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FYZIKA PEVNYCH LATEK
NEBO
FYZIKA KONDENZOVANYCH LATEK?

Solid State Physics vs. Condensed-Matter Physics

* Condensed-matter physics is the more modern term

* Condensed-matter physics is broader and applies to concepts that work in solids, but could
equally applied to liquid (for example, superconductivity vs. superfluidity, soft-condensed
matter)

* 1978 Division of Solid-State Physics of the American Physical Society went to the Division
of Condensed-Matter Physics

 1/3 of U.S. physicists classify themselves as Condensed-Matter Physicists

* Condensed-matter physics is closely related and overlaps with inorganic chemistry,
physical chemistry, quantum chemistry, electrical and mechanical engineering



FYZIKA PEVNYCH LATEK

Kdy vznikla (jako samostatna discoplina)?

d vroce 1912 po objevu rentgenové difrakce, ktera prokazala vnitini
strukturu latek

J vroce 1926, kdy byla formulovana kvantova mechanika

mezi léty 1930 a 1950, kdy se zacaly cilené studovat
experimentalné i teoreticky vlastnosti pevnych latek, kdy vznikala
pracovisté zabyvajici se teoreticky i experimentalné fyzikou pevnych
latek (Gottingen / R. Pohl, Bristol / N. Mott, University of
Pennsylvania / F. Seitz, loffeho fyzikalné-technicky institut,
Leningrad, Bellovy laboratore) a zacaly vychazet knihy a ¢asopisy
venované této oblasti

Ukol
vysvetlit makroskopické méritelné charakteristiky pevnych latek
pomoci mikroskopickych model



CO JE PEVNA/TUHA LATKA?



Obvykle je minén krystal vytvoreny z atomu ...
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(a s krystaly se budeme setkavat nejcastéji)



ALE TAKE

heterostuctures

Amorphous materials

Soft condensed matter

e e

[ oot Kron

X = NHN, 5) {X = NH, 8}

Conducting polymers




FYZIKA PEVNYCH LATEK JE VELMI ROZSAHLY OBOR

mechanical properties

Interaction with external fields

X-rays: Bragg-reflection
Neutron scattering

Structure

Conduction (nuclei)
of light, sound

Super- Reactivity
Thermal _ .
conductivity Atomic catalysis

properties )
' polarons potentials

ction with external fields

E-M radiation: spectroscopy
Light: optics

Neutron scattering: magnetic

magnetism

Electronic structure

Optical
oroperties (electrons)

Electrical properties



PRIPOMENUTI: ‘/zlZ o)zl fr12Z] zlto)fr)y

lontova vazba
Kovalentni vazba
Van der Waalsova vazba

Kovova vazba

Za meziatomove sily je zodpovédna
elektrostaticka interakce a zakony kvantové teorie
(Schrédingerova rovnice a Pauliho princip).



PRIPOMENUTI: vazba mezi atomy
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Za meziatomove sily je zodpovédna
elektrostaticka interakce a zakony kvantové teorie
(Schrédingerova rovnice a Pauliho princip).



PRIPOMENUTI: vazba mezi atomy

I (8,14 — 3,62) eV
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PRIPOMENUTI: vazba mezi atomy

Kovalentni vazba




PRIPOMENUTI: vazba mezi atomy
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PRIPOMENUTI: vazba mezi atomy

Kovalentni vazba

symetrie




Energie (eV)
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PRIPOMENUTI: vazba mezi atomy

Kovalentni vazba
i+ Ea B Rl

Etot =E¢,

Cou

S —
e
o

“
*
*
“
*

Hustota
zaporného naboje W

vazebny antivazebny
stav




ENERGIE, eV

PRIPOMENUTI: vazba mezi atomy
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Kovalentni vazba

Dva elektrony

Pauliho vyludovaci princip

Zavislost energie
systému H + H na
vzdalenosti jader pro
paralelni a antiparalelni
spiny elektrond



PRIPOMENUTI: vazba mezi atomy

Od benzenoveého jadra ke kovu
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PRIPOMENUTI: vazba mezi atomy

U(r) U (r) = ;An\ - rl?n (A, B> O) Mielv potencial (1903)

Ukol: UkaZte, e ma-li existovat
vazba, musi platit m > n.




PRIPOMENUTI: vazba mezi atomy

U(r)

Harmonicka aproximace
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PRIPOMENUTI: =2 <tfar)y 2l iz

(\n

Adiabaticka aproximace

Elektrony v nekmitajici mrizce

Kmitajici mfizka - fonony
jednoelektronova aproximace

harmonicka aproximace
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Elektrony v nekmitajici mfizce

Kmitajici mfizka - fonony
jednoelektronova aproximace

harmonicka aproximace

Elektron-fononova interakce



PRIPOMENUTI: =lg<tfor)y =l izl

Adiabaticka aproximace

Kmitajici mfizka - fonony
harmonicka aproximace

Elektrony v nekmitajici mrizce
jednoelektronova aproximace




Nezavislé castice vs. mnohacasticoveé teorie

Velky problémy fyziky !

Elektrony v nekmitajici mrizce

jednoelektronova aproximace electron-

elecfon
ingeraction




Védci se snaZili popisovat pevné latky
jiz pfed objevem atomu a elektronu

TROCHA HISTORIE



Védci se snazili popisovat pevné latky
jiz pred objevem atomu a elektront

Mechanika
Optické vlastnosti
Tepelna vodivost
Elektricka vodivost
* Magnetismus

Mnoho problém( z téchto oblasti Slo do urcité urovné resit bez znalosti
atomové struktury materidlQ

Velky vyznam mél rozvoj diferencialniho poctu vybudovaného Newtonem
a Leibnitzem, a dale rozvijeného Eulerem (1707-1783), Gaussem (1777-
1855) a francouzskou skolou predstavovanou Lagrangem (1736-1813),
Laplacem (1749-1827), Fourierem (1768-1830), Navierem (1785-1836),
Cauchy (1789-1857), Poissone (1781-1840) ...

Fyzikové pevnych latek se snazi spojit vlastnosti atomt
s méritelnymi makroskopickymi velicinami



Mechanika

Cauchyulv tenzor napéti
(v dnesni podobé)

O ny Oy, (1822)
0 = O-yx O'yy Gyz
_sz Gzy O | o

Augustih?Louis
Cauchy

f‘g ‘- '
— (1789-1857)
;1-"

Jak pruznost souvisi s atomovou strukturou?



Interakce svétla s hmotou

Jiz asi 300 let pfr. Kr. napsal
Euclides knihu o optice

SnellQv zakon je primym dUsledkem
elektronové struktury materiald

sing, v, n,

sind, v, n, Willebrord Snell |
(1580-1626)

Co urcuje optické vlastnosti materialu jako nepruhlednost,
lesk, pruzracnost?



Tepelna vodivost

Ty

Newtonuv zakon ochlazovani

‘Z_I oc S(T,,,—T) (1687-1701)

Fourieruv zakon

q, = —/13—1 (1822)

g, tepelny tok

A soucinitel tepelné vodivosti

Pro¢ maji latky ruzné tepelné vlastnosti?

Isaak Newton
(1643-1727)

W Joseph Fourier
7 iy (1768-1830)



XX. Experimental Researches in Electricity—Fourth Series. By MicuarL

Elektricka vodivost Faravay, D.C.L. F.RS. MR.I. &c. &ec. &e., Fullerian Prof. Chem. Royal

Institution, Corr., Mem. Royal Acad. of Sciences, Paris, Petersburgh, Florence,
Copenhagen, Berlin, &e. §e.

PHILOSOPHICAL

TRANSACTIONS:
(123, pp. 507-5 15) § 9. {h:; f:::ggtiw of Electric Conduction. § 10. On Conducting Power

Received April 24,—Read May 23, 1833.

§ 9. On a new Law of Electric Conduction.

380, IT was during the progress of investigations relating to electro-chemi-
cal decomposition, which I still have to submit to the Royal Society, that I
encountered effects due to a very general law of electric conduction not hitherto
recognised ; and though they prevented me from obtaining the condition I
sought for, they afforded abundant compensation for the momentary disap-
pointment, by the new and important interest which they gave to an extensive
part of electrical science.

a>0 kovy

IVI(iC1h7a9el|-IE186 : | P(t) = P (1+ a At)

o <0 sulfid st¥ibrny
(polovaodic, 1911)

Proc€ nékteré latky vedou proud a jiné ne?



Elektrickda vodivost

rané teorie elektrické vodivosti

Georg Simon
Ohm
(1789-1854)

Gustav Robert
Kirchhoff
(1824-1887)

Proc€ nékteré latky vedou proud a jiné ne?



Elektricka vodivost kovU PHILOSOPHICAL
TRANSACTIONS: (153, pp. 369-383)

XVI. On the Influence of Temperature on the Electric Conducting-Power of Thallium and

Iron. By A. MartaiesseN, F.R.S., Lecturer on Chemistry in St. Mary’s Hospital,
and C. Voer, Ph.D.

Received February 12,—Read March 12, 1863,

It has been shown * that the conducting-power of several of the pure metals decreased
between 0° and 100° to the same extent, namely 29:307 per cent. On continuing the
research with other metals and alloys, we have found that thallium and iron form an

exception to the above; and in the following we will describe the experiments made
with these metals.

Matthiessenovo pravidlo, 1863
(pro resistivitu kova)

p=py+p(T)




Elektricka vodivost v magnetickém poli

Halluv jev (1879)

Magnetic
Field

P

<4 Magnetic Force
on the Electrons

Voltage Measured By Gauss
Meter or Other Instrument

/ Primary

Current

Edwin H. Hall
(1855-1938)

On a New Action of the Magnet on Electric Currents.
By E. H. Hary, Fellow of the Jokns Hopkins University.

SoMeTiME during the last University year, while I was reading Max-
well's Electricity and Magnetism in connection with Professor Rowland’s
lectures, my attention was particularly attracted by the following passage in
Vol. 11, p. 144:

“It must be earefully remembered, that the mechanical forece which
urges a conductor carrying a current across the lines of magnetic force, acts,
not on the electric current, but on the conductor which carries it. If the
conductor be a rotating disk or a fluid it will move in obedience fo this force,
and this motion may or may not be accompanied with a change of position
of the electric current which it carries. But if the current itself be free to
choose any path through a fixed solid conductor or a network of wires, then,
when a constant magnetic force is made to act on the gystem, the path of the
current through the conductors is not permanently altered, but after certain
transient phenomena, called induetion currents, have subsided, the distribu-
tion of the current will be found to be the same as if no magnetic force were
in aection. The only foree which acts on eleetric currents is electromotive
foree, which must be distinguished from the mechanical force which is the
subject of this chapter.”

This statement scemed to me to be contrary to the most natural supposi-
tion in the case considered, taking into account the fact that a wire not bearing
a current is in general not affected by a magnet and that a wire bearing a
current is affected exactly in proportion to the strength of the current, while
the size and, in general, the material of the wire are matters of indifference.
Moreover in explaining the phenomena of statieal electricity it is customary
to say that charged bodies are attracted toward each other or the contrary
solely by the attraction or repulsion of the charges for each other.

Soon after reading the above statement in Maxwell T read an avticle
by Prof. Edlund, entitled * Unipolar Induction” (Phil. Mag., Oct., 1878, or

Annales de Chemie et de Physique, Jan., 1879), in which the author evi-
257

American Journal of Mathematics,
Vol. 2 (1879), pp. 287-292



PRIPOMENUTI: HallGv jev
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Sir Rudolf Peierls
(1907-1995)



Elektricka vodivost. Polovodice

A\

Usmeérnovaci ucinek polovodicu (1874)

Hrotova dioda (pred 1900)

Hrotova dioda s kremikem G.
W. Pickard (patent 1906 po t¢,

co prozkoumal 30 tis. vzork()

Karl Ferdinand
Braun
(1850-1918) .
NC 1909 spolu
s Marconim

VI. Ueber die Stromleitung durch Schwefel-
metalle; von Ferdinand Braun.

]-m 9, Hefie dieger Anpalen {(Bd. 153) hefindet sich einse
Atbeit von Herwipg: ,Einige Decbachtungen iber das
Verhalten von Fisen- und Stahlstiben im galvanischen
Strome®, wonach dicse Kérper je nach Richtung, Inten-
gitit nod Daver des Stromes demselben verschiedemen
Widerstand entrogensetzen. Die Aendernngen sehwanken
im Allgemeinen zwischen gl und 4.5 des panzen Wer-
thes. Diese Arbeit eeraolalst mich, einiges ither Lhnliche
Erfahrungen mitzutheilen, welche ich bei anderen Kéepern

Annalen der Physik und Chemie
153 (1874): 556-563



Polovodice

Od Faradaye (1833) po Shockleyho (1950)

J do 1900 ad hoc objevy
 1900-50 jejich praktické uziti
J do 1930 empirie

J 1930-50 teoreticky popis

J od 1950 vék polovodic

1911, Aé 6.

ANNALEN DER PHYSIK,

VIERTE FOLGE. BAND 35.

1. Uber die thermoelchirischen Efekte
{ Thermolkrifte, Thomsonwitrime,) und die Warme-
leitung in einigen Elementen und Verbindungen
wad diber die experimentelle Priifung

dey Llekironentheorien;
ron J. Koenigsberger wnd J. Weiss.

The im folgenden auspefibrten Versuche soflten zeigen,
oh, wie aof Grund der Aunabme metallischer Leitfibigheit zo
erwarten wiare, die thermoelekirirehen Effekte an den Halb-
leitern recht grof sind, oder ob sie viel kleiner sind wie bei
Metullen, oder {ehlen, was Jetzteres bel Aonahme +on Ionen-
leitung wahrscheinlich gewesen wire, Ferner sollte, falls die
cratere Hypothere ezotraf, untersucht warden, tnwiewsit sipe
theorvetische Spesialisierung der allgemeinen elektronentheoreti-
schen Fermeln von Riecke, Drude, Thomson, Lorentz
und die Formeln selhst mit den experimentellen Tatsucheu
fihersinstimmen,l) Dreshalb wurden lernar auch diz von anderen
Autoren an gnten metallisthen Leitern erbaltenen Zablen auf
ihre Thereinstimmung mit den thermodynamischen Grundiagen
und init den ejnzeloen elekirongntheoretischen Furmeln gepriifi
und die Gesamtheit der Erscheinungan erfriert, die zur Prifong
der Klektroventheorien verwendet werden kinpen.

Substanzen.,

e im folgenden unteranchien Substanzen sind it einer
Ausnghme dieselben, die schon auf ihre elektrische Leitiihig-
keit und ibr optisches Absorptionsvermbgen sowie chemisch

1) Eine Darlegung der Thecrie uad der Esperimente hat der eioe
von rtus io seiver Tomoguraldiseertation gegeben (J. Weivs, Tnawn-Dis,
Freiburg 10 B. 1910)  Begiiglich einiger Punkte st der andere wicls der
gleichen Ausicht, Ilier baben wir wns sufl gine mistlere Livie peeinio,
einige experimaptelle Daten wurden poch ergiiner. .

Annalen der Pavslc, L1V, Falge, 45 1



Magnetismus -

C SERIEA, N° 224,

— N° p'onosk m ‘F IR Q
= THESES
PRESENTEES

A LA FACULTE DES SCIENCES DE PARIS

Paramagnet

LE GRADE DE DOCTEUR ES SCIENCES PHYSIQUES,

M. P. CURIE.

4 THESE. — Puol
T

2* THESE. — Pror

ACAD. ~
/ ACAD Soutenues lo ¢  mars 4895, devant la Commission d'Examon.

(nuGp.BAT)

BB L / MM. LIPPMANN, Président.
HAUTEFEUILLE, | .
Examinateurs.

BOUTY, \

/
Diamagnet —

PARIS,
GAUTHIER-VILLARS ET FILS, IMPRIMEURS-LIBRAIRES
DU BUREAU DEE LONGITUDES, DE 1 'ECOLE POLYTECHNIQUE,
Quai des Grands-Augusting, 35.
189

Pierre Curie

(1859-1906) Propriétés magnétiques des
NC 1903 (za objev pfirozené corps a diverses temperatures
radioaktivity spolu s manzelkou (Curieova disertace, 1895)

a H. Becquerelem)

Proc jsou nékteré latky diamagnetické/ paramagnetické ?




Magnetismus s ~
Teoretické zdUvodnéni

(1905)

Curieova zakona
Kompetice mezi pusobenim
vnejsiho magnetického pole
B a tepelného pohybu, ktery
je popsan Boltzmannovym

TDiamagnet faktorem exp|—(—p-B)/(kT)].

_C
7T

Paramagnet

Langevin implicitné predpo-
kladal, Ze p ma stale stejnou
hodnotu. Pouzival kvantovani,
Pierre Curie aniz si toho byl védom.
(1859-1906)

NC 1903 (za objev ptirozené Paul Langevin
radioaktivity spolu s manZzelkou (1872-1946)
a H. Becquerelem)

Proc jsou nékteré latky diamagnetické/ paramagnetické ?




Magnetismus

C
A=
T
Paramagnet
X
/
Diamagnet

Pierre Curie
(1859-1906)

radioaktivity sp s8I
a H. Becquerelem)

NC 1903 (za obE S ilgey2 s

manzelkou

-

\

Kompetice mezi pusobenim
vnejsiho magnetického pole
B a tepelného pohybu, ktery
je popsan Boltzmannovym

faktorem exp|—(—p-B)/(kT)].

Paul Langevin

~
Teoretické zdUvodnéni

(1905)
Curieova zakona

(1872-1946)

Proc jsou nékteré latky diamagnetické/ paramagnetické ?



Magnetismus

M1 Ms

DN

Pierre Curie
(1859-1906)

Currieova teplota

T. /K 292 1043 1400
4 I
X
|
| C
Complex; X =
behavior: T _TC

: CurrieGv-Weissuv
L zakon

.0 T. )

Proc jsou nékteré latky feromagnetické?



Magnetismus

1907
Weissovy domény
(molekularni pole)
1911
W navrhl magneton RandomAhgnment Aligned by Field
(nahrazeno Bohrovym
magnetonem) : Y
I
I
| C
I —
Complex; X = T_T
behavml: e
Pierre-Ernest : Currielv-Weissiv
Weiss ' zakon

(1865-1940) | 0 1,

Proc jsou nékteré latky feromagnetické?



Struktura krystalu

= prvni veédecky pristup na zakladé atomové
struktury uzil René-Just Haly (1743-1822)

ESSAIT

D'UNE THEORIE
SUR LA STRUCTURE

DES CRYSTAUX,

APPLIQUEE

A PLUSIEURS GENRES DE SUBSTANCES
CRYSTALLISEES;

Par M. PAVoé HAUY, de T Académie Royale des

Sciences, Profeffeur & Humanités dans PUniverfiré de
Paris,

4 PARES,

Chez GoGu¥k & NiE pE LA RocHELLE, Libraires,

Quai des Auguftins, prés le Pont Saint-Michel.

M. DCC. LXXXIV.
¥OUS LE PRIVILEGE DE L'ACADEMIE,

Pro¢ maji krystaly pravidelné tvary?



Struktura krystalQ

= prvni veédecky pristup na zakladé atomové
struktury uzil René-Just Haly (1743-1822)

= Christian Samuel Weiss
(1780-1856)
zaved| krystalové osy

= August Bravais (1811-1863)
objevil 14 translacnich typu mfrizek

= Woldemar Voight (1850-1919) napsal
Lehrbuch der Kristallphysik (1910) a zaved|
tenzory



PRIPOMENUTI: struktura krystalu

krystal = mrizka + baze

e P WP |

e S e S symetrie
LA S Sy S ) |

PP W grupy symetrie

9

Lattice

* * * ¢ Repeating object

.

Any periodic structure can be represented as a lattice of repeating motifs.



PRIPOMENUTI: struktura krystalu

bodova grupa
krystalu

bodova grupa
mrizky
Syaicjoria  Grijoel Krystalacraifleia iffelyy (372 rhzrcr) cirtio)
triklinicka C C, C
monoklinicka Cop, C, Ciy Gy

ortorombicka D,y D, C,, Dy,

tetragonalni D Cs S4 Cyn Dy Cuy Dyy Dy

trigonalni Dy C; Sg D3 Cy, Dy

hexagonalni  Dgy  C3 Sg D3 Cgy D3y Cs Can Cen D Coy Dan Den
kubicka o, T T, 0T, O,

Shrnuti: 7 syngonii, 32 krystalografickych tfid, 230 prostorovych grup
a 14 translacnich typd (Bravaisovy mrizky)



PRIPOMENUTI: struktura krystalu

Table 2.2. The Schénflies point group symbols

Symbol  Meaning
Classification according C; (j=2. 3.4, 6)j-fold rotation axis
to rotation axes and S; j-fold rotation-inversion axis
principal mirror planes D; j two-fold rotation axes L to a (j-fold) principal
rotation axis
T 4 three- and 3 two-lold rotation axes as in a tetra-
hedron
0 4 three- and 3 four-fold rotation axes as in an oc-
tahedron
C; a center of inversion
s a mirror plane
Additional symbols for h horizontal = perpendicular to the rotation axis
mirror planes v vertical = parallel to the main rotation axis
d diagonal = parallel to the main rotation axis in

the plane bisecting the 2-fold rotation axes




PRIPOMENUTI: struktura krystalu

1920- 21

Table 2.2. The Schénflies point group symbols ey

Symbol  Meaning

Classification according C; (j=2.3.4,6
to rotation axes and S; j-fold rotatior
principal mirror planes D; j two-fold rot
rotation axis
T 4 three- and :
hedron
0 4 three- and :
tahedron
C; a center of in
s a mirror plan
Additional symbols for h horizontal = j
mirror planes \ vertical = par e
d diagonal = pa Avthur Schoenflies

0.0.Ppof der Mathematik

the plane bise




PRIPOMENUTI: struktura krystalu

Table 2.2. The Schénflies point group symbols

Symbol

Meaning

Classification according
to rotation axes and
principal mirror planes

Additional symbols for
mirror planes

(j=2.3.4,6

j-fold rotatior
j two-told rot

rotation axis

4 three- and -
hedron

4 three- and :
tahedron

a center of in
a mirror plan
horizontal = j
vertical = par
diagonal = pa
the plane bise

70

KRYSTALLSYSTEME

UND

KRYSTALLSTRUCTUR

VON

Dr. ARTHUR SCHOENFLIES,

DER MATHEMATIK AN DER UNIVERSITAT GOTTINGEN.

MIT 73 IN DEN TEXT GEDRUCKTEN FIGUREN.

&

LEIPZIG,
DRUCK UND VERLAG VON B. G. TEUBNER.
1891.

cl-



Vzestup a pad atomového obrazu

A JESTE HLOUBEJI DO HISTORIE

743‘: Mk ééﬁwe’



Vzestup (a pad) atomového obrazu

Leukippos z Milétu
(500-440 pt. Kr.)

Démokritos z Abdér
(460- 370 pr. Kr.)

Rekové: atomy urluji vlastnosti latek

John Dalton (1766- 1844)
atomy urcuji slozeni latek
'y

. —

G

L(



Vzestup (a pad) atomového obrazu

“let the cavity contain very minute corpuscles,

which are driven hither and thither with a very
rapid motion; so that these corpuscles, when
they strike against the piston and sustain it by

their repeated impacts, form an elastic fluid

which will expand of itself if the weight is
removed or diminished...” (1783)




Vzestup a pad atomového obrazu

Od poloviny 18. stoleti a po celé 19. stoleti byl ve fyzice
atomovy obraz zatlacovan do pozadi.

Nepochopitelné?

Nikoli uvédomime-li si, jak velikych Uspéch bylo dosazeno na
zakladé predstavy o spojitosti v

* mechanice

* termodynamice

* elektfiné a magnetismu

* optice

,Kdo potrebuje atomy?” vladlo v 18. a 19. stoleti fyzikou,
nikoli vSak v chemii!.



Vzestup a pad atomového obrazu

John Dalton (1766- 1844), atomy urcuji slozeni latek
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,Kdo potrebuje atomy?” vladlo v 18. a 19. stoleti fyzikou,
nikoli vsak v chemii!.



Vzestup a pad atomového obrazu

Amedeo Avogadro /
(1776-1856) -

Stejné objemy plynt za \\".
stejného tlaku a teploty |
obsahuji stejné mnozstvi
molekul.

WWW

‘ Na = 6.02214129(27)-10%* mol !

JOSEETLOSCHMIDT:
1821 - 1895

SVETOVE PROSLULY CESKO-RAKOUSKY CHEMIK A FYZIK LOSChmidtO Va konStan ta

STUDOVAL ZDE V LETECH [833 - 1837

WELTBERUHMTER BOHMISCH-OSTERREICHISHER 1’ 8 1 * 1025 m_3 ( 1865)

CHEMIKER UIND PHYSIKER

STUDIERTE HIER IN DEN JAHREN 1833 - |837 2'651 6462(24) . 1025 m_3 (2010)

,Kdo potrebuje atomy?” vladlo v 18. a 19. stoleti fyzikou,
nikoli vSak v chemii!.



Vzestup a pad atomového obrazu

Dmitrij Ivanovi¢ Mendélejev
1869 (1834-1907)
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,Kdo potrebuje atomy?” vladlo v 18. a 19. stoleti fyzikou,

nikoli vsak v chemii!.



Vzestup a pad atomového obrazu

Kineticka teorie plynu a statisticka fyzika

1859-1866 1868

Rudolf Clausius James Clerk Maxwell  Ludwig Boltzmann
(1822-1888) (1831-1879) (1844-1906)

,Kdo potrebuje atomy?“ vladlo v 18. a 19. stoleti fyzikou.
Ale Clausius, Maxwell, Boltzmann s atomovym obrazem pracovali.



Vzestup a pad atomového obrazu

Kineticka teorie plynu a statisticka fyzika
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OBR.19-4 Krychle o hrané a ob-
sahujici n molua idealniho plynu.
Molekula o hmotnosti m pohybujici
se rychlosti ¥ narazi na zvyraznénou
sténu o plose ¢®. Na obrizku je té7
carkované vyznacena normala k této

sténé.

RUdOIf Cla USI us o~ Kazda molekula ma jisty pocet stupiiii volnosti f a kazdy z nich nezavisle pfispiva
k energu molekuly. Kazdému stupni volnosti odpovida energie %kT na jednu molekulu

(1822-1888) (neboli 1 RT na jeden mol).

,Kdo potrebuje atomy?” vladlo v 18. a 19. stoleti fyzikou.
Ale Clausius, Maxwell, Boltzmann s atomovym obrazem pracovali.



Vzestup a pad atomového obrazu

Kineticka teorie plynu a statisticka fyzika

o 1859-1866 1868
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OBR.19-8 (a) Maxwellovo rozdéleni rychlosti pro kyslik pfi

teploté T = 300K. V grafu jsou téZz znazornény ti vyznacne
rychlost

James Clerk Maxwell  Ludwig Boltzmann
(1831-1879) (1844-1906)

,Kdo potrebuje atomy?” vladlo v 18. a 19. stoleti fyzikou.
Ale Clausius, Maxwell, Boltzmann s atomovym obrazem pracovali.



