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Periodic table of elements

Elements in vertical rows have similar
chemical properties
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Schroedinger’s Equation for multi-
electron Atoms
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Solutions give energy levels that
are clustered in “shells”

n # of
states




Pauli exclusion principle

b {

Wolfgang

Pauli

Only one electron per quantum state

Once a quantum state is occupied
additional electrons are excluded



Light elements 6@
anse

outermost
1 electron in shell is full Helium
outermost shell
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Periodic table of elements

Elements in vertical rows have similar
chemical properties
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Chemical properties depend upon
the outermost shell configuration

Oxygen

Outermost shells
Have 2 vacancies
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Atoms combine to form molecules
by filling outer shells

Hydrogen

Water=H,0O

Hydrogen



Atoms combine to form molecules
by filling outer shells

{ i Hydrogen
Hydrogen .. - TYAreg

Methane=CH,

Hydrogen "l‘—lydr'ogen



Elements with full outer shells don'’t
form molecules




Periodic table revisited

Elements in vertical rows have same
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Quantum theory & Atomic
spectra
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Spectra are atomic “signatures’

Hydrogen
Mercury g

Neon ~xe




Decoding atomic spectra
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1924 Otto Laporte

Allowed gquantum states are either even or odd

Otto Laporte 5
>
Q

S o Laport rule
1902-1971 2

{1 odd

even —> odd
odd —> even

OK

even —H¢ even not
odd -3¢ odd allowed




Laporte rule is a consequence of
Left-Right symmetry of Nature
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Left «——Right symmetry
Eugene Wigner - “Pa rity” Sym mEtry

Wwe, 1902-1995

-~

1963 Nobel Physics prize “for the discovery and application
of fundamental symmetry principles”



P = Parity = L~ R/IR L
lisdioo lisdoesd

Field (& rules) of football Rules of baseball are
are parity symmetric not parity symmetric



Even & Odd quantum
functions

Even Function

L>R R-L

Does not change

Parity = +1

Odd Function
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Parity Conservation in QM

Left «>Right symmetry of Nature

Conservation of Parity

photon
even state has P=-1

initially: finally:
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Parity is conserved




Atomic red shifts

QBJECT RECEDING: QBJECT APPROACHING:
LONG RED WAVES SHORTBLUE WAVES

400 200 600 700

V=0.25¢=75,000km/s
A shift = 25%

V=0.05¢c=15,000km/s
A shift= 5%

V=0.01c=3,000km/s
A shift = 1%




Laser

— Light Amplification by Stimulated Emission of Radiation —

Example: Helium-Neon Laser Cartoon:

sealed container
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Helium-Neon gas mixture

“partial”
mirror

Helium-Neon Laser in real life

Cathode  Aluminum Bore Support Gas Brewster
Connection Cathode Spider Reservoir Window
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Laser

— Light Amplification by Stimulated Emission of Radiation —
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