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and Laser-Related

Nobel Prizes



“…. On behalf of the Royal Swedish Academy of Sciences, 

I wish to congratulate you on your great accomplishments.  

now ask you to step forward to receive your Nobel Prizes 

from the hands of His Majesty the King”.

2001

Physics Ceremony



J. Rydberg Memorial

1854-2004
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Titanium-sapphire CPA Terawatt Laser



Dye lasers pumped by Ar-ion lasers



Precision spectroscopy with lasers

Optical clocks

Frequency comb technique

Rydberg constant: f(m,e,h,c) 

Fine structure constant: f(e,h,c)

Anti-hydrogen � Hydrogen



Nobel Prize in Physics 2005

Glauber Hall Hänsch



Combustion Diagnostics





Ozone

cycle



Atmospheric carbon dioxide development



Differential Optical

Absorption Spectroscopy

DOAS



Sum-frequency generation to 254 nm: Hg
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Lund mobile Lidar system
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Atomic Mercury 

Lidar Mapping and Flux 

Measurement

Rosignano Solvay, Italy

VERT.

HOR.



Lidar monitoring

of  SO2  at  Stromboli



LIDAR REMOTE FLUORESCENCE MONITORING



Multi-

variate

spectral

analysis 

classifies 

areas



Target

Mobile lidar system

a

Laser beam path

Nd:YAG

OMA

Beam expander

b

To roof-top 

scanning mirrors

Receiving 

telescope

REMOTE

LIBS



Remote Laser-Induced Break-Down 

Spectroscopy (LIBS)

Iron plate

(Fe)

Emission spectrum detected in plasma after-glow

150 mJ/pulse





Lund University Medical Laser Centre, Sweden
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Multicolour Fluorescence Imaging
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Andersson-Engels et al. LSM (2000)



Environment            Medicine



LLight propagation in scattering media



Spectrum of neutral sodium

Fine structure



Old Spectroscope

Modern Spectrometer







LIBS

Emission from hot laser plasma



ENERGY  SCALES



The origin on quantized states 

in view of constructive interference

Grönlund



One-electron systems



ALKALI  ATOMS

effective n     quantum defect

Penetrating orbit

Non-penetrating orbit



Build-up principle

Pauli principle  - Shell structure

Periodic table of the atoms



PERIODIC  SYSTEM





CALCIUM

Intercombination

line
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BREIT-RABI  DIAGRAM
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influence

Zeeman
Paschen-

Back

Fine

structure



MAGNETIC

HYPERFINE  STRUCTURE



Molecular Structure
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HETERONUCLEAR                            HOMONUCLEAR



Rotational motion

Rot.

energy



Vibrational motion



Vibrational

transitions



Combustion Diagnostics



Molecular spectra

Flame spectrum



Nano balls and nano tubes

Curl, Kroto, Smalley 1996



Dipole radiation



Radiative processes



Definitions



Vibrational-Rotational Spectra



Fortrat parabola



Vibrational thermal population

Iodine molecule







Photosynthetic pigments



Wavelength (nm)300 500 700 1000 2000 3000
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Tissue Absorption

Absorption of light in tissue

Absorption 

molecular oxygen



Raman Scattering



Vibrational Raman


v = +/-1

Temperature

determination



Atmospheric

Scattering:

Blue sky

Red sunsets



Explanation of

the rainbow





The rainbow(s)



Optical Spectroscopy

Light sources

Spectrometers

Detectors

Optical components

Transmission media

Applications



Dopper line broadening

How sharp

can the

lines

be?



Line Light Sources



Planck radiator





Synchrotron radiation



MAX-lab
MAX-I   500 MeV         MAX-II  1.5 GeV

30 m diameter
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Light-emitting diodes (LEDs)



LASERS
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Spectral distribution of sunlight



Sun spectrum



Atmospheric vertical absorption and its origin



Spectral distribution of the blue sky

Ozone

absorption



Prism spectrometer



Grating spectrometer



Fourier transform spectrometer



Photomultiplier

tube



Spectral response



Infrared detectors





Human vision color sensitivity



Metal mirrors



Coloured glass filter



Interference filter



Quartz transmission



Optical material transmission



Atmospheric horizontal transmission



Water absorption



Photosynthetic pigments



Emission spectroscopy
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Absorption spectroscopy



The Beer-Lambert law
Allows concentration measurements

Concentration is

proportional to absorbance



Analytical flame spectroscopy



Remote sensing



Remote Sensing





White cell – Long-path absorption in a controlled way



Limb absorption









Volcanic plume

Sulfur dioxide

Measurement

Mt. Etna



Satellite

Remote

Sensing

Earth

resource

satellites



Push-broom

Multispectral

Imaging

Imaging 

spectrometer



ENVISAT



Reflectance spectra

TM

Bands



Algal bloom

monitoring





FLEX Fraunhofer Discrimination Vegetation Fluorescence Satellite

ESA FLEX Team



Earth Observations





Earth and Moon

Photographed from 

Mars



Science 

and 

Technology 

can 

Help 

create 

a 

Better 

World!

But Friendship and

Love is even more

important!



Thank you for your attention!
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