1 Koordinatensysteme

1.1 Koordinaten

Kartesisch Sphérisch Zylindrisch
w=r-sin(f) - cos(¢) r=y/a? 4yt 22 p=v/?+y?
y=r-sin(f) - sin(¢) f=arccos(%) ¢p=arctan(Z)
z=r-cos(6) p=arctan() z=z

x=p - cos(¢@) r=\/p? + 22 p=r-sin(f)
y=p-sin(¢) f=arctan(£) p=¢

z=z p=0¢ z=r-cos(0)

1.2 Einheitsvektoren

Kartesisch Sphérisch Zylindrisch

n,=sin(0) -cos(é) -+ T T ny=2 n,t
cos(0) - cos(¢) - ng— j Pyt 4.n,
sin(6) - ng r

n, =sin(f) - sin(¢) - n,+ ne:r-\/‘ijTyg ‘Ng+ n¢:%y ‘n,+
cos(#) - sin(¢) - ng+ T\/%Tyz Ny 2y
cos(@) - ng Tj/z% ‘N,

n,=cos(f) - n,— n,= ;iyz SN+ n,=n,
sin(6) - ng t _.n

n,; =cos(¢4) - n, n.=%2.n,+ n,=sin(f) - n,+
sin(¢) - ng Z.n, cos(f) - ny

n, =sin(¢) - n,+ ng==2-n, Ny =Ny
cos(¢) - ny R

n,=n, ng=ny n,=cos(f) -n,—

sin(6) - ng




1.3 Orthogonalitéitsrelationen

Kartesisch Sphérisch

Zylindrisch

n;=n, xn,

n,=n, X n,

n,=n; X ny

n,=ng X ngy
Ng=nyg X N,

ny=n, X ny

n,=ng xn,
ng=n, xn,

n,=n, X ng

2 Differentialoperatoren

2.1 Gradient Vf

Kartesisch

vf:azfnx+ayfny+azfnz

Sphérisch

Vi=0,f-n.+1 0sf 0o+ o7 0sf ny

Zylindrisch

Vf:8Pf~np+ %-8¢f-n¢—|—8zf~nz

2.2 Divergenz V- A

Kartesisch | v. A=0,4, + O0yA, + 0. A,
V-A=5-0, (1" Ar) + roing - O (sinf - Ag) +
Sphérisch
rsi1n9 ’ 8¢A¢
Zylindrisch | v/ . A:% 0, (p-A,) + % “0gAy+ 0, A,




2.3 Rotation V x A

V x A=(0,A, — 0;Ay) -n, + (0, A, — 0:A.) - ny+
Kartesisch
(0:Ay — 0yA;) -n,
V x A:ﬁ . (89 (sin9 . A¢) — 8¢A9) - n,+
Sphérisch % . (ﬁ&zﬁAr — 0, (r- A¢)) ‘ng+
% . (8r (7’ . A@) — 89AT) . n¢
VxA=(10,A4, —0.44) -n,+ (0.4, —0,A.) -ny+
Zylindrisch (p v ¢> ’ ! ! ¢
L (9, (p+ As) — 044,) 0.

2.4 Skalarer Laplace V?f

Kartesisch V2f=02f + a;f + 92 f

VQJC:TL2 - O (7‘2 arf) R ) (sin® -9y f)+

72 sin 6

Sphérisch
1 2
r2sin2 6 aqf)-f

Zylindrisch VQfZ% 0, (p-0,pf) + p% '83>f + 0% f




2.5 Vektorieller Laplace VZA

Kartesisch | V2A=V24, -n, + V24, -n, + V24, -n,
VEA=(V2A, — & - Ap — 2= - Op (sinf - Ag) —
2
2snd 8¢A¢ : nr+
Sphérisch Tond )
(V20 — iy + 00, — 33505 0,A,) m+
(v2A¢ — ity + iy OsAe + 3l 3¢A9) e
V2A2<V2A _ 4y 2 -8¢A¢> ‘n,+
Zylindrisch S ’
(V2A¢ - % — > '8¢AP) ‘ng +V24; - n,

2.6 Identititen

V(f-9)=f-Vg+g-Vf

VA-B)=B-V)A+(A-VB+AXx (VxB)+Bx (VxA)

Ve(frA) = [ (V-A)+A-VS
V- (AxB)=B:(VxA)—A-(VxB)
V- (VxA)=0

Vx(f-A)=f(VxA)+VfxA

Vx(AxB)=(B-V)JA-(A-V)B+A-(V-B)—B-(V-A)

VxVxA=V(V-A)-ViA

VxVf=0




3 Integraloperationen

3.1 Differentielle Elemente

ds =dz-n,; +dy-n, +dz-n,
=dr-n,+r-df -ng+rsinf-d¢-ng
=dp-n,+p-dg-ng+dz -n,

da=dy-dz-n; +dr-dz-n, +dr-dy-n,
=r?sinf-df-d¢-n, +rsinf-dr-d¢ -ng+r-dr-df-n,
=p-d¢-dz-n,+dp-dz-ny+p-dp-do-n,

dV =dx-dy-dz
= r?sind-dr-df-do

=p-dp-d¢-dz

3.2 Kurvenintegrale

b
Skalar (1. Art): [ f()ds = [ f(1(8)) [5(0)] dt

Vektoriell (2. Art): [ f(x)-dx = [£(y(t)) - ~(¢)d¢




3.3 Oberflachenintegrale

Skalar: ,£f f(X) da = jB;/‘f (@(uv U)) : HauQO X 81)@” d“’(u’ U)

Vektoriell: g f(x)da = JBI f (@, 0)) - (Bup x Dyp) dp(u,v)

3.4 Volumenintegrale

]gf fx)dv = gff(ﬁ(uvv7w)) - |det (Je (u, v, w))| dp(u, v, w)

Oube 0vés Owée
Je(u,v,w) = (0u€ 0u€ D) = | Ouly 0u&y by
augz avgz 871152

3.5 Satz von Gauss

¢ Ada=[[[V-AdV

3.6 Satz von Stokes

$ Ads= [[VxAda
a5 s




