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Exam:        February 20, 2023, 9 am - 12 pm 
Re-exam:  March 27, 2023, 9 am - 12 pm



The Birth of Quantum Mechanics



Planck’s law of radiation



Electromagnetic spectrum of the sun



Electromagnetic spectrum of stars



The Particle Nature of light



The historic photo effect
the photoelectric effect

• the kinetic energy of the photoelectrons 
depends solely on the wavelength of the 
incident light

• the number of ejected photoelectrons 
depends on the light intensity

• electrons are ejected without delay

measuring the photoinduced current

Lennard (1902):

UU0 0

Iph

the photoelectric effect

Emax
kin = eU0

Einstein (1905):

Emax
kin = h� �Wa

Wa work function

• there is a certain energy Wa,
that is needed to remove an

electron from the metal

• measurement of Wa,
with a bias voltage U0

eU0 = h� �Wa

determining the work function

• Kinetic energy of the photo 
electrons depends only on the 
wavelength of light 

• Number of photo electrons 
only depends on  
the intensity 

• Electrons are emitted without 
retardation 

Lennard 1902



The photoelectric Effect



The photoelectric effects

(1) External photoelectric effect 
(photoemission, Hallwachs effect) 
- Emission of an electron 

(2) Internal photoelectric effect 
- Creating free electrons  
   and increase conductivity 
- Photoconductivity and Photovoltaic effect 

(3) Photoionization 
- Ionization of single atoms or molecules 

https://www.nasa.gov/feature/goddard/2021/2021-antarctic-ozone-hole-13th-largest-will-persist-into-november



Detection of gamma rays - Scintillator



The Compton effect



The Compton effect
3.1. Experimentelle Hinweise auf den Teilchencharakter elektromagnetischer Strahlung 87
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Abb. 3.12a–d. Comptoneffekt: (a) Experiment; (b) Schema;
(c) Vektordiagramm; (d) Wellenlängen λS als Funktion des

Streuwinkels für die Streuung der Kα-Strahlung von Mo in
Graphit (siehe Abschn. 7.6) gemessen 1923 von Compton

Mit λ = c/ν und (1 − cosϕ) = 2 sin2(ϕ/2) wird dies
die Compton-Streuformel:

λS −λ0 = 2λc sin2(ϕ/2) (3.36)

mit

λc = h
m0c

= 2,4262 ·10−12 m . (3.37a)



The Compton effect



Elektronenenergie

Saldaa- Gonzlez et al,. Computer Science (2012)


