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Suggested reading

• W. Demtröder, Laser spectroscopy
• A. Corney, Atomic and laser spectroscopy.
• S. Svanberg, Atomic and Molecular Spectroscopy.
• J.M. Hollas, Modern Spectroscopy.
• Ch. Chin et al., Feshbach resonances in ultracold gases,
• K. M. Jones et al.,Ultracold photoassociation

spectroscopy:Long-range molecules and atomic 
scattering, 



Suggested pre-reading

• „Quantum Optics, an Introduction”, M. Lewenstein, 
A. Sanpera, M. Pospiech
www.matthiaspospiech.de/files/studium/skripte/QOscript.pdf

• „Statistical Optics”, Goodman
• „Quantum mechanics: non-relativistic theory”, 

L.D. Landau, E.M. Lifszic
• „Nonlinear Optics”, Robert W. Boyd
• „Quantum and Atom Optics”, Daniel A. Steck

http://atomoptics-nas.uoregon.edu/~dsteck/teaching/quantum-optics/

• Quantum mechanics textbooks in general



Spectroscopy – brief history

• 1621, Willebrord Snell, law of refraction
• 1637, Rene Descartes, studies of the rainbow
• 1664, I. Newton, sun light dispersion in a prism
• 1800, discovery of infrared radiation in sunlight
• ca. 1800, T. Young, determination of wavlengths of different colors
• 1814, J. von Fraunhofer, construction of the first spectroscope
• 1859-61, G. Kirchhoff, law of thermal radiation, emission of black-body

radiation, discovery of sodium, cesium and rubidium
• 1913, N. Bohr, theory of the hydrogen atom
• 1925, G. Uhlenbeck and S. Goudsmit, the idea of electron spin
• 1926, E. Schroedinger, W. Heisenberg, quantum mechanics; W. Pauli, Pauli 

exclusion principle





A reminder: matter – field interaction
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Title: ELODIE: A spectrograph for accurate radial velocity measurements.
Authors: Baranne, A., Queloz, D., Mayor, M., Adrianzyk, G., Knispel, G., Kohler, D., ,
Journal: Astronomy and Astrophysics Supplement, v.119, p.373-390

Doppler effect and 2019 Nobel Prize
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Beer-Lambert law
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Transmittance, Absorbance, and Cell 
Pathlength

http://www.shu.ac.uk/schools/sci/chem/tutorials/molspec/beers1.htm

http://www.shu.ac.uk/schools/sci/chem/tutorials/molspec/beers1.htm


Deviations from the Beer-Lambert Law

The Beer-Lambert law assumes that 
all molecules contribute to the 
absorption and that no absorbing 
molecule is in the shadow of another

Low
c

High 
c

http://www.shu.ac.uk/schools/sci/chem/tutorials/molspec/beers1.htm

http://www.shu.ac.uk/schools/sci/chem/tutorials/molspec/beers1.htm


Sample Concentrations

Solution too concentrated                         Diluted five-fold



Enhancement of absorption with cavities

Increase length

Increase power: resonant cavities



Lock-in detection



Lock-in detection



Frequency modulation

When laser is tuned through the absorption spectrum

For sinusoidal frequency modulation



Frequency modulation

For small modulation amplitudes, the first terms in brackets are dominant. 
With lock-in detection:



Frequency modulation

Cavity length modulation

Electro-optic modulation



Intracavity/external resonator
laser absorption spectroscopy

1

2



Cavity Ring Down Spectroscopy

Input power P0 , T=1-R-A

Or for high reflectivity mirrors lnR ≈ R – 1 = -(T+A) 



Cavity Ring Down Spectroscopy



Fluorescence Excitation Spectroscopy



Fluorescence Excitation Spectroscopy



Photoacoustic spectroscopy



Optothermal spectroscopy



Ionization spectroscopy



Ionization spectroscopy



Ionization spectroscopy
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