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Uvod do fyziky
. Co je fyzika ?

. Fyzikalni poznavani

. Méreni

. Prostor, cas, pohyb

. Sily, pole

. Zakladni fyzikalni konstanty
. Zakony zachovani

. Kmity, viny,svetlo

. Mikrosvet
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Walter Lewin: Art through the Eves of a Physicist | MIT Video




1. Co je fyzika ?

Jak studovat fyziku

Fyzika je...

Vztah k prirodnim védam

Vztah k matematice

Vztah k obecnym problémiim

Fyzika a technické aplikace

Fyzika a filosofie

Fyzika - experimentalni véda
- méreni

- rozsah zajmu




Benzen C;H,

Jan Josef Loschmidt ( 1821 - 1895)

n0 = (2,686 7774 + 0,000 0047)x1025 m-3.




Gregor Mendel (1822-1884)

The structure of part of a DNA double helix




Distribution of earthquake

epicenters from 1975 to 1995.

Earthquake Depth (Kilometers)




This image combines data from
the Hubble Space Telescope,

the Spitzer Space Telescope,
and the Galaxy Evolution Explorer (GALEX)




Chammurapiho zakonik

1780 pf.n.l.




Newton

LD =p,
LB =p,
OxH=j, +D
OXxE=-j -B

Maxwell

oy -
i
Mo =Y

HW = EW

Schrodinger







radioterapie Temelin

Nagasaki




Aristoteles Isaac Newton Werner Karl Heisenberg Karl Raimund Popper
384 a.C. - c. 322.A.C 1643-1727 (1901-1976) 1902-1994




300 mm - 45 nm




Galileo Galilei 1564-1642




L=2.1746%£0.0003 m c=299 792 458 m/s;

Ax-Ap>~h

m(kg) 10-3¢ (neutrino) 100 (litr) 10%0 (vesmir)
I(m) 10-3% (Planck, struna) 10%(clovék) 1026 (vesmir)
t(s) 10-44(Planck) 109%(srdce) 1017(vesmir)




2. Fyzikalni poznavani

Filosofie objevu

-Kopernik,Brahe, Kepler,Newton
Model, teorie, zakon

- model (svétlo)

- teorie (mechanika, relativita)

- zakon (zakony zachovani, empirie)
Pravidlo pravidel (symetrie)




Ptolemeinuy geocentricky model
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Claudius Ptolemaeus 85 - 165




Kopernikuv heliocentricky model

1473 - 1543
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Tycho Brahe 1546 -




Johannes Kepler 1571-1630




Isaac Newton
1643-1727
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Two TREATISES




Max Planck ) .
(1858-1947) http://micro.magnet.fsu.edu/optics/




T=5000K

1.2

E()

+  T=5000K -




Zareni absolutné Cerného télesa - 1900 - Max Planck (1858-1947)

8 T h v
3 o hV/KT

E(v) = -

k =1.381 10 ? JK ! h =6.625 10 * Js
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Amalie Emmy Noether 1882-1935




ASYMMETRIC

SYMMETRIC

Leonardo da Vinci's Vitruvian Man (ca. 1487)
is often used as a representation of symmetry
in the human body and, by extension,

the natural universe.
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Fractal
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Three 4-fold axes Center of inversion

Nine mirror planes

& 2007 Thomson Higher Education




Primitive Body-centered ace tered
@& 2007 Thomson Higher Education




Presné symetrie:
Symetrie pfirodnich zakonu vuéi posunuti (translaci) v prostoru —
zakon zachovani hybnosti.

Symetrie prirodnich zakonu vuici posunuti v Case —
zakon zachovani energie.

Symetrie prirodnich zakonu vucéi oto¢eni (zméné orientace) v prostoru —
zakon zachovani momentu hybnosti

Symetrie prirodnich zakonu vi¢i zaméné znaménka naboje
—zakon zachovani naboje




Priblizné symetrie:

Symetrie prirodnich zakonu vucéi zrcadlové inverzi
— zakon zachovani parity (P-symetrie) x —» -x ,y — -y, z — -z

Symetrie prirodnich zakonu viuéi zaméné ¢éastic za anti¢astice a naopak
— zakon zachovani C-symetrie Q — -Q, ...

Symetrie prirodnich zakonu vucéi casové inverzi
— zakon zachovani T-symetrie t — -t.




Jejich kombinace:

Symetrie prirodnich zakonu vici sou¢asné zrcadlové inverzi
a zameéneé cCastice za anticastici
— zakon zachovani CP symetrie

Symetrie pfirodnich zakonu vucéi souéasné zrcadlové inverzi
a zameéne castice za anticastici a zmeéne toku casu
— zakon zachovani CPT symetrie




Co je dusledkem naruseni symetrii:

Naruseni P symetrie — svét v zrcadle odliSitelny od svéta

Naruseni C symetrie — antisvét odlisitelny od sveéta
Naruseni T symetrie — smeér toku ¢asu neni rovhnoceny

Naruseni CP symetrie — antisvet v zrcadle je odlisitelny od sveta




Fyzikalni veliiny
Fyzikalni jednotky
Soustava Sl

Jiné soustavy

Méreni
- chyby
- zpracovani vysledku méreni
- graf




Velic¢ina jednotka

Délka metr
Hmotnost kilogram
Cas sekunda

Elektricky proud ampér
Teplota kelvin
Svitivost kandela
Latkové mnozstvi mol

presnost

10-10
107
10-14
10
104
5.10-3
106



1024
1021
1018
1015
1012
10°
106
103
102
101

Cinitel

predpona znacka

yotta
zetta
exa
peta

tera
giga
mega
kilo
hekto
deka

Y
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10-1
10-2
103
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102"

1024

deci
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P(u-o, u+0)=0.682
P(u-20, u+20)=0.954
P(u-30, u+30)=0.997




$”

( s% + s% + s% + 5?1 + s%) — minimuin

T To Iy T4 Ty

http://www.topclanky.cz/Metoda-nejmensich-ctvercu-24390




http://user.mendelu.cz/marik/prez/mnc-cz.pdf




y=sin(t)
y=cos(t)

x=sin(t)
y=cos(t)
y 4—
x=cos(t)
y=sin(t)
z=t




0.4

0.3
O.5x/////

Wiy B z=x.exp(-x2-y?)

N g - 01




4. Prostor, cas, pohyb

Prostor, cas
Zaklady kinematiky
Zaklady dynamiky

- Newtonovy zakony
Rotace







S

/ http://cs.m.wikipedia.org/wiki/Soubor:Coord_XYZ.svg

http://www.bbc.co.uk/science/space/solarsystem/collections/space_exploration




http://iands.word press.com/scheduIe/02-primitive-cinemacinema-of—entertainmentnarrative/




http://www.novinky.cz/domaci/

http://agile101.net/2009/07/1 O/whats-my-team-velocity/
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https://activephysics-pvrhsd.wikispaces.com/Laga
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http://www .kuf.cz/Astoria/Cesta%2014/Cesta14.htmi




https://sites.google.com/site/atletikahodostepem/barbora-spotakova http://techmania.cz/edutorium/




http://www.kme.zcu.cz/kmet/bio/prikladvrh.php

http://www.lidovky.cz/parasutista-po-selhani-padaku-dopad|




http://www.zenyprozeny.cz/art/393-z-ko|otocu-mam-hruzu/ http://techmania.cz/edutorium/




Balla, Giacomo
Dynamism of a Dog on a
Leash

1912

Oil on canvas

35 3/8 x 43 1/4 (89.9 x 109.9)
Albright-Knox Art Gallery,
Buffalo, New York




GIACOMO BALLA

Speed car 1913
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Autore T5. NEWTON, Tvin. Coll. Cantab, Sor. Mathefeos
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Lex. l.

Corpus omne perseverare in statu suo quiescendi vel movendi uniformiter
in directum, nisi quatenus a viribus impressis cogitur statum illum mutare
Lex. Il
Mutationem motus proportionalem esse vi motrici impressee, & fieri

secundum lineam rectam qua vis illa imprimitur.
Lex. Ill.
Actioni contrariam semper & sequalem esse reactionem: sive corporum
duorum actiones in se mutuo semper esse &quales & in partes contrarias
dirigi.




Every body perseveres either in its state of resting or of moving
uniformly in a direction, unless that is compelled to change its state by
impressed forces.

The change of motion is proportional to the [magnitude of the] impressed
motive force, and to be made along the right line by which that force is
impressed.

To an action there is always an equal and contrary reaction : or the
actions of two bodies between themselves are always mutually equal
and directed in opposite directions.

http://www. 17centurymaths.com/contents/newton/defs%20axioms.pdf




http://blog.craniumfitteds.com/
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X

M x=x'

http://www.ktf.upol.cz/joch/kinematika/
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http://en.wikipedia.org/wiki/Space_Shuttle
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http://www.physicsclassroom.com/

http://www.nabla.cz/obsah/fyzika/




http://clanky.rvp.cz/clanek/t/ GMB/2271/URCOVANI-POLOHY-TEZISTE-TELESA.html/




http://fyzweb.cz/materialy/sily/tezist/stabil.php

;\\ x \ i e o

i
¥
1
- ¥ ®
- il
_— - -
i —— -

- |

i

http://zpravy.ihned.cz/c1-60123770-foto-nad-propasti-presel-400-metru-dlouhe-lano-provazochodec-pokoril-grand-canyon
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https://www.boundless.com/physics/




Couterclockwise rotation Clockwise rotation

http://scripts.mit.edu/




Wrap the right hand
around the axis of
rotation so that the
fingers are painting

in the direction of
rotation. The thumb
points in the direction
of the angular velocity

sense of
rotation of
the wheel

vector.
m/
Angular The right hand
velocity rule fior angular
vector. quantities.

http://hyperphysics.phy-astr.gsu.edu/hbase/rotv.html




Earth's orbitis its
revolution around the Sun

Summer in N.

Hemisphere Hemisphere

Earth's rotation

on its axis.
Not to scale!

http://scienceblogs.com/startswithabang/2012/02/29/the-physics-of-leap-day/

Summerin S.

http://necyklopedie.wikia.com/wiki/Soubor:Rotace_krychle.PNG




http://en.wikipedia.org/wiki/Torque

http://www.truckinweb.com/
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The Four Fundamental
Forces of Nature

Sily v pfirodé
-gravitacni sila

3. Sily, pole  _ciektricka sila

-silna jaderna interakce Electro- Weak srong | [Gravita
: : : ravitation
magnetism Interaction Interaction

-slaba interakce

Pole A
- gravitaéni pole P A s
- elektrické pole N e :I\PNND




vesmirna gravitace

gravitace

pozemska gravitace Newton 1686

-~

elektricke sily

elektromagnetismus

magnetické sily

Maxwell 1864 elektroslaba

] GSW1979 :
slaba ——— .

silna




elektroma
gneticka




interakce | e-v e-p p-p p-n,n-n
gravitaén | 0 10-4 10-38 10-38
i
slaba 1015 1015 1015 1015
elektrom | 0 102 10-2 0
agneticka
silna 0 0 1 1
relativni velikost pro vzdalenost 10-°m




Isaac Newton 1643-1727 Henry Cavendish 1731-1810
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harles-Augustin de Coulomb
1736-1806




Force
Between

Nucleons (M)

c"-.'“ Attractive

Repulsive

e

-
-

typical nucleon Coulomb repulsion force

separation {long range)
3 4 Nucleon
Separation
(x10°®m)

Strong nuclear forge
[short range)

Binding energy per nucleon

Mass number A




Beta™ - rozpad neutronu: n® - p* + e + v

Neutron Slaba interakce Proton

Beta® - pfeména protonu: p* — n°® + e* + v

Proton Slaba interakce Neutron

http://astronuklifyzika.cz/
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Rez magnetickym polem - (Googel)




[rezourcefulphysics .orgl




FE

1/r2

U,V

-

1/r




V(R)

\ Rg R —
Eﬂ _\‘._1/

http://www.tutorvista.com/




Repulsive interactions

HH)

r=45

Total energy

r=180
Internuclear distance, r (pm) —

~
o

Internuclear distance, r (pm) —

)

Potential energy (kJ/mol)
Potential energy (kJ/mol)

432 o r=74 —589
Observed
bond distance \
A

H
h inH,

ttractive interactions




Rychlost svétla - ¢
Elementarni naboj - e, e/m
Planckova konstatnta - h

6. Zakladni fyzikalni konstatnty




Olaf (Ole) Roemer (1644-1710)
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Hippolyte Fizeau 1919-1896
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Tight source

Robert Andrews Millikan 1868-1953




ultraviolet visible range infrared

BLACKBODY RADIATION

Eoi, T 2hé 1
> }\.5 ehc/McT_

Intensity

500 1000 1500
Wavelength

h=6.62606957 x 10-34 m2 kg /s

A E -
5

[eV]
Ca

2R

gl

2 .4 .6 8- 10 12 14 F
“ - [10" Hz]

Viditelne
svétlo




Zakon zachovani energie

Zakon zachovani hybnosti

Zakon zachovani momentu hybnosti
Zakon zachovani naboje

Symetrie a zakony zachovani

7. Zakony zachovani
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http://www.fyzika007.cz/




http://imgace.com/pic/2012

usain bolt sets new world record 9.63 secs for 100m




http://dfern3.wix.com/




http://hep.physics.lsa.umich.edu/
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Potential energy

2

Energy in

A

B _ Energy out

Kinetic energy Kinetic energy

http://www.citruscollege.edu/
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http://cvut-archery.cz
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PE, = PE, = KE + PE,
(a)

System

Heat,
sound, and
deformation
of ground

Thud

(b)

:p:/lcnx.org/content/m42150/




PDtPntiaI

Local
Maximum —
Particle

B Unstable
Local Minimum — Particle
Stable

http://www.astarmathsandphysics.com

Capenght £ 20035 Pearson Prestice Ha' . Ine

http://www4.uwsp.edu/
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(b)

https://www.boundless.com/physi
ps:/fwww.boundless.com/physics/ http://www.ifa.hawaii.edu




polythene

Before rubbing After rubbing

4 hydrogen atoms 4 hydrogen atoms
+ 2 oxygen atoms + 2 oxygen atoms

http://www.schoolphysics.co.uk/

http://www.iun.edu/




8. Kmity, viny, svetlo




Kmity

Harmonicky oscilator — jeden stupen volnosti

Kinematika volného, harmonického
netlumeného kmitu

Dynamika

Energie harmonického oscilatoru

Zakladni typy oscilatoru

Tlumeny oscilator, vynucené kmity

Pocate¢ni podminky, chaos

ventriele

R
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http://askep-net.blogspot.cz/2012/04/ekg-elektrokardiogram.html
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Harmonicky kmit




o 5 10 15 20 25 30

Vychylka, jeji rychlost a zrychleni harmonickeho kmitu.




Kmitajici téleso na vodorovné podlozce bez treni.




|
mXx C

UKE

5 10 15 20 25 30

Enegie (v rel. jednotkach) harmonickeho oscilatoru
v zavislosti na ¢ase




95 4 05 o 05 1 1.5

Zavislost energii harmonického oscilatoru na vychyice.




—sy=()

Téleso na pruziné




Matematicke kyvadio




Fyzikalni kyvadlo




Torzni kyvadlo




0.0I T
0.0

-0.02 v

'0'%‘!5 1 15 2 25 3 35 4 45 5
r(0.1nm)

Prubéh potencialni energie(U v rel. jednotkach)
molekuly HCI na vzdalenosti atomud.




Oscilator: netlumeny

0
— 1.1 —
| - w=1Is ,I =0
0 10 20 30 40 50 60 70
1 :
slabé tlumeny
0
[ =0.1s
o 10 20 30 40 50 60 70
1 :
kriticky tlumeny
0.5

[ =2s
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Podélné a pricné kmity (konec¢na délka nenatazené pruziny)
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Demonstrace chaotického pohybu.




a b

a. Schematicky znazornéna mozna draha kyvadla.
b. Priblizné zobrazeni ploch s ruznymi pocatecnimi podminkami.




Viny
Harmonické viny v 1dm
- Zakladni vlastnosti harmonické viny
Princip superpozice
Interference vin

http://commons.wikimedia.org/wiki/File:Great_Wave_Hokusai




2 4 6 8 _,10 12 14 16 18 20

Harmonicka vina,
prostorova a casova zavislost.

2 4 6 8t10 12 14 16 18 20




t+At

16 18

X+H\x

20
Posuv harmonicke viny

v prostoru a case.
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o - . - viny v ¢asoprostoru
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X, . , . ,
4 Destruktivni a konstruktivni

v, Ap=0 interference.

0
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% 2 4 6 8 10 12,414 16 18 20
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Arhtur Holly Compton

(1892-1962)
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http://www.rentgenmedikal.cz/

Wilhelm Rontgen 1845-1923

http://cs.wikipedia.org/wiki/Rentgenov%C3%A9_z%C3%A1%C5%99en%C3%AD




X-ray;;
'} Target ha
Copper

Electron beam )
anode

Cooling fins

i

Step-down o] \
transformer Step-up

transformer
NE

http://www.miniphysics.com/2010/11/coolidge-x-ray-tube.html




#-ray Confinuum Radiation
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http://www.nobeIprize.org/nobel_prizes/ MaX von Laue (1 879 _ 1960), monOkryStaI S|
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Niels Henrik Bohr (1885 - 1962)
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Fora hydrogen atom:

Electron resonance

Tato draha je mozZna

iy = 0.520 & = Bohr radius Tato draha neni moZna

http://www2.arnes.si/~gljsentvid10/bohr.htm http://www.aldebaran.cz/




Bohr Model of the Hydrogen Atom

Ionisation

Balmer series
(absorption)

Lyman series
(emission)

Balmer series

(emission)

Pfund series
(emission)

Brackett series Paschen series

(emission) n=ow (emission)
Spectral series Emission Absorption Frequency
Lyman series Downton=1 Upfromn=1 Ultraviolet
Balmer series Downton=2 Up fromn =2 Visible light
Paschen series Downton=3 Up fromn =3 Near infrared
Brackett series Downton=4 Up fromn =4 Far infrared
Pfund series Downton=5 Up fromn=5 Far infrared

http://cronodon.com/Atomic/AtomTech3.html

Hydrogen energy-level diagram

. Ionisﬂation E=136¢eV
free e-
n=oo
n=5 'y
n=4 l
oy
n=3 =
aé Pﬁ Pu
2 Paschen
, < ! series
n= H, Hy H,
- Balmer
,% series bound e-
R
e
[4}]
n =1 v v A A4
Lyl LgL,
. E=0eV
series

The first three spectral series (Lyman, Balmer and Paschen) are shown in emission.
Note that we can talk about electron orbitals as energy levels, with th energy o n.

The electronvolt, eV, is a unit of energy,

1eV=1.602 x107'9J

where the Joule (J) is the Sl unit of energy and is the preferred unit in A-level,
however, the eV is more convenient when talking about atoms! S| units now ccept the
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(a) Lnergy levels (b) Wave functions {c) Probabilities
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