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1 Matika

1.1 ALGE

Definice 1.1 (Grupa) Grupa je pG, e, ¨q, kde G ‰ H, e P G, ¨ : GˆGÑ G:

1. (asociativita) @x, y, z P G : pxyqz “ xpyzq

2. (jednotka) @x P G: ex “ xe “ x

3. (inverze) @x P G: Dx´1: xx´1 “ x´1x “ e

Definice 1.2 (Těleso) Těleso je pF,`, ¨q, t0, 1u Ă F, ` : F ˆ F Ñ F, ¨ :
Fˆ FÑ F:

1. ...

Definice 1.3 (Kvaterniony) Kvaterniony: q “ a` bi` cj` dk

1. i2 “ j2 “ k2 “ ijk “ ´1

1.2 RMF

• Vlnová rovnice

lψ “ ∆ψ ´
1

c2
B2ψ

Bt2
“ 0

l je d’Alembert̊uv operáthor. Řešeńı je:

ψpx, tq “ A exp pi pkx´ ωtqq

ω2 “ c2k2

• Vedeńı tepla:

∆´
Bψ

Bt
“ 0

Řešeńı:

ψpx, tq “
1

p2
?
πtqn

e
‖x‖2
4t
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• LaPlace:
∆ψ “ 0

Řešeńı, n “ dim ě 3:

ψpxq “
Γ
`

n
2 ´ 1

˘

4π
n
2 ‖x‖n´2 “

1

4π‖x‖

Fourierova transformace:

F rfpxqspξq “

ż n

R
eixξfpxqdx

1.3 LAA

Definice 1.4 (Hilbert̊uv prostor) Hilbert̊uv prostor je H úplný vektorový
prostor nad tělesem F se skalárńım součinem: x¨|¨y : H ˆH Ñ F:

1. xx|αy ` zy “ α xx|yy ` xx|zy

2. xx|yy “ xy|xy

3. xx|yy ě 0 a xx|xy “ 0 ô x “ 0

2 Tenzorový calculus

Mikowskiho časoprostor:

`

R4, xx | yy “ ηµνx
µyν

˘

Q

¨

˚

˚

˝

ct
x
y
z

˛

‹

‹

‚

Metrický tenzor:

ηµν “

¨

˚

˚

˝

1 0 0 0
0 ´1 0 0
0 0 ´1 0
0 0 0 ´1

˛

‹

‹

‚

Tenzorový součin:

2.1 TG

Definice 2.1 (Grafová posloupnost) Grafová posloupnost

Tvrzeńı 1 (Brouwerova věta o pevném bodě) Brouwerova věta o pevném
bodě
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2.2 ASY

Definice 2.2 (Laundauovy symboly) Laundauovy symboly

2.3 NAH

Definice 2.3 (σ-algebra) σ-algebra

...

1. Teorie mı́ry - σ-algebra, Borelovské množiny, měřitelné funkce [NAH]

2. Statistika, momenty

3 ELMA, VOAF

Maxwellovy rovnice:

∇ ¨ E “
ρ

ε0
∇ ¨B “ 0

∇ˆ E “ ´
BB

Bt
∇ˆB “

1

c2
BE

Bt
` µ0j

Potenciály:

E “ ´∇ϕ´
BA

Bt
B “∇ˆA

Kalibrace Λ:

Ã “ A`∇Λpx, tq ϕ̃ “ ϕ´
BΛpx, tq

Bt

Coulombova kalibrace:

∇ ¨A “ 0 ϕ “ 0

Lorenzova kalibrace:

∇ ¨A`
1

c2
Bϕ

Bt
“ 0

Vlnová rovnice:

lψ “ ∆ψ ´
1

c2
B2ψ

Bt2
“ 0

Vlněńı podle Maxwellových rovnic:

∇ˆ E “ ´
BB

Bt

∇ˆ∇ˆ E “ ´∇ˆ
BB

Bt

∇∇ ¨ E ´∆E “ ´
B

Bt
∇ˆB
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Z toho už plyne:

lE “ 0 lB “ 0

Disperzńı vztah:

ω2 “ c2k2

Relativisticky:

E2 “ p2c2 `m2c4

Směr š́ı̌reńı, E a B jsou na sebe kolmé.

nˆ E “ cB

4 TEF

Úloha 2 těles, nové souřadnice:

r “ r1 ´ r2 R “
m1r1 `m2r2

m1`2

M “ m1 `m2 µ “
m1m2

M

Lagrangián

L “
1

2
m1 9x21 `

1

2
m2 9x22 ´ Upxq

L “
1

2
µ 9r2 ´ Uprq

Efektivńı potenciál:

Uef. “ Uprq `
l2

2µr2

Keplerova úloha:
...
Eulerovy setrvačńıky:
...
Lagrange̊uv formalismus:

L “ T ´ U “
1

2
m 9x2

Euler-Lagrangeovy rovnice:

d̂

dt

ˆ

BL

B 9x

˙

´
BL

Bx
“ 0

Variačńı počet:
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Definice 4.1 (Prostor křivek)

Cprqpra, bsq “ tϕ : ra, bs Ñ R3 | ϕ má spojité derivace do řádu ru

Norma:
‖ϕ‖ “ max

xPra,bs
t

∣∣∣ϕpnqpxq∣∣∣ | n P r̂u
Funkcionál:

I : Cprqpra, bsq Ñ R

Variace funkcionálu je δI:

lim
‖δϕ‖

Irϕ` δϕs ´ Irϕs ´ δIrδϕs

‖δϕ‖
“ 0

Ekvivalentně:

δIpϕqrδϕs “
B

Bε

∣∣∣∣
ε“0

Irϕ` εδϕs

Tvrzeńı 2 (Hamilton̊uv princip) Pohyb holonomńı soustavy s potenciálńımi
silami v časovém intervalu rt1, t2s se děje po křivce (trajektorii), na které nabývá
akce S stacionárńı hodnoty vzhledem k izochronńım (δt “ 0) variaćım s pevnými
konci (δxpt1q “ δxpt2q “ 0.

Srxptqs “

ż t2

t1

L pxptq, 9xptq, tq dt

Fermat̊uv princip:
Hamiltoniáni nejpouž́ıvaněǰśıch systémů:

1 částice H “
p2

2m ` Upxq
ultrarelativistická H “ pc

LHO H “
p2

2m `
1
2mω

2x2

Izotropńı LHO H “
p2

2m `
1
2mω

2‖x‖2

Homogenńı pole H “
p2

2m `mgz

Coulomb̊uv potenciál H “
p2

2m ´
q

‖x‖

Centrálńı gravitace H “
p2

2m ´
Gm
‖x‖

Částice v EM H “ 1
2m pp´ qAq

2 ` qϕ

Relativistická částice H “ c
a

p2 `m2
0c

2 ` Upxq

Relativistická částice v EM H “ c
a

pp´ qAq2 `m2
0c

2 ` qϕ

Tvrzeńı 3 (Theorém Noetherové) Pro každou 1-parametrickou grupu sy-
metríı H existuje integrál pohybu a naopak.

5



Tvrzeńı 4 (Rovnice kontinuity)

Bρ

Bt
`∇ ¨ j “ 0

Bjµ

Bxµ
“ 0

Lorentzova grupa:

Op1, 3q “ tA P R4,4 | AT JA “ Ju pJqµν “ ηµν

má 4 komponenty souvislosti...

5 TSFA

je trash

6 KVAN

Hilbertovy prostory:

1. Spin: C2; xx|yy “ xiyi

2. Cn; xx|yy “ xiyi

3. Částice: L2pRnq; xψ|ϕy “
ş

Rn ψpxqϕpxqdx

4. ln; xa|by “
ř`8

n“1 anbn

Definice 6.1 (Sdružený operátor) Necht’ Â je lineárńı operátor na Hilber-
tově prostoru H , pak ψ P Dom Â˚ právě, když existuje ψ˚ P H takové, že

@ϕ P H :
A

ψ
ˇ

ˇ

ˇ
Âϕ

E

“ xψ˚|ϕy. Potom ψ˚ “ Â˚ψ a Â˚ je k Â sdružený.

Â˚ se znač́ı také Â:.

Definice 6.2 (Symetrický operátor) Â lineárńı operátor na H je symet-
rický právě tehdy, když Dom Â Ă Dom Â˚ a Â “ Â˚ na Dom Â.

Definice 6.3 (Samosdružený operátor) Â lineárńı operátor na H je sa-
mosdružený právě tehdy, když Â je symetrický a Dom Â “ Dom Â˚.

Princip korespondence:

P “ ´i~∇
x “ x

E “ i~
B

Bt

Li “ ´i~εijkxj
B

Bxk
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Pauliho Hamiltonián pro částici se spinem v EM poli:

H “
1

2m
pp´ qAq2 ` qϕ`

2µ0

~
B ¨ S

Pauliho matice:

σ1 “

ˆ

0 1
1 0

˙

σ2 “

ˆ

0 ´i
i 0

˙

σ3 “

ˆ

1 0
0 ´1

˙

rσi, σjs “ 2iεijkσk Trσi “ 0 tσi, σju “ 2δijI

Blochova sféra
skládáńı moment̊u hybnosti, izospin
Wigner-Ekhart thm., Clepsh-Gordan koef.
Schrödingerova rovnice:

Hψ “ i~
Bψ

Bt

Klein-Gordonova rce [KTPA]
proudová hustota

7 Geometrie (tj, GMF, GR, LAG, ALGE ...)

Grupa
Diferencovatelná varieta [GMF]
Liova grupa a algebra [LAG]
Fibrovaný prostor
Vektorové pole
Pullback
V o implicitńım zobrazeńı [MAA4, GMF, LAG] pro variety
př́ıklad - F : R3 Ñ S2; F pxq “ ‖x‖
př́ıklad GLpn,Rq je otevřená, souvisloslá?
GL, O, SO, SU grupa transformaćı, symetríı
Generátor grupy, exponenciela [LAG, KTPA]
Ston̊uv thm. [FAN, KTPA]

8 OR

prostory a variety

9 ZJF

účinné pr̊uřezy [ZJFÑKTPA]

7


