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LASER MATTER INTERACTIONS

The purposeof thesesix lecturesis to give brief introductioninto the very broadfield of laser
interaction with matter where one can find contributions of many Nobel Prize winners
Traditionally there are distinguishedcourseson resonantand nonresonanprocessesvhich are
typically discussedn a semester dJniversity courses For example,the book of D. Bauerle
nLaser Processingand Chemistryp devoted to material processingwith lasers (basically
nonresonanprocessesgonsistof about850 pagesand 32 Chapterslevotedto differentaspects
of theseinteractions The classicalcourseon nonlinearopticsseee.g. GuangS He and SongH
Liu nPhysics of Nonlinear Optic®d or Robert W. Boyd fiNonlinear optic® contain a few
hundreds of pages and dozens of Chapters The same refers to the books on Laser
thermochemistry,see e.g. N.V.Karlov et al fLaser Thermochemistty Fundamentalsand
Application® ,CambridgelnternationalSciencePublishing,2000- 380 pp. In contrastto these
detailedand systematiccoursesthe given coursepresentgust a few selectedypical problems
solvingin differentfieldsof i L a sateri n t e r aHoivavearindemonstratethe specificof
different fields and their instrumentalismand can be consideras a first step for more detail
examinatiorof correspondingopics
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James Clerk Maxwell become the first Cavendish Professor of Physics in 1871.

I'll ask experimentalists to enhance accuracy of their measurements by the order of magnitudes per year.
<
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In the 11l century. BC AlexandrianscientistEratosthenedor the first time determinedthe
dimensionsof the globe,proceedingfrom the deviationsof the sunfrom the zenithin the
city of Siena(presentAswan),and in Alexandria Eratosthenescorrectly concludedthat
Alexandriais about a fifth of the Earth's circumference from Siena To know the
circumferenceof the Earth,it remainedto measurethe distancefrom Alexandriato Siena Laser meter
Thisdistancewas determined by the number of daysthat camel caravansspent on the é: Vt
transitionbetweencities
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The Laser Interferometer Gravitational-Wave Observatory (LIGO) is a large-
scale physics experiment and observatory to detect cosmic gravitational waves and to develop
gravitational-wave observations as an astronomical tool. Two large observatories were built in
the United States with the aim of detecting gravitational waves by laser interferometry. These
can detect a change in the 4 km mirror spacing of less than a ten-thousandth the charge
diameter of a proton, equivalent to measuring the distance from Earth to Proxima
Centauri (4.0208x103km) with an accuracy smaller than the width of a human hair.
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ABSORPTION of LASER RADIATION
Maxwell's equations

‘Yz: rotH = E’U_E 4'05 divE=0
~ S cut ¢
muH

rot —'EH divH =0

The propertiesof concreteenvironmentare includedinto theseequationsasthreefactors
permeability /7 permittivity e and electrical conductivity s. With the exceptionof a
magnetidield from the Maxwell equationsye obtainthe waveequation
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One can search the solution of this equation in the

E(r,t) =E expli(k @ - mt)]
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Light propagation
E(zt) = E,dlonz Mg kokz k, = wic=2p//

Laser intensity = cE%/8p Thus, variation of the intensity is given byexp¢ 2kwz/ c)

a=2kwic=-punl/uz  Absorption coefficient @ =4p K/

Light reflection

Atz >0 (within the media) E, = Eze( ofiz- wt)

At z < 0 (in vacuum) we have superposition of incident and reflected light
_ i(kg z- wt) - i(kg z+wt)
E =E¢€ +Ee
At z=0 continuity ofEx yields E,+E =E

. muH
Continuity ofH rotE =- —— H, = nE
y ofHy T — “ - EO E1
Amplitude reflection coefficient r = ERSE . r~1 ’
E, 1+n
~2 2 2
1-n n-1)°+k -
Energy reflection coefficient R=r| -2 s ugus-Jean
1+n (n+1)° +k 17881827




Light reflectivity, absorptivity and transmittivity For half spac& = 0

Absorptivity

Averaged energy density [J/éhin dielectric media is given by

Thus, averaged energy density in vacuum is constant

Time averaged Poynting vector

Intensity at normal incidence is given 8ycomponent of the Poynting vector:

Incident intensity in vacuum Absorbed intensity in medium



