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a photograph of isaac newton sitting
in grass under an apple tree with a
single red apple falling on his head,
with dark sky full of huge planets

Midjourney
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e Newtonovy pohybové zakony _
o Nobelova cena 1687 At At
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e Newtonovy pohybové zakony 2 iﬁ _ 4 (Wq-;)

o Nobelova cena 1687 At ) At

e AcCoO znich?
o Predpovéd trajektorie! Lze ovéfit, aplikovat.
o  Plynou z nich napf. Keplerovy “zakony”.

e Soucasné: definice sily i hmotnosti.
e Zajimavost: hmotnost setrvacna a gravitacni jsou stejné:)




Newtonovy zakony 2 m j? %)

e Newtonovy pohybové zakony E- ) ié _ 4 (i
o Nobelova cena 1687 At At

e Aco znich?
o Predpovéd trajektorie! Lze ovéfit, aplikovat.
o Plynou z nich napf. Keplerovy “zakony”.

e Soucasné: definice sily i hmotnosti.

e Zajimavost: hmotnost setrvacna a gravitacni jsou stejné:)

e Univerzalita gravitace (jablko, planety)!
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a photograph of isaac newton sitting
in grass under an apple tree with a
read apple falling on his head, with
dark sky full of huge planets

Midjourney




a photograph of isaac newton sitting
in grass under an apple tree with a
single red apple falling on his head,
with large dark sky with huge planet
Saturn on it

Midjourney




red apple falling on the head of isaac
newton standing on an asteroid with
planet saturn and its rings in the
background

Midjourney







Matematika Newtonovych zakonu?
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Draha a rychlost :: rovhomeérny pohyb
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Draha a rychlost :: volny pad
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Draha a rychlost :: volny pad
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Rychlost — draha: Integrace
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Draha— Rychlost: Derivace
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“Knowledge isn’t free.

You have to pay

attention.”

www.facebook.com/poets01
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Zrychleni :: volny pad
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Sinus a Cosinus
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Sinus a Cosinus

e prvni derivace je rychlost rustu funkce
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Sinus a Cosinus

e druha derivace je kfivost funkce
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Sinus a Cosinus
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Sinus a Cosinus
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Vina

e Zobecnéni/ PovySeni pozorovani na princip
e Necht diferencialni rovnice urCuje feseni, kterému budeme fikat vina
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Pun Y

Vinova rovnice . (__
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VInova rovnice
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VInova rovnice




VInova rovnice

Jean le Rond d'Alembert
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https://www.surfertoday.com/surfing
/chicama-the-worlds-longest-wave
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https://www.surfertoday.com/surfing/chicama-the-worlds-longest-wave
https://www.surfertoday.com/surfing/chicama-the-worlds-longest-wave

Louis de Brogli

e Castice maiji i vinové vlastnosti:
e = Myslenka: hmotnée viny
e Castici s hybnosti ma i vinovou délku:

L, Louis de Broglie
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Schrodingerova rovnice

e Ustfedni nerelativisticka rovnice kvantové mechaniky
e Inspirace vedla k postulatu pohybové rovnice
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erwin schrodinger with round glasses
in light blue suit playing with a pink
hairy cat with background of a black
board covered with equations

Midjourney
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erwin schrodinger with round glasses
in light blue suit playing with a pink
hairy cat with background of a black
board covered with the schrodinger
equation

Midjourney
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Schrodingerova rovnice: reseni pro castici v krabici
e VInova funkce Castice je feSenim

bezCasové Schrodingerovy rovnice

pro nulovy potencial, ale Castice je

. N, X , g 1
omezena na urcitou oblast. (\Vw n(%) v Am . " T
e Resenim jsou stojaté hmotné v g
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Schrodingerova rovnice: reseni pro ¢astici v krabici

e VInova funkce Castice je feSenim
bezCasové Schrodingerovy rovnice
pro nulovy potencial, ale Castice je
omezena na urcitou oblast.

e Resenim jsou stojaté hmotné
€asticové viny a diskrétni mozné
hodnoty energie: kvantovani!
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Castice v krabici
e Kvantovy billiard na elipse
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Atom vodiku

e Bohriv model atomu

Vychazel z heuristickeho kvantovani momentu hybnosti
Rozmér Planckovy konstanty h je rozmér momentu hybnosti:)
Vedlo na kvantovani energie elektronu v atomu a na vysvetleni
spekter atomu. .
e Ale neSlo zobecnit na dalsi systémy. Niels Bohr
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Atom vodiku

Vinova funkce elektronu je feSenim bezCasove Schrodingerovy rovnice pro
Coulombicky potencial.

Mozna matematicky pekna a fyzikalni feSeni jsou velmi specificka.
Jdou ruku v ruce s omezenymi a diskréetnimi moznymi hodnotami energie:
kvantovani!
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Atom vodiku

e Resit zvlast rovnice jako funkce poloméru a uhld
e \/yresSit kvantovani momentu hybnosti.
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Atom vodiku — poznamky k momentu hybnosti
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Atom vodiku

e Rovnice nesouci zavislost na poloméru se podoba 1D Sch.
rovnici a vede na kvantovani energii.
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A gentle reminder...

wondersofphysics.com

Each minute you
waste on social
media, you could be
solving differential
equations.

- ISAAC NEWTON
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Atom vodiku
e Schr. rovnice feSitelna jen pro urcité energie: kvantovani!

e \/ysvétleni diskrétnich spekter atoml a molekul! — pfechody mezi hladinami.
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Atom vodiku

—
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e UrcCitym energiim pfislusi urcité vinové funkce.
e Ale k ¢emu je vinova funkce?
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Atom vodiku

e UrcCitym energiim pfislusi urcité vinoveé funkce.

e Ale k ¢emu je vinova funkce?
e VInova funkce = pravdépodobnost, s jakou elektron

nalezneme okolo jadra.

ax Born
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Atom vodiku 0

e RuUzné pravdépodobnosti nalezeni elektronu okolo jadra B | 3
o pro ruzné energie, hodnoty dalSich kvantovych Cisel In ¥
o jde o ruzné vinové funkce, tj. stavy elektronu v atomu. ) E,
o Elektron je stojata Casticova vina okolo jadra.
o Mikrosvét a kvantova mechanika jsou pravdépodobnostni! E = — 4Li\/_
o Albert Einstein: Bah nehraje v kostky! " "
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“Buh nehraje v kostky”, Albert Einstein Midjourney

Albert Einstein playing dice with the God at a table with background of black boards covered with equations




https://en.wikipedia.org/wiki/Atomic orbital

Hydrogen Wave Function

Probability density plots.
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https://en.wikipedia.org/wiki/Atomic_orbital
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r A 4
Zave r I I PYTHAGOREAN THEOREM FOURIER TRANSFORM EINSTEIN'S EQUATION
(SPECIAL RELATIVITY)

Flw)= [ f(t)e™dt E —m c2

This equation,
by Albert Einstein as a part of his

Developed by Joseph Fourier inthe
Iy 19th century, the Fourier theory of special relativit,
mathematical 1t states that ma

\ “This thearem, proposed by ancient Greek
mathematician Pythagoras, relutes the

Transform allows

ths of the sides of a right-ar
triangle. It is  fundamental prine function to be decomposed into its interchangeabl
Euclidean geometry and has been used uent frequencies. This the way we understand the
extensively in various fields, including nique is fundamental in the field universe. It also led to the
al processing and has found development of nuclear energy

4, computer graphics, and

and nuclear weapons,

applications in areas
processing, audio signal processing,
and solving partial differential
equations.

engineering design. image
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EULER'S IDENTITY
HEISENBERG'S UNCERTAINTY DIRAC EQUATION
PRINCIPLE
. i
h (0 — mep = 0 e"+1=0
AzAp > )

Named after the Swi
mathematician Leonhard Euler, this

Proposed by Paul Dirac in 1928,

Formulated by Werner
this equation describes

Heisenberg in 1927, the
uncertainty principle is one of
the core tenets of quantum
mechanics. It states that the

more precisely the position of a

identity is a special case of Euler's
formula from complex analysis, and

fermions—particles with half
andled 10 the it beautifully combines five of the

diction of antimatter. Tts most important numbers in

critical in quantum field thedry mathematics: 0,1, 1, e, and i, It's

and has shaped our
understanding of the
fundamental nature of
particles and the universe.

considered by many to be the m;
beautiful equation in mathemati
due to its elegant linking of these
fundamental numbers.

rmined, the le

particle is
Precisely its momentum can
known, and vice versa. It
{inderpins the inherontly
probabilistic nature of quant

mechanical phenomena,
3 y

EIN' L S
EINSTEIN'S FIELD EQUATION SCHRODINGER EQUATION

MAXWELL'S EQUATIONS ENERAL RELATIVITY)
ELECTRODYNAMICS QUANTUM MECHANICS
G
ov

1 8
]B) =l Rm/ == 5!],11;[? & [],,,,1\ = _(.4 T/u/ ﬁ\I} h
g =1 Ot Proposed by Erwin Schradinger
in 1926, this equation describes
how the quantuim state of a

Published by Albert Einstein in
1915, these equations describe how
nergy in the Universe

quantum system changés with

er and time. It forms the basis of

quantum mechanics and has
been crucial in the
development of many modern
technalogies, from
semiconductors to MRI

Formulated by James Clerk
Maxwell and Oliver Heaviside in etime to create the
1862, these four equations describe
tric and magnetic fields

interact. They underpin all of

distort sps

phenomenon we experienee as

ity. They are fundamental to
logy and astrophysics,
predicting phenomena like

classical electrodynamics, optics, 5
and electric circuits and paved the feravitatiogial wives &nd bieck feauners;
: ; oles
way for the advent of technologie#® holes.
psica

such as radio, television, and radar.




The first time you The 1000th time you (/\) Twitter Books @
read about quantum read about quantum NP B it
mechanics: mechanics:

Last book that made you cry

Sprinkl

aTwitterBook:

University Physics with Modern Physics
14th Edition by Hugh D. Young, Roger A.
Freedman

Roger Freedman
No doubt tears of joy.




Before During After
discovery discovery discovery
of of of
Quantum Quantum Quantum
Physics Physics Physics

Students interested in Those who
black hole, worm hole, actually study

big bang, string theory, physics and math

time travel, etc. 44 ypiversity level

wondersofphysics.com
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A gentle reminder...

“Nevérte vsemu,
co vidite na
internetu!”

Tomas Garrique Masaryk
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Diferencialni rovnice @ 3B1B

https://www.youtube.com/watch?v=p di4Zn4wz4&t=802s&ab channel=3Blue1Bro
wn

Prehled.diferencialnich-rovnic | Kapitola 1
i(t) = —ub(t) — “Z’.\m( 0)

Differential equation [

1 0(t)
— (g/L)sin (0(t))
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https://www.youtube.com/watch?v=p_di4Zn4wz4&t=802s&ab_channel=3Blue1Brown
https://www.youtube.com/watch?v=p_di4Zn4wz4&t=802s&ab_channel=3Blue1Brown

Backup 1927 :: https://en.wikipedia.org/wiki/Solvay Conference

Physics

Physics
if Newton slept
under Coconut tree

Sarcasm
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https://en.wikipedia.org/wiki/Solvay_Conference

Maxwellovy rovnice

e Rovnice popisujici elektromagneticka pole.
e Popisuji mj. i elektromagneticke viny.
e Jsou invariantni vUuci relativistické Lorentzové transformaci!

James Clerk Maxwell

_ ~2 %
L g _""0 d,.‘,\r E = .a
S
- 9E 2 ) JB
of B = (" E»ryt+:j> wf~5~‘g~£
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Maxwellovy rovnice
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Pauliho rovnice
e RozSireni nerelativistické Schrodingerovy rovnice pro
¢astici se spinem %
e VInova funkce ma 2 komponenty popisujici 2 mozné stavy
(projekce) spinu.

Wolfgang Pauli

e & (7 16 5009

A (7 R) ]t

_'ZW\
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Klein — Gordonova rovnice — relativisticka

e Relativisticka rovnice popisujici Castici se spinem 0.

o Inspiraci je vztah E? = m?c* + p%c*,
o  Spin je vnitfni moment hybnosti Castice
o Ale elektron ma spin 7 ...
o Arovnice ma nékteré nehezké vlastnosti...
A
2 g
A NS oy g
'\57 = —-a t V Yj 2 A
E‘z_ WCL‘—\- r;vzcl E r\,dti
. ot
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Klein — Gordonova rovnice — relativisticka

e Relativisticka rovnice popisujici Castici se spinem 0.
Inspiraci je vztah E? = m?c* + p%c*,

O

o  Spin je vnitfni moment hybnosti Castice

o Ale elektron ma spin 7 ...

o Arovnice ma nékteré nehezké vlastnosti...

2
/74&“ 2 o . 4 9 /"% M‘ZCZ s O
« S AP Ay

S -
/{ K8 me ¢ — O
20-4 %) |v =
c? ¢ 7]

b=c =17 (O «w?) ¥ =0
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Diracova rovnice — relativisticka rovnice QM

Ukazuje se, Ze popisuje N QUI(;( £)
v 7 _ . 1 - - VV\C /LP( s 'l.\t
¢astici se spinem 2 ol FC + (" -t

o tj. napf. elektron
o vlnova funkce zde ma 4

komponenty 9
W\ _
o predpovida existenci anti¢astic Jj— ife oLV (5 C] T - 9 £ q//

Demokraticka v prostoru a

case, prvni derivace podle B ( 2 P,
obou. I | 22 \ T
" W\Uf 7 =
Ay Y =W <y,
s

=
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Diracova rovnice — relativisticka rovnice QM

e Ukazuje se, Ze popisuje

castici se spinem % . - _ 0
: . ” al J, = we ) =
o 1. napf. elektron o
o vlnova funkce zde ma 4
komponenty fec- (« 7 —w )v =09 Paul A. M. Dirac

o predpovida existenci antiCastic
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Princip stacionarni akce

Akce je integral z Lagrangianu
Lagrangian je rozdilem kinetické a potencialni energie
o ale je to funkce funkci popisujicich trajektorii:)

Princip vede na Euler-Lagrangeovy rovnice, které vedou na
Newtonovy.
o  vyhybaiji se konceptu sily, pracuji s potencialem! Joseph-Louis Lagrange

£2
05 =0 S CJLMI@'[&) at

t.
g - /z (6,9 ¢ ,€) dx
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Princip stacionarni akce

Akce je integral z Lagrangianu
Lagrangian je rozdilem kinetické a potencialni energie
o ale je to funkce funkci popisujicich trajektorii:)
Princip vede na Euler-Lagrangeovy rovnice, které vedou na ‘ -
Newtonovy. Joseph-Louis Lagrange
o vyhybaji se konceptu sily, pracuji s potencialem!

4oL o
R
, L AL _ o

C % 9P
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Hamiltonovy rovnice
e Zavadéji hybnost jako nezavislou proménnou

Hamiltonian je funkcional celkové energie
Cesta k zobecnéni do kvantové mechaniky! :-)

. 2t
P~ 2

S S (Y

Sir William Rowan Hamilton
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Standardni Model

e Lagrangian Standardniho Modelu
Kineticke a interakcni Cleny

Higgsuv potencial

Seldon Glashow, Steven Weinberg, David
Politzer, David Gross, Frank Wilczek,
Abdus Salam




