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PRINCIPLES AND APPLICATIONS OF LASER



LASERS ARE EVERYWHERE…



5 mW diode laser Few mm diameter



Terawatt NOVA laser Lawrence Livermore Labs Futball field size
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Laser 1. What is laser? 2. Brief laser history 3. Principles of laser 4. Properties of laser light 5. Types of laser 6. Biomedical applications of laser



LASER: Light Amplification by Stimulated Emission of Radiation



E2



hν hν



E1



MASER: Microwave Amplification by Stimulated Emission of Radiation
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LASER HISTORY IN A NUTSHELL 1917 -



Albert Einstein: theoretical prediction of stimulated emission



1946 1950 -



G. Meyer-Schwickerather: first eye surgery with light



1954 1960 1964 1970 1971 1997 -



N.G. Basow, A.M. Prochorow, and C. Townes: ammonia maser



Arthur Schawlow and Charles Townes: emitted photons may be in the visible range Theodore Maiman: first laser (ruby laser) Basow, Prochorow, Townes (Nobel prize): quantum electronics Arthur Ashkin: laser tweezers Dénes Gábor (Nobel prize): holography S. Chu, W.D. Phillips and C. Cohen-Tanoudji (Nobel prize): atom cooling with laser



Laser principles I. Stimulated emission Elementary radiative processes: 1. Absorption E2



2. Spontaneous emission



3. Stimulated emission
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ρ(ν)



ρ(ν) B12
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B21



A21 N1



•Frequency of transition: n12=N1 B12ρ(ν)



•Frequency of transition: n21=N2A21



•Frequency of transition: n21=N2B21ρ(ν)



•ΔE= E2-E1=hν energy quantum is absorbed.



•E2-E1 photons radiate independently in all directions.



•Upon external stimulation. •Field energy increases. •Phase, direction and frequency of emitted and external photons are identical.



Explanation: two-state atomic or molecular system E1, E2 : energy levels, E2>E1 ρ(ν) : spectral power density of external field N1, N2 : number of atoms, molecules on the given energy level B12, A21, B21: transition probabilities between energy levels (Einstein coefficients), B12 = B21
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Laser principles II. Population inversion A



•Amplification depends on the relative population of energy levels



F



Active medium



F+dF



dF=FA(N2-N1)dz



dz



E2



E1



E2



Thermal equilibrium



E1



E2



•Population inversion only in multiple-state systems! •Pumping: electric, optical, chemical energy



E1



Population inversion



Fast relaxation Metastable state



Pumping Laser transition E0



Laser principles III. Optical resonance



End mirror



Pumping



Partially transparent mirror



Active medium



Laser beam



d=nλ/2



Resonator: •two, parallel planar (or concave) mirrors •Couples part of the optical power back in the active medium •Positive feedback -> self-excitation -> resonance •Optical shutter in the resonator: Q-switch, pulsed mode
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Properties of laser I. 1. Small divergence Parallel, collimated beam



2. High power In continuous (CW) mode: tens, hundreds of watts (e.g., CO2) Q-switched mode: instantaneous power is enormous (GW) Large spatial power density due to small divergence



3. Small spectral width “Monochrome” Large spectral power density



4. Polarized 5. Possibility of very short pulses ps, fs



Properties of laser II. 6. Coherence phase equivalence, ability for interference Temporal coherence (phase equivalence of photons emitted at different times) Spatial coherence (phase equivalence across beam diameter)



Application: holography Rays reflected from object



OBJECT



Reference beam Beamsplitter Photo plate Laser beam
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Types of laser Based on active m edium: 1. Solid state lasers Crystals or glasses doped with metal ions; Ruby, Nd-YAG, Ti-zaphire Red - infrared spectral range; CW, Q-switched modes, high power



2. Gas lasers Best known: He-Ne laser (10 He/Ne). Small energy, wide use CO2 laser: CO2 -N2-He mixture; λ~10 µm; enormous power (100 W)



3. Dye lasers Dilute solution of organic dyes (e.g., rhodamine, coumarine); pumped with another laser Large power (in Q-switched mode); Tunable



4. Semiconductor lasers At the junction of p- and n-type, doped semiconductors. No need for resonator mirrors (internal reflection) Red, IR spectral range. Large CW power (up to 100 W) Beam characteristics not ideal. Wide use due to small size.



Biomedical applications of laser I. Principles: 1. Interaction of light with biological matter Reflection



Incident beam



Transmission Scatter Absorption Reemission



2. Properties of laser beam Focusing, wavelength, power



3. Properties of biological tissue Transmittivity, absorbance, light-induced reactions
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Biomedical applications of laser II. Surgical disciplines: “laser scalpel”, coagulation, bloodless operation. Removal of tumors, tattoo. CO2 and Nd:YAG lasers. Dentistry: caries absorbs light preferentially (drilling). Photodynamic tumor therapy: laser activation of photosensitive chemicals (e.g., hematoporphyrin derivatives) preferentially taken up by tumorous tissue. Ophthalmology: Retina displacement, photocoagulation of fundus, glaucoma, photorefractive keratectomy (PRK). Visible laser



UV laser



Biomedical applications of laser III. Optical tweezers Laser



Microscope objective



F Refractile microbead



Gradient force



F EQUILIBRIUM



Scattering force (light pressure)
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Tying a knot on an actin filament with laser tweezers



Arai et al. Nature 399, 446, 1999.



KEY WORDS What is needed for laser operation? •Stimulated emission •Population inversion •Pumping •Optical resonance



What are the main properties of laser light? •Monochromatic •Coherent •Large optical power



8



























des documents recommandant













CAM Principles and Applications - WordPress.com 

Develop various methodologies used for geometric construction such as ... considered while selecting a system for a given application .... Free form surfaces.










 








Mass Spectrometry Principles and Applications - ba333 

Jun 10, 2004 - C) and the mass is indicated in atomic mass units (1 u = 1.660 540 Ã— 10. âˆ’27 .... 1948: A.E. CAMERON and D.F. EGGERS publish design and mass spectra for a lin- ... book Metastable Ions, a landmark in tandem mass spectrometry [42]. 1










 








Mechatronics Principles and Applications-1 - WordPress.com 

With the advent of integrated circuits and computers, the borders of formal .... and engineers were required to find novel solutions for them in their ..... [10] Johnson, J. and Picton, P. (Eds) (1995) Concepts in Artificial Intelligence â€“ ...... [










 








Principles of Sound and Hearing 

Apr 6, 2013 - This section deals with sound in its various forms, beginning with a description of ..... 1.1.3 is a useful quick reference illustrating the large ranges of ..... cal or electrical). ..... exhibit a tendency to move at a natural or reso










 








Picosecond Laser Stimulation status, applications & challenges - eufanet 

Energy vs power ... Different laser-induced faults. Mode. Electrical modelling. Parametric fault. Logical fault ... Design debug by transient parametric or logical fault injection ... dedicated to radiation testing services. ATLAS Laser Facilities at










 








Periodically structured polymers for tunable laser applications 

non-conjugated TPD-DPX copolymer (21, and two mjugated TPD-PPV (3) and ... 500. 600. Wavelength h. (nm). 17.00 CWK4. PERIODICALLY STRUCWRED ...










 








Mathematical Definition of Dimensioning and Tolerancing Principles 

software applications developed for metrology equipment did not interpret geometric ... led to the realization that many CMM software algorithms were unreliable. ... identify research opportunities in the field of tolerancing of mechanical parts. ...










 








principles of genome analysis and genomics pdf 

Res De Sainte Gertrude Ou Vrai Esprit Des Pri Res Que J Sus Christ Lui M Me A R V L Es Pour La,. Principles Of Food And Biotechnology, Probabilistic Structural Mechanics Handbook Theory And. Industrial Applications 1st Edition, Proceedings Of The Nat










 








Principles and Practices of Interconnection Networks 

and staff that have worked with us on interconnection network research ..... power is used to drive wires and most of the clock cycle is spent on wire delay, not ...... Buffers are storage implemented within the nodes, such as registers ..... such as










 








Principles Of Truss Analysis 

member, has been measured and shown. The drawing is ... Measure its length, and multiply by 50 Ibs. to ... stand these loads, not forgetting to add the required ...










 








Principles of Operating Systems 

Sep 15, 2005 - higher (but the total time to complete a process is also longer). With multitasking ... the same illusion of parallelism is achieved at a finer grain process 1 prg 1 .... illusion of full-time interactivity toward the user while perfor










 








Principles of Operating Systems 

the disk can be divided up into several partitions that each hold .... 4/27/2006. CS 446/646 - Principles of Operating Systems - 6. File System. 49. 6.d File System ...










 








Principles of Drawings - Description 

Mar 16, 2005 - Drawings and other printouts such as reports, nc data files etc. are output ..... To add manual Y-dimensions to the diagonal bracing connection (on .... We will use the existing ga layout as basis for creating a new layout for GA.Missi










 








Principles of Operating Systems 

Apr 18, 2006 - typical code organization of a device driver: a. check validity of input parameters coming from above b. if valid, translate to concrete commands, ...










 








Principles of Data Mining 

undertake these large data analysis projects, researchers and practitioners have ..... (such as supermarket transaction data, credit card usage records, telephone .... deciding how to quantify and compare how well different representations fit.










 








Principles of Corporate Finance.pdf 

The Solutions Manual, prepared by Bruce Swensen,. Adelphi University ...... safely to shore. CHAPTER 2 Present Value and the Opportunity Cost of Capital. 21 ...










 








Principles of Turbomachinery - WordPress.com 

7.6 Exercises. CHAPTER 8 Axial turbines and compressors for compressible flow. Introduction. Approach to axial compressor principles. Axial turbine principles.










 








Principles of Operating Systems 

Aug 9, 2005 - system calls offer back-end, low-level services ... service of the same name by (a) placing the arguments .... Operating Systems Concepts with Java (6th Edition). .... the microkernel offers a uniform message-passing interface.










 








Aims and objectives Principles of marking and feedback 

calculation, or a correct spelling in a test. Crosses should not be used to indicate an error; rather the child should be directed to revisit their work through other ...










 








Principles of safeguarding and protection in health and social care 

Page 1 of 20 aspecmaps.free.fr/NVQ3/HSC024.pdf .... Institutional abuse may include: Times for rising and going to bed are set to suit staff and shift changeovers and ..... swallow lethal doses of paracetamol, hauled around his bed sit by a dog ...










 








Principles of Operating Systems 

Jan 31, 2006 - Note: The historical evolution of computers have left us with a great variety of O/S types, not all of which widely known. In this section, we briefly ...










 








PRINCIPLES OF BEHAVIOR 

Le Groupe BIC s'attache à mettre en œuvre une politique en matière de Santé, Sécurité, ... En particulier, BIC rejette toute forme de corruption active ou passive.










 








Principles of Turbomachinery - WordPress.com 

mechanical engineering students. who have helped with the development of ...... and the machine mechanical losses plus electrical losses reduce the ...... Figure 4.16 Cascade data for a typical English cascade (after Howell (1945), cour- ...... to th










 








Principles of Operating Systems 

ex: Java VM ex: MS-DOS ... G. (2003). Operating Systems Concepts with Java (6th Edition). ..... Client RPC using a single thread vs. multiple threads. 2/7-14/ ...










 














×
Report PRINCIPLES AND APPLICATIONS OF LASER





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



