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VORLESUNGSPLAN SS 2012

* MATERIE-WELLEN

« SCHRODINGER-GLEICHUNG
 WELLENMECHANIK IN 1 DIMENSION

- KONZEPTE DER QUANTENMECHANIK
* HARMONISCHER OSZILLATOR

« WASSERSTOFF-ATOM






PARTICLE-WAVE
DUALITY

« LIGHT: WAVE PROPERTIES

« ELECTRONS, ATOMS: PARTICLE PROPERTIES

 PARTICLE-WAVE DUALITY

* MAX-PLANCK, A. EINSTEIN: PHOTONS

 LOUIS DE BROGLIE: MATTER WAVES



PARTICLES VERSUS WAVES

+ ENERGY  [TFREQUENCY

+ MOMENTUM i+ WAVE LENGTH
-+ MASS i+ DIFFRACTION
'« COLLISIONS | DIFFRACTION,

'+ GAS OF PARTICLES} | NTERFERENCE



EXPERIMENTS
WAVE CHARACTER

i« DIFFRACTION GRATINGS, :
'« BRAGG REFLECTION, CRYSTALS §
i+ INTERFERENCE '
{« DOUBLE SLIT EXPERIMENT
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BRAGG-DIFFRACTION

1o X-RAY DIFFRACTION

+ CONSTRUCTIVE
. INTERFERENCE

i« BRAGG CONDITION

2Dsin®=A




* R. FEYNMAN

DOUBLE SLIT EXPERIMENT

&

A double slit experiment
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YOUNG'S DOUBLE SLIT
EXPERIMENT WITH LIGHT

i+ THOMAS YOUNG (1803) EXPERIMENTS AND
:  CALCULATIONS RELATIVE TO PHYSICAL
OPTICS

i« EXPLANATION: HUYGENS-FRESNEL
'  PRINCIPLES OF OPTICS

- WAVE-CHARACTER OF LIGHT
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EXPERIMENTS
PARTICLE PROPERTIES

'+ INTERACTIONS
'« COLLISION
'« GASES: ENSEMBLES OF PARTICLES




PARTICLE BEHAVIOUR OF LIGHT

i« M. PLANCK (1900): BLACK-BODY
. RADIATION

' A. EINSTEIN (1905): EXPLANATION OF THE
. PHOTOELECTRIC EFFECT '

' COMPTON EFFECT (NOBEL PRICE 1927)

ANi — A = i(1 — c0s0O)
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PARTICLE BEHAVIOUR OF LIGHT

i« A. EINSTEIN (1905): EXPLANATION OF THE PHOTOELECTRIC
'+ EFFECT

E|:1h«'::vtr;1+n= hv ’02
V.., =6.22x10° m/s m? — hv — GVA

700 nm
1.77 eV 550 nm v, = 2.96x10° m/s
2.25 eV
4U{}nm
\% 315\!

- 2.0 eV needed to eject electron

Photoelectrlc effect



PARTICLE BEHAVIOUR OF LIGHT

Compton scattering
Target B/

glectron -7 Recoil
alactron
i h
Incident Ai — Af = —(1 — cosO)
photon mec

Scattered
photon A f



WAVE-PARTICLE DUALITY
LIGHT WAVES, PHOTONS

 ENERGY « FREQUENCY
e MOMENTUM « WAVE LENGTH
e MASS: M=0 « WAVE VECTOR



WAVE-PARTICLE DUALITY
LIGHT WAVES, PHOTONS

 ENERGY « FREQUENCY
e MOMENTUM « WAVE LENGTH
e MASS: M=0 « WAVE VECTOR



PARTICLE-WAVE DUALITY
MATTER WAVES
(DE BROGLIE 1924)

 ENERGY « FREQUENCY
e MOMENTUM « WAVE LENGTH
e MASS: M=0 « WAVE VECTOR



DAVISSON AND GERMER (1927)
FIRST PROOF OF DE BROGLIES
HYPOTHESIS




DAVISSON GERMER (1927)

« ACCELERATION BY ELECTRIC FIELD
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DOUBLE SLIT EXPERIMENT
WITH PARTICLES



MOLLENSTEDT, DUKER
EXPERIMENT (1955)
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DOUBLE-SLIT EXPERIMENT
C. JONSSON (1957)

\./' 40 kY
Elektronenguelle

— Beleuchtungs-
hlende

Elektranenstrahl

— 1 .Merkl nos-
stufe
2 Wearkl nos-
—  =tufi
Fupferfalie mit
Spalten
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e C. JOnsson, Zeitschrift fur
Physik, 161, 454-474 (1961)



TOP TEN PHYSICAL
EXPERIMENTS

JONSSON DOUBLE SLIT (1961)

GALILEO FREE FALL (1620)

MILLIKAN OIL DROP (1909)

NEWTON SPECTRAL DECOMPOSITION OF LIGHT (1665)
YOUNG INTERFERENCE OF LIGHT (1801)

CAVENDISH GRAVITY, TORSION (1798)
ERASTOTHENES RADIUS OF THE EARTH (~ -300)
GALILEI SCHIEFE EBENE (1620)

RUTHERFORD SCATTERING EXPERIMENT (1911)
FOUCAULT PENDULUM (1851)

« PHYSICS WORLD UMFRAGE 2002



DOUBLE SLIT EXPERIMENTS
+OINGLE EVENTS*

A. Tonomura et al.:
American Journal of
Physics 57, 117




« O. Nairz, M. Arndt, A. Zellinger,

e C 60, BUCKY BALLS

DOUBLE SLIT EXPERIMENTS
WITH MACROMOLECULAR
OBJECTS - oo

Quantum interference
experiments with large
molecules, American Journal of
Physics 71, 319-325 (2003)




WEB-REFERENCE

* http://nobelprize.org/nobel_prizes/physics/articles/ekspong/



MATTER-WAVE DUALITY

THEORY COMBINING WAVE AND
PARTICLE PROPERTIES

WAVE, QUANTUM MECHANICS
QUANTUM ELECTRODYNAMICS
QUANTUM FIELD THEORY
QUANTUM CHROMODYNAMICS,
STRING THEORY



WAVE FUNCTION
SCHRODINGER EQUATION
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