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Mikuláš Gintner QM v kocke I



Fyzikálna motivácia
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Úspechy fyziky do konca 19.storočia

Klasická mechanika pozemská + nebeská mechanika → Newton
Lagrangeov a Hamiltonov formalizmus

Elektrodynamika elektrina + magnetizmus → Maxwell

Termodynamika tepelné stroje

Štatistická mechanika → termodynamika
diskrétna štruktúra hmoty
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Pretrvávaúce problémy

Žiarenie dokonale čierneho telesa

Atómové spektrá

Stabilita atómu

Fotoelektrický jav

Comptonov rozptyl
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Žiarenie dokonale čierneho telesa

klasická termodynamika → BB vyžaruje kontinuálne →
Rayleigh–Jeans zákon:

du

dλ
=

8πkT
λ4

Planck: BB vyžaruje po kvantách

E = hν, h = 6, 626× 10−34J · s
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Atómové spektrá

H:

Fe:

Slnko:

⇒ kvantovanie energie atómu
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Atómové spektrá v astronómii
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Stabilita atómu

planetárny model atómu + klasická
elektrodynamika

⇓

elektrón padne na jadro za 10−5 s
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Fotoelektrický jav

Energia elektrónov vyrazených z kovu nezáviśı od intenzity svetla, ale od
jeho farby (frekvencie)

⇓

kvantovanie svetla
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Comptonov rozptyl

rozptyl RTG žiarenia na vol’ných (slabo viazaných) elektrónoch
(A. Compton, 1923)

⇓

fotón je častica
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Dvoǰstrbinový experiment

2-štrbinový experiment s klas. časticami

[Kreslené obrázky dvoǰstrbinového experimentu sú prebraté z prednášky V. Bužeka]

Pi(x) = Ni(x)/Ni, i = 1, 2

P12 = P1 + P2
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2-štrbinový experiment s vlnami

vlny sú riešeńım lin. dif. rovnice ⇒ prinćıp superpoźıcie

a1(x)eiϕ1(x), a2(x)eiϕ2(x)

I1(x) = [a1(x)]2, I2(x) = [a2(x)]2

I12(x) = |a1(x)eiϕ1(x) + a2(x)eiϕ2(x)|2 = I1 + I2 + 2
p
I1I2 cos(ϕ1 − ϕ2)
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2-štrbinový experiment s elektrónmi

obrazok vpravo: Results of a double-slit-experiment performed by Dr. Tonomura showing the

build-up of an interference pattern of single electrons. Numbers of electrons are 10 (a), 200 (b), 6000 (c),

40000 (d), 140000 (e).

cez štrbinu ako vlny: P = |ψ1 + ψ2|2
na tienidle ako častice
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Dvoǰstrbinový experiment

Vplyv merania

P12 = P1 + P2
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Sumár

pravdepodobnost’ experimentálneho výsledku: P = |ψ2|

dva vzájomne sa vylučujúce spôsoby realizácie fyzikálneho procesu:

P12 = |ψ1 + ψ2|2

ak vieme, ktorá možnost’ sa uskutočnila:

P12 = |ψ1|2 + |ψ2|2
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