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Ο ΕΝΆΛΙΘΟς… 



THE SUN…  PLASMA SURFACE 

Hot, ionized particles interwoven with magnetic 
fields 

Visible radiation most intense in the yellow-
green portion of the spectrum 

Photosphere (effective): 5,778 K 

Corona: ~5×106 K 



PLASMA (ΠΛΆΣΜΑ) 

•one of the four fundamental states of 

matter  

•Like gas, plasma does not have a definite 

shape or a definite volume unless 

enclosed in a container;  

•Unlike gas, under the influence of a 

magnetic field, it may form structures such 

as filaments, beams and double layers. 

Ionized 
state 

•Lightning 

•electric sparks 

•Neon lights 

•plasma globe 

•Plasma trails 

everyday 
examples of 
phenomena 
made from 

plasma: 



WHAT ‘COLOR’ IS PLASMA? 

The glowing colors 

result from electron 

relaxation in excited 

states to lower energy 

states after they 

recombine 

Light is emitted in a 

spectrum characteristic 

of the transition 

Atomic spectrum: The 

range of characteristic 

frequencies of 

electromagnetic 

radiation absorbed and 

emitted by an atom  



ATOMIC EMISSION SPECTRA 

‘Uniqueness’ of 
atomic structure 



ATOMIC EMISSION SPECTRA 
Identification of 
atomic spectra:  
identification of 

atomic substance 



LASER:  ΚΒΑΝΤΙΚΟ ΕΡΓΑΣΤΗΡΙ ΦΩΤΟΣ 

Ενεργειακές Στάθμες 

Σχετικοί Πληθυσμοί 



LASER:  THE INITIAL IDEA 

από τον ένα … λίθο.  1905 



TRYING TO SOLVE THE 
PHOTOELECTRIC EFFECT 

Energy is Quantized! 



LASER:  ΑΛΛΗΛΕΠΙΔΡΑΣΕΙΣ 



Light   
Amplification by 
Stimulated 
Emission of 
Radiation 

 

AMPLIFICATION - PHOTON AVALANCHE 



THE LASER BIRTH CERTIFICATE 

Николай Геннадьевич βasov 
Александр Михайлович Прохоров 
 
Charles Hard Townes  
Arthur Schawlow  
Gordon Gould 



THE FIRST LASER 

The broadband optical pumping of a synthetic pink ruby crystal using a 

flash lamp is capable of raising a substantial fraction of the chromium 

ions to the upper laser level.  

It consisted of a ruby crystal surrounded by a helicoidal flash tube 

enclosed within a polished aluminum cylindrical cavity cooled by forced 

air.  

The ruby cylinder forms a Fabry-Perot cavity by optically polishing the 

ends to be parallel to within a third of a wavelength of light.  

Each end was coated with evaporated silver, one end was made less 

reflective to allow some radiation to escape as a beam. 

Maiman, 1960 



LASER PROPERTIES 

Monochromaticity 

The light emitted from a laser is monochromatic, that is, it is of one wavelength 

(color).   

In contrast, ordinary white light is a combination of many different wavelengths 

(colors). 



LASER PROPERTIES 

Coherence 



LASER PROPERTIES 

Coherence: 
Temporal  

• Relating to ‘same frequency’ 

Spatial 

• Relating to ‘small aperture’ 



LASER PROPERTIES 

Directionality (result of spatial coherence) 



LASER PROPERTIES: SYNOPSIS 



DO YOU EXPECT ME TO TALK? 



LOOKING FOR A JOB 

Laser-Matter interaction 

Light absorption 

We cannot change the laws of Physics 



LASER-MATTER INTERACTION 

The four basic interactions 



PHOTON ABSORPTION? 

Depends on laser ‘frequency’ / color 



LASER-MATTER INTERACTION 

Absorption - Fluorescence 

Photo-ionization 



PULSED LASER PHOTOABLATION 

Absorption - Fluorescence 



PHOTODISRUPTION 



LASER-INDUCED BREAKDOWN 



LASER-INDUCED BREAKDOWN 



LASER-INDUCED BREAKDOWN 
SPECTROSCOPY 



HOW LIBS WORKS 

Pulsed laser focused on to sample (0.5mm2) 

Intense optical energy ablates/excites small amount of sample 

OES techniques used to collect and analyze data 

Spectral data processed 

Results analyzed and displayed via specialized software 



COMMERCIAL LIBS INSTRUMENT 

Rapid sample preparation  

No solvents or additives 

Primary and trace  elements (ppm), 

- high dynamic range  

Low Z elements (Li, Be, B, C)  

Solids, liquids and/or slurries  TRACERTM 2100 
66cm H x 41cm D x 74cm W 

Autosampler Stage 

•   Multi-sample, multi-element analysis 

•   Automated calibration & analysis 

•   Ruggedized for factory & field 



RECENT COMMERCIAL APPLICATIONS 

• Oil Exploration & Drilling 

Chemostratigraphy 

• Mining 

Ore Grading (Phosphates) 

On-line Process Control – Ore Slurry 

• Manufacturing QA 

Catalyst Coatings – precious Metals (Pt, Pd, Rh) 

•Rapid Material Sorting 

Metal Sorting 

Ore Sorting - Beneficiation  



LIBS ANALYSIS ON OIL RIGS 

Tracer analyzes drill cuttings 
within minutes of 
reaching the surface. 
 

Chemostratigraphy locates 
the precise strata that is 
being drilled, allowing: 
b Look ahead for fast drilling 

b Accurate casing points 

b Accurate total depth 

b Directional drilling precision 

b Chemosteering  
 

Operational in North Sea, 
Canada and in the Gulf 
Coast 

On-rig, near real time, 

LIBS analysis 



CHEMOSTRATIGRAPHY – GEOCHEMICAL 
ROCK ANALYSIS 

Tracer™ data acquired in 3 hours 

ICP-AES data acquired in 3 days 



ON-SITE CALIBRATION CURVES  IN 
ROCK MATRICES 

 

 



ON-SITE PHOSPHATE ORE GRADING 

Requirements 

•Multiple, bedded seams vary significantly in composition 

•Visual distinction is difficult 

•Mill feed makeup is critical 

Sampling Ore Mine Overview 



ON-SITE PHOSPHATE ORE GRADING 

LIBS Applicability 

•Simple requirements to operate 

•Easy to use 

•On-site ore analysis can easily 

classify ore – high, medium, low grade 

•Results returned in minutes  

 

Very Simple Environment 

Working in the field 



ONLINE CU SLURRY MEASUREMENT 

Ore + water 

Slurry (Feed) 

Float 
Cell 

Concentrate Out 
Tails Out 

TRACER™ 
Sample Line 

Computer 
Interface 

Automated 
Process 
Control 
System 



ON-LINE SLURRY CU SLURRY ANALYSIS 
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CATALYST COATING QA ANALYSIS – 
SPECTRAL LINE WINDOW 
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CATALYST COATING QA ANALYSIS – 
SPECTRAL LINE WINDOW 

Platinum 



RAPID METAL / ALLOY SORTING 
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RAPID ORE SORTING - BENEFICIATION 

Spectra ratio identifies high Si content with one 

shot 

Method Development Calibration with SRM 



RAPID ORE SORTING - BENEFICIATION 

Spectra ratio identifies high Si content with one 

shot 

Method Development Calibration with SRM 



LIBS FOR PLATED LAYER THICKNESS 
 IDENTIFICATION & MEASUREMENT  

Single spectral window (one shot) identifies all elements of 

interest 



LIBS FOR PLATED LAYER THICKNESS 
 IDENTIFICATION & MEASUREMENT  

Successive Ablation Shots Penetrate through layers. 

When interface is reached, change in amplitude and/ or slope is 

observed. 
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HALOGEN DETECTION 



LASER & OPHTHALMOLOGY 

Laser 

interaction 

with the 

eye! 

Cornea (refractive 

surgery) 

Iris (open angle 

glaucoma) 

Laser trabeculoplasty 

(LTP) 

Crystalline Lens (laser 

cataract surgery) 

Retina 

(photocoangulation) 



OPHTHALMIC LASERS 

Ophthalmic lasers 

provide good 

examples of three 

fundamental laser 

applications, based 

on: 

total output energy (thermal 

effects, photocoagulation) 

output power (tissue ionization, 

photodisruption) 

photon energy (breaking 

molecular bonds, photoablation) 

spectral transmission properties of 

the eye 



LASER WITHIN THE EYE! 



ABSORPTION BY OCULAR MEDIA 



ABSORPTION SPECTRA OF IMPORTANT 
OCULAR CHROMOPHORES 
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PHOTODISRUPTION 

A Q-switched Nd-YAG laser often used: 

causes photodisruption mainly by focal heating thermionic emission 
(from linearly absorbing chromophores) 

Higher power mode-locked Nd-YAG laser (20-30 psec pulses): 

ionizes by multiphoton absorption 

each 1,064 nm photon carries 1.17 eV of energy 

because atoms typically must absorb > 10 eV to ionize need “multi”-
photon absorption for ionization 



POSTERIOR CAPSULOTOMY  

to open up an opacified 

lens capsule resulting 

from prior extracapsular 

cataract surgery 



PHOTOABLATION BY EXCIMER LASER 

Removal of corneal tissue by high energy photon 

directly breaking molecular bonds with sufficient 

photon energy,  

193 nm, 6.4 eV energy 

Excimer laser 



THE LASIK PROCEDURE 



CREATING A ‘FLAP’ MECHANICALLY 



CREATING A ‘FLAP’ WITH A LASER 



FLAP CREATION BY MICROABLATIONS 

Needs different wavelength! 

Nd:YAG pulsed laser 
Pulse duration: few 10-15 sec 
Femto-second laser 
 



FEMTO-SECOND ABLATION WITHIN 
THE CORNEA 



ABLATION WITHIN THE CORNEA 



LIFTING OF THE FLAP, EXCIMER 
ABLATION 



CATARACT REMOVAL:  THE MOST 
COMMON OPHTHALMIC SURGERY 



CATARACT SURGERY 



CATARACT SURGERY WITH 
FEMTOSECOND LASER 


