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Organization

● Language: German or English?
● Dates/Times for Lectures: 12:15 ok?
● 3 Lectures + 1 Exercises, on average

– plan: 90 minutes exercise / lab / seminar every 2 weeks
– problem sheets, papers 
– work in my lab

● Dropbox / Seafile
– email into list
– send me an email: 

● Oral exams



  

Who am I?



  

And YOU?

● Who are you?
● When did you hear Ex-Phys 5a (lecturer?)
● Topic of your Bachelor thesis
● Why are you here? 

What are your expectations?
● Special interests? Suggestions for topics?

always: email to pohl@uni-mainz.de
●

mailto:pohl@uni-mainz.de


  

Photonics (Wikipedia)

● Photonics is the physical science of light (photon) 
generation, detection, and manipulation through 
emission, transmission, modulation, signal processing, 
switching, amplification, and detection/sensing.[1][2] 
Though covering all light's technical applications over 
the whole spectrum, most photonic applications are in 
the range of visible and near-infrared light. The term 
photonics developed as an outgrowth of the first 
practical semiconductor light emitters invented in the 
early 1960s and optical fibers developed in the 1970s.



  

Photonics industry

http://optics.org/news/6/1/40

60 billion EUR in 2014 (3% annual growth)
2012 depression: meltdown of European photovoltaic industry (Asia)
39% industrial photonics (materials processing, lithography, image processing, …)
14% health care and sciences
13% energy and lightning
9% optical information and communication
25% optical and opto-electronic components and systems



  

Contents of this lecture
(dynamic, this is just a proposal!)

● Intro (Refresh)
– Atomic physics, light-atom interaction (optical Bloch equations, Rabi oscillations, 

Ramsey method)
● Absorption and Emission of light

– Black body radiation, Einstein coefficients
– classical and semi-classical description

● Spectral lines: 
– natural line width, line strength
– AC Stark shift (light shift), DC Stark shift, Zeeman shift, ….
– broadening mechanisms: Doppler, time-of-flight, pressure, …

● Lasers
– types of lasers: Ruby, HeNe, YAG, Ti:Sapphire, diode laser, fiber laser, …
– principles of operation, technical realization

● Resonators / Cavities
● Gaussian optics
● Laser stabilization

– locking techniques: side-of-fringe, Hänsch-Couillaud, Pound-Drever-Hall, ...
● Optical devices: EOM, AOM, beat signals, mixer, spectrum analyzer, ...
● Frequency comb
● Non-linear optics: SHG, THG, SFG, DFG, OPO, ...
● Laser spectroscopy: (Saturated) absorption spectroscopy, Doppler-free spectroscopy, 
● Trapping of atoms and ions (MOT, Penning traps, ….)
● Precision measurements and fundamental constants
● ……...
● And whatever else YOU want to hear about



  

Literature
* W. Demtröder, Laser Spectroscopy 1 & 2

(German version online on library web site)

* C.J. Foot: Atomic Physics

* H.J. Metcalf & P. van der Straten: Laser Cooling and Trapping

* P. van der Straten & H.J. Metcalf: Atoms and Molecules 
Interacting with Light

* A. Siegman: Lasers

* R. Boyd: Nonlinear Optics

* Saleh & Teich: Fundamentals of Photonics

* M. Fox: Quantum Optics – an Introduction
I will try to mention which book I used to prepare a topic



  



  



  



  

www.nobelprize.orgLIGO
Laser Interferometer Gravitational-Wave Observatory

http://www.nobelprize.org/


  

Gravitational waves

Phys. Rev. Lett. 116, 061102 
(2016)

LIGO:  Laser Interferometer Gravitational-Wave Observatory



  

Two giant (4km!) interferometers

Phys. Rev. Lett. 116, 061102 (2016)



  

Gravitational waves

Phys. Rev. Lett. 116, 061102 (2016)



  

www.nobelprize.orgLIGO
Laser Interferometer Gravitational-Wave Observatory

Gravity:   29 M0 + 36 M0 = 62 M0 !?!? 3 M0 radiated in gravitational waves!

http://www.nobelprize.org/


  



  



  



  

www.nobelprize.org

Ion trap

Wineland group

http://www.nobelprize.org/


  

www.nobelprize.org

 Cavity QED

Haroche group

http://www.nobelprize.org/


  



  



  www.nobelprize.org

Waves or particles?

http://www.nobelprize.org/


  

www.nobelprize.org

Frequency Comb

http://www.nobelprize.org/


  



  www.nobelprize.org

Bose-Einstein condensate (BEC)

http://www.nobelprize.org/
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The laser diode

http://www.nobelprize.org/


  



  www.nobelprize.org

http://www.nobelprize.org/


  

Slowing atoms with light



  

Bill Phillips, Nobel Lecture: Rev. Mod. Phys. 70, 721 (1998)

Slowing atoms with light

„Zeeman cooling“,    „Zeeman slower“



  

Bill Phillips, Nobel Lecture: Rev. Mod. Phys. 70, 721 (1998)

Slowing atoms with light



  www.nobelprize.org

http://www.nobelprize.org/
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http://www.nobelprize.org/


  

Bill Phillips, Nobel Lecture: Rev. Mod. Phys. 70, 721 (1998)

The atoms are „too cold“



  www.nobelprize.org

http://www.nobelprize.org/


  www.nobelprize.org

Sisyphus Cooling

Claude Cohen-Tannoudji

http://www.nobelprize.org/


  

Bill Phillips, Nobel Lecture: Rev. Mod. Phys. 70, 721 (1998)

Sisyphus cooling



  

Pictures from my lab

Li atomic beam and trap apparatus



  

Pictures from my lab

Zeeman slower



  

Pictures from my lab

diode laser



  

Pictures from my lab



  

Pictures from my lab

Li absorption cell



  

This was just a teaser!

I think we have an exciting program of wonderful physics.

This lecture is aimed at being a „practical“ lecture: You should 
learn stuff that you can use in a laser lab!

Most importantly, this lecture should be fun! Shout if you don‘t 
enjoy what I am talking about!

Tomorrow: „My“ experiment. 

„What does all this have to do with reality?!“

Thanks!
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