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Free carriers: Ԧ𝑗 = 𝜎 𝐸

• ionized gases (eg. in gas lamps, ionosphere in the atmospheres of stars and planets), 
• plasma,
• plasma in a solid - the gas free carriers in metals or semiconductors,
• liquids - as electrolytes or molten conductors.

−𝑘 𝐸0𝑘 + 𝑘2𝐸0 =
𝜔2

𝑐2
𝜀𝐿 −

𝑁𝑞2

𝜀0𝑚𝜔2 𝐸0

the steady state solution:

Ԧ𝑥 𝑡 = Ԧ𝑥0𝑒
𝑖𝜔𝑡
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−𝑘 𝐸0𝑘 + 𝑘2𝐸0 = −
𝜔2

𝑐2
𝜀𝐿 −

𝑁𝑞2

𝜀0𝑚𝜔2 𝐸

Longitudinal wave (fala podłużna): 𝑘 ∥ 𝐸

The transverse wave (fala poprzeczna): 𝑘 ⊥ 𝐸

𝜔𝑝
2 =

𝑁𝑞2
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𝜀𝐿𝜀 𝜔 𝑅 =

𝑛 − 1

𝑛 + 1

2

=
𝜀 𝜔 − 1

𝜀 𝜔 + 1

2

the steady state solution:

Ԧ𝑥 𝑡 = Ԧ𝑥0𝑒
𝑖𝜔𝑡
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𝑚
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Odbicie, transmisja, absorpcja

https://en.wikipedia.org/wiki/Fresnel_equations
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Absorpcja i emisja światła
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Prof. Thomas Anthopoulos

Taka 
sama 
biel!
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http://195.117.188.199/rozdzial_1_12.htm

pręciki

czopki
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Prof. Thomas Anthopoulos
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Prof. Thomas Anthopoulos
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Wiki

Trójchromatyczne składowe widmowe
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Prof. Thomas Anthopoulos

Niektórych 
kolorów 

NIE DA się 
otrzymać!
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Prof. Thomas Anthopoulos

Niektórych 
kolorów 

NIE DA się 
otrzymać!
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http://www.handprint.com/HP/WCL/color6.html
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Enchroma glasss
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Kolory CIE (1931) – przestrzeń barw 
𝐿 𝜆 = 𝑍′𝒁 + 𝑌′𝒀 + 𝑋′𝑿

𝑥 =
𝑋′

𝑋′ + 𝑌′ + 𝑍′

𝑦 =
𝑌′

𝑋′ + 𝑌′ + 𝑍′

𝑧 =
𝑍′

𝑋′ + 𝑌′ + 𝑍′
= 1 − 𝑥 − 𝑦

Tylko dwie zmienne (𝑥 i 𝑦) są niezależne, 
więc wykres 2D wystarcza do 
reprezentowania wszystkich barw w tzw. 
Współrzędnych trójchromatycznych
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Prof. Thomas Anthopoulos
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Prof. Thomas Anthopoulos
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Prof. Thomas Anthopoulos
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Prof. Thomas Anthopoulos





Atom wodoru

Eigenstates (stany własne) of L :

Atomy
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Real functions (funkcje rzeczywiste):

Atomy
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Atom wodoru

Eigenstates (stany własne) of L :



Spherical harmonics (harmoniki sferyczne) Ylm:

Atomy
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Atom wodoru

Eigenstates (stany własne) of L :



Eigenstate:

Quantum numbers!

E.g. hydrogen wavefunction

Stan 1s

Atomy
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Atomy
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http://chemistry.stackexchange.com



Atomy
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http://chemistry.stackexchange.com



Time-independent perturbation theory (rach. zab. bez czasu)

perturbation

Known solutions of unperturbed Hamiltonian

We are looking for the function 𝜓𝑛:           

we can write 𝐸𝑛 and  𝜓𝑛 as power series in λ::

Thus:

comparing coefficients of each power of l

http://pl.wikibooks.org/wiki/Mechanika_kwantowa/Rachunek_zaburzeń_dla_równania_Schrödingera_niezależnego_od_czasu

Perturbation theory (rachunek zaburzeń)

28.10.2019 42



Eigenfunction

a solution exists only when its determinant : det 𝜆𝐻′ − መ𝐼𝐸 = 0

Time-independent perturbation theory

Perturbation theory (rachunek zaburzeń)

Perturbation
𝐻𝑖𝑗
′ = 𝜓𝑖

𝐻′ 𝜓𝑗
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Alkali metal atoms (wodoropodobne):

perturbation theory 𝐻 = 𝐻0 + 𝐻′:

perturbation 𝐻𝑖𝑗
′ = 𝜓𝑖

𝐻′ 𝜓𝑗

the method:       det 𝐻′ − 𝐸 መ𝐼 = 0

a)

b)
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Hydrogen-like atom

𝐻0𝜓𝑖 = 𝐸𝑖𝜓𝑖



a)

a)

b)

b)
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Hydrogen-like atom
Alkali metal atoms (wodoropodobne):

perturbation theory 𝐻 = 𝐻0 + 𝐻′:

perturbation 𝐻𝑖𝑗
′ = 𝜓𝑖

𝐻′ 𝜓𝑗

the method:       det 𝐻′ − 𝐸 መ𝐼 = 0

𝐻0𝜓𝑖 = 𝐸𝑖𝜓𝑖



Stark effect of hydrogen atom

Eigenfunctions of hydrogen atom for 2p state:
𝜓200, 𝜓21−1, 𝜓210, 𝜓211

zEezEpH 


'
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Pole elektryczne

Perturbation 𝐻𝑖𝑗
′ = 𝜓𝑖

𝐻′ 𝜓𝑗

dipole moment p

electric field E



Stark effect of hydrogen atom

Eigenfunctions of hydrogen atom for 2p state:
𝜓200, 𝜓21−1, 𝜓210, 𝜓211

zEezEpH 


'

dipole moment p

electric field E
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Pole elektryczne

Perturbation 𝐻𝑖𝑗
′ = 𝜓𝑖

𝐻′ 𝜓𝑗


