POCITACOVE SIMULACE
FYZIKALNICH PROBLEMU

D. Hausner, V. Hlinka, O. Lomicky, V. Vrana



Osnova

1. Uvod
2. Seznameni s programem Wolfram Mathematica 9

3. Lorentzova sila

4. Torricelliho balisticka krivka
5. Zaver

6. Podekovani, Zdroje



Uvod

- dva typy reseni rovnic v kartézské soustave
- Open Source programy
- Closed Source programy
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Vypocet Lorentzovy sily v MO Excel



lorentz.nb *

Fle Edit Insert Format Cell Graphics Ewvaluation Palettes Window Help

np41= BR{E_, x_, y_, z_] i=8in[x]; 7]
Ey[t_, x_, v, z_] :=8in[v];
Ez[t ,x ,u , z ] :=0;
Bx[t_, x , y_, z_] :t=0;
By[t_, x_, U_, z_] :=0;
Bz[t_, x , vy _, z_ ] :=1;
equations = (mx''[t] =g (Ex[t, x[t], ¥[t], =[t]] +y'[t] Bz[t, x[t], ¥y[t], Z[t]] - ='[t] By[t, x[t], ¥[t], 2[t]]),
my''[t] =q (Ey[t, X[t], ¥y[t], 2[t]] +=2'[t] Bx[E, x[t], ¥[E], B[L]] -x"'[t] BE(t, X[E], ¥[E], 2[E]1]),
mz''[t] =g (Ez[t, x[t], ¥[t], Z[t]] +=x'[t] By[t, x[t], ¥[t], 2[t]] -¥'[t] Bx[t, x[t], y[t], Z[t]]), %[0] =0, ¥y[0] =0, =z[0] == 0,
x'[0] =1, vy'[01 =0, z'[0] ==0.1} /. (m=>1, g- 2}
solution = NDSolve[equations, {x, ¥, z}, {t, 0, 100}] 1
outpar]= {x[t] = 2 (Sin[x[t]] + ¥ [E]), ¥ [t] == 2 (Sin[y[t]] -x'[t]), 2" [t] == 0, ®x[0] =0, y[0] =0, z[0] =0, x'[0] =1, ¥ [0] =0, 2z [0] =0.1} 3
cutl348]= { {¥x - InterpolatingFunction[{{0., 100.}}, <=], ¥ = InterpolatingFunction[{{0., 100.}}, <=], 2 = InterpolatingFunction [{{0., 100.3}3}, <=11}} ﬂ
{{x - InterpolatingFunction([{{0., 100.}}, <»], v = InterpolatingFunction[[{0., 100.}}, <=], 2 = InterpolatingFunction[{{0., 100.}}, <=11}} 3_
In[349):- ParametricPlot3D[Evaluate[{x[t], ¥[t], 2[t]} /. solution], {t, 0, 100}, AxesLabel - {x, ¥, Z}] j
-y o L q
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Cut[349]= & o
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]
]
In4s)= Plot3D[Cos [x] - Cos [v], {%, -5, 5}, {v, -5, 5}, AxesLabel » {x, v, Z}] j-l @
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Viypocet Lorentzovy sily v Mathematica



Lorentzovy rovnice

m+%(t) = q (E(x,t) + 5(t) « B(x, 1))

mx x(t) = q(Ey(x, t) +vyB,(x,t) — v,B,(x, t))

m*§(t) = q(E,(y,t) + v,B,(,t) — v, B,(y, 1))

mx Z(t) = q(Ex(z, t) + v By(z,t) — v, By (2 t))
g(t) = X()

f(t+2At) = (AD)? * g(t) + 2f(t + At) — f(t)



Vysledky (1)

Pohyb nabité ¢astice v magnetickém poli
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Grafy Lorentzovy sily v MO Excel



Porovnani presnosti metod
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Graf Lorentzovy sily v MO Excel
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Graf Lorentzovy sily ve Wolfram
Mathematica 9




Grafy Lorentzovy sily ve Wolfram
Mathematica 9



Grafy Lorentzovy sily ve Wolfram
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Torricelliho balisticka krivka
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Obecny nakres Torricelliho kiivky



Vysledky (4
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Grafy trajektorie stfely v MO Excel



Zaver

- vysledny pohyb Castice v elektromagnetickém poli
- trajektorie strely ve vakuu a ve vzduchu

- delky dostrelu deloveé koule na Zemi a na Mésici

- pohyb Castic v plazmatu
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