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6. Tutorium - Lésungen 24.11.2017

e ANMERKUNG: Es liegt in der Verantwortung des Einzelnen, sich die Beispiele zunéchst alleine und
ganz ohne Hilfsmittel anzuschauen. Google, Wolfram Alpha, Losungssammlungen, etc. helfen nur kurz-
fristig - leider nicht beim Test!

6.1 Residuensatz

a) $o PPl = %o 3 z+3)(z nydz = 2mi (2(51) g + 2(213) L_1> =2m (% + %) = i
b) ¢ 222713272d2 = ¢ 2(z+1/2)(z72) dz = 2mi 2(2 D)) S = 2mi (_%) = —%m’
¢) Wenn R > 2,
$o 25242 = $o sprmE—y 42 = 27 o L:_l/z +2mi 2(z+11/2) LZQ =2mi(~5+3)=0
oder
‘fo 553 ‘ ‘ R SR 2@Rei9d0‘ < o2 srEe— ez e’ | 6 = o SR RS ’ do
R—o0 27T
- }2R| g — 0, o 5 dz =0

jgc 2 z_é +1§3+1 dz = ¢, 72(;1)3 2+2(z-1)+2(z— 1)+ (2 —1)*] dz
=$c [(z ot et et %} = 2mi
oder fc %Jﬁg"ldz = 2m% %%(23 —22+2+1) = 2mig; 2(62 — 2)‘Z=1 =27

fC z2+1 dz = fC z+z)(z %) dz = 2mi 3 z+z =me”!

itz T it exp 0 i itR exp 0 |, T e7tRexp1,6
‘fcl 1dz| = ’ Iy SrmmpiRe Gde‘ < %MZRB o e do
Da |eftFexpif| — |gitReost||o—thsind| \e_tRb““9| "22° 0 wenn ¢ > 0 und sinf > 0 (d.h. 0 < 6 < 7)
R R~>oc 27r Rle “Rexl”g| R~>oo
ffcoo ;c2+1dx = limp_o0 (fc z2+1dz fC 22+1dz) =me™!
6.2 Differentialoperatoren in krummlinigen Koordinaten
g
a) Vo'l = £19;2" = £15;" = f°
b) V x (Vz?) — £kl 00 z' =0 (siehe Bsp.4.1b)
~~ ~
asymmetrisch symmetrisch

o) V=1 (f2 x f3) = \/det(g) (siehe Bsp.4.3f) — f! = L f5 x f3 und f; = V £2 x £3 (siehe Bsp.3.2d)
V- (+f £2 % £3) = (V x f2 32 (Ux 2 )=(VxV2?) - £2—f2.(VxVz?)=0

(f1) =V ( )= ( ) (Vx £ ) =( z”) ( )

=Va2 (Bsp.a) =Va? =0 (Bsp.b) =0
Analog fiir V- (L+f2) =0 und V- (H£5) = 0.
d) VvV = ’Ulfi
Vv .0, (vi) = £ 9 (VoI LE) = £1.0, (Vi) b, + Voi £ 8<Vﬂ>:¢@(wqénzéaom)
—_———
=0(Bsp.b)

©) v = Vib(x) = i (x) )

V2)(x) = +0; (VO'(x)) = +0; (Vg7 0;4(x))

f) Fiir orthogonale Koordinaten ist der metrische Tensor diagonal — V = /det(g) = /911922933
V21/’( ) m 21 1 (\/9119229339 5##( )) \/m ZZ 1 (\/911922933(gii)ilaiw(x))



6.3 Orthogonale krummlinige Koordinaten

a) Kugelkoordinaten: 't =r, 22 =0, 2" = ¢
= 02'e; = sinfcos pe; +sinfsin pey + cosbes
e, = Ohxrle; = rcosfcospe; +rcosfsingpes — rsinfes
e, = Oir'e; = —rsinfsinge; + rsinfcos ¢ ey
sinfcos¢ rcosfcos¢p —rsinfsing
— ( el e, e} ): ( e; e e3 )Smit S = ( sinfsing rcosfsing rsinfcoso

cos 6 —rsinf
1 0 0
b) (gj;) = (ej-€j)=| 0 »° 0
0 0 r2sin0

c) \/m =r2gsinf

VQw = 52— (0r (r*sin 00,9 (x)) + 0p (sin 0991y (x)) + Jy ((sin0) "1 Oytp(x)))
= (7" 0r(x)) + 772g Oe (5in 00p1(x)) + rzsilnzﬂaiw(x)

d) 91192293 =p

V2h(x) = (9, (b0 (x )) + 00 (p~" (%)) + 0 (pO:1)(x)))

— 10, (p0,0(x)) + HORV(x) + 2 (x)

e)e] = g‘? He; —vcosee1+vsin9e2+ue3

e, = (af,le)e- =wucosfe; +usinfey; —ves

es = (af,g r')e; = —uvsinfe; + uvcos ey

(ef e e )=(e e e3)| vsinf wusind wuvcosd
U —v 0

u? 4 02 0 0
f) (gz’«j) = (e} - e;) = ( 0 u? +v? 0
2.9

0 0 uv
g) /911922933 = (u” + v )uv
V() = Gy (0 (W0 ()) + 9, (wd,(x)) + 9 (L5290 (x) ) )
= (e O (u0,()) + ey O (v0,0()) + Az O3 (x)

vecosf wcosf —wuvsinf
= ( €e; ey e3 )S




