxrYW+lfMQ042hDKtkQvOWXV0m7XvPcmndXrzSu8jiK5IScknPikQvSILekSVqEE0WeySt5c4zz4rw7H4vWgpPPHJM/cD5/AEegj/Y=</latexit><latexit sha1_base64="r60uyFhZWCqigrDuuVNZt2xg+wA=">AAAB8XicbVA9TwJBEN3DL8Qv1NJmI5hYkTsajRWJFpaYCBjhQvaWOdiwt3fZnTMhF/6FjYXG2Ppv7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmkOLxzLWDwEzIIWCFgqU8JBoYFEgoROMr2d+5wm0EbG6x0kCfsSGSoSCM7TSY7V3AxIZxWq/XHFr7hx0lXg5qZAczX75qzeIeRqBQi6ZMV3PTdDPmEbBJUxLvdRAwviYDaFrqWIRGD+bXzylZ1YZ0DDWthTSufp7ImORMZMosJ0Rw5FZ9mbif143xfDSz4RKUgTFF4vCVFKM6ex9OhAaOMqJJYxrYW+lfMQ042hDKtkQvOWXV0m7XvPcmndXrzSu8jiK5IScknPikQvSILekSVqEE0WeySt5c4zz4rw7H4vWgpPPHJM/cD5/AEegj/Y=</latexit>

t
<latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit><latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit><latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit><latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit>

↵(t0)
<latexit sha1_base64="gzXnm4iyXQfGYtsbWlitKLsmPsw=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oNFYkNpaYCJjAhcwtC2zY2zt390jIhd9hY6Extv4YO/+NC1yh4EsmeXlvJjPzglhwbVz328ltbG5t7+R3C3v7B4dHxeOTlo4SRVmTRiJSjwFqJrhkTcONYI+xYhgGgrWD8e3cb0+Y0jySD2YaMz/EoeQDTtFYyS93UcQjrJiee1nuFUtu1V2ArBMvIyXI0OgVv7r9iCYhk4YK1LrjubHxU1SGU8FmhW6iWYx0jEPWsVRiyLSfLo6ekQur9MkgUrakIQv190SKodbTMLCdIZqRXvXm4n9eJzGDaz/lMk4Mk3S5aJAIYiIyT4D0uWLUiKklSBW3txI6QoXU2JwKNgRv9eV10qpVPbfq3ddK9ZssjjycwTlUwIMrqMMdNKAJFJ7gGV7hzZk4L86787FszTnZzCn8gfP5AxALkPA=</latexit><latexit sha1_base64="gzXnm4iyXQfGYtsbWlitKLsmPsw=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oNFYkNpaYCJjAhcwtC2zY2zt390jIhd9hY6Extv4YO/+NC1yh4EsmeXlvJjPzglhwbVz328ltbG5t7+R3C3v7B4dHxeOTlo4SRVmTRiJSjwFqJrhkTcONYI+xYhgGgrWD8e3cb0+Y0jySD2YaMz/EoeQDTtFYyS93UcQjrJiee1nuFUtu1V2ArBMvIyXI0OgVv7r9iCYhk4YK1LrjubHxU1SGU8FmhW6iWYx0jEPWsVRiyLSfLo6ekQur9MkgUrakIQv190SKodbTMLCdIZqRXvXm4n9eJzGDaz/lMk4Mk3S5aJAIYiIyT4D0uWLUiKklSBW3txI6QoXU2JwKNgRv9eV10qpVPbfq3ddK9ZssjjycwTlUwIMrqMMdNKAJFJ7gGV7hzZk4L86787FszTnZzCn8gfP5AxALkPA=</latexit><latexit sha1_base64="gzXnm4iyXQfGYtsbWlitKLsmPsw=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oNFYkNpaYCJjAhcwtC2zY2zt390jIhd9hY6Extv4YO/+NC1yh4EsmeXlvJjPzglhwbVz328ltbG5t7+R3C3v7B4dHxeOTlo4SRVmTRiJSjwFqJrhkTcONYI+xYhgGgrWD8e3cb0+Y0jySD2YaMz/EoeQDTtFYyS93UcQjrJiee1nuFUtu1V2ArBMvIyXI0OgVv7r9iCYhk4YK1LrjubHxU1SGU8FmhW6iWYx0jEPWsVRiyLSfLo6ekQur9MkgUrakIQv190SKodbTMLCdIZqRXvXm4n9eJzGDaz/lMk4Mk3S5aJAIYiIyT4D0uWLUiKklSBW3txI6QoXU2JwKNgRv9eV10qpVPbfq3ddK9ZssjjycwTlUwIMrqMMdNKAJFJ7gGV7hzZk4L86787FszTnZzCn8gfP5AxALkPA=</latexit><latexit sha1_base64="gzXnm4iyXQfGYtsbWlitKLsmPsw=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oNFYkNpaYCJjAhcwtC2zY2zt390jIhd9hY6Extv4YO/+NC1yh4EsmeXlvJjPzglhwbVz328ltbG5t7+R3C3v7B4dHxeOTlo4SRVmTRiJSjwFqJrhkTcONYI+xYhgGgrWD8e3cb0+Y0jySD2YaMz/EoeQDTtFYyS93UcQjrJiee1nuFUtu1V2ArBMvIyXI0OgVv7r9iCYhk4YK1LrjubHxU1SGU8FmhW6iWYx0jEPWsVRiyLSfLo6ekQur9MkgUrakIQv190SKodbTMLCdIZqRXvXm4n9eJzGDaz/lMk4Mk3S5aJAIYiIyT4D0uWLUiKklSBW3txI6QoXU2JwKNgRv9eV10qpVPbfq3ddK9ZssjjycwTlUwIMrqMMdNKAJFJ7gGV7hzZk4L86787FszTnZzCn8gfP5AxALkPA=</latexit>

↵(t0 + �t)
<latexit sha1_base64="eraHc3Y9fzaR45/VS3oGTbGr+dE=">AAAB/3icbVDJSgNBEO2JW4zbqODFS2MiRIQwk4viKaAHjxHMApkh1HQ6SZOehe4aIcQc/BUvHhTx6m9482/sLAdNfFDweK+KqnpBIoVGx/m2Miura+sb2c3c1vbO7p69f1DXcaoYr7FYxqoZgOZSRLyGAiVvJopDGEjeCAbXE7/xwJUWcXSPw4T7IfQi0RUM0Eht+6jggUz6UMS2c+7dcIlA8azQtvNOyZmCLhN3TvJkjmrb/vI6MUtDHiGToHXLdRL0R6BQMMnHOS/VPAE2gB5vGRpByLU/mt4/pqdG6dBurExFSKfq74kRhFoPw8B0hoB9vehNxP+8VordS38koiRFHrHZom4qKcZ0EgbtCMUZyqEhwJQwt1LWBwUMTWQ5E4K7+PIyqZdLrlNy78r5ytU8jiw5JiekSFxyQSrkllRJjTDySJ7JK3mznqwX6936mLVmrPnMIfkD6/MHnEmUgA==</latexit><latexit sha1_base64="eraHc3Y9fzaR45/VS3oGTbGr+dE=">AAAB/3icbVDJSgNBEO2JW4zbqODFS2MiRIQwk4viKaAHjxHMApkh1HQ6SZOehe4aIcQc/BUvHhTx6m9482/sLAdNfFDweK+KqnpBIoVGx/m2Miura+sb2c3c1vbO7p69f1DXcaoYr7FYxqoZgOZSRLyGAiVvJopDGEjeCAbXE7/xwJUWcXSPw4T7IfQi0RUM0Eht+6jggUz6UMS2c+7dcIlA8azQtvNOyZmCLhN3TvJkjmrb/vI6MUtDHiGToHXLdRL0R6BQMMnHOS/VPAE2gB5vGRpByLU/mt4/pqdG6dBurExFSKfq74kRhFoPw8B0hoB9vehNxP+8VordS38koiRFHrHZom4qKcZ0EgbtCMUZyqEhwJQwt1LWBwUMTWQ5E4K7+PIyqZdLrlNy78r5ytU8jiw5JiekSFxyQSrkllRJjTDySJ7JK3mznqwX6936mLVmrPnMIfkD6/MHnEmUgA==</latexit><latexit sha1_base64="eraHc3Y9fzaR45/VS3oGTbGr+dE=">AAAB/3icbVDJSgNBEO2JW4zbqODFS2MiRIQwk4viKaAHjxHMApkh1HQ6SZOehe4aIcQc/BUvHhTx6m9482/sLAdNfFDweK+KqnpBIoVGx/m2Miura+sb2c3c1vbO7p69f1DXcaoYr7FYxqoZgOZSRLyGAiVvJopDGEjeCAbXE7/xwJUWcXSPw4T7IfQi0RUM0Eht+6jggUz6UMS2c+7dcIlA8azQtvNOyZmCLhN3TvJkjmrb/vI6MUtDHiGToHXLdRL0R6BQMMnHOS/VPAE2gB5vGRpByLU/mt4/pqdG6dBurExFSKfq74kRhFoPw8B0hoB9vehNxP+8VordS38koiRFHrHZom4qKcZ0EgbtCMUZyqEhwJQwt1LWBwUMTWQ5E4K7+PIyqZdLrlNy78r5ytU8jiw5JiekSFxyQSrkllRJjTDySJ7JK3mznqwX6936mLVmrPnMIfkD6/MHnEmUgA==</latexit><latexit sha1_base64="eraHc3Y9fzaR45/VS3oGTbGr+dE=">AAAB/3icbVDJSgNBEO2JW4zbqODFS2MiRIQwk4viKaAHjxHMApkh1HQ6SZOehe4aIcQc/BUvHhTx6m9482/sLAdNfFDweK+KqnpBIoVGx/m2Miura+sb2c3c1vbO7p69f1DXcaoYr7FYxqoZgOZSRLyGAiVvJopDGEjeCAbXE7/xwJUWcXSPw4T7IfQi0RUM0Eht+6jggUz6UMS2c+7dcIlA8azQtvNOyZmCLhN3TvJkjmrb/vI6MUtDHiGToHXLdRL0R6BQMMnHOS/VPAE2gB5vGRpByLU/mt4/pqdG6dBurExFSKfq74kRhFoPw8B0hoB9vehNxP+8VordS38koiRFHrHZom4qKcZ0EgbtCMUZyqEhwJQwt1LWBwUMTWQ5E4K7+PIyqZdLrlNy78r5ytU8jiw5JiekSFxyQSrkllRJjTDySJ7JK3mznqwX6936mLVmrPnMIfkD6/MHnEmUgA==</latexit>

↵1
<latexit sha1_base64="wiYzjHJcW3ZSFTBd2gvfln4QIhU=">AAAB8XicdVBNS8NAEJ3Ur1q/qh69LLaCp5LU2lZPBS8eK9gPbEPZbDft0s0m7G6EUvovvHhQxKv/xpv/xm0aQUUfDDzem2FmnhdxprRtf1iZldW19Y3sZm5re2d3L79/0FZhLAltkZCHsuthRTkTtKWZ5rQbSYoDj9OON7la+J17KhULxa2eRtQN8EgwnxGsjXRX7GMejfHAKQ7yBbtUqVaqtTNkl+wECalenNeRkyoFSNEc5N/7w5DEARWacKxUz7Ej7c6w1IxwOs/1Y0UjTCZ4RHuGChxQ5c6Si+foxChD5IfSlNAoUb9PzHCg1DTwTGeA9Vj99hbiX14v1n7dnTERxZoKslzkxxzpEC3eR0MmKdF8aggmkplbERljiYk2IeVMCF+fov9Ju1xy7JJzUy40LtM4snAEx3AKDtSgAdfQhBYQEPAAT/BsKevRerFel60ZK505hB+w3j4BwPqQSA==</latexit><latexit sha1_base64="wiYzjHJcW3ZSFTBd2gvfln4QIhU=">AAAB8XicdVBNS8NAEJ3Ur1q/qh69LLaCp5LU2lZPBS8eK9gPbEPZbDft0s0m7G6EUvovvHhQxKv/xpv/xm0aQUUfDDzem2FmnhdxprRtf1iZldW19Y3sZm5re2d3L79/0FZhLAltkZCHsuthRTkTtKWZ5rQbSYoDj9OON7la+J17KhULxa2eRtQN8EgwnxGsjXRX7GMejfHAKQ7yBbtUqVaqtTNkl+wECalenNeRkyoFSNEc5N/7w5DEARWacKxUz7Ej7c6w1IxwOs/1Y0UjTCZ4RHuGChxQ5c6Si+foxChD5IfSlNAoUb9PzHCg1DTwTGeA9Vj99hbiX14v1n7dnTERxZoKslzkxxzpEC3eR0MmKdF8aggmkplbERljiYk2IeVMCF+fov9Ju1xy7JJzUy40LtM4snAEx3AKDtSgAdfQhBYQEPAAT/BsKevRerFel60ZK505hB+w3j4BwPqQSA==</latexit><latexit sha1_base64="wiYzjHJcW3ZSFTBd2gvfln4QIhU=">AAAB8XicdVBNS8NAEJ3Ur1q/qh69LLaCp5LU2lZPBS8eK9gPbEPZbDft0s0m7G6EUvovvHhQxKv/xpv/xm0aQUUfDDzem2FmnhdxprRtf1iZldW19Y3sZm5re2d3L79/0FZhLAltkZCHsuthRTkTtKWZ5rQbSYoDj9OON7la+J17KhULxa2eRtQN8EgwnxGsjXRX7GMejfHAKQ7yBbtUqVaqtTNkl+wECalenNeRkyoFSNEc5N/7w5DEARWacKxUz7Ej7c6w1IxwOs/1Y0UjTCZ4RHuGChxQ5c6Si+foxChD5IfSlNAoUb9PzHCg1DTwTGeA9Vj99hbiX14v1n7dnTERxZoKslzkxxzpEC3eR0MmKdF8aggmkplbERljiYk2IeVMCF+fov9Ju1xy7JJzUy40LtM4snAEx3AKDtSgAdfQhBYQEPAAT/BsKevRerFel60ZK505hB+w3j4BwPqQSA==</latexit><latexit sha1_base64="wiYzjHJcW3ZSFTBd2gvfln4QIhU=">AAAB8XicdVBNS8NAEJ3Ur1q/qh69LLaCp5LU2lZPBS8eK9gPbEPZbDft0s0m7G6EUvovvHhQxKv/xpv/xm0aQUUfDDzem2FmnhdxprRtf1iZldW19Y3sZm5re2d3L79/0FZhLAltkZCHsuthRTkTtKWZ5rQbSYoDj9OON7la+J17KhULxa2eRtQN8EgwnxGsjXRX7GMejfHAKQ7yBbtUqVaqtTNkl+wECalenNeRkyoFSNEc5N/7w5DEARWacKxUz7Ej7c6w1IxwOs/1Y0UjTCZ4RHuGChxQ5c6Si+foxChD5IfSlNAoUb9PzHCg1DTwTGeA9Vj99hbiX14v1n7dnTERxZoKslzkxxzpEC3eR0MmKdF8aggmkplbERljiYk2IeVMCF+fov9Ju1xy7JJzUy40LtM4snAEx3AKDtSgAdfQhBYQEPAAT/BsKevRerFel60ZK505hB+w3j4BwPqQSA==</latexit>

1.Schritt

α1 = α(t0) + ∆t α̇(t0) = α(t0) + ∆tf(t0)≈ α(t0 + ∆t)

Christoph Erath



Numerische Mathematik in der Sekundarstufe Euler Verfahren

Motivation Euler Verfahren
↵

<latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit><latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit><latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit><latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit>

↵(t)
<latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit><latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit><latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit><latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit>

t0
<latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit><latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit><latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit><latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit>

t
<latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit><latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit><latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit><latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit>

↵(t0)
<latexit sha1_base64="gzXnm4iyXQfGYtsbWlitKLsmPsw=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oNFYkNpaYCJjAhcwtC2zY2zt390jIhd9hY6Extv4YO/+NC1yh4EsmeXlvJjPzglhwbVz328ltbG5t7+R3C3v7B4dHxeOTlo4SRVmTRiJSjwFqJrhkTcONYI+xYhgGgrWD8e3cb0+Y0jySD2YaMz/EoeQDTtFYyS93UcQjrJiee1nuFUtu1V2ArBMvIyXI0OgVv7r9iCYhk4YK1LrjubHxU1SGU8FmhW6iWYx0jEPWsVRiyLSfLo6ekQur9MkgUrakIQv190SKodbTMLCdIZqRXvXm4n9eJzGDaz/lMk4Mk3S5aJAIYiIyT4D0uWLUiKklSBW3txI6QoXU2JwKNgRv9eV10qpVPbfq3ddK9ZssjjycwTlUwIMrqMMdNKAJFJ7gGV7hzZk4L86787FszTnZzCn8gfP5AxALkPA=</latexit><latexit sha1_base64="gzXnm4iyXQfGYtsbWlitKLsmPsw=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oNFYkNpaYCJjAhcwtC2zY2zt390jIhd9hY6Extv4YO/+NC1yh4EsmeXlvJjPzglhwbVz328ltbG5t7+R3C3v7B4dHxeOTlo4SRVmTRiJSjwFqJrhkTcONYI+xYhgGgrWD8e3cb0+Y0jySD2YaMz/EoeQDTtFYyS93UcQjrJiee1nuFUtu1V2ArBMvIyXI0OgVv7r9iCYhk4YK1LrjubHxU1SGU8FmhW6iWYx0jEPWsVRiyLSfLo6ekQur9MkgUrakIQv190SKodbTMLCdIZqRXvXm4n9eJzGDaz/lMk4Mk3S5aJAIYiIyT4D0uWLUiKklSBW3txI6QoXU2JwKNgRv9eV10qpVPbfq3ddK9ZssjjycwTlUwIMrqMMdNKAJFJ7gGV7hzZk4L86787FszTnZzCn8gfP5AxALkPA=</latexit><latexit sha1_base64="gzXnm4iyXQfGYtsbWlitKLsmPsw=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oNFYkNpaYCJjAhcwtC2zY2zt390jIhd9hY6Extv4YO/+NC1yh4EsmeXlvJjPzglhwbVz328ltbG5t7+R3C3v7B4dHxeOTlo4SRVmTRiJSjwFqJrhkTcONYI+xYhgGgrWD8e3cb0+Y0jySD2YaMz/EoeQDTtFYyS93UcQjrJiee1nuFUtu1V2ArBMvIyXI0OgVv7r9iCYhk4YK1LrjubHxU1SGU8FmhW6iWYx0jEPWsVRiyLSfLo6ekQur9MkgUrakIQv190SKodbTMLCdIZqRXvXm4n9eJzGDaz/lMk4Mk3S5aJAIYiIyT4D0uWLUiKklSBW3txI6QoXU2JwKNgRv9eV10qpVPbfq3ddK9ZssjjycwTlUwIMrqMMdNKAJFJ7gGV7hzZk4L86787FszTnZzCn8gfP5AxALkPA=</latexit><latexit sha1_base64="gzXnm4iyXQfGYtsbWlitKLsmPsw=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oNFYkNpaYCJjAhcwtC2zY2zt390jIhd9hY6Extv4YO/+NC1yh4EsmeXlvJjPzglhwbVz328ltbG5t7+R3C3v7B4dHxeOTlo4SRVmTRiJSjwFqJrhkTcONYI+xYhgGgrWD8e3cb0+Y0jySD2YaMz/EoeQDTtFYyS93UcQjrJiee1nuFUtu1V2ArBMvIyXI0OgVv7r9iCYhk4YK1LrjubHxU1SGU8FmhW6iWYx0jEPWsVRiyLSfLo6ekQur9MkgUrakIQv190SKodbTMLCdIZqRXvXm4n9eJzGDaz/lMk4Mk3S5aJAIYiIyT4D0uWLUiKklSBW3txI6QoXU2JwKNgRv9eV10qpVPbfq3ddK9ZssjjycwTlUwIMrqMMdNKAJFJ7gGV7hzZk4L86787FszTnZzCn8gfP5AxALkPA=</latexit>

↵1
<latexit sha1_base64="wiYzjHJcW3ZSFTBd2gvfln4QIhU=">AAAB8XicdVBNS8NAEJ3Ur1q/qh69LLaCp5LU2lZPBS8eK9gPbEPZbDft0s0m7G6EUvovvHhQxKv/xpv/xm0aQUUfDDzem2FmnhdxprRtf1iZldW19Y3sZm5re2d3L79/0FZhLAltkZCHsuthRTkTtKWZ5rQbSYoDj9OON7la+J17KhULxa2eRtQN8EgwnxGsjXRX7GMejfHAKQ7yBbtUqVaqtTNkl+wECalenNeRkyoFSNEc5N/7w5DEARWacKxUz7Ej7c6w1IxwOs/1Y0UjTCZ4RHuGChxQ5c6Si+foxChD5IfSlNAoUb9PzHCg1DTwTGeA9Vj99hbiX14v1n7dnTERxZoKslzkxxzpEC3eR0MmKdF8aggmkplbERljiYk2IeVMCF+fov9Ju1xy7JJzUy40LtM4snAEx3AKDtSgAdfQhBYQEPAAT/BsKevRerFel60ZK505hB+w3j4BwPqQSA==</latexit><latexit sha1_base64="wiYzjHJcW3ZSFTBd2gvfln4QIhU=">AAAB8XicdVBNS8NAEJ3Ur1q/qh69LLaCp5LU2lZPBS8eK9gPbEPZbDft0s0m7G6EUvovvHhQxKv/xpv/xm0aQUUfDDzem2FmnhdxprRtf1iZldW19Y3sZm5re2d3L79/0FZhLAltkZCHsuthRTkTtKWZ5rQbSYoDj9OON7la+J17KhULxa2eRtQN8EgwnxGsjXRX7GMejfHAKQ7yBbtUqVaqtTNkl+wECalenNeRkyoFSNEc5N/7w5DEARWacKxUz7Ej7c6w1IxwOs/1Y0UjTCZ4RHuGChxQ5c6Si+foxChD5IfSlNAoUb9PzHCg1DTwTGeA9Vj99hbiX14v1n7dnTERxZoKslzkxxzpEC3eR0MmKdF8aggmkplbERljiYk2IeVMCF+fov9Ju1xy7JJzUy40LtM4snAEx3AKDtSgAdfQhBYQEPAAT/BsKevRerFel60ZK505hB+w3j4BwPqQSA==</latexit><latexit sha1_base64="wiYzjHJcW3ZSFTBd2gvfln4QIhU=">AAAB8XicdVBNS8NAEJ3Ur1q/qh69LLaCp5LU2lZPBS8eK9gPbEPZbDft0s0m7G6EUvovvHhQxKv/xpv/xm0aQUUfDDzem2FmnhdxprRtf1iZldW19Y3sZm5re2d3L79/0FZhLAltkZCHsuthRTkTtKWZ5rQbSYoDj9OON7la+J17KhULxa2eRtQN8EgwnxGsjXRX7GMejfHAKQ7yBbtUqVaqtTNkl+wECalenNeRkyoFSNEc5N/7w5DEARWacKxUz7Ej7c6w1IxwOs/1Y0UjTCZ4RHuGChxQ5c6Si+foxChD5IfSlNAoUb9PzHCg1DTwTGeA9Vj99hbiX14v1n7dnTERxZoKslzkxxzpEC3eR0MmKdF8aggmkplbERljiYk2IeVMCF+fov9Ju1xy7JJzUy40LtM4snAEx3AKDtSgAdfQhBYQEPAAT/BsKevRerFel60ZK505hB+w3j4BwPqQSA==</latexit><latexit sha1_base64="wiYzjHJcW3ZSFTBd2gvfln4QIhU=">AAAB8XicdVBNS8NAEJ3Ur1q/qh69LLaCp5LU2lZPBS8eK9gPbEPZbDft0s0m7G6EUvovvHhQxKv/xpv/xm0aQUUfDDzem2FmnhdxprRtf1iZldW19Y3sZm5re2d3L79/0FZhLAltkZCHsuthRTkTtKWZ5rQbSYoDj9OON7la+J17KhULxa2eRtQN8EgwnxGsjXRX7GMejfHAKQ7yBbtUqVaqtTNkl+wECalenNeRkyoFSNEc5N/7w5DEARWacKxUz7Ej7c6w1IxwOs/1Y0UjTCZ4RHuGChxQ5c6Si+foxChD5IfSlNAoUb9PzHCg1DTwTGeA9Vj99hbiX14v1n7dnTERxZoKslzkxxzpEC3eR0MmKdF8aggmkplbERljiYk2IeVMCF+fov9Ju1xy7JJzUy40LtM4snAEx3AKDtSgAdfQhBYQEPAAT/BsKevRerFel60ZK505hB+w3j4BwPqQSA==</latexit>

t1 = t0 + �t
<latexit sha1_base64="RMCHLrGM4u5WxudVINuMZlt7xgQ=">AAAB+3icdVBdSwJBFJ21L7OvzR57GdIgCGTXTC0IhHro0SA/QGWZHUcdnP1g5m4ki3+llx6K6LU/0lv/pnE1qKgDFw7n3Mu997ih4Aos68NILS2vrK6l1zMbm1vbO+ZutqmCSFLWoIEIZNslignuswZwEKwdSkY8V7CWO76c+a07JhUP/FuYhKznkaHPB5wS0JJjZvPg2BfgWMfdKyaAYMg7Zs4qlMqlcuUEWwUrQULKZ6dVbC+UHFqg7pjv3X5AI4/5QAVRqmNbIfRiIoFTwaaZbqRYSOiYDFlHU594TPXi5PYpPtRKHw8CqcsHnKjfJ2LiKTXxXN3pERip395M/MvrRDCo9mLuhxEwn84XDSKBIcCzIHCfS0ZBTDQhVHJ9K6YjIgkFHVdGh/D1Kf6fNIsF2yrYN8Vc7XwRRxrtowN0hGxUQTV0jeqogSi6Rw/oCT0bU+PReDFe560pYzGzh37AePsEDLaTIA==</latexit><latexit sha1_base64="RMCHLrGM4u5WxudVINuMZlt7xgQ=">AAAB+3icdVBdSwJBFJ21L7OvzR57GdIgCGTXTC0IhHro0SA/QGWZHUcdnP1g5m4ki3+llx6K6LU/0lv/pnE1qKgDFw7n3Mu997ih4Aos68NILS2vrK6l1zMbm1vbO+ZutqmCSFLWoIEIZNslignuswZwEKwdSkY8V7CWO76c+a07JhUP/FuYhKznkaHPB5wS0JJjZvPg2BfgWMfdKyaAYMg7Zs4qlMqlcuUEWwUrQULKZ6dVbC+UHFqg7pjv3X5AI4/5QAVRqmNbIfRiIoFTwaaZbqRYSOiYDFlHU594TPXi5PYpPtRKHw8CqcsHnKjfJ2LiKTXxXN3pERip395M/MvrRDCo9mLuhxEwn84XDSKBIcCzIHCfS0ZBTDQhVHJ9K6YjIgkFHVdGh/D1Kf6fNIsF2yrYN8Vc7XwRRxrtowN0hGxUQTV0jeqogSi6Rw/oCT0bU+PReDFe560pYzGzh37AePsEDLaTIA==</latexit><latexit sha1_base64="RMCHLrGM4u5WxudVINuMZlt7xgQ=">AAAB+3icdVBdSwJBFJ21L7OvzR57GdIgCGTXTC0IhHro0SA/QGWZHUcdnP1g5m4ki3+llx6K6LU/0lv/pnE1qKgDFw7n3Mu997ih4Aos68NILS2vrK6l1zMbm1vbO+ZutqmCSFLWoIEIZNslignuswZwEKwdSkY8V7CWO76c+a07JhUP/FuYhKznkaHPB5wS0JJjZvPg2BfgWMfdKyaAYMg7Zs4qlMqlcuUEWwUrQULKZ6dVbC+UHFqg7pjv3X5AI4/5QAVRqmNbIfRiIoFTwaaZbqRYSOiYDFlHU594TPXi5PYpPtRKHw8CqcsHnKjfJ2LiKTXxXN3pERip395M/MvrRDCo9mLuhxEwn84XDSKBIcCzIHCfS0ZBTDQhVHJ9K6YjIgkFHVdGh/D1Kf6fNIsF2yrYN8Vc7XwRRxrtowN0hGxUQTV0jeqogSi6Rw/oCT0bU+PReDFe560pYzGzh37AePsEDLaTIA==</latexit><latexit sha1_base64="RMCHLrGM4u5WxudVINuMZlt7xgQ=">AAAB+3icdVBdSwJBFJ21L7OvzR57GdIgCGTXTC0IhHro0SA/QGWZHUcdnP1g5m4ki3+llx6K6LU/0lv/pnE1qKgDFw7n3Mu997ih4Aos68NILS2vrK6l1zMbm1vbO+ZutqmCSFLWoIEIZNslignuswZwEKwdSkY8V7CWO76c+a07JhUP/FuYhKznkaHPB5wS0JJjZvPg2BfgWMfdKyaAYMg7Zs4qlMqlcuUEWwUrQULKZ6dVbC+UHFqg7pjv3X5AI4/5QAVRqmNbIfRiIoFTwaaZbqRYSOiYDFlHU594TPXi5PYpPtRKHw8CqcsHnKjfJ2LiKTXxXN3pERip395M/MvrRDCo9mLuhxEwn84XDSKBIcCzIHCfS0ZBTDQhVHJ9K6YjIgkFHVdGh/D1Kf6fNIsF2yrYN8Vc7XwRRxrtowN0hGxUQTV0jeqogSi6Rw/oCT0bU+PReDFe560pYzGzh37AePsEDLaTIA==</latexit>

Steigung in t1 = t0 + ∆t durch f(t1) gegeben!

Christoph Erath



Numerische Mathematik in der Sekundarstufe Euler Verfahren

Motivation Euler Verfahren
↵

<latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit><latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit><latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit><latexit sha1_base64="xRT4NKpdDH1UgbjkYJy8yETBUTk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzAckR5jb7CVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugFqJrhkLcONYN1EMYwCwTrB5Hbud56Y0jyWD2aaMD/CkeQhp2is1K32USRjrA7KFbfmLkDWiZeTCuRoDspf/WFM04hJQwVq3fPcxPgZKsOpYLNSP9UsQTrBEetZKjFi2s8W987IhVWGJIyVLWnIQv09kWGk9TQKbGeEZqxXvbn4n9dLTXjtZ1wmqWGSLheFqSAmJvPnyZArRo2YWoJUcXsroWNUSI2NqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICCgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx9C5I9q</latexit>

↵(t)
<latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit><latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit><latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit><latexit sha1_base64="3YwqvFQKIRRZTyFTph2UWILi+y8=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhMhNuEujWIVsLGMYGLgcoS9zV6yZG/v2J0TwpGfYWOhiK2/xs5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9POibJNONtlshEd0NquBSKt1Gg5N1UcxqHkj+G49uZ//jEtRGJesBJyoOYDpWIBKNoJb/aozId0RpeVvvlilt35yDrxFuSCizR6pe/eoOEZTFXyCQ1xvfcFIOcahRM8mmplxmeUjamQ+5bqmjMTZDPT56SC6sMSJRoWwrJXP09kdPYmEkc2s6Y4sisejPxP8/PMLoOcqHSDLlii0VRJgkmZPY/GQjNGcqJJZRpYW8lbEQ1ZWhTKtkQvNWX10mnUffcunffqDRvlnEU4QzOoQYeXEET7qAFbWCQwDO8wpuDzovz7nwsWgvOcuYU/sD5/AHlfpBN</latexit>

t0
<latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit><latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit><latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit><latexit sha1_base64="jODTHimEB4tdw/SbEFi7S45xB2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0ongqePFYwbRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332yltbG5t75R3K3v7B4dH1eOTjkkyzbjPEpnox5AaLoXiPgqU/DHVnMah5N1wcjv3u09cG5GoB5ymPIjpSIlIMIpW8us4cOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ336y1boo4ynAG53AJHlxBC+6gDT4wEPAMr/DmKOfFeXc+lq0lp5g5hT9wPn8AuZGN7Q==</latexit>

t
<latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit><latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit><latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit><latexit sha1_base64="PNEKs/hEiimMLy+5KVdW0c3xrj0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUawCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqhidVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCU1o1K</latexit>

↵(t0)
<latexit sha1_base64="gzXnm4iyXQfGYtsbWlitKLsmPsw=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oNFYkNpaYCJjAhcwtC2zY2zt390jIhd9hY6Extv4YO/+NC1yh4EsmeXlvJjPzglhwbVz328ltbG5t7+R3C3v7B4dHxeOTlo4SRVmTRiJSjwFqJrhkTcONYI+xYhgGgrWD8e3cb0+Y0jySD2YaMz/EoeQDTtFYyS93UcQjrJiee1nuFUtu1V2ArBMvIyXI0OgVv7r9iCYhk4YK1LrjubHxU1SGU8FmhW6iWYx0jEPWsVRiyLSfLo6ekQur9MkgUrakIQv190SKodbTMLCdIZqRXvXm4n9eJzGDaz/lMk4Mk3S5aJAIYiIyT4D0uWLUiKklSBW3txI6QoXU2JwKNgRv9eV10qpVPbfq3ddK9ZssjjycwTlUwIMrqMMdNKAJFJ7gGV7hzZk4L86787FszTnZzCn8gfP5AxALkPA=</latexit><latexit sha1_base64="gzXnm4iyXQfGYtsbWlitKLsmPsw=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oNFYkNpaYCJjAhcwtC2zY2zt390jIhd9hY6Extv4YO/+NC1yh4EsmeXlvJjPzglhwbVz328ltbG5t7+R3C3v7B4dHxeOTlo4SRVmTRiJSjwFqJrhkTcONYI+xYhgGgrWD8e3cb0+Y0jySD2YaMz/EoeQDTtFYyS93UcQjrJiee1nuFUtu1V2ArBMvIyXI0OgVv7r9iCYhk4YK1LrjubHxU1SGU8FmhW6iWYx0jEPWsVRiyLSfLo6ekQur9MkgUrakIQv190SKodbTMLCdIZqRXvXm4n9eJzGDaz/lMk4Mk3S5aJAIYiIyT4D0uWLUiKklSBW3txI6QoXU2JwKNgRv9eV10qpVPbfq3ddK9ZssjjycwTlUwIMrqMMdNKAJFJ7gGV7hzZk4L86787FszTnZzCn8gfP5AxALkPA=</latexit><latexit sha1_base64="gzXnm4iyXQfGYtsbWlitKLsmPsw=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oNFYkNpaYCJjAhcwtC2zY2zt390jIhd9hY6Extv4YO/+NC1yh4EsmeXlvJjPzglhwbVz328ltbG5t7+R3C3v7B4dHxeOTlo4SRVmTRiJSjwFqJrhkTcONYI+xYhgGgrWD8e3cb0+Y0jySD2YaMz/EoeQDTtFYyS93UcQjrJiee1nuFUtu1V2ArBMvIyXI0OgVv7r9iCYhk4YK1LrjubHxU1SGU8FmhW6iWYx0jEPWsVRiyLSfLo6ekQur9MkgUrakIQv190SKodbTMLCdIZqRXvXm4n9eJzGDaz/lMk4Mk3S5aJAIYiIyT4D0uWLUiKklSBW3txI6QoXU2JwKNgRv9eV10qpVPbfq3ddK9ZssjjycwTlUwIMrqMMdNKAJFJ7gGV7hzZk4L86787FszTnZzCn8gfP5AxALkPA=</latexit><latexit sha1_base64="gzXnm4iyXQfGYtsbWlitKLsmPsw=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oNFYkNpaYCJjAhcwtC2zY2zt390jIhd9hY6Extv4YO/+NC1yh4EsmeXlvJjPzglhwbVz328ltbG5t7+R3C3v7B4dHxeOTlo4SRVmTRiJSjwFqJrhkTcONYI+xYhgGgrWD8e3cb0+Y0jySD2YaMz/EoeQDTtFYyS93UcQjrJiee1nuFUtu1V2ArBMvIyXI0OgVv7r9iCYhk4YK1LrjubHxU1SGU8FmhW6iWYx0jEPWsVRiyLSfLo6ekQur9MkgUrakIQv190SKodbTMLCdIZqRXvXm4n9eJzGDaz/lMk4Mk3S5aJAIYiIyT4D0uWLUiKklSBW3txI6QoXU2JwKNgRv9eV10qpVPbfq3ddK9ZssjjycwTlUwIMrqMMdNKAJFJ7gGV7hzZk4L86787FszTnZzCn8gfP5AxALkPA=</latexit>

↵1
<latexit sha1_base64="wiYzjHJcW3ZSFTBd2gvfln4QIhU=">AAAB8XicdVBNS8NAEJ3Ur1q/qh69LLaCp5LU2lZPBS8eK9gPbEPZbDft0s0m7G6EUvovvHhQxKv/xpv/xm0aQUUfDDzem2FmnhdxprRtf1iZldW19Y3sZm5re2d3L79/0FZhLAltkZCHsuthRTkTtKWZ5rQbSYoDj9OON7la+J17KhULxa2eRtQN8EgwnxGsjXRX7GMejfHAKQ7yBbtUqVaqtTNkl+wECalenNeRkyoFSNEc5N/7w5DEARWacKxUz7Ej7c6w1IxwOs/1Y0UjTCZ4RHuGChxQ5c6Si+foxChD5IfSlNAoUb9PzHCg1DTwTGeA9Vj99hbiX14v1n7dnTERxZoKslzkxxzpEC3eR0MmKdF8aggmkplbERljiYk2IeVMCF+fov9Ju1xy7JJzUy40LtM4snAEx3AKDtSgAdfQhBYQEPAAT/BsKevRerFel60ZK505hB+w3j4BwPqQSA==</latexit><latexit sha1_base64="wiYzjHJcW3ZSFTBd2gvfln4QIhU=">AAAB8XicdVBNS8NAEJ3Ur1q/qh69LLaCp5LU2lZPBS8eK9gPbEPZbDft0s0m7G6EUvovvHhQxKv/xpv/xm0aQUUfDDzem2FmnhdxprRtf1iZldW19Y3sZm5re2d3L79/0FZhLAltkZCHsuthRTkTtKWZ5rQbSYoDj9OON7la+J17KhULxa2eRtQN8EgwnxGsjXRX7GMejfHAKQ7yBbtUqVaqtTNkl+wECalenNeRkyoFSNEc5N/7w5DEARWacKxUz7Ej7c6w1IxwOs/1Y0UjTCZ4RHuGChxQ5c6Si+foxChD5IfSlNAoUb9PzHCg1DTwTGeA9Vj99hbiX14v1n7dnTERxZoKslzkxxzpEC3eR0MmKdF8aggmkplbERljiYk2IeVMCF+fov9Ju1xy7JJzUy40LtM4snAEx3AKDtSgAdfQhBYQEPAAT/BsKevRerFel60ZK505hB+w3j4BwPqQSA==</latexit><latexit sha1_base64="wiYzjHJcW3ZSFTBd2gvfln4QIhU=">AAAB8XicdVBNS8NAEJ3Ur1q/qh69LLaCp5LU2lZPBS8eK9gPbEPZbDft0s0m7G6EUvovvHhQxKv/xpv/xm0aQUUfDDzem2FmnhdxprRtf1iZldW19Y3sZm5re2d3L79/0FZhLAltkZCHsuthRTkTtKWZ5rQbSYoDj9OON7la+J17KhULxa2eRtQN8EgwnxGsjXRX7GMejfHAKQ7yBbtUqVaqtTNkl+wECalenNeRkyoFSNEc5N/7w5DEARWacKxUz7Ej7c6w1IxwOs/1Y0UjTCZ4RHuGChxQ5c6Si+foxChD5IfSlNAoUb9PzHCg1DTwTGeA9Vj99hbiX14v1n7dnTERxZoKslzkxxzpEC3eR0MmKdF8aggmkplbERljiYk2IeVMCF+fov9Ju1xy7JJzUy40LtM4snAEx3AKDtSgAdfQhBYQEPAAT/BsKevRerFel60ZK505hB+w3j4BwPqQSA==</latexit><latexit sha1_base64="wiYzjHJcW3ZSFTBd2gvfln4QIhU=">AAAB8XicdVBNS8NAEJ3Ur1q/qh69LLaCp5LU2lZPBS8eK9gPbEPZbDft0s0m7G6EUvovvHhQxKv/xpv/xm0aQUUfDDzem2FmnhdxprRtf1iZldW19Y3sZm5re2d3L79/0FZhLAltkZCHsuthRTkTtKWZ5rQbSYoDj9OON7la+J17KhULxa2eRtQN8EgwnxGsjXRX7GMejfHAKQ7yBbtUqVaqtTNkl+wECalenNeRkyoFSNEc5N/7w5DEARWacKxUz7Ej7c6w1IxwOs/1Y0UjTCZ4RHuGChxQ5c6Si+foxChD5IfSlNAoUb9PzHCg1DTwTGeA9Vj99hbiX14v1n7dnTERxZoKslzkxxzpEC3eR0MmKdF8aggmkplbERljiYk2IeVMCF+fov9Ju1xy7JJzUy40LtM4snAEx3AKDtSgAdfQhBYQEPAAT/BsKevRerFel60ZK505hB+w3j4BwPqQSA==</latexit>

t1
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2.Schritt

α2 = α1 + ∆tf(t1)≈ α2(t2)

Beliebig fortsetzbar!
Christoph Erath



Numerische Mathematik in der Sekundarstufe Euler Verfahren

Explizites Euler Verfahren
Gegeben: Schrittweite ∆t, Startwert α0 = α(t0)

α1 = α0 + ∆tf(t0, α0), t1 = t0 + ∆t
α2 = α1 + ∆tf(t1, α1), t2 = t1 + ∆t
. . .

Ausgabe: αj für ein j ∈ N

Fehler (schwierig)

|α(tj)− αj | ≤ C(tj)∆t

Je kleiner die Schrittweite ∆t, desto besser/genauer meine Ap-
proximation! Aber das Verfahren wird teurer!

Christoph Erath
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Numerische Mathematik in der Sekundarstufe Euler Verfahren

Andere Herleitung

über Hauptsatz der Differential- und Integralrechnung

numerische Quadratur (Approximation des Integrals)

erlaubt Konstruktion genauerer Verfahren

Christoph Erath



Numerische Mathematik in der Sekundarstufe Euler Verfahren

Numerische Lösung
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1 exakte LG mit Linearisierung
numerische LG ohne Luftw.

α̈ = − gl α, α0 = π
4 , l = 1

Christoph Erath



Numerische Mathematik in der Sekundarstufe Euler Verfahren

Numerische Lösung

0 1 2 3 4 5 6 7 8 9 10

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1 exakte LG mit Linearisierung
numerische LG ohne Luftw.

α̈ = − gl sinα, α0 = π
4 , l = 1

Christoph Erath



Numerische Mathematik in der Sekundarstufe Euler Verfahren

Numerische Lösung
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1 exakte LG mit Linearisierung
numerische LG mit Luftw.

α̈ = − gl sinα− CL

m α̇|α̇|, α0 = π
4 , l = 1, CL = 0.1, m = 1

Christoph Erath



Numerische Mathematik in der Sekundarstufe Euler Verfahren

Animation

Christoph Erath
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Numerische Mathematik in der Sekundarstufe Lernstufen und Umsetzung

Lernstufen in unserem Modell

Mathematische Verifikation (einfaches Modell): vergleiche
analytische Lösung mit numerischer Lösung

realisiere und argumentiere praktisches Modell

vergleiche numerische Ergebnisse mit praktischen Ergebnissen
Reales Bsp. C. Spreitzer, ÖMG 2015

Christoph Erath



Numerische Mathematik in der Sekundarstufe Lernstufen und Umsetzung

Umsetzung

für Schüler ideales Thema zum “Probieren”

reines Präsentieren nicht empfehlenswert

kann Teile vorgeben, z.B. keine Details zum Modell
Teile der zu schreibenden Software vorgeben
Gruppenarbeit

Vor- bzw. Nachteil: interdisziplinär!

Christoph Erath
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Numerische Mathematik in der Sekundarstufe Summary

Mathematische Kompetenzen

Darstellen, Modellbilden
Rechnen, Operieren
Interpretieren
Argumentieren, Begründen

Regt elaboratives Lernen an!

Reales System,
Experiment

Modell
(Gleichungen)

Lösen des
Modells

(numerisch)

outputVerifikation

H. Heugl, ÖMG, 2015
Christoph Erath



Numerische Mathematik in der Sekundarstufe Summary

Herausforderung/andere Themen

Herausforderungen für Sekundarstufe

Modelle werden schnell kompliziert → statt Motivation wird
Frustration gefördert!

Integral - Quadraturformeln

Transportprozesse? ∂tu+ ∂xu = f(t, x)

Computertomographie; M. Hochbruck, J-M. Sautter, 2002

Modell Herzfrequenz unter Belastung (Ergometer)

Christoph Erath



Numerische Mathematik in der Sekundarstufe Summary
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Christoph Erath



Numerische Mathematik in der Sekundarstufe Summary

Vielen Dank!

FEM-BEM Summary

Thank you!

Zoom: 2

ce

Questions?

http://www.mathematik.tu-darmstadt.de/~erath/
! erath@mathematik.tu-darmstadt.de

Christoph Erath 28/28

https://www.ph-vorarlberg.ac.at/?id=264
k christoph.erath@ph-vorarlberg.ac.at

Christoph Erath

https://www.ph-vorarlberg.ac.at/?id=264
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