Valcové a sférické souradnice
1. Transformace skalarni veli¢iny do jinych soufadnic

V podstaté je o pouhou substituci, nicméné pomoc pocitace se mize hodit.
Zejména, pokud navazuje vypocet rozvoje pro velkd rm jako v nasledujicich prikladech.

Potencial dip6lu ve sméru x

mop=® = p xXISqQrE[xA2+yr2+z72]03

$Assumptions = r >0
TransformedField ["Cartesian" - "Spherical", ®, {x, y, z} » {r, 6, ¢}] // FullSimplify

p X
outf « J=
(X2 +y*+ 22)3/2

ouf - ]= ¥ > 0

p Cos[¢] Sin[6]
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Potencial pro dva bodové naboje na ose z vyjadreny ve valcovych souradnicich

m-=-® = qlISqrE[x*2+yr2+(z-a)"2]-q/Sqrt[x*"2+yr2+(z+a)t2]

$Assumptions = R>0
TransformedField ["Cartesian" - "Cylindrical", ®, {x, y, z} » {R, ¢, Z}] // FullSimplify

q q

outf

\/x2+y2+(—a+z)2 \/x2+y2+(a+z)2
ouf- - R>0
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2. Transformace vektorové veliciny do jinych soufadnic
Zde jiz nejde o pouhou substituci, je tfeba ménit bazova pole

Priklad ze cvi€eni : trasformace pole ze sférickych do kartézskych soufadnic.
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= F
A

2rA72LegendreP[2, Cos[d]]
Grad[f, {r, 8, ¢}, "Spherical"]

our - - 12 (— 1+3 COS[@]Z)

our - {2 r (-1+3 Cos[8]*), -6 r Cos[6] Sin[6], O}

n-1- B=TransformedField ["Spherical" - "Cartesian", A, {r, 8, ¢} » {Xx, y, z}] // FullSimplify
ouf- -{-2%x, -2y, 42z}

Priklad ze cvi€eni : nasleduje vypocet divergence v obou soufadnicich

1= DiVI[B 4 {X, Yy, z}]
outf « ]= 0]

m- - Div[A, {r, 8, ¢}, "Spherical"] // Simplify (» to "Spherical" je nebytné %)
outl « ]= 0]

Bazovy vektor e,vyjadieny v kartézskych soufadnicich

n - - TransformedField ["Spherical" -» "Cartesian",
{0, 1,0},{r, 8, ¢} » {x, y, z// FullSimplify

2 2

{ X z yz X" +y }

)

3
\/x2+y2 \/x2+y2+z2 '\/x2+y2 \/x2+y2+z2 A/ x2+y?+z?

Dalsi priklady

Potencial sady stejnych nabojl ve vrcholech ¢tverce o strané 2a.
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-®2 = q /ISqrt[(x-a)r2+(y-a)r2+z72]+q /Sqrt[(x+a)r2+(y-a)r2+z"2]+

q /Sqrt[(x-a)*2+(y+a)r2+z7r2]+q /Sqrt[(x+a)r2+(y+a)r2+z"2]
$Assumptions = r>0 && a>0

TransformedField ["Cartesian" - "Spherical", ®2 , {x, y, z} > {r, 8, ¢}] // FullSimplify
Series[%, {r, Infinity, 6}] // FullSimplify

q q

+ +

. \/(—a+x)2+(—a+y)2+z2 \/(a+x)2+(—a+y)2+z2

q q

+
easx)?+@ryy? 22 Af@rx?r@ry)?+2?

~r>08&%&a>0

N2 a%+r2-2ar Sin[e] (Cos[e] + Sin[g))

+q +

\/4 a*+2a’r?+r*+2a’r?(Cos[2 6] -2 Sin[6]* Sin[2 ¢])

\/2 a?+r2+2ar Sin[6] (Cos[¢] + Sin[g¢])

+

\/4 a*+2a’r?+r*+2a’r?(Cos[26]-2Sin[6) Sin[2 ¢])

yJ2a%+r?+2ar Sin[6] (Cos[g] - Sin[g])

+

\J4a*+2a2r2+rt+2a% r? (Cos[2 6]+ 2 Sin[6] Sin2 ¢))

\/2 a2+ r2+2ar Sin[6] (- Cos[g] + Sin[¢])

\/4 a*+2a’r?+r*+2a’r?(Cosl2 6] +2Sin[6]* Sin[2 ¢])

4q a’q(l+3Cos[26]) a*q(27+60 Cos[2 6]+ 105 Cos[4 6]- 280 Cos[4 ¢] Sin[6]*) 1

r r3 32r° w7

Potencial sady stejnych naboji ve vrcholech krychle o hrané 2a.
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- ®3 = Sum[q /SQrt[(x-X)A2+(y-Y)A2+(z-2)"2],
{X: -a, a, Za}, {Y: -a, a, 2a}, {Z, -a, a, Za}]

$Assumptions = r >0 && a > 0;

TransformedField ["Cartesian" - "Spherical", ®3, {x, y, z} > {r, 8, ¢}1// Simplify;
®3a = Series[%, {r, Infinity, 10}] // FullSimplify
q q

outf + J= + +
\/(—a+x)2+(—a+y)2+(—a+z)2 \/(a+x)2+(—a+y)2+(—a+z)2
q q q

+ + +

Narx)?r@ry)P+(-a+z)?  A@+x)?+@+y)P+(-a+2)?  Al(ca+x)?+(-a+y)’+(a+z)>?
q q q

+

+
\/(a+x)2+(-a+y)2+(a+z)2 \/(—a+x)2+(a+y)2+(a+z)2 \/(a+x)2+(a+y)2+(a+z)2

8q 7(a*q(9+20 Cos[28]+35Cos[4 6] +40 Cos[4 ¢] STn[6]*))
outf » ] —— = +

r 16 r°
3a q (50 + 105 Cos[2 0]+ 126 Cos[4 6] + 231 Cos[6 0] - 336 = (9 + 11 Cos[2 6]) Cos[4 ¢] S'in[9]4)

+
32r7

1
99 a® q (1225 + 2520 Cos[2 6]+ 2772 Cos[4 6] + 3432 Cos[6 6] + 6435 Cos[8 0] +
16384 r?®

1
448 « (99 + 156 Cos[2 6] + 65 Cos[4 6]) Cos[4 ¢] Sin[6]* + 8320 Cos[8 ¢] Sin[6]°) + o[—]ll
-

Co to je za divné funkce v tom rozvoji?
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/- Normal[®3a]l2]

%/l.{g->1,a->1, r > 1}/ Simplify

Maximize[%, {0, ¢}[1]

SphericalPlot3D [3 « % + %%, {8, O, Pi}, {¢, 0, 2 Pi},

PlotRange - Full, PlotPoints - 50, PlotLabel - %%]

7 a* q (9 +20 Cos[2 8] + 35 Cos[4 8] + 40 Cos[4 ¢] Sin[6]?)

16
56
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16 r°

(9 +20 Cos[2 6] + 35 Cos[4 6] + 40 Cos[4 ¢] Sin[6]*)

7
-— (40sin*(6) cos(4 ¢) +20 cos(2 6) + 35 cos(4 6) +9)
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-336 sin“(e) (11cos(2 6)+9) cos(4 ¢)+105cos(2 6) + 126 cos(4 6) +231 cos(6 €
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sin“(e) (156 cos(2 6) +65 cos(4 0) +99) cos(4 ¢) +2520 cos(2 ) + 2772 cos(4 6,




