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Im Folgenden wird das E-Feld des Dipols exakt und genahert grafisch betrachtet. Dabei wurde die

Ladung q, die Permitivitat €, auf 1 und der Vektor a auf (1,0,0) gesetzt.

In[306]:=

a :={1, 0, 0}
aBetrag := 1
e =1

q:=1

Vectorplot[{l/ (4%Pixe) * ((X—O.S*l)/ («/(x-o.s*l)l\zafy/\z)/\s-

(x+0.5*1)/ (»\/(x+0.5*1)"2+y"2)"3), 1/ (4+Pixe)*

((y)/ (f\/(x—G.S*l)’\2+y’\2)"3— (y)/ (~\/(x+0.5*1)’\2+y’\2)"3)},
{x, -10, 10}, {y, -10, 10}, PlotLabel » "exaktes E-Feld",

PlotLegends - Automatic, Axes -» True, AxesLabel - {x, y}]

VectorPlot [{1 / (4%Pixe)*

((3*x*x*q)/((\/(X—O.S)"2+y"2)"5) -1/ ((»\/(X—O.S)"2+y"2)"3)),
1/ (4#«Pixe) » ((3*y*x*q)/ ((«/(X—O.S)"2+y’\2)"5) )},
{x, -10, 10}, {y, -10, 10}, PlotLabel -» "approximiertes E-Feld",

PlotLegends - Automatic, Axes -» True, AxesLabel - {x, y}]

DensityPlot [
(((1/ (4%Pixe) % ((X—O.S*l)/ ('\/(X—G.S*l)"2+y"2)"3— (x+0.5*1)/
(f\/(x+0.5*1)"2+y"2)"3)) -
(1/ (4%Pixe)* ((3*x*x*q)/ ((f\/(x—O.S)"2+y"2)"5) -
1/ (('\/(X—O.S)"2+y"2)"3))))’\2+ ((1/ (4%Pixe) %
((y)/ (\/(X—O.S*l)"2+y’\2)"3— (y)/ («/(x+0.5*1)"2+y’\2)"3)) -
(1/ (4%Pixe) * ((3*y*x*q)/ ((\/(X—G.S)"2+y"2)"5) )))Az)'\

0.5, {x, -10, 10}, {y, -10, 10}, PlotLabel »
"absoluter Fehler",

FrameLabel »

{x, ¥},
PlotLegends »

BarLegend[ Automatic,
LegendLabel » " |Eapprox—Eexact | "] s
ColorFunction - "Rainbow",
PlotRange »
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(0, 0.01}]

DensityPlot [
(((1/ (4%Pixe) * ((x—0.5*1)/ (—\/(X—G.S*l)"2+y"2)"3— (x+0.5*1)/
(\/(x+0.5*1)"2+y"2)"3)) -
(1/ (4 %P1 €) *((3*x*x*q)/ ((»\/(X—O.S)"2+y"2)"5) -
1/ ((«/(x-o.S)A2+yA2)A3))))'\2+ ((1/ (4%Pixe)*
((y)/ ('\/(X—O.S*l)"2+y"2)"3— (y)/ ('\/(x+0.5*1)"2+y"2)"3)) -

(1/ (4%Pixe) *((3*y*x*q)/ ((«/(x-o.s)f\zafy/\z)/\s) )))Az)'\o.s/

((1/ (4%Pixe)» ((X—O.S*l)/ («/(x-o.s*l)l\zafy/\z)/\s-

(x+0.5*1)/ (»\/(x+0.5*1)"2+y"2)"3))"2+

(1/ (4%Pixe) % ((y)/ («/(X—O.S*l)"2+y"2)"3—

(y)/ ('\/(x+0.5*1)"2+y"2)"3))"2)"0.5
, {X, -10, 10}, {y, -10, 10}, PlotLabel -» "relativer Fehler", FrameLabel -» {x, vy},

. | Eapprox - Eexact |
PlotLegends -» BarLegend [ Automatic, LegendLabel » " "]
| Eexact |

ColorFunction - "Rainbow", PlotRange -» {0, 1}]

Plot[(((l/ (4%Pixe) % ((t—0.5*1)/ («/(t-o.s*l)"2+0’\2)’\3—

(t+0.5*1)/ («/(t+0.5*1)'\2+0/\2)/\3)) -

(1/ (4% Pixe) *((3*t*t*q)/ ((«/(t-o.S)Azafo'\z)As) -

1/ ((w/(t—O.S)"2+0"2)"3))))"2)"0.5,
{t, 0.1, 10}, PlotLabel » "Absoluter Fehler fir r=(t,0,0)",
PlotRange »
{0, 100},

AxesLabel » {"|r|", "|Eapprox-Eexact | "}]

Plot[(((l/ (4%Pixe) * ((t—0.5*0)/ (\/(6—0.5*1)"2+t"2)"3—

(t+0-5*1)/ (\/(0+0-5*1)"2+t"2)'\3)) -

(1/ (4 %P1 x€) *((3*t*0*q)/ ((«/(0—0.5)"2+t"2)"5) -

1/ ((«/(0-0.5)A2+t'\2)/\3))))Az)Ao.s,
{t, 0.1, 10}, PlotLabel -» "Absoluter Fehler fir r=(0,t,0)",
PlotRange »
{0, 1},
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AxeslLabel - {" [r1", " |Eapprox—Eexact | "}]

Out[310]=
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out[314]=
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Den Plots ist zu entnehmen, dass der Fehler durch die Naherung des E-Felds fiir grofRe |7| gut
vernachlassigbar ist. AuRerdem ist der Fehler in der Nahe der y-Achse geringer als der Fehler in
Nahe zur x-Achse.
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Il 1= r={X, ¥};
a={1, 0};
Show[
VectorPlot | — - s {X, -2, 2},
4x \Norm[r-a/2]® Norm[r+a/2]3

{v, -2, 2}, FrameLabel -» {{"y", None}, {"x", "Superposition"}},

1 ( r-a/2 r+a/2

PlotLegends - Automatic] 5
Graphics[{Red, Disk[-a/2, ©.05], Blue, Disk[a/2, ©6.05]}]

]

Superposition
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In[- 1= r={X, ¥};

a=1{1, 0};
Show[
1 r.a a
VectorPlot|— |3 r - s (X, =2, 2},
4 Norm[r]®> Norm[r]3

{y, -2, 2}, FrameLabel » {{"y", None}, {"x", "Naherung"}},
PlotLegends - Automatic] R

Graphics[ {Red, Disk[-a/ 2, ©.05], Blue, Disk[a/2, ©0.05] }]

]
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In[ .= r={X, V};

a={1, 6};
1 r-a/2 r+a/2
dipolExact = - 5
47 \Norm[r-a/2]® Norm[r+a/2]3
. 1 r.a a
dipolApprox = — |3 r - 3
4 Norm[r]> Norm[r]3
Show [
ContourPlot [Norm[dipolApprox - dipolExact], {x, -2, 2},
{y: '2: 2}:

FrameLabel -» {{"y", None}, {"x", "Absoluter Fehler"}},
PlotLegends -» Automatic, PlotRange » {All, All, {O, 2}},
PlotPoints - 50],
Graphics|[ {Red, Disk[-a/2, ©6.05], Blue, Disk[a/2, ©.05]}]
]

Absoluter Fehler
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Reka %w F@[n [ﬂf

1= r={X ¥};

a={1, 6};
. 1 r-a/2 r+a/2
dipolExact = — - H
47 (Norm[r-a/2]%® Norm[r+a/2]3
i 1 r.a a
dipolApprox = — [3 r - ];
47 Norm[r]> Norm[r]3
Show[
Norm[dipolApprox - dipolExact
ContourPlot[ [dipo App P ], {x, -2, 2},
Norm [dipolExact]
{y, -2, 2},

FrameLabel -» {{"y", None}, {"x", "Relativer Fehler"}},
PlotLegends -» Automatic, PlotRange -» {All, All, {o, 2}},

PlotPoints -» 50] 5
Graphics[{Red, Disk[-a/2, ©.05], Blue, Disk[a/ 2, ©.05] }]

]

Relativer Fehler
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Lou \uﬁwt

= r={X, ¥}
a={1, 0};
1 r-a/2 r+a/2
dipolExact = - -
47 \Norm[r-a/2]® Norm[r+a/2]3
1 r.a a
dipolApprox = — (3 r - 3
4 7w Norm[r]> Norm[r]3
LogLogPlot| {

Norm[dipolApprox - dipolExact] /.y - 0,
Norm[dipolApprox - dipolExact] /. x>0 /.y - X,
0.025 x>,
0.1x73

}, {x, ©.01, 10}, PlotStyle -» {Red, Blue, Gray, Black}]

~ $E (xlo)

—

o

S

O

o
T

T

$C€(0,%)

1070
001 005 010 050 1 5 10
Agtad o (90)
— 3
= Ef X Lz =0 Wouwgunt gt ¢

Fac x b‘th“’ﬂO VWWJMT Ao € rr--r‘ @



