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5. Tutorium - L6sungen 30.11.2012

5.1 Distributionen

a) Integral iiber y: y = —u:
I=[% dxé(22* + 4o — 30) f(z, —x) = [ dwd (2 (z — 3) (v +5)) f(z, )

Ableituorig des Integranden: 4x + 4.
_ flz,—=z flz,—x _ f(3,-3 f(=5,5)
1= M| | = Y AR = KB -8 + S(-5.5).

b) Integral iiber ¢: t = s — 2:
J = f3°;2 dsd(s(s —2) —3)cos(s +s—2) = f3°/02 dsé((s+1)(s — 3)) cos(2s — 2).
Ableitung des Integranden: 2s — 2. Nur Losung s = 3 > 3/2 trigt bei.

J= cos(2s—2)

__ cos4
[25—2| :

s=3 4

5.2 Indexschreibweise
a)rot (E X X) — Eijkaj (eklmEme): EijkEklm 8]- (Elxm) = (5il5jm — 5im5jl) [(@El) Tm + El(Sjm]
N—_—— N—_——
5il§jm7§im5ﬂ (ajEl)Im+El (3]:Em)
——"

Sim

= 5il5jm (a]El) T + 5il5ijl5jm - 5im5jl (8JE1) Tm — 6im5lel5jm: Zj (8JE1) + 5jj Ez - (QJEJ) Ty — Ez
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b) gV Bij =g (Aij — 39;A%;) = A" — 5 0; Af, = —3A",.
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BYBi; = (AY — 59" A%,) (Aij — 39i;A™,) = AV Ay — AT AN, — SATAT, + 1 0 AR AT, = AT A; -
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4 .. “ .. .. .. 2 .. 2 ..
BYB™" (gimgjn — ginGjm) = BYBij — BYBj; = [A”Aij -1 (4%) } - [A”Aﬂ — 1 (4%) } = AYA;; —
AV Ay,

5.3 Maxwell-Gleichungen

a) szz = 47Tp7

V.B; =0,

Ekim V1B = 4mji, + & Ex,
uimViEn = — 4 B,

Ix = pEx + €kim i B
b) divj = div (ArotB — L ZE)
—=Viik = Vi (& eumViBm — & 2 Ex)
= 2 emViViBy — =2 VLB,
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=0 4mp
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Also, Kontinuitdtsgleichung: divj + % p=0.
C) divB=0— V;B; =0.
*)VZ' (Eikmvam) = sikainAm = 0. Ok.
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rotE = *%Bﬁgklmle = 7%Bk



—ermVi (~Vim¢ — FAm) = =5 (ekim Vidm)
——kim ViV ® — Exim 5 Vidm = —Epim 5 ViAm. Ok.
—_——

=0

5.4 Transformation von Differentialoperatoren

Jj_ oxf

a) Transformationsmatrix fiir kovariante Komponenten: a;/ = 575 —
1 2 dx! dz? 9z Oy A(rcosp)  I(rsingp) .
( a11 a12 ) =| 3T L )= ? 8 | = o % ) 9 oh ) | — < e o >
- oz oz - Oz Oy - 7 CoSs rsin @ = e .
Gg Qg 5% BT 95 Do R 5o rsing rcosep

Basisvektoren: e, = a./e;.
1 .
— e} =ase; +a’es =cosp ( 0 + sin g

0

1

e/_ale 1 T ! (1) (
9 =0y €] +ay ey = —rsing 0 + rcosyp

b)
/ ! / / / /
I _ele s 911 912 ) _ [ €1°€1 €1°€
9ij = €€ ; / =\ e .e e e
921 Y22 2 €1 2" €9

_ cos? ¢ + sin’ ¢ cosp (—rsing) +sinpreosp \ _ (1 0
—78in p cos ¢ + r cos psin ¢ r2sin? o + r? cos? ¢ 0 2 )

Orthogonal, da nur Diagonalelemente besetzt sind. (Fir » = 0 ist Metrik singulér, da Determinante ver-
schwindet <> nicht invertierbar.)
¢) Transformationsmatrix fiir kontravariante Komponenten: a’ = a~!. Invertieren von a:

cos sin 1 0 1 (S:g;i Coi ” 0 10
—rsin 7 COS 0o1)” 0 —L1— L — “lo 1
® ¥ cos @ sin ¢ cos 7 sin ¢

Transformation: v/ = o’ /v’ = (a'T)ji vt = ©ee e (1) =( 7).
—+sing  cose cos

d) Zum selber Zeichnen (bitte nachfragen, wenn es dazu Fragen gibt!).

Basisvektoren kartesisch: {e1,e3} = {< (1) ) , < (1) >} vt = ( (1) >

In Polarkoordinaten, z.B. an der Stelle 2/t = < ? ): xt = < 2C981 ) ~ ( 1’28
4
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(el el)} = cos1 —2sinl N 0,5
bE=2p sinl /’\ 2cosl - 0,8

e) el =a’e = (aT)ji et

e’ \ [ cosp —rsing e\ [ cosype” —rsinpe?
e )T\ sin ® TCose e? )\ sinpe” +rcospe? |’

Die Ableitung transformiert genau wie die Basisvektoren mit a’ zuriick:

o oz o ;0 . dr \ _ [ cosp —Lsing Or \ _ [ cospdy, — Lsinpd,
dri 9z 0z 0 9l 9y ) \Using Lcosep dp )\ sinpd, + gcos 0y, )
Kombiniert ergibt das:
= (cos 0. p(r, ©) — Lsin pd,¢(r, ¢)) (cospe” — rsin pe? )+ (sin pd,d(r, ©) + L cos YD, P(r, )) (sin e + r cos pe?
r ¥ r ®
= (cos? @, ¢ — L sinp cos D¢ + sin® o, ¢ + L cos psin pdy¢) € + (0 x 9,¢ + sin® pd, ¢ + cos? pd,¢) e¥
= (ar(ls(rv 90)) e’ + (8()9(;5(7", 90)) ev.

cos f% sin ¢
sin %coscp '
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Nicht-orthogonale Parabelkoordinaten

. e . i
f) Transformationsmatrix fiir kovariante Komponenten: a,/ = g;”,i —

1,2 oo’ x> o o(r(1-¢*/2))  a(re) @
( 0’11 a12 ) — Bz/ll 6$’21 — gT — ( ( 87“2/ )) or — ( 1-— 3
Oz oz oz O(r(1—¢=/2 9
a a gL
2 2 ox’? ox'2 Oy B gj) 2
J
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Basisvektoren: €] = a,’e;.

_ e
e 00 ()
e'2:a21e1+a22e2:—r<p(é)—i—r(?):(:90 )

g)
! ! ! / / !
P 911 Y12 \ _ [ €1-€1 €1-€
9ij =€ "€ = ; / =\ e .e e e
921 Y22 2 €1 2 €5

2 2 2
B (179’2—) +¢° (179’2—) (—ro)+or \ (142 re
a @’ 2,2 4 .2 - re 21+e?) )
—ro|l—5 ) +rp e+ B) 2

Nicht-orthogonal, da nicht nur Diagonalelemente besetzt sind. (Orthogonal nur fiir ¢ =0, r > 0. Fiir r =0
ist Metrik singulér.)
h) Transformationsmatrix fiir kontravariante Komponenten: a’ = a~!. Invertieren von a:

1 1 —£
ail = B) 1 " _‘40_2 .
1+ \ ¢ & (1 3 )
Transformation: v/ = o/ Jvi = (a’T)j vt = —1 ! L 0Y_ 2 )
' Z CEng e -9y )N ) T (-9

i) Zum selber Zeichnen (bitte nachfragen, wenn es dazu Fragen gibt!).

j) el =aje’ = (aT)JZ. e’

()% () Dr)
e’ J r e’ pe’ + re?

Die Ableitung transformiert genau wie die Basisvektoren mit a’ zuriick:

Kombiniert ergibt das:
Vo(r,y) = [€"0: +e¥0,] d(x,y) =
=L [((1-%) e —rpe?) (8 - 20,) + (ver +re?) (90, + 1 (1= 5) 0, )] 0, ¢)

=L e ((1-9)o - (1-9) 20, + 0, +2(1-5) 9,)
4+ e¥ (—r(p@r + %0y + 100, + (1 — %2) 890)} o(r, )
_ 1 [er((1+%2)ar+0xa¢) +e¥ (0><6T+ (1+*"§) 590)}q§(r,<p)

1+ 4~

= [€"0r + e*0,] §(r, ©).
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