Eulerova metoda

Iterativni aplikovani vysledku funkce jako argumentu do dalSi iterace
funkce

in3644):= ClearAll  ["Global® *"]

Nejprve si pripomeaime, co dlaji funkceNest aNestList , které budeme pouzivat pro naSe Wtpo

in[3645):= Nest [g, X, 5 ]
outf3e4s)= 9[9[919[g[x]]1]11]
in[3646):= Nest [Cos, X, 5 ]

out[3646]= Cos[Cos[Cos[Cos[Cos[x]]]]]

in36471:= Nest [Cos, x =0,5 ]

out3647]= Cos[Cos[Cos[Cos[1]]]]

in3e4g):= ClearAll  [x]

in3649:= NestList [g, X, 5 ]

oufseao= {X, 9 [X], 9 [9[x]],09 [9[9[x]]], 9 [9[9[9[x]]]], 9 [9[9[9[9[x]]]]]}
ines0):= Nestlist [Cos, x =0,5 ]

ou3650)= {0, 1, Cos [1], Cos [Cos[1]], Cos [Cos[Cos[1]]], Cos [Cos[Cos[Cos[1]]]]}

Nabijeni kondenzatoru pfes rezistor - numericka metoda
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Zadani obvodu

inzes1):= ClearAll  ["Global®  *" ]
u = 10.; (*napéti zdroje nap é&ti x)
u0 = 0.; (xpoé&ate &ni nap &ti na kondenzatoru *)
R = 100.; (xodpor rezistoru *)
Cap = 107%; («kapacita kondenzatoru *)
tmin = 0.; (*poc&ate &ni &asx)
tmax = 0.001; (xkone &nye&as*)

Reseni obvodu

Pouzijeme Eulerovu metodu, kter&fié piiibeh funkce podle vzorce:
f(t + At) ~ f(t) + f'(t)-At

V naSem pipact bude hledanou funkci n&puc na konenzatoru, tedy:
uc(t + At) =~ uc(t) + uc'(t)-At

Derivaci nagti uc' vyjadiime z obvodovych rovnic. Pouzijeme zjednodusenyispapnotebookuCAO-Uzly-
Priklad2-Kratsi.nb

rezistor R: u(t) - uc(t) == Ri(t)

kondenzator C: i(t) == Cap-uc'(t)

Z toho dostavame
u(t) - uc(t) == R-Cap-uc'(t);
a tedy

u (t)-uc (t)
R-Cap

uc' (t) =
Dosadime-li hodnotu derivace do vzorce pro Eulemetiodu, dostavame iterativni vzorec pro Wgianagti v ¢aset +
At pii znalosti napti v ¢aset:

—uc (t)

~ Y @) .
uc(t + At) ~ uc(t) + R-Gap At

IntervalteSeni si rozélime nan = 100 mensSich UsékKazdy Gsek ma velikogit.

inesel:= N = 100; (*po&et krok @ mezi po &ate &nim a kone &nym &asems)

tmax )
At = ; (*velikost kroku *)
n

V jednom kroku Eulerovy metody z n&puc v caset spaitame nové nafti uc v caset + At. Tedy véase postoupimetz

dot + At, v nagti postoupime mc douc -+ :*’“C;p « At




In3e60):= krok [{t_, uc_ }]:= {t +At, uc +

NestList [krok, {t =tmin, uc

oufsee1= {{0.,0. 1}, {0.00001, 1. 1},
{0.00005, 4.0951 },
{0.00009, 6.1258 },
{0.00013, 7.45813 },
{0.00017, 8.33228 },
{0.00021, 8.90581 },
{0.00025, 9.2821 },
{0.00029, 9.52899 },
{0.00033, 9.69097 },
{0.00037, 9.79724  },
{0.00041, 9.86697 1},
{0.00045, 9.91272 },
{0.00049, 9.94274 },
{0.00053, 9.96243 },
{0.00057, 9.97535 },
{0.00061, 9.98383 },
{0.00065, 9.98939 1},
{0.00069, 9.99304 },
{0.00073, 9.99543 },
{0.00077, 9.997 3,
{0.00081, 9.99803 },
{0.00085, 9.99871 },
{0.00089, 9.99915 },
{0.00093, 9.99944  },
{0.00097, 9.99964 1},

=u0}, n ] (*VypiSe list

(0.00002, 1.9 },
{0.00006, 4.68559 1},
(0.0001, 6.51322 },
(0.00014, 7.71232 3,
{0.00018, 8.49905 1,
(0.00022, 9.01523  },
(0.00026, 9.35389 1,
(0.0003, 9.57609 1,
(0.00034, 9.72187 1,
(0.00038, 9.81752  },
(0.00042, 9.88027 1,
(0.00046, 9.92145 1,
(0.0005, 9.94846 1,
(0.00054, 9.96619 1,
{0.00058, 9.97781 1,
(0.00062, 9.98544 1,
{0.00066, 9.99045 1,
(0.0007, 9.99373  },
{0.00074, 9.99589 1,
(0.00078, 9.9973  },
{0.00082, 9.99823 1,
(0.00086, 9.99884 1,
(0.0009, 9.99924 1,
(0.00094, 9.9995 1,
{0.00098, 9.99967 1,
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u-uc

R Cap *At};

(seznam) vSech iteraci *)

{0.00003, 2.71 }, {0.00004, 3.439 1},
{0.00007, 5.21703  }, {0.00008, 5.69533 },
(0.00011, 6.86189 }, {0.00012, 7.1757 },
(0.00015, 7.94109 }, {0.00016, 8.14698 },
(0.00019, 8.64915 }, {0.0002, 8.78423 },
(0.00023, 9.11371 }, {0.00024, 9.20234  },
(0.00027, 9.4185 }, {0.00028, 9.47665 },
(0.00031, 9.61848 }, {0.00032, 9.65663 },
{0.00035, 9.74968 }, {0.00036, 9.77472 },
(0.00039, 9.83577 }, {0.0004, 9.85219 },
(0.00043, 9.89225 }, {0.00044, 9.90302 },
(0.00047, 9.9293 }, (0.00048, 9.93637 },
(0.00051, 9.95362 }, {0.00052, 9.95825 1},
(0.00055, 9.96957 }, {0.00056, 9.97261 },
{0.00059, 9.98003 }, {0.0006, 9.98203 },
(0.00063, 9.9869 }, (0.00064, 9.98821 },
(0.00067, 9.9914 }, {0.00068, 9.99226 },
(0.00071, 9.99436 }, {0.00072, 9.99492 1,
{0.00075, 9.9963 }, {0.00076, 9.99667 },
{0.00079, 9.99757 }, {0.0008, 9.99782 },
(0.00083, 9.99841 }, {0.00084, 9.99857 },
(0.00087, 9.99896  }, {0.00088, 9.99906 },
(0.00091, 9.99931 }, {0.00092, 9.99938 },
{0.00095, 9.99955 }, {0.00096, 9.9996 },
{0.00099, 9.9997 }, {0.001, 9.99973 }}
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Vykresleni vysledkd - numerickd metoda

inee2):= grafl = ListPlot ~ [NestList [krok, {t =0,uc =0}, n],

out[3662]=

PlotRange - {{tmin, tmax 3}, {uO, u }}, PlotStyle - {Red, Thick }]
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Nabijeni kondenzatoru pres rezistor - analyticka metoda

Zadani obvodu

In[3663]:=

ClearAll  [u, R, Cap, tmin, tmax, u0, rcel, pocl, reseni, uc, t ]
u = 10;

R = 100;

Cap = 10°5;

tmin = 0;

tmax = 0.001;

uo = 0;

Reseni obvodu

In[3670]:=

rcel = uc[t] ==u-R=*xCap=xuc' [t];
pocl = uc[0] == u0;
reseni = DSolve [{rcel, pocl 1}, uc [t],t ]

Ou[3672]= Huc [t] - 10 e 0000t (_1 , @lo000t ) }}
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Vykresleni vysledku - analytickd metoda

ine73)= graf2 = Plot [uc [t] /. reseni, {t, 0, 0.001 3},
PlotRange - {{tmin, tmax 3}, {uO, u }}, PlotStyle - Blue ]
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out[3673]=

0 I I I I I}
0.0000 0.0002 0.0004 0.0006 0.0008 0.0010

Srovnani presnosti obou metod

Analyticka metoda jeiiesna, protozéesSeni diferencialni rovnice je nejprve &@mo analyticky. Vysledkem je matemat-
icka funkce, ze které je teprve vykreslen graf.

Numerick: metoda je méhpiesna a fesnost zavisi na velikosti kroku. Jefj#i krok znamena vysSigsnot. Vyhodou
je, Zze numericka metoda funguje i tehdy, kdy analgtigSeni nelze nalézt.
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In3674):= Show[graf2, grafl ]
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Out[3674]=

0 I I I I I}
0.0000 0.0002 0.0004 0.0006 0.0008 0.0010

Pozorujte velikost odchylky numerické metody deésmého analytickéhieSeni proiznou velikost kroku. Zgna
hodnoty prominné n ne@imo Umérné ovliviuje krok v numerické meted
Doporwujeme vyzkouSen = 15,30,50,100 a 200.

Samostatné ulohy

Vykreslete graf proudift] , ktery t&e kondenzatorem

Vykreslete graf nafii na rezistoru



