Amplification
Stimulation
Emission

Radiation
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REGULAR LIGHT —

LIGHT OF ALL WAVELENGTH %

FILTEREDY LICGHT
RED» FILTER

LIGHT OF ONE WAVELENGTH
TRAVELING QUT OF STEP

LASER LIGHT

=

LICHT OF ONE WAVELENGTH
TRAVELING IN STEP




Meio Ativo:
Solido, Liquido, Gé

Cavidade:

Energia:

Luz

Corrente elétrica
Reacao Quimica
Nuclear



Basic processes (A. Einstein, 1916)

Absorption Spontaneous emission Stimulated emission

(L_ight A mplificatiom by Stimulated =mission of I<adiatic



1917 Albert Einstein - Emissao Estimulada
1950 Maser (Micro-Wave/Amaonia)

1050 Arthur Schawlow e Charles Townes (T. L)
1960 Theodore Maiman (Laser de Ruby)
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Caracteristicas do Laser
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eMonocromatica
eCoerente




Melo Ativo

GAS eEstimular

«S0lido N

Liquido Amplificar
Cavidade

Mecanismo de Bombelo
ol UZ
«Corrente Elétrica
*Reacao Quimica




Ruby AlLO,:Cr*3

Internal energy transfer
10 metastabe states by
non-radiative procasses

|§E i

Stimulated
amission




Components of the first ruby laser
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curto

longo

Sistema de Trés Niveis

Laser de Alto Limiar
Crt3 Erts...

curto

E— L longo

\ curto

Sistema de Quatro Niveis

Laser de Alta Eficiéncia
Nd+3
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Intensidade (unid. arb.)
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Laser NOVA

=) Uma das 3072 placas
de vidro fosfato
dopado com Nd3*,
utilizada no laser
NOVA















Deuterium Tritium
D T

- oy
i

‘H+H P “*He+n+17,6MeV



Some Fusion Experiments

b

MTF (Los Alamos)

National Spherical
Torus Experiment
NSTX (Princeton)

DIII-D Tokamak
General Atomics
(San Diego)




Laser de Gas
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Anode

Cathode

Fully
Reflecting
Mirror

(HR] o+ DC Power Supply - ©
Ballast Resistar

Typical HeNe Laser Tube Structure and Connections




Laser de Argonio

Air Flow T
Cathode Anode

End-Bell Cooling Fins End-Bell

Filament Stud = Anode
Connection
"

Exhaust Tube

(hidden) Fjlament/Cathode Bore Gas Return Hole Locking Collar
Beryllia (Beo) (10f3) (1 of 2, optional)

Structure of Typical Cynonics/Uniphase Argon lon Laser Tube




Input

— Electrodes ——

Gaseous amplifying medium

The reflection coefficients are
different for waves parallel and
1 perpendicular to the plane of
incidence.

Brewster
+  Angle
<

When light is incident at the Brewster
angle, the reflected light is linearly
polarized because the reflection
coefficient for the Il component is zero.

100%

50%

| 1 1 I
Reflected Intensity

Reflected intensity
for rays parallel
and perpendicular
to the plane of
incidence.

30° a0°

60"

Brewster
Angle




_‘ Nitrogen N2 Carbon Dioxide CO3

Asymmelric Symmetric Bending
stretch stretch

__Laser
* Transitions

- -

Collisions

Pumping

Fast
Decay

——Ground Lﬁel




Discutir sobre a eficiéncia dos lasers



Laser de Semicondutor

~—— conduction band

-«——— valence band

undoped — —

GaAs




Elliptical
Laser

Diode Laser Anatomy

Gallium Arsenide Phosphid

P-Typ
Junction Regio

Semiconductor
Laser Diode

Window

Bonding  Metallic
Wires Strip

- Monitor
Photodiode

Figure 4



HR m!rr:::r AR coating
coating '/
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laser output
diode coupler

laser rod




|Beam Paths: | 808 nm — [1064 nm — | 1064+532 nm = | 532 nm —|

Legend: op1-op3: Pump beam shaping, op4: HR@1064nm, cry1: YAG crystal assembily,

cry2: KTP SHG crystal, op5: Angled plate, op6: HR@1064nm;HT@532nm/beam
expander, op?7: collimator, op8: IR filter/polarization rotator.

Coherent 532-200 Cavity Components and Output Optics



Each Planar Mirror may actually be a

Variahle ; ; :
HeNe Laser e mirror pair to redirect beam.

Multiple scan lines at several
|}] orientations formed by rotating
mutlifaceted mirror and positions
and orientations of planar mirrors.
First and Second Turn  Second
Mirrors reduce space Multifaceted
required for optics. i ass Rotating

Photodetector
with Lens

Return light from item being scanned
follows same path as outgoing beam
{only shown near photodetector).

Planar Mirrers
{Only 3 of § or
more are shown)

Optical Path of Typical Supermarket Checkout Barcode Scanner

< 301801020 [l0L70{>
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o\/elocidade Maxima de Transmissao em fios de
Metal eventos por segundo

o\/elocidade Maxima de Transmissao em fibra
eventos por segundo



Gravar Informacao

CD
DAVAD,




Construcao Civil




Perfilhamento de Fio de Cobre




Aplicacoes Industrials













Sensor de Vibracao




Medidas de Distancia







Estética




Oftalmologia




Cirurgia de Revascularizacao




Aplicacoes Militares




Aplicacoes Militares




Lasers Mais Comuns

[1

I

u.4

0.

1.0

1my|

Ar ion 0.275-0. 308 m—]

Ar or Krion 0.33-0.35 —IIJ
Me 0.32-0.38

Af ion -:1.4543.5:»—1
¥ ion 0.48-0 54 —-I

Pulsad dye 0.32-1.0 =

InGaAlR diode 0.63-0.66 —I\|

Alexandrite 0. TE-D.34h|

GaAlAs diode 0.73-0.9

TiZapphire 0.68-1.13 41

¥
Wavelength

= Molecular Fluorine (F.) 0.158

~M— ArF excimar 0152
M— K| excimer 0222
M [rF ewcimer 0248

g Hell excimer 0308

TR, He-Cd 0325
A— He-Cd 0.442

¥eF excimer 0.351

~— Cu vapor .51
" i HeMe 0.543

Cu wapor 0578
HeMe 0.594
1 =3
HeNe 0.633 ':‘”H‘;fd' Gu';'jf
A GalnP dioge Q&7 - oo o

a— by 0654
M Hahle 0.73

InGats diode 0,98
MY AG Glass, YLF) 1.06

[um]

1.0

2.0

10.0

Wavelength Lead Salf diode 3.3-29 —I‘.

InGadsP dicde 1.2-1.6—™"

= Color centar 1.4-1.6

1

Color center 2.3-3.3
™ HF chemical 2.5-3.0
DF chemical 3.6-4.0
Co 58

iy

i, 811

LD 101 ————————
+ -

M Helle 1.15

=

RdYLF 1.313

l,1.315
Nd-YAG 1.32

Hehea 1.523
— Er-amplifier 1.5

i

Holmium 2.1
Eryas 254

HeMe 3.38
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