Cylindrické souradnice (p, ¢, 2)

Vztah ke kartézskym souradnicim:

T = pCcosy p:«/:c2+y2
Yy = psin p = arctany
T

=z 2=z

Metrika a objemovy element:

g = dpdp+ p*dedp + dzdz  dV = pdpdpdz

Laméovy koeficienty:

h,=1 hy,=p h,=1

Tridda (normovana baze):
0

e -9 L, _to __ 9
7 9p 7 p By ° 9z
e’ =dp e’ = pdy e’ =dz

Vztah cylindrickych a kartézskych bazi vektoru

€, =Ccospe,—sinpe,=

B Yy
2+ erLp
x
_|_—
\/ x? —i—erLp

e, =sinye,+ cospe,=

T
Y

e, =€,

T Y .
e, = e, + e,=cospe, +sinpe
o /—a?2—i—y2 21 Y ¥ Pey

Y T .
e, =——F—€;, + ————=e,= —slnpe, +cospe
¥ /22 + 42 /w2+y2 Y Y
e, =e,

(3
0
e =) —
I I ﬁ
o =~
o
5,\ 8
o
z=konst.
¥
> T oo
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Derivace bazovych vektort a forem

1 1
Ve,=—-€"¢e, V-e,=—
P P
1
Ve, =—-€"¢, V-e,=0
p
Vezzo V'CZ:O

Operatory v cylindrickych souradnicich
gradient skaldru: a = df =V f

1
ap:f,p agozgf,cpaso az:f,z

divergence: f =V -a

1 1
f=—(pa’),+—-a’,+a",
P P e

rotace: b=V X a

1
bp=—tp—ap. bp=0a,.—0a,, b .=

laplace:

Vxe,=0

Vxe,=-e,
oo

Vxe,=0

((pay),— apy)

DI

1 1 1
VQf = (pf,p),p+ Ff,gogo—i_f,zz = f,pp+ Ff,gogo‘i‘f,zz + ;f,p

1
p
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Sférické soutadnice (r, ¥, ¢)

Vztah ke kartézskym souradnicim:

x = rsind cosy r=/22+y>+ 22
vVt +y?

z

y =rsind sing ¥ = arctan
2z =rcost @ = arctan J
x

p=rsind T = pCcos Yy = psiny

Metrika a objemovy element:

q = drdr 4+ r*d¥dy + r*sin® 9 dpdy dV = r?sind dr di dy

Laméovy koeficienty:

h, =1 hg=r hy, = rsinv

Tridda (normovana béaze):

o — . 19 . — 1 0
" or Y 7 rsind Ay
e = dr e’ =rdv e’ =rsind dp

Vztah sférickych a kartézskych bazi vektoriu

. ) x z T
e, =sinvcosype, +coscospey —sinpe,= —e, + —
T

€y
T/ x? + y?
e, =sinvUsinpe, + cosvsinp ey + cos p e,= ger—i— —
T

Yy
r ’x2+y2 €v
2z Va2 +y?

e, —cosve, —sindey=— —-e, — — ey
r r

€y

€y

. Yy
a2+ y?
x
+
2+ y?

1
Vat+y?+ 22
2z < x Y \/352+y28)

e, = (re, +ye,+ze,) =sindcospe, +sinvsinpe, +cosde,

ey = e, + e, —
VI i+ 2 \ 22 + 2 /22 + 42 Y 2
= coscospe, +costsinpe, —sinve,
x
ewz—Lex+—e = —sinpe, +cosye,

/22 + 42 /22 + o2 Y
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Derivace bazovych vektort a forem

1 1 2
VeT:—eﬁeg—i——e‘Pe@ V-e =- Vxe =0
r r r
1, 1 1 1
Vey=—-e"e, +-cote’e, V-ey=—-cotd V xey=-e,
r r r r
1 o 1 o 1 1
Ve, =—-€e"e, ——cotye’ey V-e,=0 Vxe,=——ey+ —cotie,
r r r r
Operatory ve sférickych souradnicich
gradient skalaru: a = df =V f
1 1
ar=fr aﬁ_;f’ﬁ %_rsinﬂ v
divergence: f =V -a
1, 1, 1
S n, 9 @
/ 7’2<r @), +rsin19(sm “ )’ﬁ+rsin19a h
rotace: b=V X a
b= —— (sinva,) b= (rag)s) bo=1 ((ras), - as)
= — sind a —a = —ar,—(ray,), = - ((ray), — a,
rsin v °)0 v P\ ging L oy v/, ¥
laplace:
V2 f = o (1 )+ s (5100 f0) 0+ = f
72 TN r26in ¢ o r2gin? 9 %%

1 1 2 cot v
= for+ 5 foo+ 5 Foo T —fu+
I, 72 Fow r2sin? 9 Toe r J, r2 T
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Protahlé elipsoidalni souradnice

Hodnoty souradnic:

/l, o~

neRT we(O,W) ce(l,0) ve(-1,1)

0

Vztah ke kartézskym souradnicim: _

~

x = {sinhn siny cosp = V2 — 21 —v2 cosg

y = fsinh7 siny sing = ve2 — 21 — 02 sing

z = {coshn cosy =cv ¢l
21,21 )2 2 2 2 — /)2 2_ 2 2,2 )2
COShn:E:\/U it :\/p +(z+02+ VPP +(2—0) sinhn:\/c ¢ :\/CT +r2—{
¢ V20 20 / NGY

2 i 0)? —+/p? —0)? Ja2_ 212

Cosl/JZU: \/_Z :\/P +(Z+ ) \/p +(Z ) Sin¢:m: (o) r2—4/¢
VoL 27 T

tansp:y T = pCos Yy = psine

x
pomocné funkce:
p? = 2%+ y? = Psinh?n sin® ¢ = (2 — %) (1 — v?)
r2=p*+ 22 =10 (cosh277 — sin2¢) = (2 (sinhQn + 008277/}) =+ 22
0% = VPP (O P+ (e= 02 = (12 = PP +4C 2 = /(12 +2)2 = 40222
= (? (COSh277 — COSQ@b) = (2 (Sinh277 + sinQ@Z)) =% — (%)?

Metrika a objemovy element:

q=o0c%dndn+ 0% dydy + p* dpdy
2 — (22 2 — (22
:—02—62 dCdc+—1—v2

dV = po*dndi dp = (¢* — *v?) dedv dyp

dvdv + (¢ — %) (1 —v?) dpdy

Laméovy koeficienty:

hy =0 hy =0 hy, =p
2 _ 2,2 2 2,2
g o, = W2 = (2 — ) (1—v?)

c c2 — p2 v 1 — 92 ®

Vztah eliptickych a kartézskych bazi vektori:

e, = Cos (cosae¢ —|—Sinaen) —sinpe, e, =e.=cosae, +sina (coscpegc—ksincpey)
€, = sy (cosae¢ —|—smozen) +cospe, —ey=e,=snae,— Ccosc (cosgpegc —|—s1ngpey)
e, = —sinaey +cosae, e, = —sinpe, +cosye,

g V2 —02v2 oV o?+r2—12
Um_z 02 4+ 12— (2
Ve—te oVt +e

cosa = — sinhn cosy =
o
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Derivace bazovych vektort a forem:

1 2 2
Ve, = gcothne“@e@ — ;sin¢cos¢e"e¢+ ;sinhncoshne¢e¢

1 2 2
Ve, = ;cot@/ze‘pap — ;sinhncoshnew e, + gsin@bcou&e"en

1 1
Ve, = — cothne’e, — ;cotz/)e‘p ey
02 202 _ (202 _ 42
V-e,= e Cothn(Qsinh2n—|—sin2@/J) = V-.e. = d 003 CQU—€2 )
2 v (c? = 20%0% + (?)
€y g co w(sm 1+ 2sin Q,D) e Ny
V-e, =0 = V-e,=0
2 o/1—02
Vxen:—; sin 1 cos 1 e, = Vxec:—Tew
62 2_62
Vxe¢:§sinhncoshne¢ :—Vxevz%a{,
1 1 1 v c
V x e, = cotihe, — — coth = Vxe,=—( . )
e, - cot 1 e, > cothney e, o\ +\/C2_gZe

Operatory v eliptickych soutradnicich:
gradient skaldru: @ = df =V f
1 Ve — (2

Ar,=Q,= — =
n c o_fﬂl

V1 — 2?2

o

1
Nz

1 1
f,c aw—_av—gfﬂl}__ f,v atp_;f7(,0_

o

divergence: f =V -a
1 1 ¥ 1 ‘€2 . 192 .9 62 s 12 22 P
f:—a77,]—|——a¢+—afp—|——300thn(251nh n+sin w) a”—l——scotw(smh n+2sin @b)a

oo p ¥ oo o
=02 . J1-v? | 1 c(2=Cv?—1?) . v(AE=200+0?)
= a’t a%,+ af,+ a+
o ’ a TV AE=2y1=0? o3\ 212 o3v/1—v?

rotace: b=V X a

1 1 cot 1 V1—v?

v

v
b,=—a,p — —Gpo,+——a, = b.= Ay — Upy + —F——=0a
e A - 9/ pve- e S Y e
b 1 1 cothn ) 1 c2—1? c

= —Gpy— — Opy — a,=—b, = Aoy — Uy — ———20a
VT g o 7 VE—Py1-12 77 RV
1 &
b, = —(aw - an,w) + —3(coshnsinhnaw — cos Y siny an)
o o
1—v? c2—{2 Ve Poy/1—0?
= bip: ey — Ay,c — Ay — Qe
o ’ o ’ o3 o’
laplace:
, . 1 1 1 1
V2f = Fan+ 5 fuu+ =5 fop+ =5 (cothn fr +cotvf,)
o o p o
12

1—v? 1 2
_Tf,cc‘l' 0_2 f,vv‘l_<02_£2)<1_1)2)f,<p90+;(Cf,c_vf,v)
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Oblé elipsoidalni souradnice
Hodnoty souradnic:

neRT ¢ e (0,m) seRY we(-1,1)

Vztah ke kartézskym souradnicim:

x =/{coshnsiny cosp =Vs2+ 21— u2cosyp
y = lcoshn siny singp = vs2 4+ 21 —u? singp

z = {sinhn cos =su

VS2H02 12402+ 2 )2+ (p+0)2 + /22 +(p—0)? . s Vri+o?—0?
R T 30 b= ="

5 5. /2 2 V2 — 2 (o—0)2 5
,—1_u2:\/r o2+/ :\/z +(p+0)2 — /22 +(p—1) costp=u= V2 2

\/Eg 20 1/0'24-7“2—62
Y

tangp = = T = pCcos y = psingp
x

siny =

pomocné funkce:
p? = 2%+ y? = (2 cosh?n sin® ¢ = (52 + (%) (1 — u?)
rP=p* 4+ =10 (coshQn — 00521/)) = (2 (sinhzn + sinQ@b) =52 — (Pu® + P
02 = P+ (P /PH (= = /(P =PV +APZ = /(P PV =4l
= (? (cosh277 — Sin2w) = (2 (Sinh277 + COSQw) =52 4 (*u?

Metrika a objemovy element:

q=oc%dndn+o* dydy + p* dpdy
s* + (Pu? s*+ (Pu?
= e Wt T

dV = po*dndi dp = (s* + *u?) ds du dyp

dudu + (s* + ) (1 — v?) dedyp

Laméovy koeficienty:

hy =0 hy =0 h, =p

2 2,,2 2 2,,2
y ST+ LlPu 5 ST+l 9 9 9 9

Vztah eliptickych a kartézskych bazi vektori:

€, = COs (cosaew —|—sinaen) —singpe, e, =e, =cosae, +sino (cosgpew —i—singpey)

€y = sm<p(cosoze¢ —|—SHIO¢677) +COS(,0€¢ —€y = €, =Sslae; — Cosw (COS(,OE;B—FSIH(pey)

e, = —sinaey +cosae, e, = —sinpe, +cosye,
kd ) 14 - in o) sV 1 —wu? p o2 4+ 12— p2
€ Sl ¢ = — sIn sinyYy = ———= —{/ ———
o K V2022 oV o?+ri4 (2

uy 82 + (2 z o2+ 712+

14
cosq = — coshn cos) = ——— = e
o " cosy V2022 oV o?4r—(?
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Derivace bazovych vektort a forem:

1 2 2
Ve, = ;tanhne‘p e, + ;Sin@/}coszbe” e, + ;sinhncoshnew €y

1 2 2
Ve, = ;cot@/ze‘pap — ;sinhncoshnew e, — ;sin@bcosz/)e”en

1 1
Ve, = — tanhne” e, — ;cotwe“’ ey
2 s (2s% + 02u® + (?)
V - e, = — tanhn(2cosh®n — sin’ = V-e, =
e, g an n( cosh”n — sin ¢) e N
2 u (82 + 20%u® — (%)
V-ey, = — cot h? 5 — 2sin’ = -V-e, =
ey = co w(cos n sin ¢) e N
V-e, =0 =V-.e,=0
2 P u1—u?
Vxen:Fsmwcoswew = VXQSZT‘%
2 sV s24102
Vxed,:;smhncoshne@ :—Vxeu:Tew
1 1 1 u s
V x = — cot — — tanh = V x =—< s u)
e, ~ ©0 Ve, ~ tan 7 €y e, - \/1——U2€ +\/me

Operatory v eliptickych souradnicich:

gradient skalaru: @ = df =V f

1f \/52—|—€2f 1f \/1—u2f 1f 1 f
ap=0s=— = s Aoy = —Qyy = — =— U A.,=— e —
U g o ; P P p ; ¢ P R

divergence: f =V - a
1,1, 1, , > s e
f:—a"n—l-—aw—l——a‘fp—l——3tanhn(2003h n—sin 1/)) a"—l——300tw(cosh n—2sin w)a
o oY p ¥ oo o
SR -2 1 92 14 (22 4 (2 2 922 _ 2
Vsl . u? o S(2s7+ Fu —|—€)8+u(3—|—€u E)au

a

s a,,+ a',+
A I NN v e N o3/ I—u?

rotace: b=V X a

1 1 cot v 1 V1i-u? u
by=—tpy = —pp+t——0a, = b= Gup — Gpu T v e
o P o [+ 1—02 o ov1—u?
b 1 1 tanhn 1 s* 402 s
= —Qpp— —Qpy — ——— Ay, = =0y = Us,p — Ge,s — a
Y p e g e o ¥ /2302 /1—u2 ¥ o MV
1 &

b, = - ( Ay — an,d)) + = (COSh nsinhnay + cos ¥ siny an)

1= /112 Cur/1—u? 5v/ 8242
= bW: Qgq — — Ay, s as — tu
o y o ) 0-3 0'3
laplace:
) 1 1 1 1
VI = bt gl glee+ 5 (tanhn fy + cot v fy)

s34 1—u? 1 2
_—f,ss—l_ 0_2 f,uu—I_(32+€2)(1_u2)f,§0ﬂ0+;(Sf,s_uf,u)

o2
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