Obecné souradnice tenzoriu
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Metrika, snizovani a zvySovani indexi

metrika definuje skalarni soucin mezi vektory: (a,b) =a-q-b

q=qudz"d2"  @Gnd" =8  u=ar " ="

metrika definuje korespondenci mezi vektory a 1-formami
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Levi-Civituv tenzor

Levi-Civituv tenzor € je totalné antisymetricky tenzor se zvolenou orientaci, normalizovany na metriku

ecVy kde d=dimV

e = Ale) tJ. €kyky = Elky. k) antisymetrie
€kr.ky k1. ky gl gRala — 44 normalizace
€1.4 > 0 v positivné orientované bazi orientace
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V-operator — kovariantni derivace
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pro linedrni soutradnice " v afinnim prostoru plati: Vﬁ =0 vdzF =0
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v obecnych soufadnicich ¥ definujeme T'}}: VW =T I dz™ Vdot = -TF da™ da"
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metrika je konstatni tenzor: Vq =0
souradnice kovariantni derivace
AF  oznac¢uje souradnice tenzoru VA, AF = oznacuje parcidlni derivace podle 2™
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Ortogonalni soufadnice (d = 3)
ortogonélni soutfadnice £ maji na sebe kolmé soutadnicové ¢ary, tj. qx je diagonélni

v takovém pfipadé zavadime Lamého koeficienty: h, = /Qrk
ve vyrazech s Lamého koeficienty se nepouziva s¢itaci konvence!

Normalizovana baze vektord a 1-forem
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Metrika a objemovy element

q=hlelel + nle’e® + h2e’e® AV = hihshs dat da’ da?

Vztah souradnic s riznym typem indext
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Levi-Civituv tenzor a vektorové nasobeni
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Operatory v ortogonalnich soufadnicich

gradient skalaru: a = df =V f
; 1 1
ap = fx ak:a,;zh—kf,k akzh—if,k

divergence: f =V -a
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rotace: b=V X a
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((hlhghg a1)71 + (hlhghg a2)72 + <h1h2h3 CL3)73>
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b = Wil <(h§ a3)72 — (h3 a2)73> a cyklické zamény
A 1 . .
bt = Tl <(h3 a3)’2 — (h2 a2)’3> a cyklické zAmény
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b = ! (a3 9 — U9 3) a cyklické zamény
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laplace:
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Cylindrické souradnice (p, ¢, 2)

Vztah ke kartézskym souradnicim:

T =pCosp p=
Yy =psing
Z =z z =z

Metrika a objemovy element:

q= dpdp+ p*dedp + dzdz

Laméovy koeficienty:

hﬂzl ) h(p:p s h,=1

Tridda (normovana baze):
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Vztah soufadnic tenzort (rtzné druhy indexi):
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Vektorové nasobeni a antisymetricky tenzor:
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Vztah cylindrickych a kartézskych bazi vektort a forem
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Derivace bazovych vektort a forem

1 . 1
Ve, = -€e“ ey V-e;=— Vxe;,=0
P P
1 .
Ve; = ——€”e; V-e;=0 Vxe,=-e;
P
Vegzo V'egzo VXGQZO
o 1 0 13) 1 13)
V—=-dp— Vi—=- Vx —=0
dp p "0y dp p Op
5] 1 0 5] 5] o o
V— =—-dp— — pdp— V:—=0 VX ——=2—
dp p " Op op dy oy 0z
o o o
Vo—=0 V-—=0 Vx—=—=0
0z 0z 0z
9 1
Vdp=pdpdy sz;
1
Vdp =—=(dpdy + dedp) V2p=0
P
Vdz=0 Viz=0
Souradnice kovariantni derivace
ak;m = akm + I’T’fma” , Qs = A, — Fn]‘;nak
1 . . : )
Lr,=-p , Ly =Trg= ; , ostatni I'-koeficienty jsou nulové
Operatory v cylindrickych souradnicich
gradient skalaru: a = df =V f
ap=fp a = fp a’=f,
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rotace: b=V x a
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Sférické souiadnice (7, 1, ¢)
Vztah ke kartézskym souradnicim:

x =rsind cosp

y =rsind sin @

z =1 cosV

Metrika a objemovy element:

q = drdr +r*d¥dv + r*sin® 9 dpdy

Laméovy koeficienty:

h, =1 , hg =r , h, = rsinv

Tridda (normovana baze):

Y = arctan

r=+/1%+ y? + 22

z

_ )
( = arctan =
z

dV = r?sind dr di dy
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Vztah soufadnic tenzori (rtzné druhy indexi):
A" =d" =a; =a,
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Vektorové nasobeni a antisymetricky tenzor:
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Vztah sférickych a kartézskych bazi vektort a forem
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Derivace bazovych vektort a forem
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Souradnice kovariantni derivace
ak;m = a’im + Ffma” , Qs = Qpm, — Fnﬁnak
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Operatory ve sférickych souradnicich

gradient skalaru: a = df =V f
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divergence: f =V -a
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rotace: b=V X a
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